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Heart transplantation (HTx) outcomes have improved with careful donor selection and
management; nonetheless, donor shortages remain a major challenge. Optimizing do-
nor management is crucial for improving donor utility rates and post-HTx outcomes.
Brain death leads to various pathophysiological changes that can affect multiple or-
gans, including the heart. Understanding these alterations and corresponding manage-
ment strategies is key to optimizing the donor organ condition. This review assesses
several aspects of these pathophysiological changes, including hemodynamic and
endocrinological considerations, and emphasizes special consideration for potential
cardiac donors, including serial echocardiographic evaluations for reversible cardiac
dysfunction and coronary assessments for donors with risk factors.
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INTRODUCTION

Recently, 180 heart transplant procedures have been per-
formed annually in South Korea [1]. In recent decades,
heart transplantation (HTx) outcomes have consistently
improved [2], which can be attributed to careful donor
selection and advancements in donor management. Do-
nor-related factors significantly influence post-HTx out-
comes [3]. Preferred donor criteria include younger age,
fewer comorbidities, and minimal size mismatch. These
factors are considered nonmodifiable, as opposed to
potentially modifiable factors such as reversible cardiac
dysfunction and dosage of vasoactive/inotropic agents.
With a waitlist of over 1,000 transplant candidates and
an annual transplant volume of around 180 cases, South
Korea faces a severe donor shortage, with a utilization
rate of 31.4% [4]. Thus, the appropriate management of
potential cardiac donors is crucial for improving both the
donor utilization rate and posttransplant outcomes. Nev-
ertheless, practical challenges arise in clinical settings
due to competing demands for the pretransplant care of
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various donor organs, potentially limiting the utilization
rate of donor hearts. Therefore, this review explores opti-
mal management strategies for potential heart donors to
enhance donor utilization rates and post-HTx outcomes.

PATHOPHYSIOLOGICAL CHANGES
ASSOCIATED WITH BRAIN DEATH

Brain death (BD) leads to numerous physiological chang-
es that can significantly impact various organs. Un-
derstanding these processes during BD is essential for
optimizing the condition of organs eligible for donation.
In the early stage of BD, brain edema develops, lead-
ing to increased intracranial pressure and subsequent
brain herniation, resulting in pontine ischemia. Cerebral
ischemia triggers an exaggerated sympathetic surge
in the brainstem to maintain adequate perfusion pres-
sure, referred to as a catecholamine storm [5]. During
this period, the circulating catecholamine level can be
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HIGHLIGHTS

* Effective management of brain-dead donors is para-
mount for enhancing donor utility and improving post-
transplant outcomes.

* Understanding pathophysiological changes in brain-
dead donors is crucial for implementing precise man-
agement strategies to preserve organ function.

* Donor management includes a comprehensive ap-
proach, including maintaining hemodynamic stability,
reducing inflammation, and addressing hormonal im-
balances.

* Special considerations for potential cardiac donors in-
volve reassessing reversible dysfunction via repeated
echocardiography for transplant suitability and evalu-
ating coronary artery disease risk.

increased several-fold, leading to significant increases
in the arterial blood pressure and heart rate [6], coronary
artery constriction, and subsequent myocardial ischemia
[7,8]. Excess catecholamines also can directly affect the
myocardium adversely [9]. These responses are generally
brief—usually taking place within an hour—after which
catecholamine secretion ceases, leading to a prolonged
period of hypotension [10]. This hypotension results from
brain herniation into the foramen magnum due to in-
creased intracranial pressure [11], along with subsequent
impairment of vasomotor responses and loss of sympa-
thetic tone. During this period, organ perfusion pressures
may decline, potentially resulting in damage and function-
al impairment of various organs.

Furthermore, ischemia of the hypothalamic-pituitary
axis (HPA) results in reduced secretion of hormones, in-
cluding cortisol and vasopressin [12,13], which in turn
causes fluid loss, impaired vascular responses, and exac-
erbation of hemodynamic instability. The impairment of
thermoregulatory function in the brainstem reduces the
metabolic rate of organs, potentially contributing to donor
organ dysfunction [14]. This dysfunction can exacerbate
vascular relaxation, worsening hypotension. Unregulated
hypothermia can also lead to myocardial dysfunction, ar-
rhythmias, and coagulation abnormalities.

During BD, a systemic inflammatory response occurs;
this response is primarily due to ischemia-reperfusion in-
jury and leads to organ dysfunction [15,16]. Several stud-
ies have reported increased serum levels of various proin-
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flammatory cytokines, including tumor necrosis factor-a,
interleukin (IL)-1, and IL-8, along with elevated expression
of adhesion molecules in organs [17,18]. This sustained
systemic inflammatory response has been associated
with a functional decline in transplanted organs [19].
Lastly, various hormonal changes can induce hypergly-
cemia by promoting gluconeogenesis, peripheral insulin
resistance, and damage to pancreatic islets in BD donors.
Studies have suggested that direct organ dysfunction can
be caused by hyperglycemia in individuals experiencing
BD, and hyperglycemia-induced glycosuria can contribute
to osmotic diuresis, hypovolemia, and subsequent hy-
potension [20—22]. However, it remains unclear whether
maintaining euglycemia with insulin therapy is beneficial
for HTx outcomes [23].

MANAGEMENT OF POTENTIAL
CARDIAC DONORS

The management of potential cardiac donors is crucial
for ensuring the success of HTx. This involves a com-
prehensive approach that addresses the various patho-
physiological changes induced by BD. The primary goals
are to maintain hemodynamic stability, ensure adequate
oxygenation, and manage the systemic inflammatory
response and hormonal imbalances (Fig. 1). That is, the
aim of management is not only to preserve optimal car-
diac function for transplantation, but also to support the
viability of other potential donor organs. This section out-
lines key considerations in the management of potential
cardiac donors, including hemodynamic, endocrinological,
respiratory, and hematological aspects.

HEMODYNAMIC MANAGEMENT

Fluid Therapy

During the initial catecholamine surge in early BD, con-
comitant hypertension and tachycardia occur, which
are typically short-lived and can be managed using
short-acting intravenous beta-blockers [24]. Subsequent
treatment for sustained hypotensive responses is crucial
and begins with an evaluation of the appropriate volume
status. Invasive hemodynamic monitoring should be per-
formed to assess the volume status accurately, which
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Table 1. Management overview for potential cardiac donors

Parameters Recommendation Treatment target
Hemodynamic
Mean arterial pressure Maintaining adequate blood pressure with fluid and/or vasoactive 60-70 mmHg
agents
Central venous pressure A crystalloid or colloid replacement if low CVP 6-10 mmHg
PCWP Echocardiographic evaluation and support with inotropic agents 8-12 mmHg
with donor cardiac dysfunction
Cardiac index Consider pulmonary artery catheterization if hemodynamic >2.4 L/min/m?
compromise exists
Body temperature Avoid hypotnermia 36-38°C
Vasoactive or inotropic agents ~ Low dose as possible e.g. dopamine or norepinephrine <10 pg/kg/min
Endocrinologic
Vasopressin Indication: suspected DI, hemodynamic instability, Urine output 1-3 mL/kg/hour,
high dose vasopressors sodium 140-155 mEq/L
Usual dose: 0.5-2.4 units/hour or more
Corticosteroid Indication: hemodynamic instability, high dose vasopressors
Usual dose: intravenous methylprednisolone, single bolus dose of
15mg/kg or 1g
Thyroid hormone Indication: hemodynamic instability, high dose vasopressors
Glycemin control Monitor and manage according to other critically ill patients 90-180 mg/dL

Usual dose: intravenous insulin 0.05-0.1 U/kg/hr
Respiratory

Low tidal volume Minimize lung injury Tidal volume: 6-8 mL/kg
Prevent atelectasis Bronchoscopic-assisted toileting when indicated
Adequate PEEP
Hematologic
Hemoglobin Maintain adequate hemoglobin level >7 g/dL
Coagulation Indication: clinical evidence of bleeding -

Usual therapy: blood product, desmopressin

CVP central vein pressure; PCWP, pulmonary capillary wedge pressure; DI, diabetes insipidus; PEEP, positive end-expiratory pressure.
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requires the insertion of a central venous catheter via the
internal jugular or subclavian vein [25]. In South Korea,
physicians are often reluctant to insert additional invasive
monitoring devices in donors. However, once potential
donors are confirmed to be brain-dead, the focus of man-
agement shifts from a patient-centered to an organ-cen-
tered approach. In this regard, new central and arterial
lines should be inserted for the proper monitoring of he-
modynamic parameters if they are not already present.
This step is essential for optimal fluid resuscitation. Fur-
thermore, it may also be necessary to measure pulmonary
artery occlusion pressure and cardiac output through the
placement of a pulmonary artery catheter.

Adequate volume replacement can contribute to im-
proved procurement rates and posttransplant outcomes
by maintaining perfusion pressure to organs, reducing the
required dose of vasoactive agents. However, adequate
fluid resuscitation is often hampered by concerns regard-
ing the opposing effects for the utilization of kidney and
lung allografts. Therefore, invasive hemodynamic monitor-
ing is essential to maximize organ utilization through an
accurate assessment of volume status [26]. An appropri-
ate central venous pressure (CVP) target of 6—10 mmHg is
generally recommended (Table 1) [27]. This is supported
by previous studies reporting that maintaining the CVP
below 6 mmHg did not impact posttransplant outcomes
for renal allografts, and the procurement rate of thorac-
ic organs was improved when the CVP was maintained
below 10 mmHg [26]. When lung grafts are not utilized
for transplantation, a more liberal fluid therapy and a
different CVP target may be considered. It has not been
established which type of fluid is preferred for fluid resus-
citation. Crystalloid solutions, including 0.45% saline and
lactated Ringer solution, are generally used and should
be tailored to the donor's condition [25]. Hyperchloremic
metabolic acidosis precludes the use of 0.9% saline. Col-
loid solutions, such as 5% albumin, are typically adminis-
tered in bolus form for the purpose of rapid correction of
volume status.

Use of Inotropic and/or Vasoactive Agents

The use of vasoactive agents is often necessary to man-
age persistent hypotension despite fluid resuscitation.
Norepinephrine and dopamine are vasoactive agents
that have been traditionally used for this purpose. While
maintaining appropriate blood pressure with these agents
may be necessary to sustain optimal organ function until
procurement, the excessive use of vasoactive agents can
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increase oxygen consumption and reduce the myocar-
dial energy reserve [10]. A high dose of a vasoactive or
inotropic agent may lead to cardiac allograft dysfunction
after HTx [28], and, if possible, should be avoided. The
concomitant use of vasopressin can be highly effective
and often rapidly restores hemodynamic stability. Diabe-
tes insipidus (DI) occurs in up to 80% of donors, and can
exacerbate hemodynamic instability through hypovolemia
and a vasoplegic response [29]. In donors with polyuria
exceeding 3—4 L/day, elevated serum osmolarity, inappro-
priately diluted urine (urine osmolarity <200 mOsm/kg),
and hypernatremia (Na >145 mmol/L), DI should be sus-
pected and vasopressin replacement must be considered
[25,30]. Vasopressin replacement has been reported to
reduce or even eliminate the need for catecholamines [31],
which can increase the potential for heart procurement
and improve posttransplant outcomes. Furthermore, the
timely replacement of vasopressin has been reported to
increase the potential for procuring other organs, making
it a preferred agent [32].

ENDOCRINOLOGICAL MANAGEMENT

Endocrine disturbances are common in BD donors and
can significantly impact donor organ quality. One of the
most frequent complications is DI, which arises from a
deficiency of vasopressin (antidiuretic hormone) due to
hypothalamic-pituitary ischemia. Although reports have
suggested a potential association between untreated DI
and prolonged hypernatremia with posttransplant graft
dysfunction [33], these findings have not been consis-
tently replicated [34]. Nevertheless, maintaining a normal
sodium level is an important goal in donor management.
Deficits in anterior pituitary hormones are less com-
monly reported than DI, possibly due to the relative pres-
ervation of blood flow [35]. Thyroid dysfunction in BD
individuals is most commonly characterized by a form
of sick euthyroid syndrome, rather than hypothyroidism
due to thyroid-stimulating hormone (TSH) deficiency
[12,36]. This typically occurs as a result of the cytokine
storm after BD, inhibiting the conversion of free thyroxine
(T4) to its active form, triiodothyronine (T3). The evidence
supporting thyroid hormone replacement is largely based
on the reduction of T3 and T4 levels observed in animal
models [5,37]. However, in humans, most studies have
not consistently shown significant hemodynamic effects,
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even when TSH levels are normal or low [38—41]. None-
theless, some studies have reported hemodynamic im-
provements, particularly in terms of functional recovery of
the donor heart [42].

Corticosteroid deficiency during BD, the reported
prevalence rates of which vary in the literature, is caused
by HPA dysfunction and relative adrenal insufficiency
[43—-45]. However, there is insufficient evidence regarding
whether corticosteroid supplementation leads to hemo-
dynamic improvement [13]. Nevertheless, relative adrenal
insufficiency can occur, especially in proinflammatory
conditions that can contribute to graft dysfunction [46],
and attenuating inflammation in donor organs with corti-
costeroids may give potential benefits not only in regard
to hemodynamic stability [47], but also an increased
procurement rate [48] and improved posttransplant graft
function [49,50]. Although definitive evidence is lacking,
an intravenous dose of methylprednisolone, typically
1,000 mg or 15 mg/kg, is commonly administered.

Hyperglycemia is also frequently observed and pro-
voked by proinflammatory conditions, insulin resistance,
significant hormonal changes, and the use of dex-
trose-containing solutions [14,25,51]. Although hyper-
glycemia may affect donor organs by volume depletion
through osmotic diuresis and by increasing reactive oxy-
gen species that lead to inflammation [20]. the evidence
regarding the benefits in control of hyperglycemia re-
mains insufficient. However, it is generally recommended
to maintain glucose levels below 180 mg/dL, similar to
the management of general critically ill patients [25].

RESPIRATORY MANAGEMENT

Pulmonary complications, including neurogenic pulmo-
nary edema, aspiration, and infections, are not uncom-
mon. Especially in a proinflammatory state, the lungs can
be vulnerable to damage, potentially disrupting adequate
oxygenation and, consequently, adversely affecting var-
ious organs. In cases involving lung transplantation, a
lung-protective strategy becomes crucial. This involves
using a low tidal volume of 6—-8 mL/kg and maintaining
adequate positive end-expiratory pressure to prevent
atelectasis, minimize lung injury, and facilitate bronchos-
copy-assisted toileting when indicated. Although there
is limited evidence demonstrating benefits for HTx, some
reports indicate that dedicated respiratory management
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may improve lung procurement rates [52].

HEMATOLOGICAL MANAGEMENT

Hematological disturbances in BD donors are character-
ized by the release of thromboplastin and coagulopathy
induced by systemic inflammation, potentially leading to a
bleeding tendency [10]. Moreover, fluid administration can
exacerbate coagulopathy by diluting coagulation factors.
Transfusion of blood products, when indicated, should be
considered if appropriate. Anemia is also common, and
unresolved severe anemia can hinder oxygen delivery to
organs. Therefore, maintaining hemoglobin levels above
7 g/dL is recommended.

SPECIAL CONSIDERATIONS FOR CARDIAC
DONORS

Echocardiographic evaluation of BD donors is essential for
assessing the suitability of a donor heart for transplanta-
tion, and also allows for the determination of simultane-
ous surgical correction during the transplant procedure if
minor structural abnormalities such as atrial septal defect
are identified. Furthermore, because the hemodynamic,
endocrinological, and immunological changes in BD do-
nors can lead to myocardial ischemia and injury, dysfunc-
tion of the donor heart is not uncommon, especially during
the early period of BD [53]. However, most donor cardiac
dysfunctions are transient [54]; therefore, myocardial dys-
function alone does not preclude HTx. Therefore, repeated
echocardiography should be performed within 24 hours
to monitor functional recovery [55]. In Korea hospitals
involving BD donor management, it is not uncommon to
encounter difficulties in performing repeated echocardiog-
raphy, often due to resource constraints. Addressing this
issue is important for increasing the utility rates of donors
with potentially reversible cardiac dysfunction.

While a favorable donor age is generally considered
to be 45 years old or younger, the shortage of donors in
recent years has led to the acceptance of individuals over
50 years old under extended donor criteria [1]. However,
older donors have an increased risk of coronary artery
disease (CAD), with a reported prevalence of 6.5% in those
in their 40s and 7.3% in those in their 50s [56]. The pres-
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ence of obstructive or multivessel CAD in a donor heart
is associated with early graft failure and the development
of cardiac allograft vasculopathy [57—-59]. Furthermore,
intravascular ultrasound performed one month after HTx
revealed detectable coronary plaques in 29% of donor
hearts in South Korea [60]. As previously mentioned, when
BD donors are identified, the management focus shifts
from patient-centered to organ-centered care. From this
perspective, coronary angiography should be considered
for older donors over 40 years of age or for donors with
risk factors for premature CAD [25]. There is a widespread
belief that the use of contrast medium before organ do-
nation may adversely affect renal allograft function, which
has limited the use of coronary angiography [61]. Howev-
er, one study reported that performing coronary angiogra-
phy before procurement had no impact on renal allograft
outcomes [62]. Performing coronary angiography rep-
resents another critical consideration in enhancing donor
utility, particularly in the era of severe donor shortage.
This approach is especially relevant for donors meeting
expanded criteria, offering a valuable strategy to optimize
the use of available donor hearts [63,64].

CONCLUSION

Given the recent shortage of potential heart donors, it
is crucial to optimize the procurement rate and improve
posttransplant outcomes through the appropriate man-
agement of potential cardiac donors. Standardized pro-
tocols for managing BD donors can guide clinicians in
providing sophisticated care, ultimately enhancing donor
utility and improving outcomes for transplant recipients.
Further research and collaboration are necessary to de-
velop and refine these protocols in South Korea.
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