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ABSTRACT
Introduction: Despite continuous advances in transplant medicine, there is a persistent worldwide shortage of organs 
available for donation. There is a growing body of research that supports that optimal management of deceased organ 
donors in Intensive Care Unit can substantially increase the availability of organs for transplant and improve outcomes 
in transplant recipients.
Methods: A systematic literature review was performed, comprising a comprehensive search of the PubMed database for 
relevant terms, as well as individual assessment of references included in large original investigations, and comprehensive 
society guidelines.
Results: In addition to overall adherence to catastrophic brain injury guidelines, optimization of physiologic state in 
accordance with established donor management goals (DMGs), and establishment of system‑wide processes for ensuring 
early referral to organ procurement organizations (OPOs), several specific critical care management strategies have been 
associated with improved rates and outcomes of renal transplantation from deceased donors. These include vasoactive 
medication selection, maintenance of euvolemia, avoidance of hydroxyethyl starch, glycemic control, targeted temperature 
management, and blood transfusions if indicated.
Conclusions: Management of deceased organ donors should focus first on maintaining adequate perfusion to all organ systems 
through adherence to standard critical care guidelines, early referral to OPOs, and family support. Furthermore, several 
specific DMGs and strategies have been recently shown to improve both the rates and outcomes of organ transplantation.
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INTRODUCTION

Despite continuous advances in transplant medicine, 
there is a persistent worldwide shortage of organs 
available for donation. In the United States alone, 
over 121,000 people were on the United Network for 
Organ Sharing (UNOS) waiting list in 2015; however, 
only 25,767 organs were transplanted that year and an 
average of 22 patients die each day waiting for an organ 

(United States Organ Procurement and Transplantation 
Network data, 2015). While a paucity of level 1 evidence 
exists to guide deceased donor management, there is a 
growing body of research that supports the use of both 
facility/system‑wide processes as well as patient/donor‑level 
interventions. This review will focus on the critical care 
management of deceased subjects who are potential kidney 
donors.

Currently, there are two distinct categories of deceased 
organ donors: Those who are donors after neurologic 
determination of death (DNDD) and those who proceed 
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with donation after a circulatory determination of death 
(DCDD). While renal transplantation outcomes tend to be 
better with kidneys procured from DNDDs,[1‑5] the use of 
organs from DCDDs is necessary to address the shortage 
of organs. This review will focus on the management of 
DNDDs, who are potential kidney donors, as there is a 
much greater opportunity for critical care interventions 
after neurologic determination of death in this population.

Since the earliest days of transplantation, the development 
of organ donation and transplantation systems has been 
evolving in countries and regions across the world. 
Each system must take into consideration the nuanced 
characteristics, cultural and religious landscape, and legal 
and ethical complexities of the society within which 
it functions. Authors in northern India have described 
challenges with distrust of the medical system and fear 
of bodily mutilation as barriers to authorization for organ 
donation in DNDDs.[6] Lack of government infrastructural 
support, lack of approval by Islamic scholars, and lack of 
public awareness and education have been cited as barriers 
to transplantation in Islamic countries.[7] In Japan, public 
opinion surrounding organ transplantation has been strained 
since the first heart transplant performed there, in 1968, 
after which questions arose regarding whether or not the 
donor was truly deceased. Following this controversy, 
organ procurement from deceased donors was outlawed, 
only becoming legal again in 1997.[8] German experts have 
described changing approaches to end‑of‑life care and the 
limitation of deceased donors to standard criteria DNDDs 
(rather than including DCDDs or expanded criteria DNDDs) 
as contributing factors to the shortage of organs available 
for donation in their country.[9]

Many countries, including the United States, Germany, 
Greece, the majority of the United Kingdom, India, and 
Japan, take an “opt‑in” approach to organ donation, in 
which citizens or their surrogate decision makers must 
actively decide to donate organs in the event of neurologic 
or cardiac determination of death. In these countries, media 
campaigns, a focus on the altruistic gift of organ donation, 
and “mandated choice” approaches, in which an organ 
donation preference must be indicated when registering for 
a driver’s license or during another governmental process, 
have been employed to increase the number of registered 
organ donors. In several other countries, including Wales, 
Austria, Spain, and Singapore, an opt‑out approach to 
organ donor status, in which everyone is assumed to be 
an organ donor after death unless they specifically state 
otherwise, has increased the availability of organs available 
for donation. However, this approach has led to ethical 
debate regarding autonomy and authorization in an opt‑out 
system. Israel employs a unique system colloquially known 
as “do not give, do not get,” in which registered organ 
donors are given preference as organ recipients. Iran has 
taken the approach of legalizing the organ trade, allowing 

financial reimbursement of living kidney donors. While this 
approach has effectively eliminated the kidney shortage in 
Iran, ethical concerns have been raised regarding financial 
coercion of vulnerable donors.

In the United States, the donor management process 
consists of a multifaceted effort, involving several key 
stakeholders. In the initial phase of management, critical 
care physicians stabilize patients and work with support 
staff to identify potential donors. Once a potential donor is 
identified, an independent organ procurement organization 
(OPO) is notified and begins the process of evaluating the 
potential donor, discussing the option of donation with the 
patient’s family and requesting authorization for donation 
and transplantation. Centers in which a large number of 
potential donors may be managed, such as level 1 trauma 
centers, often have an OPO transplant coordinator in‑house 
at all times; this practice has been associated with increased 
conversion rates of potential to actual donors in observational 
studies.[10‑14] Once a donor has been identified and authorized, 
OPO coordinators initiate critical care practices to optimize 
the function of all potentially transplantable organs, and 
transplant physicians evaluate the specific characteristics 
of the available organs and determine their suitability for 
transplantation into specific recipients.

When it comes to studying the effectiveness of interventions 
in potential deceased kidney donors, two specific outcomes 
are commonly reported: The number of organs transplanted 
per donor (OTPD, maximum of eight) and the rate of 
delayed graft function (DGF) in the recipient, defined by 
UNOS as the requirement for dialysis within 7 days of renal 
transplantation. These outcomes are both clinically relevant 
and clearly defined, making them appropriate targets for 
interventions to improve the success of donor management.

In this systematic literature review, we report upon the 
current state of the literature and recommendations guiding 
the management of DNDDs, focusing on management 
strategies that are associated with improved outcomes in 
terms of increased overall OTPD as well as decreased renal 
recipient DGF. We describe organizational strategies to 
identify and authorize potential organ donors, guidelines for 
medical management of patients with nonsurvivable brain 
injuries before declaration of death according to neurologic 
criteria, and important aspects of medical management 
for authorized donors before organ procurement. This 
review will not address interventions that occur after 
organ recovery, such as pulsatile machine perfusion or the 
administration of tissue plasminogen activator.

METHODS

A comprehensive search of the PubMed database was 
performed using the main term “donor management” in 
conjunction with one of the following terms: “Kidney 
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transplant,” “renal transplant,” “DMG,” “OTPD,” “DGF,” or 
“transplant outcome.” Studies were included if they were 
written in English and if the full text was available for 
review through PubMed or an institutional subscription. 
Large original investigations and comprehensive society 
guidelines were prioritized, and the reference sections of 
these articles were also reviewed. Relevant references that 
were not included in the original search were individually 
assessed and considered for inclusion in this systematic 
literature review.

IDENTIFYING AND AUTHORIZING POTENTIAL 
DONORS

Clinical triggers and timely referrals
It is critically important to identify potential organ donors 
and to notify an OPO to begin the process of evaluating them 
as early as possible. Early identification, defined by the Center 
for Medicare Services as notification of an OPO within 1 h of 
a patient meeting a clinical trigger, facilitates timely medical 
evaluation of a potential donor, may minimize time pressure 
when discussing the possibility of donation with a patient’s 
family, and has been associated with an increased likelihood 
of organ donation.[15] In patients with a neurologic injury 
that requires mechanical ventilation, specific clinical triggers 
for notification of an OPO include (1) a Glasgow coma score 
of 5 or less, (2) loss of a brainstem reflex, and (3) if a family 
discussion is being planned that may result in withdrawal 
of life‑sustaining therapy. While it is not recommended that 
physicians directly address organ donation decisions during 
end‑of‑life discussions due to ethical concerns about conflict 
of interest, there is evidence that the majority of families 
choose to authorize donation when approached in a timely 
manner by a trained, designated requestor (United States 
Organ Procurement and Transplantation Network data, 
January 2008 to June 2010).

Criteria for determination of death in a potential donor
The majority of transplanted organs are procured from 
DNDD.[16] Death according to neurologic criteria occurs 
when all brain functions, including those of the brainstem, 
cease irreversibly; neurologic criteria for determination of 
death, including recommendations for ancillary testing when 
clinical methods of determination (complete neurologic 
examination and apnea testing) are not possible or must be 
aborted, have been defined by the American Academy of 
Neurology.[17,18]

Absolute and relative contraindications to organ donation
Once authorization for donation has been obtained from 
a potential donor’s legal surrogate or advanced directive, 
the transplant physician’s responsibilities include assessing 
the suitability of the donor organs for transplantation. There 
are surprisingly few donor characteristics that present absolute 
contraindications to renal transplantation. While a history 
of malignancy is not in itself a contraindication to organ 

donation, and while donor tumor transmission is uncommon, 
any active malignancy or any history of melanoma in the 
donor are both absolute contraindications for organ donation. 
Unexplained intracranial hemorrhage should prompt a high 
level of suspicion for active malignancy since hemorrhage 
may be the presenting sign of brain metastasis. Furthermore, 
UNOS cautions against transplanting organs from donors 
with a history of lymphoma or carcinomas of breast, lung, 
kidney, or colon. In general, the low but present risk of donor 
tumor transmission should be weighed against the risk of not 
undergoing transplantation.[19]

Bacteremia does not preclude suitability for organ 
donation;[20,21] in fact, no differences in graft function or 
mortality were identified between cohorts of recipients 
whose donors did or did not have positive blood cultures as 
long as a course of appropriate antibiotics was administered 
to the recipients either before donation (if donor blood 
cultures were known to be positive) or immediately upon 
discovery of positive donor blood cultures.[22] Regarding viral 
infections, there is evidence that seropositivity for human 
immunodeficiency virus (HIV) may not be a contraindication 
for kidney donation if the recipient is already infected with 
HIV.[23] Similarly, donors with hepatitis C virus (HCV) 
seropositivity may be considered as possible donors for 
recipients who are also seropositive for HCV. While positive 
hepatitis B virus (HBV) core antibody (reflecting hepatitis B 
natural immunity or resolved infection) is not considered an 
absolute contraindication for organ donation, a positive HBV 
surface antigen reflects an active infection and is an absolute 
contraindication to organ donation. Potential donors with 
a history of high‑risk behaviors associated with HIV, HBV, 
and HCV exposure (as defined by the United States Public 
Health Service)[24] should undergo nucleic acid amplification 
testing, which can detect HIV RNA in up to half of potential 
donors in a high‑risk category.[25,26] Finally, while patients 
with meningitis may be considered as potential donors, 
those with febrile illness, paralysis, or encephalitis of unclear 
origin are not considered acceptable donors due to the risk 
for transmission of difficult‑to‑diagnose pathogens.[27,28]

Patient characteristics, including relative contraindications 
to organ donation, must be considered on an individual basis 
within the context of the risks and benefits to the recipient of 
transplantation versus continued waiting. The kidney donor 
risk index, which is based upon donor characteristics, can 
be used by transplant surgeons to counsel patients on the 
relative risk of graft failure when a kidney is transplanted 
from a donor who does not meet standard criteria.[29] The 
utilization of organs from expanded criteria donors (ECDs) 
has increased the pool of potential organ donors and is an 
area of ongoing investigation. Since potential donors who 
do not meet standard criteria for donation or who have 
relative contraindications to donation may still be able to 
donate organs, it is crucial that Intensive Care Unit (ICU) 
nurses and physicians broadly refer patients under their 
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care who meet clinical triggers for potential organ donation 
to an OPO for further evaluation and not try to determine 
suitability themselves.

Patients who have experienced a catastrophic brain injury 
but who do not meet criteria for neurologic determination 
of death should continue to receive standard neurocritical 
care as current evidence from North America and the 
Netherlands supports that neurologic prognosis following 
a catastrophic brain injury should not be defined until 72 h 
have passed.[30,31] During this time, all efforts should be made 
to perfuse the brain, and clinical protocols, also known as 
catastrophic brain injury guidelines (CBIGs), exist to guide 
the management of such patients.[31‑33] As a consequence of 
maintaining favorable hemodynamics for adequate brain 
perfusion, perfusion of other organ systems is also promoted. 
Thus, if the patient’s neurologic status improves, adherence 
to CBIGs increases the likelihood of a successful outcome 
due to protection of other organ systems. If the patient does 
not experience neurologic recovery or regresses to death 
by neurologic determination, adherence to CBIGs also 
preserves the option for the patient’s family to proceed with 
organ donation as a secondary benefit.[31,34]

DONOR MANAGEMENT GOAL BUNDLES

Death by neurologic criteria leads to massive physiologic 
changes as the normal neurologic regulation of the body is 
lost. To balance the competing needs of various potentially 
transplantable organs within the context of this instability, 
many expert groups and OPOs have established checklists 
of critical care endpoints[16,35‑39] to guide physicians in 
maintaining optimal stability in a potential donor. When 
checklists or “bundles” of these endpoints, also known as 
donor management goals (DMGs), have been compiled 
and followed, it has consistently been shown that the 
mean number of OTPD is increased in both standard and 
ECDs.[39‑41] Furthermore, when DMG bundle criteria are met 
during donor hospital ICU management immediately before 
authorization for donation and transitioning care to bedside 
OPO staff, DGF in kidney recipients is less likely.[42] An 
example of the DMG bundle used in several UNOS regions 
is shown in Table 1.

SPECIAL TOPICS IN INTENSIVE CARE UNIT 
MANAGEMENT OF KIDNEY DONORS

Aside from adherence to CBIGs and DMG bundles, which 
have been clearly associated with improved outcomes 
and increased OTPD across the deceased organ donor 
population, several specific critical care interventions in 
DNDDs have been studied with regard to the development 
of DGF and mortality in renal transplant recipients. The 
Society of Critical Care Medicine (SCCM), the American 
College of Chest Physicians (ACCP), and the Association 
of Organ Procurement Organizations (AOPO) have 

recently published a consensus statement to guide the 
management of the potential organ donor in ICU.[16] 
Similar guidelines have been published by the Canadian 
Council for Donation and Transplantation[43] and the 
European Renal Best Practice Transplantation Guideline 
Development Group.[44] This section both summarizes the 
SCCM/ACCP/AOPO recommendations as they apply to 
kidney donors and describes new areas of research in kidney 
donor management.

General considerations
During intensive care management of potential kidney 
donors, consideration should be given to medications 
and interventions that could lead to nephrotoxicity. 
While there is no reported association of intravenous 
contrast administration with DGF or graft failure,[16] any 
plan for imaging or interventional studies requiring the 
administration of intravenous contrast should prompt 
discussion of the necessity of the study and alternatives 
to contrast use given the potential for the development 
of contrast nephropathy. If intravenous contrast is 
absolutely necessary, additional intravenous fluids should 
be administered for renal protection.

There is no requirement for additional diagnostic maneuvers 
to assess a potential donor kidney. Imaging studies may be 
useful in donors with a family history of polycystic kidney 
disease or a personal history of kidney stones or urologic 
anomalies. Regarding kidney biopsy before transplant, it is 
generally unnecessary unless recommended by the OPO, 
which may be the case for some ECDs.[16]

Cardiovascular
Meeting hemodynamic DMGs can be challenging in 
the face of the often severe hemodynamic instability 
associated with a neurologic determination of death. 
Vasopressors and inotropes are frequently necessary to 

Table 1: United Network for Organ Sharing (UNOS) Donor 
Management Goals (DMGs)

Donor management goal Parameter

Mean arterial pressure (mmHg) 60-110

Central venous pressure (mmHg) 4-12

Left ventricular ejection fraction (%) >50

Low‑dose vasopressors*, number of agents ≤1

Arterial blood gas pH 7.3-7.5

PaO2:FiO2 ratio >300

Serum sodium (mEq/L) <155

Urine output (mL/kg/h over 4 h) >0.5

Glucose (mg/dL) <180

*Less than or equal one vasopressor used and at a low dose (dopamine <10 
mcg/kg/min; phenylephrine <1 mcg/kg/min; norepinephrine <0.2 mcg/kg/
min), with any dose of epinephrine resulting in the element not being met. 
mmHg=Millimeters of mercury, PaO2=Arterial partial pressure of oxygen, 
FiO2=Fraction of inspired oxygen
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support the cardiovascular system, to prevent intractable 
arrhythmias or cardiovascular collapse, and to maintain 
perfusion to crucial organs. While evidence is limited, 
the use of low‑dose vasopressors and inotropes to support 
hemodynamics is supported.[16,40,42] With regard to 
individual medication choice, catecholamine use in the 
donor has been associated with improved graft survival 
in recipients in at least one German study;[45] however, 
epinephrine has also been associated with higher levels 
of donor serum creatinine in a study done in France.[46] 
Low‑dose dopamine (<5 mcg/kg/min) infusion has been 
associated with a reduction in DGF.[47] Finally, arginine 
vasopressin, which is commonly administered as part of 
hormonal replacement therapy, has been associated with 
increased OTPD, including a significant increase in the 
number of kidneys recovered from DNDDs.[48]

Endocrine
Although glucose control in the critically ill has been 
an ongoing topic of controversy for many years, current 
recommendations from the SCCM advocate for the avoidance 
of hyperglycemia above 180 mg/dL.[49] However, it has been 
unclear how these guidelines apply to deceased donors. Poor 
glucose control in DNDDs has been associated with elevated 
terminal serum creatinine in kidney donors before organ 
recovery,[50] which has been independently associated with 
higher rates of DGF in recipients.[51,52] Recently, a study of 
prospectively collected characteristics of over 1600 DNDDs 
was performed using multivariate analysis to determine the 
effect of hyperglycemia on OTPD and renal graft function. 
Three separate blood glucose target levels (150 mg/dL or less, 
180 mg/dL or less, and 200 mg/dL or less) were evaluated. 
While target glucose levels of both 180 mg/dL and 200 mg/dL 
were associated with increased OTPD, only the 180 mg/dL 
level was an independent predictor of 4 or more OTPD. 
All three levels were associated with higher kidney graft 
survival when compared with patients who did not achieve 
any of the three glucose targets.[53] This evidence suggests 
that the generally accepted critical care guideline for glucose 
control of <180 md/dL is also appropriate for DNDDs.

Due to the irreversible loss of hypothalamic function 
and subsequent cessation of antidiuretic hormone (ADH) 
production, DNDDs are at risk for severe central diabetes 
insipidus (DI). Without ADH to stimulate reabsorption of 
water in the kidney, the DNDD with DI will produce large 
volumes of dilute urine (specific gravity <1.005 and/or urine 
osmolality <200 mOsm/kg H2O). This results in hypovolemia, 
hyperosmolality, and hypernatremia.[54] DI should be 
managed with a combination of volume resuscitation with 
hypotonic saline (0.25% or 0.5%) and hormonal replacement 
with the ADH analogs desmopressin and/or vasopressin.[16] 
Due to its stimulation of Von Willebrand Factor release, 
desmopressin may be particularly useful in patients who 
are also coagulopathic, while vasopressin serves a dual role 
as a vasopressor and has been shown to improve transplant 

outcomes as described above. The goals of DI management 
are the restoration and maintenance of euvolemic fluid 
balance, a decrease of urine output to no >4 mL/kg/h, and 
maintenance of sodium levels <155 mEq/L.[16]

Fluid resuscitation
While the maintenance of euvolemia is an agreed‑upon 
goal in the DNDD,[16] controversy exists regarding the most 
beneficial choice of intravenous fluid for resuscitation. 
Crystalloid solutions are generally employed during 
volume resuscitation; however, concern for deleterious 
effects of large‑volume crystalloid resuscitation (interstitial 
and cardiogenic pulmonary edema) has prompted the 
use of colloid solutions, including synthetic colloids such 
as hydroxyethyl starch (HES). While a Finnish study 
demonstrated that the use of HES can indeed reduce the total 
volume of intravenous fluid required for resuscitation[55] in 
DNDDs, multiple studies have suggested either no difference 
or an increased risk in DGF in patients who received 
kidneys from DNDDs treated with HES. Recently, in the 
largest study of HES use in DNDDs to date, HES use in the 
donor was strongly associated with a significant increase 
in DGF in renal transplant recipients.[56] Given the lack of 
demonstrable benefit and the compelling evidence for harm 
associated with HES use, it cannot be recommended as a safe 
strategy for volume resuscitation in potential kidney donors. 
Lower molecular weight HES or colloids other than HES, 
such as albumin, may provide a safer alternative as shown 
in data from studies conducted in France, but evidence is 
inconclusive and ongoing study in this area is needed.[57‑59]

Hematologic
Due to their immunosuppressive effects, blood transfusions 
were often historically administered to recipients before 
renal transplantation as part of a strategy to reduce acute 
rejection and improve graft function.[60‑62] However, 
this practice fell out of favor with the advent of modern 
immunosuppressive therapy, the potential for recipients 
to develop donor‑specific antibodies, as well as a growing 
appreciation for the many deleterious effects of blood 
transfusions, in general. On the other hand, the effect of 
blood transfusions in deceased donors upon DGF in renal 
transplant recipients has only recently been evaluated. 
In a propensity analysis, any blood transfusion in the 
donor was associated with a significant reduction in the 
development of DGF in the recipient and the effect was 
seen most strongly in donors who received large‑volume 
blood transfusions.[63] A potential explanation for this 
protective effect is down‑regulation of the dysfunctional 
inflammatory processes that are associated with a neurologic 
determination of death and predispose transplanted kidneys 
to reperfusion injury and diminished function. At this time, 
OPO guidelines vary regarding target serum hematocrit 
(ranging from 21% to 30%); further, prospective randomized 
studies are needed to inform evidence‑based practices in 
this area.
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Temperature regulation
Wide swings in temperature often occur in the 
setting of death by neurologic determination as the 
hypothalamic regulation of body temperature is lost, and 
active rewarming is frequently necessary to maintain 
normothermia in potential organ donors. Mounting 
evidence for an association between mild hypothermia 
and renal protection in models of cardiac arrest prompted 
further investigation for the role of temperature 
management in the DNDD. A recent multicenter trial 
of targeted temperature management in 394 DNDDs 
compared rates of DGF in recipients of kidneys from 
donors randomized to either mild hypothermia (34–35°C) 
or normothermia (36.5–37.5°C). Donors in the mild 
hypothermia group had a significantly lower rate of 
DGF (28% vs. 39%, OR = 0.62 [CI 0.43–0.92]); this effect 
was so compelling that the study was stopped early for 
overwhelming efficacy.[64] The protective effect of mild 
hypothermia was most powerful in ECDs and donors 
within other higher‑risk subgroups.

SUMMARY AND RECOMMENDATIONS

Management of potential organ donors should be focused on 
maintaining adequate perfusion to all organ systems through 
adherence to standard critical care guidelines, early referral 
to OPOs, and family support.[16,31] There is good evidence 
that by achieving specific DMGs, critical care providers 
can optimize both the number of OTPD and to reduce 
the incidence of DGF in transplanted kidneys. Several 
specific critical care management strategies, including 
careful consideration of vasopressor and inotrope selection, 
maintenance of euvolemia, avoidance of hydroxyethyl 
starches as volume expanders, glycemic control (with a 
target blood glucose of <180), blood transfusion if indicated, 
and targeted temperature management with a goal of mild 
hypothermia, have all been associated with improved 
outcomes in transplanted kidneys. As the emerging field 
of donor management research continues to grow, these 
recommendations will continue to evolve. Ultimately, the 
persistent shortage of organs available for transplantation 
may be diminished through optimizing the care of potential 
organ donors.
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