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Level |

There are mostly insufficient data to sup-
port Level I recommendations for this topic.
Randomized controlled trials on active lung treat-
ment, including lung protective ventilation, have
shown increased number of eligible and trans-
planted lungs with unchanged recipient survival
rates.

Level I

Active donor management according to “bundle”
protocols is associated with more organs trans-
planted per donor. Hormone replacement therapy
(HRT) and strict blood glucose control are both
associated with more organs transplanted per
donor.
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21.1 Introduction

The primary aim in the critical care of severe
TBI is to provide full neurointensive care until
treatment is regarded futile. If all objective signs
indicate complete loss of brain function, proce-
dures leading to the diagnosis of death are initi-
ated. For the potential organ donor, the critical
care is changed toward maintenance of organ
function and investigation of donation will.
Potential organ donor, according to the termi-
nology recommended by the WHO 2010, is “a
person whose clinical condition is suspected to
fulfill brain death criteria” (Dominguez-Gil et al.
2011).

Diagnosis of death is regulated in national
legal documents and is subjected to modifica-
tions. The basis of diagnosis of death is, in most
western countries, the irreversible cessation of all
functions of the entire brain, including the brain-
stem (Citerio and Murphy 2015). We emphasize
that organ donation from diseased persons is reg-
ulated by each country’s legislation.

Death due to brain-related criteria leads to
circulatory, pulmonary, renal, hepatic, and meta-
bolic consequences that need attention in order
to maintain sufficient organ function. The treat-
ment strategies should aim at normalization of
organ physiology as far as possible (Maciel and
Greer 2016; Kotloff et al. 2015; McKeown and
Ball 2014).
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21.2 Organ Donor Management
Goals

Rigorous organ donor management is a major
determinant of outcome after organ transplan-
tation. The use of an organ donor management
protocol with physiological goals is mandatory.
Several studies have shown that achieving organ
donor physiological goals before the organ
donation surgery results in a higher number
of available organs per donor and better organ
outcomes (Patel et al. 2014, 2017; Abuanzeh
et al. 2015; Marshall et al. 2014). Common
organ donor physiological goals are presented
in Table 21.1. However, management strategies
for the treatment of the organ donor and pres-
ervation of organ function are based on sparse
scientific evidence.

Table 21.1 Organ donor management goals

21.3 Pathophysiology
of Brainstem Herniation
and Death

With increasing intracranial pressure, the brain-
stem herniation into foramen magnum leads to
pathophysiological changes explained by the ros-
tral to caudal brainstem ischemia evolution. The
faster the herniation process, the more aggra-
vating pathophysiological signs are seen. Initial
parasympathetic stimulation with profound bra-
dycardia is followed by a sympathetic storm with
hypertension and tachycardia. Finally, loss of
sympathetic tone causes peripheral vasodilation
and hypotension.

Both the hypertension and the hypotension
have the potential to result in end-organ damage
during and after the brainstem herniation process.

Parameter Goal Commentary

Systolic blood pressure >100 mmHg Maintain normovolemia with sufficient fluids and use vasopressor

Mean arterial pressure >60 mmHg support

Cardiac output >2.5 L/min/m? Maintain normovolemia with sufficient fluids and use vasopressor
support
Inotropic drugs as needed

Lactate <2 mmol/L Maintain normovolemia with sufficient fluids and use vasopressor
support

Urinary output >1 mL/kg/h Maintain normovolemia with sufficient fluids and use vasopressor
support

Hemoglobin >70 g/L Transfusion of red blood cells

PaO, >10 kPa Use lung protective ventilation, avoid atelectasis and aspiration

PaCO, 4.5-6.0 kPa Normoventilation

Central venous pressure <10 mmHg Maintain normovolemia. Too high PEEP will impede venous return

(CVP)

Body temperature >35 °C Warming blankets, warm fluids

Blood glucose <5-10 mmol/L | Short-acting insulin

Sodium <155 mmol/L Desmopressin, restricted use of sodium-containing fluids

Potassium-magnesium- Normal Electrolyte supplement

calcium

pH 7.35-7.45 Maintaining normovolemia, normoventilation, sodium bicarbonate

Platelet count >50 x 10°/L Transfusion of platelets if hemorrhage

PT/INR® >1.5 Transfusion of fresh frozen plasma if hemorrhage

4Prothrombin time/International Normalised Ratio
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Cessation of the cerebral blood flow leads
to hypothalamic and hypophysis insufficiency,
resulting in lost thermoregulation, hypother-
mia, and lack of hypophysis hormones. The
sympathetic storm triggers the inflammatory sys-
tem as well as the coagulation system and leads
to peripheral insulin resistance.

Not all patients experience all the described
effects. Diabetes insipidus, for example, as a sign
of posterior hypophysis insufficiency, is described
in 65-90% of brain-dead persons (McKeown and
Ball 2014; Essien et al. 2017; Smith 2004).

Tips, Tricks, and Pitfalls

Be prepared for the pathophysiological
changes after brainstem herniation with the
following:

e Vasopressor infusion
e Desmopressin
e Warming blankets

By these measures, the most common
problems, i.e., profound hypotension,
hypovolemia, hypernatremia, and hypo-
thermia, can be avoided.

21.4 Circulatory Considerations

Hypertension during brainstem herniation is most
often self-limiting. The sympathetic storm results
in increased preload and afterload for the heart
with an obvious risk of cardiac ischemia, arrhyth-
mia, and pulmonary edema. Treatment with short-
acting agents (i.e., esmolol, labetalol, metoprolol)
might be necessary to protect the heart.
Bradycardia in this setting cannot be treated
with atropine as the vagus nerve is not active.
If bradycardia has to be treated, beta-receptor-
stimulating drugs can be used (isoprenaline).
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Subsequent hypotension, due to loss of vaso-
motor tone, is the major problem in the care of an
organ donor. Hypotension caused by vasodilation
can be aggravated by hypovolemia due to diabe-
tes insipidus or pre-existing hypovolemia before
herniation, caused by hemorrhage and cerebral
edema treatment (i.e., mannitol and negative fluid
balance).

To achieve the organ donor goals, blood pres-
sure should be kept at an acceptable level using
sufficient fluids, with balanced salt content to
avoid hypernatremia, and in addition, most
donors need vasopressor support. Fluid resusci-
tation should exclude hydroxyethyl starch solu-
tions due to the possibility of negative effects on
kidney function (Patel et al. 2015). No scientific
evidence exists regarding the use of crystalloids
versus albumin or plasma.

The preferable first-line vasopressor is, in
most guidelines, arginine vasopressin (antidi-
uretic hormone). Another commonly used vaso-
pressor is norepinephrine. Arginine vasopressin
might be in favor of norepinephrine for hemody-
namically instable patients and patients with car-
diac failure, due to the lack of adrenergic receptor
stimulation (Kotloff et al. 2015). The vasopressin
analogue desmopressin has no significant vaso-
pressor activity.

In case of increasing vasopressor support,
hemodynamic monitoring (PICCO, PA cath-
eter, repeated echocardiography) should be
instituted to differ between vasoplegia, hypovo-
lemia, and cardiac failure and to tailor the treat-
ment and avoid coronary, renal, and splanchnic
vasoconstriction.

Dopamine, milrinone, dobutamine, or epi-
nephrine may be used in primary cardiac pump
dysfunction. Hypothermal myocardial depres-
sion must be avoided. Repeated echocardiog-
raphy examinations should be performed in
assessment for heart donation, as myocardial
hypokinesia occurring during brainstem hernia-
tion might be reversible.
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Recommended doses for vasoactive drugs are
as follows:

* Norepinephrine <0.2 mcg/kg/min
e Arginine vasopressin 0.5—4 U/h

e Dopamine <10 mcg/kg/min

e Dobutamine <10 mcg/kg/min

If recommended doses are exceeded, a combi-
nation of vasoactive drugs should be considered.

Bolus dose of methylprednisolone is included
in most protocols for its effect on hemodynamic
stabilization, although the scientific evidence is
weak (D’Aragon et al. 2017; Dupuis et al. 2014).
The recommendation is methylprednisolone
15 mg/kg IV as a bolus in conjunction with the
brain death declaration.

In several protocols, a combined hormone
replacement therapy (HRT) is recommended if
hemodynamic goals are not met despite vaso-
pressor treatment and/or if left ventricular ejec-
tion fraction remains less than 45% (Kotloff
et al. 2015). HRT includes arginine vasopressin,
thyroid hormone (T3 or T4), methylpredniso-
lone, and insulin. HRT is in retrospective stud-
ies associated with improved number of organs
transplanted per donor and improved graft
function (Buchanan and Mehta 2018; Novitzky
et al. 2014). Recommended doses for thyroid
hormones are as follows: T3 bolus dose 4 mcg
followed by infusion 3 mcg/h or T4 bolus dose
20 mcg followed by infusion 1040 mcg/h
(Buchanan and Mehta 2018). T4 is converted to
T3 in target tissues.

Aggressive hemodynamic support prevents
cardiovascular collapse before a planned organ
donation operation. Without vigorous treatment,
25-40% of the organ donors will have a circula-
tory arrest within the first few days (McKeown
and Ball 2014).

21.5 Central Diabetes Insipidus

Diabetes insipidus, caused by decreased secre-
tion of antidiuretic hormone (ADH), leads to
polyuria, and if left uncorrected, it will quickly

lead to severe hypovolemia and hypernatremia.
Clinically manifest diabetes insipidus (urinary
output >300 mL/h, serum sodium >150 mmol/L,
urinary sodium <20 mmol/L, urinary specific
gravity <1.005) can threaten organ donation due
to the profound hypovolemia.

Treatment is by bolus dose of the vasopressin
analogue desmopressin (1-deamino-8-D-arginine
vasopressin, DDAVP) or by infusion of argi-
nine vasopressin (8-arginine vasopressin, AVP).
Arginine vasopressin is an exact synthetic protein
of antidiuretic hormone (ADH).

Recommended doses are as follows: for des-
mopressin titrated bolus doses of 0.25-1 mcg IV
and for arginine vasopressin infusion 0.6-2.4 U/h
(Kotloff et al. 2015). It is important to remem-
ber that the terminal half-life of desmopressin is
around 3 h in patients without renal impairment.
Administration of desmopressin and arginine
vasopressin does not negatively affect the kidney
graft.

Drug administration is most often combined
with administration of intravenous fluids and/
or pure water administration via the nasogastric
tube. The urinary losses of magnesium, phos-
phate, and potassium must be replaced if pro-
found polyuria persists.

21.6 Pulmonary Considerations

The lungs have the highest risk of being unsuit-
able for transplantation, and historically a low
rate of suitable lungs has been identified among
organ donors. Intensified lung donor manage-
ment in the intensive care unit (ICU) increases
the number of lungs recovered and transplanted
(Minambres et al. 2014, 2013; Kirschbaum and
Hudson 2010; Venkateswaran et al. 2008; Angel
et al. 2006).

During the brainstem herniation, the sym-
pathetic storm can result in both a neurogenic
and a cardiogenic lung edema. The use of col-
loids together with meticulous fluid balance
has shown to be beneficial in minimizing the
development of pulmonary edema (Dictus et al.
2009).
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The lungs are also most susceptible to the sys-
temic inflammatory response caused by the sym-
pathetic storm, and they might furthermore be
harmed following blunt trauma and/or aspiration.
There is also a risk of ventilator-associated pneu-
monia in the ICU. Every effort should be made to
prevent further exacerbation of pre-existing lung
injury. Antibiotics should be liberally adminis-
tered after a bronchoscopy has been performed
(to obtain material for bacterial examination and
culture).

Most donor management protocols include
administration of corticosteroids (methylprednis-
olone 15 mg/kg) moderating the release of pro-
inflammatory molecules and, in animal models,
improving alveolar fluid clearance (Folkesson
et al. 2000). Clinically, improved donor oxygen-
ation, lung utilization, and graft outcomes are
described (Naik and Angel 2011; Follette et al.
1998).

The lung donor
include:

management protocols

e Methylprednisolone
e Lung protective ventilation
Low tidal volumes (6—8 mL/kg predicted
body weight)
Normoventilation (PaCO, 4.5-6.0 kPa)
Plateau inspiratory pressure <30 cm H,O

— PEEP of (5-)10 cm H,O

In one RCT, lung protective ventilation
resulted in 54% of the lungs being utilized for
transplantation compared to 27% in the control
group (Mascia et al. 2010).

Neutral fluid balance
e Avoiding atelectasis by

— Adequate, individualized PEEP titration

— Regularly turning the patient

— Humidification of inspired air/oxygen

— Appropriate bronchoscopies if necessary to

avoid mucous plugs
— Careful recruitment maneuvers with subse-
quent adequate PEEP setting

* Avoiding gastric aspiration by

— Elevation of the head of the bed

— Oral care

— Assessing for a cuff leak

21.7 Renal and Hepatic
Considerations

The kidneys and liver are affected both by the
sympathetic storm and by the following hypoten-
sive situation. Hemodynamic optimization is of
uttermost importance for possible donation. The
urinary output should be kept >1 mL/kg/h. This is
primarily achieved by adequate fluid administra-
tion and vasopressor support. Expert opinions dif-
fer regarding which vasopressor agent should be
first line in a kidney donor; both norepinephrine
and vasopressin are used. As earlier mentioned,
fluid resuscitation should exclude hydroxyethyl
starch solutions due to the possibility of negative
effects on kidney function (Patel et al. 2015). In a
multicenter RCT, low-dose dopamine (4 mcg/kg/
min) reduced the need for dialysis after kidney
transplantation with no effect on graft survival
(Schnuelle et al. 2017, 2018).

21.8 Metabolic Considerations

Hypophysis insufficiency includes hormones
from both posterior and anterior hypophysis as
vasopressin, oxytocin, ACTH, GH, LH, FSH,
and TSH. Administration of the vasopressin
analogue desmopressin, in order to treat diabe-
tes insipidus, is considered standard procedure
in organ donor management (Maciel and Greer
2016; Kotloff et al. 2015; McKeown and Ball
2014), and replacement with corticosteroids is
included in most organ donor management pro-
tocols although the scientific evidence is scarce
(D’ Aragon et al. 2017; Dupuis et al. 2014).
Thyroid hormone replacement might be of ben-
efit in therapy-resistant hemodynamic instability
(Buchanan and Mehta 2018; Novitzky et al. 2014).
Hypothalamic insufficiency leads to dysregu-
lation of body temperature, most often resulting
in hypothermia. Hypothermia can cause numer-
ous complications such as decreased cardiac
contractility, cardiac arrhythmia, and coagulation
disorders and must be prevented by warm blan-
kets, external warming devices, and warm fluids.
The body temperature should be kept >35 °C.
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Hyperglycemia is considered to be a conse-
quence of elevated levels of catecholamines, infu-
sion of glucose, administration of corticosteroids,
and peripheral insulin resistance. Blood glucose
<180 mg/dL (10 mmol/L) was an independent
predictor of number of organs transplanted per
donor and better graft outcome in a retrospective
study (Sally et al. 2014). Normoglycemia should
be maintained and insulin infusion is most often
needed.

Lingering respiratory alkalosis as a result of
hyperventilation for treatment of imminent brain-
stem herniation should be corrected and results in
normalization of arterial pH in order to promote
tissue oxygen delivery. Hyperlactatemia and met-
abolic acidosis as a result of hypoperfusion must
be avoided.

Coagulopathies, e.g., disseminated intravas-
cular coagulation (DIC), as well as dilution coag-
ulopathy and hypothermia are not uncommon
after brain death. Appropriate blood components
are transfused if clinically significant hemor-
rhage occurs.

21.9 Specific Pediatric Concerns

Scientific data concerning donor management
strategies are limited in adults and even more
limited when it comes to children (Mallory et al.
2009; Finfer et al. 1996). Pediatric organ donors
are rare in most hospitals. The diagnosis of death
due to brain-related criteria is the same in pedi-
atric patients as in adults, although the confir-
mation of death in infants may require specially
trained staff. Consultation of specific expertise
for advice and support should be liberally used,
both for diagnosis of death and for management
of the organ donor. The level of physiological and
laboratory parameters must be adjusted for age,
especially levels for blood pressure. A cuffed
endotracheal tube is recommended even in young
children due to the risk of aspiration (Mallory
et al. 2009).
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