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Introduction

Advancesintransplant surgical techniques and immunosuppressive therapies have led to increasing numbers
of patients with end-stage organ failure being treated with an organ transplant. There is increasing evidence
that success rates of transplantation can be improved with optimal management of the potential organ
donor!. Thus it is important, after diagnosis of brain death, that optimal physiological support is maintained
to allow the option of organ donation if this was the patient’s known wish.

The guidelines as outlined should be implemented only after the diagnosis of brain death in patients who
are potential organ donors. Before the diagnosis of brain death, patients should be managed as appropriate
for their underlying condition. After the diagnosis of brain death, should the patient have wished to
become an organ donor, treatment becomes oriented toward optimising organs that may be retrieved for
transplantation rather than toward neuroprotection.

Appropropriate adjustments must be made for paediatric organ donors; these guidelines are written solely
for adults. These guidelines are informed by critical appraisal of the relevant literature, recommendations/
guidelines from jurisdictions such as Canada?, United States®, United Kingdom* and Australian & New
Zealand®, and our own experience of clinical practice in Ireland.

These guidelines are primarily aimed at supporting those Intensive Care Units (ICUs) where potential organ
donors are managed infrequently. Where more advanced or specialist advice is needed, we suggest early
involvement of an Organ Donor Nurse Manager (ODNM) or Clinical Lead in Organ Donation (CLOD).

The Intensive Care Society of Ireland Page 3



Haemodynamic monitoring and therapy

The objectives of haemodynamic management are to optimise organ perfusion in the potential organ donor
patient. The haemodynamic goals and targets below are recommended during the entire donor management
phase of care.

General haemodynamic goals:

e Maintain euvolaemia.

e Reduce vasoconstrictors as far as possible to maintain a normal afterload.

e Optimise cardiac output ideally without, or if required with, minimum doses of B-agonists or other
inotropes.

Bedside targets:

Blood pressure: Mean arterial pressure 60-70 mmHg
Central venous pressure: 6-10 mmHg
Urine output: 1-3 ml/kg/hr

Echocardiography:

Left ventricular ejection fraction: at least 45%

Pulmonary artery catheter (if present):

Cardiac index: > 2.4 |/min/m?
Pulmonary capillary wedge pressure: 8-12 mmHg

It is important to note that these variables are goals of therapy; successful organ retrieval and transplantation
is still possible with haemodynamic variables outside these targets.

1. Volume status and fluid therapy:

Hypovolaemia is common following brain death due to e.g. mannitol induced osmotic diuresis and/or
polyuria secondary to Diabetes Insipidus. Preferred fluid choices are the isotonic crystalloids; Ringers lactate
(Hartmann’s solution) or 0.9% saline. Use of the latter may be limited by hyperchloraemic acidosis and/or
management of dysnatraemia. Colloid solutions as a bolus infusion have a role in acute intravascular volume
expansion. Red cell transfusion may be used to target haemoglobin above 7 g/dl, which in the absence of
evidence, is the recommended haemoglobin threshold (for non-organ donor) ICU patients.

A central venous catheter is routinely required; ideally in the internal jugular or subclavian veins. Maintaining
a CVP-targeted approach of < 10 mmHg, albeit with combined hormo;ﬁ therapy, has been shown to
significantly improve rates of heart and lung procurement without affecting the availability of kidneys for
transplantation®.

Dynamic indicators, e.g. response of CVP to fluid challenge, passive leg raising or pulse pressure variability
are accepted as a better guide to fluid therapy than static measurements such.as a single CVP measurement.
Semi-invasive haemodynamic monitoring tools using pulse contour analysis to assess stroke volume variation
may also be useful.
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2. Cardiovascular assessment and vasoactive medications:

The defining moment of brain death is associated with a catecholamine surge, often leading to tachycardia
and extreme hypertension. There follows a systemic inflammatory response and marked vasodilation from
loss of peripheral vasomotor tone. The effect of these haemodynamic changes on the myocardium is often
visible on an ECG or echocardiogram (as regional wall motion abnormalities) in up to 42% of potential heart
donors’.

Initial echocardiographicfindings ofimpaired right or left heart function may only be reflective of the brain death
pathophysiological process and are therefore potentially reversible. Identification of a left ventricular ejection
fraction < 45% should prompt consideration of serial cardiac output monitoring to guide management.

Where practicable, a transthoracic echocardiogram (TTE) should be considered with all potential organ donors
and, in particular, with potential heart donors, to better characterise baseline cardiac function as an aid to
optimisation of organ perfusion. However, this should not delay referral of a potential organ donor to the
National Organ Procurement Service for assessment regarding organ suitability.

When a donor heart is declined by the retrieval surgeons due to poor function, consideration should be
given to allowing time for further optimisation (up to 72 hours) as ventricular function may improve and thus
facilitate successful retrieval and transplantation?.

If correction of a volume deficit fails to achieve the threshold haemodynamic goals, then use of vasoactive
medications is required. The choice of vasoactive agent will be informed by knowledge of cardiac function
and circulatory status.

First-line vasoactive agent:

e Vasopressin (0.5 - 2.4 international units/hr) is the recommended first-line agent for the vasodilatory
shock state associated with brain death. This low-dose of vasopressin aids restoration of vascular
tone and treats Diabetes Insipidus via an antidiuretic effect in the distal nephron.

e Vasopressin has the potential to cause excessive vasoconstriction and regular observation of the
peripheries for malperfusion is necessary. This is particularly the case in patients with impaired heart
function.

Second-line vasoactive agents:

e Noradrenaline or phenylephrine may be used as second line agents particularly in vasodilatory shock.
The dose of noradrenaline should be kept to the minimum required as its use has been associated with
reduced right ventricular function and reduced 1 year survival in heart transplant recipients®.

e Dobutamine or adrenaline may be used for inotropic support when primary ventricular dysfunction is
identified.

B-agonist therapy caution:

Pure vasopressors e.g. vasopressin and phenylephrine should be distinguished from vasopressors with B-
agonist activity (e.g. noradrenaline, adrenaline) and pure B-agonists (e.g. dobutamine and isoprenaline). -
agonist therapy has the potential to cause adverse effects on heart donors secondary to increasing myocardial
oxygen demand, depletion of myocardial adenosine triphosphate (ATP) and down-regulation of B-receptors™.
Canadian & US guidelines stipulate that the dose of dobutamine should be kept < 10 pg/kg/min.

If arterial hypertension occurs, catecholamines should be weaned before decreasing vasopressor infusion
rates.

The Intensive Care Society of Ireland Page 5



3. Haemodynamically unstable donors unresponsive to fluid therapy and
vasoactive medications:

Combined hormonal therapy includes the administration of thyroid hormone and glucocorticoids (see below).
It is frequently given on initiation of donor management or may be reserved for patients with haemodynamic
instability or imparied ventricular function on echocardiography. High dose methylprednisolone diminishes
the inflammatory vasodilatory response following brain death. There is some poor quality evidence of the
beneficial effects of hormonal therapy on improving haemodynamic function and increasing rate of heart
transplantation?*1%13,

Respiratory management

Pulmonary dysfunction is common in the potential organ donor due to pneumonia, aspiration of gastric
contents, neurogenic pulmonary oedema, pulmonary trauma or ARDS (which itself may be secondary to
acquired brain injury). This has led to a lower conversion rate of donor lungs for transplantation than that of
other organs.

General principles:
The utilisation of lung-protective ventilation, as described below, has been shown to have a significant impact
on improving conversion rates of donor lungs and its use is strongly recommended.

It is also strongly recommended that during brain stem testing, the apnoea test be performed in the presence
of Positive End-Expiratory Pressure (PEEP) e.g. with a partially closed valve on a C-Circuit or with the use of an
in-line PEEP valve, rather than with an open circuit e.g. O, insufflation via a suction catheter. The latter may
cause clinically significant de-recruitment of lung units leading to sub-optimal oxygenation; these can be very
challenging to re-recruit.

Standard ventilation:

e Routine physiotherapy, tracheal suctioning and oral care should be no different from usual ICU practice.
Strict asepsis should be continued during tracheal toilet.

e 30degree head-up position should be adopted unless otherwise contra-indicated.

* Endotracheal/tracheostomy cuff pressure should be kept < 25cmH,0.

Ventilatory guidelines & optimisation of oxygenation:

¢ Tidal volumes of 6-8 mls/kg ideal body weight are recommended.

* Plateau inspiratory pressures < 30 cmH,0.

* PEEP of 5-10 cmH,0 (or higher if clinically indicated) is recommended as a routine.

* Lung recruitment may be achieved by cautious periodic increases in PEEP up to 15 cmH,O or by short
sustained inflations (inspiratory pressures of < 30 cmH,0). This should be performed with great care
given the potential for haemodynamic instability, particularly in this patient cohort.

e Diuresis to euvolaemia should be initiated if fluid overload occurs.

A lung-protective ventilatory strategy (minimising ventilator-induced lung injury in patients with ARDS) is
defined by plateau inspiratory pressures <30 cmH,O, appropriate application of PEEP and tidal volumes of 6-8
ml/kg ideal body weight. This strategy should be used in the setting of the potential organ donor as it has been
shown to correlate with increased conversion rates of donor lungs for transplantation**°.
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Ventilatory targets:
PaCO,: Normocapnoea 4.8-5.8 kPa (36-44 mmHg) titrated to pH 7.35-7.45
FiO,: Lowest FiO, to maintain PaO, > 10 kPa (80mmHg)

Role of bronchoscopy:

e Brochoscopic suctioning may be required if there are concerns regarding mucous plugging or particulate
matter causing mechanical obstruction +/- distal collapse. Bronchoscopic sampling/lavage should be sent
for culture and sensitivity. Lavage volumes should be minimised to reduce extra-vascular lung water.

Role of steroids:

e Glucocorticoid administration (see Combined Hormonal Therapy section) may reduce the inflammatory
response and degree of acute lung injury?*®.

Post organ retrieval optimisation:

e Consideration should be given to post-retrieval lung reconditioning with ex-vivo lung perfusion
techniques?’.

Diabetes Insipidus and hypernatraemia

With regard to serum sodium concentration, the maximum threshold for clinical brainstem testing is 155
mmol/L. However the target serum sodium for managing the potential organ donor should be the normal
range (135-145 mmol/L)*®. Similarly, normal values of potassium, magnesium, phosphate and calcium should
be targetted. Urine output should be kept between 1-3 ml/kg/hr.

Central Diabetes Insipidus (DI) is common following severe brain injury and brain death. A decrease in
antidiuretic hormone (ADH) release causes the kidneys to produce large volumes of dilute urine. This loss of
water results in hyperosmolar hypernatraemia. Hypernatraemia may be associated with hepatic dysfunction
and graft loss. Large intravascular volume loss may lead to decreased organ perfusion and ultimately, organ
failure. It is important to have a high degree of suspicion for the development of DI and to diagnose and treat
it promptly when it does occur.

DI should be suspected when there is a significant increase in urine output associated with a rising serum
sodium concentration. Blood should be sent for serum sodium concentration and osmolarity and urine for
urine osmolarity and specific gravity. Any delay in management should be avoided while waiting for the results
of these confirmatory tests.

Features of Diabetes Insipidus:

1. High Urine output > 4 ml/kg/hour (polyuria due to low ADH levels)

2. Increasing serum sodium > 145 mmol/L (hypernatraemia due to loss of serum water)
3. Increasing serum osmolarity > 300 mOsm/I (concentrated serum due to loss of water)
4. Decreasing urine osmolarity < 300 mOsm/I (dilute urine due to excess water)

5. Decreasing urine specific gravity < 1.005 (dilute urine due to excess water)

Management of Diabetes Insipidus:
(1) Replace ongoing fluid losses and any existing fluid deficit with hypotonic fluid.

e Start with 0.45% saline replacing the previous hour’s urine output ml for ml in addition to further volume
relacement for any pre-existing intravascular volume deficit.

e Ifitisdifficult tolower serum sodium concentration, despite adequate fluid replacement with 0.45 % saline,
it is reasonable to change to Solution 18 or 5% dextrose. However, these may lead to hyperglycaemia or
very rapid falls in serum sodium concentration particularly when combined with ADH replacement therapy
such as vasopressin and/or 1-desamino-D-arginine vasopressin (DDAVP).

* Enteral H,O administration may also be useful
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(2) If urine output is > 3ml/kg/hr, add an infusion of intravenous vasopressin and/or intermittent
subcutaneous or intravenous DDAVP.

e If vasopressor support is required, IV vasopressin should be infused at a rate of 0.5 -2.4 international
units/hr. However, commonly this alone is not adequate to control diuresis and DDAVP should be given
as soon as Dl is suspected (see below).

e DDAVPisananalogofarginine vasopressin with enhanced anti-diuretic potency, negligible vasopressor activity
and a prolonged half-life compared to vasopressin. The dose of DDAVP in adults is 1-2 pg subcutaneously or
intravenously followed by 1-2 ug subcutaneously or intravenously as required to achieve a urine output <
3ml/kg/hr.

The management of DI requires frequent assessment of urine output and serum sodium concentration until
both return to the normal range.

Glycaemic control and nutrition

Hyperglycaemia is common in potential organ donors due to administration of dextrose-based solutions,
peripheral insulin resistance, catecholamine administration and use of glucocoticoids. The major consequences
of hyperglycaemia include osmotic diuresis, ketosis and potential pancreatic graft dysfunction following
transplantation. Hyperglycaemia should be managed as per usual ICU practice.

e Aim for a blood glucose level <10 mmol/L with an IV insulin infusion as needed.

e Routine enteral nutrition should be initiated or continued as tolerated.

e Parenteral nutrition should not be initiated; however when it has been initiated it should be continued.
e Avoid routine use of dextrose-based solutions.

Thermoregulation

Hypothermia is very common in the potential organ donor due to loss of hypothalamic thermoregulatory control
mechanisms, exposure to cold ambient temperatures or infusions of cold intravenous fluids/blood products.
The potential adverse consequences of hypothermia include arrhythmias, myocardial depression, hypotension,
hyperglycaemia and coagulopathy.

e Hypothermia should be anticipated and heat loss prevented; it is very often easier to prevent hypothermia
than to correct it.

e Active heating measures are often needed including warming blankets, fluid warmers, heated humidifiers
in ventilator circuits and increasing the ambient temperature.

e Aim for a core temperature > 36 °C (i.e. normothermia).
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Antimicrobial therapy

The principles of antimicrobial therapy are similar to those for ICU patients who are not potential organ
donors.

e If infection in a potential organ donor is suspected, sampling of blood, urine, sputum, surgical wounds etc
(for culture & sensitivity), should be performed as is normal practice for any ICU patient.

e Advice should be sought from a Microbiology or Infectious Diseases Specialist to determine the significance
of any positive culture results.

e Antimicrobial therapy should ideally be based on the results of gram stain or culture samples but may be
empiric, based on likely pathogens causing infection.

e Nephrotoxic antimicrobials should be avoided if possible.

e The use of prophylactic antimicrobials is not indicated.

If there are clinical signs of sepsis, organ retrieval teams may choose to wait for the result of blood cultures to
ensure the potential donor is not bacteraemic (which could adversely affect a potential transplant recipient).
However, it is important to note that this is not an absolute contraindication to organ donation.

Haematological Management

e Anaemia is common and may be exacerbated by haemodilution with clear fluid administration, bleeding,
coagulopathy or a combination of these.

e The optimal haemoglobin concentration in the potential organ donor population is unknown. A target
haemoglobin level of 9 g/dl is appropriate to optimise cardiopulmonary function/oxygen delivery in the face
of haemodynamic instability. A level of 7 g/dl is the suggested lowest acceptable limit in stable patients.

e Drawing of blood for donor serology and tissue typing should ideally occur before transfusions are
administered.

e There are no defined targets for platelet levels, INR, PT or APPT. Platelet, plasma or fibrinogen administration
is indicated only with clinically significant bleeding or coagulopathy. Advice should be sought from a
Coagulation or Haematology Specialist.

e CMV negative blood products should be used.

e  Thromboprophylaxis (mechanical and/or pharmacological) should, unless otherwise contraindicated, be
used as per normal ICU practice.

Combined hormonal therapy

Hormonal therapy following brain death may include 1) Vasopressin, 2) Glucocorticoids, 3) Thyroid hormone,
and 4) Insulin. These drugs are administered with the aim of optimising the numbers of organs retrieved and/or
improving graft function following transplantation. There is a relatively low level of evidence that hormonal
therapy achieves either of these aims. However, it is likely that their use is safe.

1. Vasopressin

A retrospective review suggested that the use of vasopressin is associated with an increase in the numbers or
organs retrieved for transplantation®. If a vasopressor is needed then vasopressin is recommended as the first
line agent, regardless of whether Diabetes Insipidus is present.

2. Glucocorticoids

The evidence for the administration of glucocorticoids is low and is based mainly on the benefits shown in
observational studies. Small, poor quality randomised controlled trials showed no differences in outcomes for
graft survival. However, there may be a role for their use in shock reversal in the haemodynamically unstable
potential organ donor.
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3. Thyroid hormone

The role of thyroid hormone replacement therapy is controversial. A 2012 systematic review and meta-analysis
failed to show a role for routine administration of thyroid hormone?. However, a subsequent large-scale
retrospective review showed a moderate increase in transplantable organs and improved graft function when
thyroid replacement therapy was instituted?®.

Thyroid hormone replacement may have a role in the haemodynamically unstable organ donor patient.

4. Insulin
An intravenously insulin infusion should be administered as needed targetting a blood glucose level 5-10 mmol/L.

Given the low level of evidence for combined hormonal therapy it is not necessary to automatically commence
such therapies once brain death has occurred. However, the risks associated with use of these therapies are
low?. Therefore, it is reasonable to consider instituting combined hormonal therapy, particularly where there
is ongoing haemodynamic instability or where heart transplantation is being considered but cardiac funcion is
poor (in order to limit the potential adverse effects of exogenous catecholamines).

Drug doses for combined hormonal therapy:

e Vasopressin: 1 international unit IV bolus followed by 0.5 - 2.4 international units/hr IV infusion
e Methylprednisolone: 1 g IV every 24 hours

e T3 (tri-iodothyronine): 4 ug IV bolus followed by IV infusion at 3 pg/hr

e Insulin: IV infusion as per local ICU protocol

Timing and conduct of organ retrieval

There is increasing recognition of the benefit of taking the necessary time in ICU to optimise potential donors’
organfunctionin ordertoimprove transplant recipient outcome. Targetted therapies canimprove reversible organ
dysfunction including myocardial stunning, impaired pulmonary gas exchange, sepsis and acute impairments in
renal or hepatic function.

This treatment period may last up to 72 hours and should be accompanied by frequent re-evaluation to
demonstrate improvement in organ function toward defined targets. The benefits of allowing such periods of
time need to be balanced against the risks of potential donor deterioration in the face of e.g. cardiovascular
instability and that of increasing emotional distress in the potential organ donor’s family. Discussion between
the treating intensive care team and organ retrieval teams can be helpful.

Final decisions regarding suitability for organ retrieval and transplantation rest with the relevant organ retrieval
team.

The organ retrieval procedure itself.can take up to six hours (or longer) to complete; this is often dependent
on multiple clinical and non-clinical factors. A volatile anaesthetic agent and muscle relaxant are normally
administered to ensure optimal operating conditions (although ‘anaesthesia’ to prevent awareness is not
required per se in a brain dead patient who is, by definition, deceased). Active donor management to optimise
the condition of organs should continue until the organs are removed. At the end of the procedure, mechanical
ventilation is discontinued and the endotracheal tube is removed. Patient dignity including care of the patient’s
body is of paramount importance throughout.

The Intensive Care Society of Ireland Page 10



Psychological issues for staff and relatives

Staff caring for patients who are potential organ donors need to have a clear understanding of the moral, ethical,
legal and clinical principles involved in caring for such patients who, after diagnosis of brain death, are deceased.
Usual end-of-life care, including particular attention to patient dignity, should continue throughout this period.
Ongoing education and training of medical and nursing staff is therefore vital; the Joint Faculty of Intensive
Care Medicine of Ireland run an annual one day training course (Irish Donor Awareness Program) which may be
helpful in this regard.

These cases can be psychologically demanding both in the clinical management of the individual patient and
when dealing with relatives who can be understandably distressed at what is a traumatic time for them?*. Junior
medical and nursing staff in particular, need support to optimally manage these scenarios. We suggest that, when
appropriate, those with experience and training in these challenging areas (e.g. Organ Donor Nurse Managers or
Clinical Leads in Organ Donation) be involved early, to facilitate open and clear lines of communication amongst
all parties.

After an organ donation episode, a debrief can be helpful to support staff and/or donor families, and should be
facilitated where appropriate.

Acknowledgement; thanks to Colm Kavanagh, Printing Dept, Beaumont Hospital for formatting this document.
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