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Abstract End-organ failure is associated with high mor-
tality and morbidity, in addition to increased health care
costs. Organ transplantation is the only definitive treat-
ment that can improve survival and quality of life in such
patients; however, due to the persistent mismatch between
organ supply and demand, waiting lists continue to grow
across the world. Careful intensive care management of
the potential organ donor with goal-directed therapy has
the potential to optimize organ function and improve do-
nation yield.
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Introduction

Every 10 min, one person is added to the US national
transplant waiting list, and while waiting, approximately
22 people die each day [1]. Organ donation (OD) is a
selfless deed with the potential to reduce health care
costs associated with organ support to patients with
end-organ failure, and make a significant impact on

society by improving the survival and quality of life of
recipients [2, 3].

The neuroscience intensive care unit frequently har-
bors patients with devastating neurologic illnesses rely-
ing on advanced organ support. Not uncommonly, end-
of-life decision-making following neuroprognostication
results in withdrawal of life-sustaining therapies
(WLST) for patients in whom potential for recovery is
deemed dismal. Moreover, further irreversible neurologic
damage leading to brain death (BD) happens not infre-
quently. As a result, the ICU staff is commonly in-
volved in the care of a potential organ donor and has
a key role in preserving the option of OD. Major steps
in this process include prompt notification of the organ
procurement organization (OPO) following the identifi-
cation of a potential donor and implementation of donor
goal-directed therapies. In addition, the mission of fos-
tering the adequate environment for grieving families
while the dignity of the deceased person is maintained
throughout the process of donation is a responsibility of
ICU staff. This is important, as family dissatisfaction
with care provided during a hospitalization that involved
OD has been associated with further complicated adap-
tation to the loss of a loved one [4, 5]. In the past, the
role of the intensivist often ended upon contacting the
OPO and determining the death of the potential donor.
However, accumulating evidence advocates for contin-
ued involvement of the intensivist providing intensive
care and organ support to the potential organ donor, as
it may maximize the yield of retrieved organs by sys-
tematically meeting donor management goals [6–12].
This review will focus on the intensive care manage-
ment of the potential organ donor where the intensivist
has a pivotal role in contributing to narrowing the gap
between organ supply and demand.
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Background of Deceased Organ Donation

Deceased donors have been the main source of solid organs
for transplantation [13], and all organs from deceased donors
were initially harvested from patients soon after cardiorespi-
ratory arrest. The practice of donation after cardiorespiratory
death (DCD) was exclusive until the concept of BD became
universally accepted by the medical community [14] and
sealed by the Uniform Determination of Death Act (UDDA)
in 1980 [15, 16]. The Uniform Anatomical Gift Act then
established the “Dead Donor Rule” (DDR), mandating that
organ harvestingmust follow the determination of the donor’s
death; thus, removal of organs must not lead to one’s death
[17]. Despite these delineations, pronouncing death can be
quite challenging without precise guidelines with a stepwise
approach, and the potential for questioning the legitimacy of
death determination and, ultimately donation, arises [18•]. To
address this issue, the World Health Organization joined
Health Canada and the Canadian Blood Services to develop
an international guideline for the definition of death [18•]; the
product of this effort is the following definition:

“Death is the permanent loss of capacity for conscious-
ness and all brainstem functions. This may result from
permanent cessation of circulation or catastrophic brain
injury.”

This definition is compliant with the irreversibility criteria,
a requirement by the UDDA, by implying that the permanence
of the circulatory arrest exists by withholding resuscitation
efforts once loss of circulatory function is established [19].
However, specific nuances to the practical determination of
death are still left to the discretion of institutional protocols.

Donation After Circulatory Determination of Death
or Non-heart-beating Donors

The need to expand the donor pool has fueled further the
development of new DCD programs. Currently, DCD re-
mains an important source of solid organs around the
world, as specific cultural norms may challenge the rec-
ognition and acceptance of the BD concept, thus limiting
the number of DBD donors. DCD accounts for more than
20 % of all deceased organ donation worldwide [20], and
over 60 % in Japan [21]. In the USA, approximately 10 %
of all organ transplantations are from DCD [22].

DCD donors can be categorized according to the up-
dated Maastricht Classification (Table 1) into five dif-
ferent categories, each having their own challenges with
minimization of organ damage after death determination,
fostering organ preservation and viability, and their eth-
ical aspects [23, 24].

Death Determination

Death by circulatory criteria must be irreversible, and any
subsequent restoration of spontaneous circulation, either
spontaneously or as a result of an intervention, precludes death
determination. In clinical practice, the absence of a pulse,
respiratory incursions, and a heart beat are the cardinal signs
in the evaluation for death of patient. Often, a heart monitor
displaying the cardiac electrical function is not available or
required. However, in the DCD context, the documentation
of cessation of cardiac electric function (electrical asystole) is
required in some institutions in addition to lack of cardiac
contractility (mechanical asystole). The minimum set of
criteria agreed upon by the forum deriving the international
guidelines for death determination in DCD include absent
palpable pulse, breath sounds, heart sounds, respiratory effort,
and loss of pulsatile arterial blood pressure along with coma
with fixed and dilated pupils [18•]. Notably, electrical asystole
was not a requirement; however, it may be left to the

Table 1 UpdatedMaastricht Classification of non-heart-beating donors

Classification Description Particularities

I Dead on arrival
Resuscitation attempts not

possible

Uncommonly used (mainly
in Spain and France)

II Unsuccessful resuscitation
(a) Out-of-hospital

refractory circulatory
arrest

(b) In-hospital refractory
circulatory arrest

Uncommonly used (mainly
in Spain and France)

III Awaiting death by
cardiorespiratory arrest

Hospitalized patients with
life-threatening
conditions or who are
planned for WLST

Most commonly used. The
time elapsed between
removal of support and
mechanical asystole is
one of the main
determinants of organ
suitability for harvesting

IV Death by cardiorespiratory
arrest during or after
brain death diagnostic
procedures

Unusual. Resuscitation
efforts may be permitted
according to family’s
wishes. If circulatory
function is restored and
brain death confirmed,
donation protocols
following DBD are
pursued, or the protocol
is switched to DCD in
case resuscitation
attempts are
unsuccessful

V Medically assisted
cardiorespiratory arrest
in a terminally ill patient

Not recognized in the
majority of countries as
constitutes euthanasia

Adapted from [23, 38, 101, 102]

WLST withdrawal of life-sustaining therapy, DBD donation after brain
death, DCD donation after cardiorespiratory death
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discretion of each institution [25]. In addition, pulseless apnea
must be observed for a few minutes while resuscitation
measures are withheld in order to document the irreversibility
of absence of spontaneous forward circulation. The observa-
tion time is necessary, as in rare occasions forward circulation
is achieved spontaneously, a phenomenon called
autoresuscitation. The minimal duration of observation varies
according to institutional guidelines, but usually ranges from 2
to 5 min [26]. Observation of pulseless apnea for 2 min may
be the minimum time necessary, as this phenomenon is ex-
ceedingly rare in the absence of prior cardiopulmonary resus-
citation (CPR) [27].

Identification of cDCD Candidates

Usually, to allow for a successful DCD, the allotted time from
WLST to death should be optimally less than 60 min and
certainly no more than 120 min [28]. This is the most impor-
tant variable that will determine whether the patient can be-
come an organ donor, as it impacts the viability of organs.
Predicting the time of death from the time of WLST can be
challenging, and multiple prediction models have been pro-
posed [29–33, 34•]:

& The University ofWisconsin DCDEvaluation Tool is able
to accurately predict suitability for organ donation in
83.7 % of cases [29]. It is based on a scoring system that
stratifies patients into high, moderate, and low risk groups
for maintaining spontaneous breathing once ventilatory
support is removed. The variables that are accounted for
include vasopressor requirements, body mass index
(BMI) and respiratory performance during a 10-min inter-
val from the discontinuation of ventilatory support.

& The United Network for Organ Sharing criteria was asso-
ciated with a positive predictive value for suitability for
donation of 63 % [30]. The cumulative presence of more
than one criterion based on respiratory parameters and
hemodynamic support requirements increases the odds
of death within 60 min of WLST.

& The DCD-N score had a good performance for predicting
death within 60 min (area under ROC curve of 0.81) [32]
and was the first to include markers of severe neurologic
dysfunction. Points are attributed to elements constituting
a poor neurologic exam—absence of corneal and cough
reflexes, no motor response or presence of extensor pos-
turing—in addition to a high oxygenation index.

& The nomogram for time of death prediction following
WLST in neurologically devastated patients was recently
developed as an alternative tool. By using a nomogram
with a graphical representation of the numerical probabil-
ity of a clinical event based on the statistical predictive
model, this became an attractive tool. This system in-
cludes a comprehensive list of radiologic and clinical

neurologic variables with their respective weighted scores,
and the total sum is plotted in the nomogram, where prob-
abilities for 30-, 60-, 120-, and 240-min mortalities are
given [34•]. The ability to predict organ suitability based
on different mortality times is promising, and further val-
idation of this nomogram in a large, multicenter cohort is
underway [35].

Pathophysiology of Organ Injury

The time interval during which an organ is vulnerable to an
ischemic insult is known as warm ischemia time (WIT) and
includes the time when there is blood flow but insufficient
circulation to oxygenate blood and deliver it to the organs
and tissues [36]. The total WIT is considered the interval from
removal of artificial ventilation to initiation of organ perfu-
sion, [37] and the functional ischemia time (or true WIT) is
the period from start of hypotension and/or severe hypoxemia
(both of which with variable thresholds) to initiation of organ
perfusion [37–39]. Rates of graft complications are directly
proportionate to WIT, and tolerance to ischemia is organ-
specific; thus, particular attention to the duration of WIT is
important when assessing organ suitability for donation [28,
40–43]. The time interval from organ removal until transplan-
tation with restoration of circulation regardless of in situ pres-
ervation is called cold ischemia time (CIT), [36] and also has a
significant impact in graft function and survival.

The pathophysiology of dying involves complex mecha-
nisms that play an important role in the overall organ status.
There are several types of organ-specific dysfunction post-
transplantation, invariably related to ischemic times and reper-
fusion injury. Definitions vary across studies, making compar-
ison of incidence rates and risk factors challenging.

Organ Support

The intensive care management of the potential DCD donor is
comprised of several interventions to optimize organ viability,
and some of them may occur prior to, during, or after death.
Figure 1 summarizes the key points in the clinical pathway for
cDCD based on practice guidelines derived by the American
Society of Transplant Surgeons (ASTS) [37]. These guide-
lines provide recommendations regarding each stage of the
process, including the development of local protocols, the
approach used with families and surrogates when obtaining
informed consent, limitations of specific roles by transplant
team personnel, WLST, death determination, maintenance of
an adequate grieving environment, organ procurement and
ex vivo organ perfusion techniques, and organ-specific partic-
ulars [37]. The consent for DCD should include the possibility
of patient survival despite WLST, which would imply the
inability to provide the intended organs [14, 26, 28, 36]. In
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order to minimize WIT and streamline the process of organ
harvesting, WLST should take place in the operating room
whenever possible. Families should be respected and given
the opportunity to spend time with the patient as much as
possible, particularly in the period from WLST to pulseless
apnea is noted [26]. The use of comfort measures is allowed,
even if the unintended consequence is the potential hastening
of death (commonly referred to as the rule of double effect);
however, the practitioner providing end-of-life care should not
be involved in the procurement process [28].

Specific pharmacologic interventions promoting optimal
organ perfusion to counteract the microcirculatory failure as-
sociated with ischemic-reperfusion injury such as vasodilators
(e.g., phentolamine), inotropes, or heparinoids remain

controversial, since their administration is antemortem and
their sole purpose is to benefit the potential recipient [44].
Further controversies afflict practices of antemortem adminis-
tration of thrombolytics and femoral cannulation in prepara-
tion for cold preservation solution administration. Local prac-
tices should follow specific legislation as well as institutional
policies and should only be employed after specific consent is
obtained.

The use of mechanical or manual chest compressions fol-
lowing cessation of circulation for organ support is not uni-
versally recommended despite being widely used. This rec-
ommendation is due to the increased risk of achieving return
of spontaneous circulation (ROSC), a concern which chal-
lenges the irreversibility of the circulatory arrest [45]. In

Fig. 1 Clinical pathway for cDCD. This flowchart was created based on
the work from multiple sources [37, 41, 105–111]. The most commonly
used cold storage solution for the majority of organs is the University of
Wisconsin (UW) solution (gold standard) [80]. Anti-ischemic drugs,
hormones, proteasome inhibitors, carbonic anhydrase II, statins, and
anti-inflammatory agents are being studied as potential additives to
preservative solutions [109]. a During this phase, heparinization and
thrombolysis are employed, and there is a consideration of
hemodilution and leukofiltration techniques. Machine perfusion of the
kidneys can be pulsatile or continuous, and normothermic or
hypothermic. b Machine perfusion in pancreas transplantation is
currently an investigational procedure; it can be pulsatile or continuous,

and normothermic or hypothermic. The delicate structure of the pancreas,
particularly its endothelium, challenges this technique, requiring strict
pressure and flow limits. Normothermic perfusion allows assessment of
exocrine and endocrine responses in pancreas grafts [107], and viability
assessment in liver grafts [109]. c Machine perfusion in lungs have
additional organ-specific advantages, including allowing for the
administration of antimicrobial therapy, thrombolytics, and gene
therapies [20]. Additionally, it allows for organ function assessments
prior to transplantation. Normothermic lung perfusion is preferred.
CPAP continuous positive airway pressure, DCD donation after
cardiorespiratory death, IVF intravenous fluid, NS normal saline, OR
operating room, WLSTwithdrawal of life-sustaining therapy
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addition, both extracorporeal membrane oxygenation
(ECMO) and mechanical chest compressions whenever used
as a method of organ preservation should be preceded by a
careful explanation to donor families of the possibility of res-
toration of brain perfusion before irreversible cessation of all
functions or ROSC [19, 46].

Ethical Considerations

Organ donation in DCD may raise ethical questions related to
the determination and timing of death, timing and type of
interventions promoting organ support, possible conflicts of
interest in selected team members participating in different
stages of the donation process, methods of obtaining consent,
and adequacy of the environment and atmosphere for grieving
families when saying goodbye to their loved ones [14]. In
addition, in countries where euthanasia is legal and morally
acceptable, organ harvesting preceding medically assisted sui-
cide defies the death donor rule and stirs further debate [47].

Future Trends

DCD has a critical role in filling the gap between organ de-
mand and supply. The expansion of programs may rely on
further developments on the acceptable boundaries of DCD
while maintaining legal standards for death determination and
on the creation of a uniform medical standard with a stepwise
approach to death determination. In addition, harnessing pre-
dictive models for timing of death from WLST may optimize
logistics and resources utilization. Advances in organ support
and preservation techniques are needed to continue to push the
limits of WIT, and consequently may increase the pool of
harvested organs. Finally, further public and political discus-
sions are needed regarding acceptable strategies to include
death by OD as a possible amendment to the DDR, should
society agree that this practice is morally acceptable.

Donation After Brain Determination of Death,
or Heart-Beating Donors

Advances in resuscitation over half a century ago, specifically
positive pressure mechanical ventilation and alternating cur-
rent cardiac defibrillation, allowed for a new neurological state
to be recognized: the irretrievable coma [48]. Patients without
evidence of central nervous system (CNS) activity, completely
unresponsive to any stimulation, and devoid of all brainstem
functions were now able to have their organs perfused with
oxygenated blood, sometimes for long periods of time, by
means of artificial support. The concept of BD [49] arose to
address the rising need to modify the death definition in order
to provide closure to families and prioritize the use of scarce
medical resources when cessation of all brain function occurs.
Contemporarily, advances in organ transplantation techniques

leading to successful outcomes fomented the need for a mod-
ern definition of death, congruent to the medical develop-
ments of the time. From 1968 to 2010, the scientific commu-
nity developed and honed the definition of BD, including the
derivation of a set of criteria guiding clinicians with updated
practice parameters for its determination by the American
Academy of Neurology (AAN) [50–52]. This document in-
cludes a summary of available evidence and provides a step-
wise approach to BD determination including checklists, pre-
requisites, clinical and ancillary testing as well as important
details pertinent to BD documentation [52]. Donation follow-
ing BD swiftly became the preferred method of organ harvest-
ing in the places where BD is culturally and legally accepted,
as DBD provides a higher yield and improved viability of
harvested organs when compared to DCD [53]. In fact, it is
the ASTS recommendation to pursue DBD over DCD in sit-
uations where the potential organ donor is or will likely be-
come brain dead, as long as the family is in agreement [37].
The prompt referral of patients at risk for “imminent neuro-
logical death” by the treating team is of major importance.
Other proposed triggers used in clinical practice to identify
such patients include the Organ Procurement and
Transplantation Network (OPTN) criteria (age ≤70 years
old, mechanically ventilated patients with absence of ≥3
brainstem reflexes as a result of a severe neurologic injury)
[54], a Glasgow Coma Score of 3 plus the absence of ≥3
brainstem reflexes, and a Full Outline of Unresponsiveness
score (FOUR score) of 0 [55].

Death Determination

The diagnosis of BD is based on clinical findings and is sup-
ported by ancillary testing in situations where the complete
clinical examination is not possible or not entirely reliable. A
comprehensive checklist for BD determination includes the
cardinal rules of knowing the cause of the neurological state
and its irreversibility. This is supported by neuroimaging, and
there must be an apneic unresponsive state with brainstem,
areflexia, and the exclusion of potential confounders [56].
For a summary of the evolution of BD definitions and for a
checklist guiding the determination of BD including a step-
wise approach for standard apnea testing, we recommend the
review paper by Hwang et al. [57].

The technique for standard apnea testing has been associ-
ated with several potential clinical complications, which in-
clude arterial hypotension, acidosis, hypoxemia, pneumotho-
rax, pneumomediastinum, bradycardia, atrial fibrillation,
myocardial infarction, and cardiac arrest [58]. Hypotension
may be due to auto-positive end-expiratory pressure (PEEP),
but frequently it is related to ensuing severe respiratory acido-
sis; thus, transient hyperventilation when apnea testing is
completed is recommended. In addition, making sure the pa-
tient is euvolemic prior to performing apnea testing is of great

Curr Neurol Neurosci Rep (2016) 16: 86 Page 5 of 12 86



importance to avoid test abortion due to hypotension. The
occurrence of pneumothorax and pneumomediastinum re-
flects the potential for barotrauma due to air trapping and
auto-PEEP when the standard 6 mm tubing to deliver contin-
uous supplemental oxygen is used. The use of pressure tubing
with an outside diameter of 3 mm instead has been shown to
reduce the potential for this complication [59], particularly in
patients with endotracheal tubes ≤7.0 size. The prolonged ap-
nea interval is associated with atelectasis and decreased PaO2/
FiO2 ratios despite adequate pre-oxygenation, which may im-
pair the respiratory function of the potential lung donor and
organ suitability for donation [60]. A single recruitment ma-
neuver following apnea testing by using a PEEP of 35 cm
H2O for 40 s (or equivalent) has been shown to prevent such
a decrease in PaO2/FiO2 ratios [60]. Of importance, prior to
any recruitment maneuver, the clinician must be certain of the
patient’s euvolemia, as the consequent decrease in venous
return, although transient, may lead to profound hypotension.
In our experience, aiming for a systolic blood pressure of ≥140
or a mean arterial pressure ≥90 mmHg with the use of vaso-
pressors prevents any clinically significant hypotension dur-
ing the recruitment maneuver. Alternatively, performing ap-
nea testing with continuous positive airway pressure (CPAP)
is also promising in avoiding de-recruitment and can be used
in different ways: directly by the ventilator, by means of a
CPAP valve with a reservoir (AMBU TM), or through a T-
piece system [61]. Finally, the use of the Boussignac CPAP
system is another innovative technique that allows patients
with severe respiratory disturbances to successfully complete
apnea testing who would otherwise require ancillary testing
for BD diagnosis [62]. There is now evidence that patients
being supported by ECMO can safely undergo apnea testing
by CPAP [63].

Pathophysiology of Systemic Complications in Brain Death

Ischemia-reperfusion injury is inherent to the process of organ
transplantation and may culminate in rejection and graft fail-
ure. The mechanisms implicated in this pattern of organ injury
are intimately related to ischemia times and the systemic in-
flammatory process driven by reactive oxygen species. In ad-
dition, severe brain injury also results in further systemic pro-
inflammatory responses, leading to leukocyte recruitment to
major organs, generation of reactive oxygen species, release
of inflammatory mediators, increased vasculature permeabili-
ty, and ultimately organ dysfunction [64, 65]. Inflammatory
mediators in the bowel and spleen are then activated through
increased vagal input [66] and expose the patient to endo-
toxins which exacerbate pulmonary inflammation, resulting
in neurogenic pulmonary edema (NPE) [67, 68]. In addition,
the presence of blood brain barrier disruption and the resulting
bidirectional access of local mediators from the brain to the
blood, and vice versa, further exacerbates this

inflammatory cascade and results in additional organ
injury [69]. The massive release of catecholamines re-
flects the attempt to enhance brain perfusion to over-
come the increased intracranial pressure. The ensuing
dysautonomia is due to unopposed sympathetic input
from eventual loss of the vagal parasympathetic nucleus
[65, 70]. However, this has catastrophic systemic ef-
fects: end-organ vasoconstriction and tissue hypoperfu-
sion; increased ino/chronotropy, demand ischemia, ar-
rhythmias, cardiac cellular death, and reduced cardiac
output; capillary leakage, pulmonary vasoconstriction,
and impaired oxygenation [65, 71]. These patients have
a higher end-diastolic volume index, lower end-systolic
pressure-volume relationship, reduced contractility, and
an elevated end-diastolic pressure-volume relationship,
all signifying impaired systolic and diastolic function
[72]. At later stages of progressive brain injury, hypo-
tension ensues due to a combination of loss of sympa-
thetic drive, concurrent hormonal failure (e.g., relative
hypothyroid state, adrenal insufficiency, and diabetes
insipidus), and metabolic acidosis from the shifting of
aerobic to anaerobic metabolism [20, 65, 73]. The re-
lease of tissue thromboplastin by the ischemic brain
promotes activation of the coagulation cascade which,
coupled with endothelial disruption, may lead to dissem-
inated intravascular coagulation (DIC) [74]. The endo-
thelial injury and microthrombi formation exacerbates
the microcirculatory failure with further ischemic injury
[75].

As neuronal cell death progresses in a cranial-caudal
manner, there is concurrent failure of the hypothalamic-
hypophyseal axis, leading to severe endocrinopathy that
varies in timing and severity. An early sign of endocrine
failure is diabetes insipidus from depletion of anti-diuretic
hormone (ADH), resu l t ing in mass ive d iures i s ,
hyperosmolality, hypernatremia, and volume depletion.
This is usually followed by decreased thyroid-stimulating
hormone (TSH) secretion which, in addition to decreased
peripheral conversion of tetraiodothyronine (T4), results in
a rapid decline in free triiodothyronine (T3) [76]. The thy-
roid failure, in turn, allows for the depletion of high-energy
phosphates and impaired cardiac contractility, the shift to
anaerobic metabolism and resulting increase in lactate
[74]. The lactic acidosis is potentiated by the decrease in
available intracellular glucose from lower circulating insu-
lin levels. Hyperglycemia is further exacerbated by the cat-
echolamine storm and promotes further hypovolemia due to
osmotic diuresis. Finally, donor stress responses are blunted
due to adrenal insufficiency often seen in BD, and decreased
levels of cortisol and adrenocorticotropic hormone (ACTH)
contribute to hypotension and cardiovascular instability in
these patients [76]. Table 2 provides an overview of the
prevalence of systemic complications in BD.
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Organ Support

Organ preservation initiates with the optimal management of
the potential organ donor, continues during procurement and
storage, and targets increasing the likelihood of procurement
in potential donors, the yield of transplantable organs per
donor, and improving graft function after transplantation
[77]. Notably, longer duration of a donor’s BD does not seem
to be detrimental to renal grafts, although it was thought to do
so in the past [78]. Nevertheless, the BD interval does corre-
late with recipient mortality in heart transplants; no data has
been provided regarding optimization of donor management
during this interval [79]. Controversy remains regarding the
ideal time from diagnosis to procurement in DBD.
Accumulating evidence suggests that taking the time to sta-
bilize the patient and institute measures to optimize organ
function prior to organ retrieval may be better than rushing
at the peak of an inflammatory and sympathetic storm [78].
The cascade of multisystem changes resulting from BD war-
rants a systematic approach to the potential DBD donor.
Figure 2 provides a flowchart with the key points in the
clinical pathway for DBD.

Endocrine Support

The collapse of hypothalamic-pituitary axis and resulting hor-
monal failure may lead to detrimental effects at molecular,
cellular, and tissue levels. Hormonal support is widely used
in this scenario; however, its efficacy has not been completely
elucidated [77]. Promising results regarding improvement in
hemodynamics, procurement yield, and post-transplant cardi-
ac graft function with the use of thyroid hormones conflict
with the results of a meta-analysis of randomized prospective
studies which failed to support these effects [80, 81].
Hormonal replacement is indicated when hemodynamic goals
are not met with initial fluid resuscitation and the vasopressor
needs escalate above the desired doses (dopamine or dobuta-
mine >10 mcg/kg/min, or >0.05 mcg/kg/min for epinephrine
or norepinephrine) or left ventricle ejection fraction (LVEF)
remains <45 %. Regimens used across the world vary widely,
and oral and intravenous formulations seem equivalent [82].

In addition, steroid support has been shown to improve oxy-
genation and the need for vasopressors, which can increase
rates of high-yield procurement [83]; however, the ideal dos-
ing remains to be clarified in further studies. Vasopressin use
has been shown to increase procurement yield and is helpful in
reducing inotrope use [80], in addition to its value in the treat-
ment of diabetes insipidus and lowering sodium levels.
Maintaining a target sodium of <155 mEq/L is recommended
due to poor liver graft survival with higher levels [84••]. The
use of a combination of thyroid hormone, corticosteroid, anti-
diuretic hormone, and insulin seems to be the best approach
for multiple organ procurement [85].

Hemodynamic Support

The assessment of the potential BD organ donor is challenging.
Frequently, coexisting comorbidities such as NPE, distributive
shock, diabetes insipidus, dysautonomia, and hormonal failure
may cloud the interpretation of hemodynamic parameters and
urinary output, which are cardinal signs used in critical care to
guide this assessment. In addition, patients with severe neuro-
logic injury preceding BD were often given osmotherapy,
which may also affect the volume status and lead to metabolic
derangements that are hard to interpret. The intensivist is en-
couraged to use whatever tools are available at the bedside to
guide fluid therapy, such as transthoracic echocardiography,
lithium dilution or thermodilution approaches [86]. Notably,
the MOnIToR trial, the first large, multicenter, randomized
study using a protocol-guided fluid therapy targeting cardiac
index, MAP, and pulse pressure variation using LiDCOTM,
failed to show a higher yield of harvesting with such an ap-
proach [87]. Further studies using simplified and easily acces-
sible devices may be helpful in the future. Overall goals to be
achieved in the management of the potential DBD donor are
maintaining euvolemia and optimal perfusion pressure (MAP
≥60–70 mmHg), target urine output of at least 1 mL/kg/h, and
LVEF of at least 45 % [84••] while utilizing the lowest possible
rates of vasopressor support. Serial lactate levels, mixed venous
saturation values, arterial blood gases, and invasive or noninva-
sive hemodynamic measurements—like central venous pres-
sure, pulmonary capillary wedge pressure, cardiac index, and
extravascular lung water—are helpful to guide further therapy.
If vasopressors are needed, consideration of dopamine and va-
sopressin as first-line agents is recommended; in severe shock,
norepinephrine, phenylephrine, dobutamine, and epinephrine
are acceptable choices. Arrhythmias are frequent in BD donors
and may be difficult to treat, resulting in further hemodynamic
instability. Avoiding overreaction to catecholamine storm-
related arrhythmias is key; thus, short-acting agents are pre-
ferred [84••]. Bradyarrhythmias are better treated with isopro-
terenol or epinephrine, since they may be refractory to atropine
due to break down of the vagal nucleus [88]. Ventricular tachy-
arrhythmias should be treated with lidocaine or amiodarone; the

Table 2 Prevalence of systemic complications in brain dead donors

Complication Prevalence

Cardiac arrhythmias 25–32 % [74, 103]

Diabetes insipidus 46–86 % [7, 104]

Disseminated intravascular coagulation 28–55 % [73, 74]

Hypotension 80 % [74]

Neurogenic pulmonary edema 13–18 % [73, 74]

Systolic myocardial dysfunction 42 % [74]

Thrombocytopenia 56 % [73]
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latter is also the first choice for supraventricular tachyarrhyth-
mias [88].

In potential renal donors, the consideration of low dose
dopamine infusion (4 mcg/kg/min) is warranted as it has been
shown to reduce the need for dialysis post-transplantation
without increasing side effects [89] due to possible attenuation
of ischemic-reperfusion injury by stimulation of D3 receptors
[90].

Ventilatory Support

The lungs of DBD donors are susceptible to the development
of primary graft dysfunction due to the presence of a systemic
inflammatory response and ensuing NPE, an increased risk of
aspiration, as well as their vulnerability to ventilator-

associated lung injury [20]. The implementation of a lung
donor management protocol consisting of lung protective ven-
tilation (6–8 mL/kg tidal volumes and higher PEEP), apnea
testing with CPAP, optimal positioning of the patient, optimal
volume status, and frequent recruitment maneuvers for poten-
tial donors who did not meet the PaO2/FiO2 threshold for
donation have been associated with doubled rates of lung do-
nation without an increase in graft dysfunction [91, 92].
Despite prior concerns of a restrictive fluid balance leading
to a negative impact on kidney grafts, maintaining goal central
venous pressures <8 mmHg seems safe [20, 93, 94]. Inhaled
nitric oxide should be considered in BD donors with NPE to
improve pulmonary perfusion by causing local vasodilatation
and decreased vascular resistance [95, 96]. There is no role for
β-agonist inhalers in such cases [97].

Fig. 2 Clinical pathway and algorithm for the potential DBD organ
donor management. This flowchart was created based on multiple
sources [20, 60, 80, 84••, 88, 89, 111]. Organ preservation techniques
are similar to the ones demonstrated in the DCD flowchart. CPAP—
continuous positive airway pressure. CVP—central venous pressure.
DI—diabetes insipidus. DIC—disseminated intravascular coagulation.
DOB—dobutamine. DOPA—dopamine. DVT—deep venous
thrombosis. EVLW–extravascular lung water. EPI—epinephrine. GFS—
glucose fingerstick. HOB—head of bed. HR—heart rate. IV—

intravenous. K—potassium. LVEF—left ventricular ejection fraction.
MAP—mean arterial pressure. Mg—magnesium. Na—sodium. NE—
norepinephrine. P—phosphorous. PCWP—pulmonary capillary wedge
pressure. PEEP—positive end expiratory pressure. OPO—organ
procurement organization. RM—recruitment maneuver. SG—specific
gravity. SVR—systemic vascular resistance. SVT—supraventricular
tachycardia. VSP—vasopressin. VT—ventricular tachycardia. TV—tidal
volume. Temp—temperature. UOP—urinary output
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Nutritional Support

Enteric nutrition should be continued unless there is a contra-
indication, as it increases glycogen supply and has the poten-
tial to optimize allograft function [84••].

Ethical Considerations

Conflicts between families’ inclinations and the patient’s prior
wishes may occur and should be addressed on a case-by-case
basis by a collaboration of OPO staff and leadership,
healthcare providers, hospital administration, and the patient’s
family [84••]. An ethics consult may also be beneficial if con-
flict continues. Explaining to families the potential donor’s
prior designation as a donor is of particular importance in
solving this conflict. In addition, some families may not ac-
cept the irreversibility of a BD diagnosis. A careful explana-
tion by the intensivist of the meaning of BD is of utmost
importance, as some families may have difficulty understand-
ing death despite a beating heart of their loved one [98, 99].

Future Trends

The standardization of clinical assessment and ancillary test-
ing in BD determination would facilitate a uniform practice
and further development of DBD programs worldwide. In
addition, the development of new methods of apnea testing
targeting improved safety would expand its use and avoid the
need of ancillary testing and further delays in BD diagnosis.
Recently, the use of mild hypothermia to 34–35 °C in potential
kidney donors was associated with decreased delayed graft
function among recipients, without an increase in adverse
events [100]. Further studies investigating the optimal target
temperature in potential organ donors are warranted. Other
aspects of the critical care management of the potential BD
donor that require further studies include exploration of ideal
hormonal support regimens, optimal fluid management proto-
cols, and discovery of potential inhibitors of the BD-induced
inflammatory response.

Conclusion

Significant variability in the intensive care management of the
potential organ donor exists across the world. The develop-
ment of international standards for deceased OD practices
targeting improved regulation, optimal procurement, and im-
proved yields are needed. Recognizing the positive impact of
the intensivist’s role in increasing OD yields by streamlining
the care of the potential organ donors is a promising measure
to help decrease the gap between organ supply and demand.
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