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Abstract
Background. At present, organ transplantation is the most efficient treatment of end-stage failure of vari-
ous organs, including the  heart, lungs, pancreas, intestines, kidney, and liver. Despite the  efforts to  use 
organs from living donors or from donors after circulatory death, most of the organs are recovered from 
brain dead (BD) donors.

Methods. The Medline and Web of Science databases were searched without time limit on November 2015 
using the terms “brain dead donor” and “deceased donor” in conjunction with “transplantation”, “graft”, 
“organ”, “hemodynamic”, “hormonal“, or “management”. The search was limited to the English, Polish and 
Spanish literature. Articles that did not address the topics were excluded and the full text of the remaining 
articles was reviewed.

Results. It is well established that brain death is associated with a cascade of hemodynamic, inflammatory, 
and immunologic events that affect the outcome of transplanted organs. Proper management of the poten-
tial organ donor may help increase the supply of organs for transplantation. However, because there is a lack 
of good quality evidence, it is difficult to establish specific BD donor management guidelines.

Conclusions. In this paper we present a review of studies and literature concerning the detrimental impact 
of donor brain death on graft function. We present pathologic changes that take place after brain death, 
their influence on graft quality and therapeutic solutions to enhance transplanted organ function.
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Introduction

At present, organ transplantation is the most efficient 
treatment of end-stage failure of various organs, includ-
ing the heart, lungs, pancreas, intestines, kidney, and 
liver. Despite the efforts to use organs from living donors 
or from donors after circulatory death, most of the organs 
are recovered from brain dead (BD) donors. Persistent 
donor organ shortage causes extended waiting lists, and 
a substantial percentage of patients die while waiting for 
an organ. As a result, a move toward accepting subopti-
mal donors is increasing.

Despite improvements in organ preservation, reduction 
of cold ischemia time, better organ allocation and tailored 
recipient pharmacotherapy, the outcomes reached with 
organs from living donors are far superior when com-
pared to grafts procured from deceased donors.1

Methods

The Medline and Web of Science databases were 
searched without a time limit on November 2015 us-
ing the terms “brain dead donor” and “deceased donor” 
in conjunction with “transplantation”, “graft”, “organ”, 
“hemodynamic”, “hormonal“, or “management”. Boolean 
operators (NOT, AND, OR) were also used in succession 
to narrow and broaden the search. Autoalerts in Medline 
were also run, and reference lists of original articles, re-
view articles, and book chapters were searched for further 
eligible articles. The search was limited to the English, 
Polish and Spanish literature. Articles that did not address 
the topics were excluded, and the full text of the remain-
ing articles was reviewed. 

In this paper we present a review of studies and litera-
ture concerning the detrimental impact of donor brain 
death on graft function. We present pathologic changes 
that take place after brain death, their influence on graft 
quality, and therapeutic solutions to enhance transplanted 
organ function.

Discussion

The function of grafts from BD donor’s graft function 
is affected by various factors. Characteristics of a donor, 
such as gender, age, race, serum creatinine before har-
vesting, history of comorbidities (e.g., hypertension, dia-
betes, HCV status), and the cause of death all impact or-
gan function. Additionally, because of logistical reasons, 
cold ischemia time is usually longer in deceased donor 
transplantation. Deceased donors are frequently older 
than living donors; nevertheless, it has been shown that 
survival rates of living donor organs are better in every 
age category, compared to BD’s organs.2 What is more, av-
erage HLA matching is usually worse in living donation.  

This suggests that weak survival of grafts from BD donors 
cannot be solely caused by donor characteristics and dif-
ferences in immunogenicity.

By definition, BD is the irreversible loss of brain and 
brain stem function. It is frequently caused by a cerebral 
hemorrhage, hypoxia, or/and metabolic dysregulation. 
According to the American Academy of Neurology 2010 
guidelines, the BD definition is composed of the follow-
ing criteria: unawareness of and unresponsiveness to ex-
ternal stimuli, no spontaneous movements or breathing 
and absence of brainstem reflexes. Attention is needed for 
states such as high cervical cord injury, drug intoxication, 
hypothermia, fulminant Guillain-Barré syndrome, and 
hypotension. In some cases, ancillary tests such as EEG, 
transcranial Duplex-ultrasound, digital subtraction cere-
bral angiography or nuclear cerebral blood flow scanning 
are required to confirm BD.3

As a result of BD, cascade of hemodynamic (hypoten-
sion, arrhythmias), hormonal (diabetes insipidus, hypo-
glycemia), pulmonary (pulmonary edema, ventilator-in-
duced lung injury), metabolic, and inflammatory changes 
is unleashed. This all leads to impaired graft function and 
accelerated immunogenicity, and is associated with im-
paired patient as well as graft survival rates. 

Hemodynamic changes

After cerebral hemorrhage or injury, the increased 
intracranial pressure (ICP) causes damage to the cere-
brum tissue, leading to a great stimulation of the para-
sympathetic system and to decreased systemic blood 
pressure. Progressive elevation of ICP results in hernia-
tion of the brain stem through the foramen magnum, 
which is related to arterial compression and occlusion 
with advancing brain ischemia. When the pons becomes 
ischemic, the sympathetic nervous system is activated.  
Simultaneous sympathetic and parasympathetic activation 
causes the Cushing reflex – the phenomenon composed 
of multiple disturbances in the physiology, such as brady-
cardia, hypertension, and an irregular breathing pattern.

After the vagal cardiomotor nucleus has become isch-
emic, parasympathetic stimulation decreases. Further, 
uncontrolled systematic and myocardial catecholamine 
release causes an increase in the heart rate and leads 
to vasoconstriction with increased vascular resistance 
and blood pressure. This so-called “catecholamine storm” 
is considered to be the ultimate effort to restore cerebral 
perfusion. During that process, serum catecholamine 
levels are 100–1000-fold higher compared to normal 
values, and the scale of catecholamine release is related 
to the severity of a brain injury. The catecholamine-in-
duced vascular resistance can reach levels fourfold higher 
than normal values. This causes a significant drop in or-
gan perfusion and leads to ischemic damage of potential 
grafts. An increase in pulmonary vascular resistance leads 
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to escalated right ventricular pressure and dysfunction. 
Differences in pulmonary and systemic vascular resis-
tance and blood flow lead to pooling of blood in the lungs 
and neurogenic pulmonary edema.

Finally, due to ischemia of the spinal cord, sympathetic 
stimulation decreases, leading to a decline in blood pres-
sure, heart rate, cardiac output, and finally, general hypo-
perfusion.4

Hormonal changes

The hormonal changes after BD are generally related 
to  the hypothalamus and to anterior and posterior 
pituitary gland failure. Following BD, the hypothalamus 
and pituitary ischemia, as well as the critical illness stress 
response, produce hormonal production alternations.  
Endocrine changes vary in timing and severity. It has been 
demonstrated in animal models with BD that circulating 
catecholamine levels increase during the first 15 min 
after BD. Afterwards, epinephrine and norepinephrine 
concentrations decline, but dopamine concentrations 
increase up to 90 min after BD. Adrenocorticotropic 
hormone (ACTH), cortisol and vasopressin levels decrease 
significantly by 45 min after BD.5 Following the onset of BD, 
plasma levels of free 3,3’,5-triiodo-L-thyronine (T3) gradually 
decrease, whereas the levels of thyroid stimulating hormone, 
free thyroxine, reverse T3, and cortisol are variable.6,7

Treatment

Because of the growing demand for organs, there 
is an increasing necessity to optimize donation potential 
in BD patients. An optimized management of BD patients 
can increase the amount of harvested grafts.

The main goals include the maintenance of proper body 
temperature, adequate oxygenation, sufficient circulating 
volume, cardiovascular stability, and adequate urine output. 

In the past, easily remembered series of goals was the “rule 
of 100” – systolic arterial pressure greater than 100 mm Hg, 
urine output greater than 100 mL/h, PaO2 greater than 
100 mm Hg, and hemoglobin concentration of 100 g\L. 
Later, new blood sugar 100% normal goal was added.8

Cardiovascular support  
and fluid management

Fluids

The first step in managing a donor with vasoplegia and 
hypotension is to preserve an adequate intravascular vol-
ume. There is a lack of reliable evidence proving which 
type of fluid is better in the management of a BD donor. 

The choice of fluid and administration rate should result 
from previous therapy, incidence of diabetes insipidus 
polyuria, and considerations of the effects of excessive 
fluids on the respiratory system.

It was shown that restrictive f luid management can 
prevent fluid overload and lung neurogenic edema, and 
can increase the rate of lung grafts available for trans-
plant supports. Restrictive fluid management may pro-
vide adequate perfusion to vital organ systems even with 
a CVP < 6 mm Hg, yet, according to actual Eurotrans-
plant guidelines, CVP should be maintained between 
6 and 10 mm Hg.9

In case of active bleeding, hemoglobin level below  
9.6 g/dL or hematocrit level below 20%, blood product re-
placement should also be utilized. 

Previously, it has been suggested that the use of crystal-
loids, in contrast to colloid solutions, may be deleterious 
to lung grafts because of fluid overload; however, the avail-
able randomized control trials (RCTs) do not support these 
findings.10 One study suggested that hydroxyethylstarch 
(HES) impairs immediate renal function in kidney-trans-
plant recipients. Another study did not find any differences 
between liver donor groups when HES was used in com-
parison with crystalloid solutions.11,12 Nevertheless, these 
results may be related to the use of older HES formula-
tions.13

Cardiovascular support

After the BD event and following “catecholamine 
storm”, there is a constant reduction in circulating cate-
cholamines levels. Various guidelines support the admin-
istration of inotropes or vasopressors to stabilize potential 
deceased heart-beating donors. However, due to the ab-
sence of high quality evidence, the consensus on the spe-
cific agent or combination therapy is lacking. Accord-
ing to Eurotransplant guidelines, regardless of the exact 
treatment strategy, a mean arterial pressure greater than 
90 mm Hg, urine output greater than 1 mL/kg/h and pul-
monary capillary wedge pressure of 10–15 mm Hg ought 
to be sustained.

It has been previously shown that dopamine or nor- 
epinephrine BD donor treatment is an independent ben-
eficial factor in renal transplant outcome.14

More recently, it has been proven in RCTs that donor 
treatment with dopamine causes a reduction in dialysis 
requirement after kidney transplantation. In another 
study, authors stated that dopamine treatment clearly im-
proves renal histology. However, no clinically significant 
impact on graft or patient survival was noted.15,16

Furthermore, in a recent meta-analysis of septic shock 
patients, it was shown that dopamine administration 
is associated with greater mortality and a higher incidence 
of arrhythmic events compared to norepinephrine 
therapy.17 On  that basis it  can be concluded that 
norepinephrine is safer when compared with dopamine.
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However, in a small study by Stoica et al., authors stated 
that the use of high doses of norepinephrine in BD donors 
is associated with increased cardiac graft dysfunction and 
higher mortality in recipients.18 

In other retrospective analysis of 936 patients, it was 
shown that neither norepinephrine nor dopamine 
pre-treatment of potential heart donors showed supe-
rior overall survival. What is more, in a sub-population 
of long-term survivors, norepinephrine pre-treatment was 
associated with better survival in a rather small cohort 
of heart transplant recipients.19

Nevertheless, high doses of catecholamines can reduce 
renal and hepatic perfusion. Additionally, it was sug-
gested from animal studies that elongated catecholamine 
administration could lead to a reduction in the myocar-
dial beta-adrenergic receptors expression density and may 
potentially influence heart graft function.20 According 
to actual Eurotransplant guidelines, catecholamines use 
in the BD donor management should be avoided when-
ever possible. However, catecholamines may exert a ben-
eficial effect when administered after organ recovery. 
It was demonstrated that during adult liver transplanta-
tion surgery, the administration of either 10 μg of epi-
nephrine or 100 μg of phenylephrine at the reperfusion 
time is an efficient method for reducing the occurrence 
of postreperfusion syndrome and the need for vasoactive 
support.21

Hormonal management

Hormonal substitution therapy is a subject of intense 
debate. It has been shown in a retrospective analysis 
of more than 10,000 consecutive donors that aggressive 
pharmacologic therapy results in more organs suitable 
for transplantation.22 Nevertheless, other authors do not 
to confirm these observations.23

At present, despite low-quality evidence, various guide-
lines recommend hormonal substitution therapy that in-
clude the administration of thyroid hormones (T3 or T4), 
corticosteroids, vasopressin (ADH), and insulin.

Thyroid hormones T3/T4

It has been suggested that diminished thyroid hormone 
concentration after BD causes hemodynamic instabil-
ity, leading to a decline of myocardial energy stores and 
a change from aerobic to anaerobic metabolism.24 

Experimental studies have demonstrated enhanced car-
diac function after thyroid hormonal therapy in animal 
model. Various retrospective analyses state that thyroid 
hormonal administration may improve cardiac function 
and increase the number of organs transplanted per do-
nor.23 It was shown that T3 administration before the in-
duction of BD decreases liver cell injury and apoptosis 
in animal model.25 Recent retrospective analysis of 66,629 

donors showed that T3/T4 therapy results in more trans-
plantable organs, yet with no detriment to post-transplan-
tation graft survival.26

Two meta-analyses of thyroid hormone effectiveness 
were published lately. The authors of both studies stated 
that the majority of available studies were of low qual-
ity and were heterogeneous in nature. The most inter-
esting finding was that the all nonrandomized reports 
concluded that thyroid hormone therapy was beneficial. 
On the contrary, every randomized controlled studies 
stated that there was no clinical benefit, such as post-
transplant function improvement, circulating tropo-
nin levels reduction or hemodynamic stability progress.  
Additionally, the analysis of the 4 placebo-controlled 
studies failed to identify any benefit of thyroid hormone 
on donor cardiac index or vasoactive drug require-
ments.23,27,28

Corticosteroids

BD results in hypothalamic–pituitary–adrenal axis 
disruption. Although cortisol secretion was observed 
in some potential donors to be reduced, other authors 
state that cortisol levels after BD can be normal or high.

It is hypothesized that corticosteroids supplementation 
may increase hemodynamic stability, reduce inflamma-
tory response and, therefore, improve clinical outcomes 
in brain dead donors.

In the recently published systematic review, authors 
shown no clear clinical benefit based on RTCs from 
the administration of corticosteroids to potential do-
nors. On the contrary, observational studies have shown 
advantageous outcomes of the administration of corti-
costeroids on hemodynamic and oxygenation param-
eters. Moreover, most of observational studies found 
better outcomes in organ recovery when corticosteroids 
were used.29 However, the majority of studies evaluated 
only methylprednisolone, and the quality of the includ-
ed studies was poor, with high risk of bias identified 
in the majority.

Other new, multicenter, prospective study showed that 
hydrocortisone administration during the resuscitation 
of a brain-dead donor is associated with decreased vaso-
pressor doses need to maintain a stable hemodynamic 
state. The authors state that, despite no observed ben-
efits of the steroid administration on primary function 
recovery of transplanted grafts, the administration 
of glucocorticoids should be a part of the resuscitation 
management of deceased donors with hemodynamic in-
stability.30

Concerns relate also to steroid doses. One recent study 
compared the use of low-dose hydrocortisone with high-
dose MP. Authors demonstrated that lower-dose cortico-
steroid protocol did not worsen donor pulmonary or car-
diac function, and insulin requirements and glycemic 
control were improved.31
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Vasopressin

Main vasopressin (ADH) physiological effect, i.e., water 
retention, is achieved by increased urine osmolarity and 
decreased water excretion. Diabetes insipidus (DI) (diure-
sis >5 mL/kg/BW/h, urine specific gravity <1005) caused 
by ADH deficit applies to 80% of BD donors. It is caused 
by the rapid depletion of ADH secretion because of pitu-
ary gland ischemic failure and results in intensified di-
uresis, followed by hypovolemia, hyperosmolarity, and 
hypernatremia. Additionally, the downregulation of aqua-
porin-2 channels caused by BD aggravates the decline 
of hemodynamic stability.32

To maintain adequate blood pressure, hormonal re-
placement therapy with vasopressin is advised.33 Low-
dose vasopressin therapy, when compared to fluid volume 
replacement, improves blood pressure, decreases inotrope 
requirements and preserves levels of myocardial high en-
ergy phosphates, and allows for the reduction of catechol-
amine supply.4 Administration of only crystalloid solu-
tions results in the exacerbation of neurogenic pulmonary 
edema and frustrates pulmonary procurement. In therapy, 
both vasopressin and desmopressin can be used. Intrave-
nous, subcutaneous, intramuscular or intranasal adminis-
tration of desmopresin results in V2 receptors activation. 
ADH infusion results in both the V1 and V2 receptors 
activation and, therefore, either vasoconstriction and wa-
ter retention. Some authors suggest the use of terlipressin, 
a synthetic analog of vasopressin characterized by greater 
selectivity for the V1 receptor than vasopressin.34

In a recent meta-analysis, the authors demonstrated 
that the use of desmopressin is safe and useful to limit 
the harmful effects of profuse polyuria; however, it was 
not associated with better kidney graft outcomes.23

In other study, it was demonstrated that vasopressin 
compromised both the systemic and superior mesenteric 
artery blood flow. It was also associated with inadequate 
oxygen delivery. These adverse effects were not observed 
with dopamine.35

Nevertheless, it was shown that chronic V2-receptor 
stimulation was independently associated with a decrease 
in the calculated glomerular filtration rate over a median 
follow-up time of 3.6 years after kidney transplantation. 
However, it is suspected that chronic V2-receptor stimu-
lation increases renal plasma flow and induces hyperfil-
tration, which in turn causes renal hypertrophy and pro-
teinuria.36

Insulin

Hyperglycemia and insulin resistance are common in po-
tential BD donors. Additionally, hyperglycemia in often ag-
gravated because of common steroid administration. 

It was shown that higher average glucose values and 
greater variability in glucose concentrations were as-
sociated with worse post-transplant renal function.37  

Therefore, it is advised to aggressively treat hyperglycemia 
episodes targeting control levels between 120 and 180 mg/dL. 
Hyperglycemia management enhances the hemodynamic 
performance of myocardium, reduces myocardial injury, 
and diminishes inotrope requirements by optimizing sub-
strate utilization, reducing toxic circulating free fatty ac-
ids, direct inotropic and anti-apoptotic effects of insulin, 
as well as the potential to improving the calcium handling 
and beta-adrenergic properties of the myocyte.4 Inten-
sive insulin therapy in intensive care unit (ICU) patients 
is also associated with the prevention of newly acquired 
kidney injury, accelerated weaning from mechanical ven-
tilation and the reduction of the inflammatory response.38

Mechanical ventilation

The best quality evidence in the management of BD or-
gan donor refers to mechanical ventilation. Lungs in BD 
patients may be damaged because ventilator-induced in-
jury, trauma, aspiration pneumonitis, and fat emboli. For-
merly, high tidal volumes and low positive end-expiratory 
pressure (PEEP) were used in ICUs for lung recruitment. 
Recently, it has been suggested that lung injury from BD 
donors is similar to the injury seen in acute lung injury 
and acute respiratory distress syndrome. Therefore, mod-
ern acute lung injury ventilator strategy was adapted also 
in the case of BD patients. Protective ventilatory strategy 
(peak pressure <35 mm Hg, tidal volumes of 6–8 mL/kg, 
PEEP of 5–10 cm H2O, apnea tests performed by using 
continuous positive airway pressure, closed circuit for 
airway suction) increased the number of eligible and har-
vested lungs compared to a conventional strategy. More-
over, avoiding high-inspired oxygen concentrations may 
decrease the risk of bronchiolitis obliterans syndrome 
in lung recipients.39

Temperature

One of the consequences of BD is body temperature 
dysregulation.40 Actual practice includes active warming 
to maintain a donor’s body temperature higher than 35°C. 
In a 5-year retrospective analysis, it has been shown that 
hypothermia (temperature <36°C) was associated with 
a significant decline in the eligibility for organ donation. 
Patients suffering hypothermia were less likely to donate 
solid organs, and when they did, they donated fewer or-
gans per donor. Furthermore, patients in hypothermia 
had higher fresh frozen plasma, vasopressin, and dopa-
mine requirements.41

On the other hand, some authors hypothesize that rapid 
cooling with ice-cold fluid just before organ harvesting 
may slow down organ metabolism and oxygen consump-
tion, improve tolerance to ischemia, and improve organ 
viability in some patients.42



P. Chudoba, et al. Donor brain death-associated events1462

In a recent prospective, randomized, controlled trial 
on 394 donors, it was shown that a noninvasive tempera-
ture management protocol aimed at achieving mild hy-
pothermia (34–35°C) decreased the rate of delayed graft 
function. This effect was particularly visible in kidney 
recipients from the highest-risk donors.43

New insights

Erythropoietin/carbomylated erythropoietin

Erythropoietin (EPO) was shown to have neuroprotec-
tive activity after brain ischemia by diminishing brain cell 
apoptosis and necrosis, reducing brain edema, and de-
creasing the expression of several proinflammatory genes. 
What is more, EPO stimulates the proliferation of cardio-
myocytes and decreases myocardial infarction size. It also 
helps to reduce systemic inflammation and to preserve 
endothelial integrity. In the kidney, EPO leads to increased 
heat shock protein expression, decreases apoptosis after 
ischemia/reperfusion, and decreases infiltration of poly-
morphonuclear cells. It was proven that kidney function 
decreases almost by 50% after brain death, but may be fully 
restored after treatment with EPO. However, the benefits 
of erythropoietin are accompanied by unwanted over-
stimulation of the bone marrow, inducing a prothrombotic 
state. Because of that, carbamylated erythropoietin (CEPO), 
a modified derivative of EPO that is free from erythropoi-
etic properties, was synthesized. It was shown in animal 
model that CEPO can be used as renoprotective agent for 
clinical intervention during donor management and be-
fore retrieval, followed by ischemia/reperfusion injury.44,45 

Anti-thymocyte immunoglobulin

Anti-thymocyte immunoglobulin (ATG) is a purified 
fraction of  IgG from the  rabbit serum immunized 
against human thymocytes, and is administered for 
the prevention of post-transplant rejection.

It was shown in an animal model that ATG administra-
tion to potential BD donors may ameliorate renal injury 
and, therefore, improve graft function.

Animals treated with ATG showed a significant de-
crease in acute tubular necrosis score and creatinine 
values, a significant increase in IL-10 expression, and 
a significantly lower in situ expression of monocyte che-
motactic protein 1.46 In another study, authors found sta-
tistically significant attenuation of histological damage 
in lungs, as well as a tendency of attenuation in heart graft 
and small bowel when ATG was administered to donors.47

Exendin-4 

Exendin-4 (Ex-4), a glucagon-like peptide-1 (GLP1) ana-
logue, holds anti-inflammatory and cytoprotective prop-
erties. It was demonstrated in a recent study that Ex-4 ad-
ministration to brain dead rats reduces BD-induced liver 
damage. In their earlier study, authors also showed that 
donor treatment with Ex-4 increases viability and func-
tion of pancreatic islets after isolation.

The authors state that Ex-4 in the clinical practice may 
promote not only liver, but also pancreatic islet transplan-
tation outcomes.48,49

Vagus nerve stimulation 

It is a well-known fact that the vagus nerve supplies 
parasympathetic fibers to many visceral organs. Addition-
ally, it is involved in the cholinergic anti-inflammatory 
pathway, also known as inflammatory reflex. Activation 
of vagus nerve leads to acetylcholine release, which binds 
to nicotinic cholinergic receptor found on macrophages. 
It results in macrophage activation inhibition and de-
crease of TNF synthesis. The cholinergic anti-inflam-
matory reflex is considered putative therapeutic target.  
Experimental studies have shown the efficacy of choliner-
gic agonists in sepsis, septic shock, and ischemia reperfu-
sion injury models.

The vagus nerve electrostimulation may be also a way 
to improve transplantation results in renal recipients. 
It was shown in animal model, that vagal stimulation 
of BD donors improved survival of the recipients, im-
proved renal function in the recipients, and significantly 
reduced intimal arteritis, tubulitis and chronic tubulopa-
thy in the grafts.50,51

Gaseous modulators

Nitric oxide

Supportive BD donor management such as ventilation 
or administration of vasoactive agents may have a small 
ability to preserve end-organ oxygen delivery, which is pri-
marily a function of local tissue perfusion. Local perfusion 

Table 1. Brain dead donors management goals

Parameter Values

Temperature 34–36°C

Ventilation 
parameters

peak pressure <35 mm Hg
tidal volumes of 6–8 mL/kg

PEEP of 5–10 cm H2O

Hemoglobin and 
hematocrit levels

hemoglobin >9.6 g/dL
hematocrit >20%

Hemodynamic 
parameters

CVP: 6–10 mm Hg
mean arterial pressure >90 mm Hg

urine output >1 mL/kg/h
pulmonary capillary wedge pressure:  

10–15 mm Hg

Blood glucose 
level

120–180 mg/dL
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is in part self-regulated through NO bioactivity, and BD-in-
duced interruption of endocrine NO bioactivity may result 
in the tissue ischemia and organ damage. It was shown late-
ly that inhalation of BD swine with the S-nitrosylating agent 
ethyl nitrite (ENO) was an effective method to attenuate 
brain death-induced reductions in S-nitrosohemoglobin 
(SNO-Hb) concentrations, to maintain tissue oxygenation, 
and to reduce tissue injury, inflammation, and organ dam-
age.52 It was also demonstrated that NO inhalation may be 
helpful in the improvement of hypoxemia caused by neu-
rogenic pulmonary edema (NPE) in BD organ donors.53

Another compound, tetrahydrobiopterin (H4B), 
is an essential co-factor for all NO synthases isoforms. 
It was observed in multiple studies in animal models that 
H4B BD treatment ameliorates ischemia-reperfusion in-
jury (IRI) and microcirculation derangements and sig-
nificantly improves recipient survival following various 
organs transplantations.54

Hydrogen sulfide

Hydrogen sulfide (H2S) is involved in various homeo-
static functions, such as blood pressure control, elec-
trolyte balance and apoptosis, and regulates various 
pathological mechanisms, including oxidative stress and 
inflammation. It is suggested that H2S has a protective ef-
fect against ischemia-reperfusion injury, and H2S therapy 
can present a promising approach in organ protection.55

It was shown in an animal model that during reperfu-
sion, lungs pretreated with inhaled H2S exhibited better 
oxygenation, ventilation, lower pulmonary artery pres-
sures, and lower reactive oxygen species levels.56 

It was also shown that H2S treatment during cold stor-
age of kidneys and livers effectively mitigates organ IRI 
improving allograft function and survival, and decreases 
allograft injury.57,58

Carbon nanoxide

Carbon monoxide (CO) is endogenously synthesized 
i n   hu m a n ce l l s  i n   heme met ab ol ic  pat hw ay s . 
It is hypothesized that CO protects against cellular injury 
by relaxing the blood vessels, inhibiting platelet aggregation 
and derepressing fibrinolysis. What is more, CO reduces 
IRI and inflammation responses, inhibits endothelial 
and epithelial cells apoptosis, and diminishes smooth 
muscles, fibroblasts and T lymphocytes proliferation. 
There is a significant amount of preclinical data to support 
the hypothesis that CO donors, organs or recipients’ 
treatment can prevent graft function deterioration.59,60

Conclusions

Nowadays, the majority of organs for transplantation 
originate from BD donors. It is well established that brain 

death is associated with a cascade of hemodynamic, 
inf lammatory, and immunologic events that affect 
the outcome of transplanted organs. Proper management 
of the potential organ donor may help increase the sup-
ply of organs for transplantation. We presented the cur-
rent therapeutic approach and a number of new concepts, 
which in the future will reduce the gap between the de-
mand and supply of organs.

However, because of a lack of good quality evidence, 
it is difficult to establish specific BD donor management 
guidelines. Moreover, well-designed research is needed 
to understand the mechanisms of injury and repair dur-
ing massive cerebral injury and to identify optimal donor 
management strategies.
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