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KEY POINTS

� Organ transplantation is the treatment of choice for end-organ failure. Organs are sourced from living donors, donors

declared dead by cardiopulmonary criteria, or donors declared brain dead by neurologic criteria.
� The 2010 American Academy of Neurology guidelines for brain death determination in adults necessitate 3 clinical

findings: irreversible coma from a known cause, brainstem areflexia, and a conclusive apnoea test (or one of several

other ancillary tests).
� Early identification and management of potential organ donors must take into consideration specific pathophysiologic

changes for medical optimization.
� The ventilation, infusion and pumping, pharmacological treatment and specificities (VIPPS) strategy is a mnemonic

method that brings together key aspects of the restoration of oxygen delivery to tissues during hemodynamic

instability plus organ optimization strategies.
� The use of simplified care standards such as VIPPS can aid in meeting donor management goals when caring for

potential organ donors and has been associated with more organs transplanted per donor.
� Organ-preserving cardiopulmonary resuscitation is defined as the use of cardiopulmonary resuscitation in cases of

cardiac arrest to preserve organs for transplantation, rather than to revive the patient.
� Declaration of brain death and subsequent management of potential donors for organ transplant along with obtaining

the consent of the family for procurement is a highly sensitive issue and requires consideration and multidisciplinary

effort by the hospital staff and the organ procurement team.

INTRODUCTION

Chronic end-organ failure is associated with significant morbidity and mortality, contributing greatly to financial burden on

national healthcare systems. Organ transplantation is the treatment of choice to improve the quality of life and survival in such

patients but is greatly limited by the shortage of organs due to prevalent myths and misinformation related to organ

transplantation, and also the highly specific conditions needed to achieve successful transplant. Organs used in transplant

come from living donors, donation after cardiac death, or donation after brain death (DBD). The concept of brain death has

evolved with the advent of mechanical ventilation, and guidelines for determining brain death have been refined over time. The

most current guidelines, the 2010 American Academy of Neurology guidelines, necessitate 3 clinical findings: irreversible coma

from a known cause, brainstem areflexia, and apnoea.1 Details on the diagnosis of brainstem death can be found in a previous

tutorial.2

An online test is available for self-directed continuous medical education (CME). It is estimated to take 1 hour
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The Global Observatory on Donation and Transplantation (GODT) is a collaboration between the World Health Organization

(WHO) and the Spanish Transplant Organization, Organización Nacional de Trasplantes (ONT). Data from this collaboration

lists 146 840 solid-organ transplants in 2018, of which only around 26.8% were from deceased organ donors. Among these,

77.3% of the organs were from DBD donors. These 2018 data are based on the GODT data, produced by the WHO-ONT

collaboration. There has been an upward trend in recent years in the total number of organs transplanted and in the number of

donors after brain death in particular; however, there continues to be a persistent underutilization of organs from donors after

brain death (Figure 1). The disparity in the distribution of organ transplantation across the world is even greater with the lowest

number of organs transplanted per million population in low- and middle-income countries, some of which have the highest

burden of disease (Figure 2).3 In most of these countries, like India, the deceased donor program is still in its infancy and the

conversion rate from diagnosis of brain death to donation is extremely low.4

The disproportion between the supply and demand of transplant organs can be alleviated by improving the quality of clinical

management of deceased potential donors. Anaesthesiologists provide perioperative management of organ donors, and the

appropriate management of these donors is essential for maximizing the quality and success of the organs procured. This

tutorial presents the intensive care management of the potential organ donor with goal-directed therapy and explores the

practical and ethical barriers critical care providers face concerning organ donation from deceased donors in the intensive care

unit (ICU).

PHYSIOLOGICAL CHANGES IN BRAIN DEATH

The typical pathophysiologic consequences of brain death include dysfunction of the following systems: cardiovascular

(hypotension, arrhythmias), pulmonary (pulmonary oedema, ventilator-induced lung injury), endocrine (diabetes insipidus,

hypoglycaemia), thermoregulation (hypothermia), renal (acute kidney injury), hematologic (disseminated intravascular

coagulation), and inflammatory (systemic inflammatory response).5 Ischemia-reperfusion injury is inherent to the process of

organ transplantation and can culminate in rejection and graft failure. The systemic inflammatory process is driven by reactive

oxygen species and is related to the ischemia time.6 Figure 3 illustrates the pathophysiological changes in the various systems

following brain death with major changes in different systems explained below.

Figure 1. Global trends in organ transplant since 2000. Data of the World Health Organization–Spanish Transplant Organization global

observatory on donation and transplantation.2 DBD indicates donation after brain death; DCD, donation after cardiac death.
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Cardiovascular

Three main causes contribute to hemodynamic instability following brain death.

� Sympathetic surge preceding medullary damage in brain death leads to a catecholamine surge, resulting in hypertension, left

ventricular dysfunction, cardiac stunning, neurogenic pulmonary enema, and arrhythmias.
� Spinal cord infarction that follows herniation results in loss of sympathetic tone and vasodilatation resulting in further

hypotension.
� Pituitary dysfunction leads to a pan-hypopituitary state.5

Pulmonary

Neurogenic pulmonary edema is thought to result from the initial increase in blood volume in the venous system and

subsequent pulmonary overload caused by the increased systemic vascular resistance from the catecholamine surge. The

release of catecholamines during the initial hypertensive and hyperdynamic period after brain death also causes elevated

cytokine levels leading to pulmonary endothelial damage and capillary disruption. True neurogenic pulmonary edema is

uncommon but pulmonary edema can also result from, or be exacerbated by, large-volume crystalloid resuscitation.7 Other

causes of lung injury in this setting may be trauma, aspiration pneumonitis, fat emboli, and ventilator-induced lung injury.5

Endocrine

Failure of the hypothalamo-pituitary axis occurs in the setting of severe hypoperfusion after brainstem herniation and

intracranial hypertension lead to severe endocrinopathy. Diabetes insipidus is the most common and the earliest hormonal

abnormality after brain death and is defined as urine output in excess of 250 mL/h for greater than 2 hours and a urine specific

gravity less than 1.005. Diabetes insipidus occurs in 46% to 87% of cases of brain death.5 This is usually followed by decreased

thyroid-stimulating hormone secretion resulting in a rapid decline in the level of free triiodothyronine. Thyroid failure causes

depletion of high-energy phosphates and impairs cardiac contractility, favours anaerobic metabolism, and results in an increase

in lactate.6 Brain death also leads to hormonal derangements that frequently precipitate hyperglycemia, which is further

exacerbated by the release of epinephrine, exogenous steroid administration, or infusion of dextrose-containing solutions.7

Finally, donor stress responses are blunted due to the adrenal insufficiency that is often seen in brain death, and decreased

levels of cortisol and adrenocorticotropic hormone contribute to hypotension and cardiovascular instability in these patients.6

Figure 2. Number of deceased organs transplanted per million population. *Data of the World Health Organization–Spanish Transplant

Organization global observatory on donation and transplantation.2
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Haematological

Coagulopathy can occur in an isolated head injury and is associated with a worse outcome. The release of tissue factor along

with cerebral gangliosides and plasminogen-rich substrates from injured cortical parenchyma contributes to the development of

coagulopathy.7 Coagulopathy associated with general trauma is another distinct entity and is a reflection of coagulation and

fibrinolysis and can be diagnosed in early stages with visco-elastic tests, namely thrombo-elastogram.

Thermoregulation

Hypothermia is caused by loss of temperature regulation due to disconnection of the hypothalamic-pituitary axis caused by

ischemia of the hypothalamus.

MANAGEMENT OF A BRAIN-DEAD DONOR IN ICU- GENERAL PRINICPLES

Care of potential organ donors should include continuation of supportive care and compensation for the physiologic changes

mentioned above.

Monitoring required to optimise the number and function of organs transplanted consists of the usual hemodynamic and

respiratory monitoring for critically ill patients, including serial or continuous monitoring of temperature, blood pressure, heart

rate and rhythm, pulse oxygen saturation, and urine output. Invasive monitors such as arterial lines and central venous

catheters are often utilized for continuous blood pressure monitoring and assessment of pulse pressure variation and/or

Figure 3. Pathophysiological changes in brain death.5–8CO indicates cardiac output; CaO2, arterial oxygen content; DO2, oxygen delivery; Hb,

hemoglobin; HR, heart rate; SIRS, systemic inflammatory response syndrome; SV, stroke volume.
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systolic pressure variation to optimize volume status. The use of pulmonary artery catheters to measure parameters such as

central venous pressure, central venous oxygen saturation, pulmonary artery occlusion pressure (also known as the pulmonary

capillary wedge pressure) have not shown any benefit and have fallen out of favour. Stroke volume, cardiac output, and cardiac

index9 can be determined using bedside dynamic tests and echocardiography, which is now more commonly utilized. The

echocardiogram provides information concerning ventricular contractility, interventricular septum thickness, inferior vena cava

compressibility, the presence of an intracardiac shunt, valve disease and, with the use of the Doppler, the flow velocity of the

anterior descending coronary artery. They can be particularly important for donors with coronary disease risk factors

Donor management goals (DMGs) are preset critical endpoints to guide the management of DBD. DMGs reflect the normal

hemodynamic, acid-base, respiratory, endocrine, and renal status of any patient. DMGs along with the interventions required to

achieve them are mentioned in Table 1 and explained further in the paragraphs below.

VIPPS Approach—Ventilation, Infusion, Pumping, Pharmacological Support, Specific
Interventions

A systematization of shock management known as the ‘‘ventilation, infusion, and pumping’’ (VIP) approach was proposed by

Max Harry Weil and Herbert Shubin in 1969; it was later expanded to VIPPS to include pharmacological support and specific

interventions. Since the management of a brain-dead donor involves a combination of mechanical ventilation, fluid

replacement, and inotropes or vasopressors, using a simplified method as the adapted VIP approach can contribute to

improving management.8 Interventions as a part of this approach are mentioned in Table 1.

System and Variable Target Range Management

Cardiovascular

MAP 60-110 mm Hg Initial volume expansion:

If MAP , 65 mm Hg or diuresis , 1 mL/kg/h, infuse 20-

30 mL/kg of crystalloid.

Fluid responsiveness evaluation after

initial volume expansion:

Infuse more fluid only if clinical assessment suggests

hypovolemia (eg, DPp � 13%, inferior vena cava

collapse on echo, etc.).

If MAP , 65 mm Hg despite the initial infusion of 20-30

mL of crystalloid:

Norepinephrine or dopamine plus vasopressin 1 U þ 0.5-

2.4 U/h.

Dobutamine only when there is evidence of ventricular

dysfunction.

Central venous pressure 4-12 mm Hg

Heart rate 60-120 beats/min

Ejection fraction � 50%

No. of low-dose vasopressors � 1

Respiratory

PaO2/FiO2 ratio � 300 Lung-protective ventilatory strategy: TV 6-8 mL/kg of

predicted body weight, PEEP 5 cm H2O and increased

as necessary.

Recruitment manoeuvre

Renal

Urine output � 1 mL/kg/h over

last 4 hours

Judicious use of fluids to maintain MAP and normovolemia

Metabolic

Arterial blood gas pH 7.3-7.5 Adequate volume resuscitation

If S.Naþ . 155 mEq/dL, infusion of a hypotonic solution

0.45% NaCl (77 mEq/dL) or 5% dextrose as a

maintenance fluid at a rate of 0.5-1.0 mEq/dL/h to avoid

cerebral edema and its sequelae.

Sodium � 155 mEq/dL

Endocrine

Glucose � 180 mg/dL Insulin infusion to maintain serum glucose � 180 mg/dL

Consider hormone replacement therapyTemperature � 358C

Table 1. Donor management goals.5–12 MAP indicates mean arterial pressure; PaO2, partial pressure of arterial oxygen; FiO2,

fraction of inspired oxygen; DPp, pulse pressure variation; TV, tidal volume; PEEP, positive end-expiratory pressure
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Hemodynamic Support

The DMG for blood pressure is a mean arterial pressure (MAP) of 60 to 110 mm Hg. Any intervention for the management of

cardiovascular effects of autonomic storm should be easily reversible as this phase tends to be followed by hypotension. Short-

acting beta-adrenergic antagonists such as esmolol are recommended for controlling tachycardia and hypertension while

preserving myocardial function. Brain-dead patients have no vagal tone and no response to atropine.9

The initial management of hypotension includes fluid administration to optimize circulating volume. A full discussion of

assessing volume status is outside the scope of this tutorial. Previous practice included targeting a central venous pressure 4 to

10 mm Hg, or pulmonary artery occlusion pressure 8 to 12 mm Hg; however, these measures can be misleading, have proven

to be unreliable indicators of volume responsiveness, and have fallen out of use. There is a growing use of noninvasive

dynamic measures such as pulse pressure variation or systolic pressure variation and bedside echocardiography to optimize

volume status and haemodynamics. Isotonic or near-isotonic crystalloids, such as lactated Ringer solution, Plasmalyte,

Normosol, or 0.9% saline are used for fluid resuscitation, though presence of hypernatremia may require use of hypotonic

solutions.9

Low systemic vascular resistance or myocardial dysfunction may be the cause for persistent hypotension. Once volume status

is optimized, judicious use of inotropic or vasoactive agents to target the usual goals of shock management, including MAP

levels of . 60 to 65 mm Hg and urine output of 0.5 to 1 mL/kg/h, normalizing lactate, etc. Transthoracic echocardiography is

helpful in assessing left ventricular ejection fraction. If left ventricular ejection fraction is less than 45%, an inotropic agent such

as dobutamine, dopamine, or epinephrine is used. Traditionally, dopamine has been the first choice for hemodynamically

unstable donors and some evidence supports a benefit in improving posttransplant kidney allograft function. However,

comparative trial data are lacking, and practice patterns have shifted in favor of using norepinephrine or phenylephrine for

severe vasoplegia. The concern with these latter agents is that their more potent alpha-agonist effects may exacerbate

pulmonary capillary permeability and mesenteric and coronary vasoconstriction, reducing the acceptability of organs for

transplantation.9

Ventilation

The goals of mechanical ventilation are to maintain tissue oxygenation and protect the lungs for transplantation. Lung-

protective ventilation includes low tidal volumes of 6 to 8 mL/kg of predicted body weight, positive end expiratory pressures of 5

or higher as deemed necessary, and plateau (static) airway pressure below 30 cm water to reduce lung injury.

Hormone Replacement Therapy

The United Network for Organ Sharing (UNOS) Critical Pathway for the Organ Donor suggests a protocol of hormone

replacement therapy (HRT) of levothyroxine, insulin, methylprednisolone, and possibly vasopressin when indicated. HRT has

been found to improve cardiac graft outcomes.13,14 Table 2 provides details of HRT.

Vasopressin is used in donors with hypotension despite adequate fluid resuscitation or with excessive urinary output as in

diabetes insipidus, while desmopressin is used for hypernatremia in diabetes insipidus without hypotension. A typical dosing

regimen for vasopressin is an initial bolus infusion of 1 U, followed by a continuous infusion of 0.01 to 0.1 U/min (typical doses

are 0.01 to 0.04 U/min), titrating to a MAP of. 65. Glucocorticoids are often given prior to organ retrieval to optimize donor lung

function, based on a widespread belief in a benefit from glucocorticoids as a treatment for the inflammatory state that can

sometimes be present in brain-dead donors, even if other hormonal agents have not been used. The Society of Critical Care

Medicine/American College of Chest Physicians/Association of Organ Procurement Organizations guidelines suggest use of

thyroid hormone in patients with hemodynamic instability and/or decreased ejection fraction (, 45%).9

Medication Dose Remarks

Regular insulin 0.05-0.1 U/kg/h IV infusion Monitor blood sugar levels

Methylprednisolone 15 mg/kg IV or 1g IV every 24

hours

Some studies have shown efficacy with hydrocortisone12

250 mg IV þ 100 mg/h IV infusion

Levothyroxine 20 lg IV bolus, 10 lg/h IV infusion

Vasopressin 0.5-1 mU/kg/h Titrate for mean arterial pressure . 70

Titrate for urinary output ¼ 3-4 mL/h

Systemic vascular resistance 800 – 1200 dynes-sec/cm5

Desmopressin (DDAVP) 2-4 lg Can be used in hemodynamically stable donors

Table 2. Hormone Replacement Therapy5,7,15
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Nutritional Support

Enteric nutrition should be continued unless there is a contraindication, as it increases glycogen supply and has the potential to

optimize allograft function.6

Organ-Specific Donor Maintenance

Organ preservation is a continuum which starts with the optimal management of the potential organ donor and continues during

procurement and storage with the aim of increasing the likelihood of procurement in potential donors, the yield of transplantable

organs per donor, and improving graft function after transplantation. Conflicting goals for the various organs complicate the

management of the potential donor with antagonistic strategies such as fluid replacement or high positive end-expiratory

pressure. For example, a moderate intravascular fluid administration may have no adverse effect on the liver or kidneys, but

this fluid could potentially have deleterious effects on the transplanted lung or pancreas. Intraoperative volume optimization is

still the preferred method to improve blood pressure in a hypotensive donor patient. While vasopressors are relatively

contraindicated due to vasoconstriction and decreased perfusion of vital organs, the dangers to long-term organ function

arising from hypotension-related organ hypoperfusion and reduced oxygen delivery may outweigh the risks associated with

using vasopressors.7 Low-dose dopamine infusion (4 lg/kg/min) has been shown to reduce the need for dialysis

posttransplantation without increasing side effects due to possible attenuation of ischemic-reperfusion injury by stimulation

of D3 receptors in potential renal donors.6 Adequate intravenous fluids are also required to prevent hypernatremia, which may

be a predictor of primary liver graft failure. The exact mechanism for this is not known, but it is presumed to be related to

hepatocyte oedema and the subsequent exacerbation of the injury mediated by reperfusion. Besides this, an increase in

transaminases and bilirubin may be indicative of liver ischemia from hypoperfusion, or the increase may be a sign of subclinical

viral hepatitis.

A restrictive fluid balance, along with lung-protective ventilation strategies, is associated with higher rates of lung procurement.

Lungs are particularly sensitive to the effects of hemodynamic instability and to the effects of resuscitation efforts and changes

in capillary permeability. Target blood gas levels for the maintenance of lungs for transplantation are as follows: arterial oxygen

saturation . 95% and partial pressure of arterial oxygen (PaO2) . 80 mm Hg; or PaO2 . 300 mm Hg with fraction of inspired

oxygen (FiO2) of 100% and positive end-expiratory pressure of 5 cm H2O; or PaO2/FiO2 . 300 mm Hg. The ideal parameters for

the donor heart are as follows: a left ventricular ejection fraction . 50%, no variance in structure or contractility a cardiac index

. 2.5 L/min/m2 and a pulmonary capillary wedge pressure , 15 mm Hg. Even when these target values are not achieved,

heart transplantation may not be contraindicated.16

Intraoperative Considerations for Organ Retrieval Surgery

Supportive measures initiated in the ICU should be continued in the intraoperative period. Preanaesthesia preparation should

include ensuring an adequate amount of cross-matched blood, discussing heparin dose with procuring team (3 to 4 vials of

10,000 units of heparin should be sufficient), preparing vasoactive and inotropic drips, preparing insulin drip to manage

hyperglycaemia, assuring availability of resuscitation drugs including epinephrine (1/1000, 1/10 000), vasopressin (20 mL of 1

U/mL), phenylephrine (100 lg/mL), and continuing antibiotics being used in the ICU. A forced-air warmer and fluid warming

should be used intraoperatively to maintain a temperature 358C to 378C.

The patient is positioned supine with arms tucked at the sides. Even in the setting of brain death, somatic movements which are

uninhibited spinally mediated reflexes occur in response to stimuli such as surgical incision or manipulation. Skeletal muscle

paralysis should be provided during organ procurement to optimize surgical conditions. Reflex sympathetic response to surgical

stimulus can be attenuated by use of volatile anaesthetics. The predetermined dose of heparin is given several minutes before

the cross-clamp of the aorta to prepare for infusion of preservative solution into the organs to be procured. For lung

procurement, the anaesthesiologist will likely be asked to administer positive-pressure breaths to inflate the lungs prior to

removal and subsequent packaging for transport. Following which, the ventilator and monitors are turned off, and there is no

longer a need for further anaesthetic care while the organs are removed in the following order: heart, lung, liver, pancreas, and

kidneys.7

Organ-Preserving Cardiopulmonary Resuscitation

‘‘Organ-preserving cardiopulmonary resuscitation’’ (OP-CPR) is defined as the use of CPR in cases of cardiac arrest to

preserve organs for transplantation, rather than to revive the patient. Dalle Ave et al17 review the ethical considerations of

providing OP-CPR in a brain-dead organ donor to save organs that would otherwise be lost. OP-CPR can benefit patients and

families by fulfilling the wish to donate. However, it is an aggressive procedure that can cause physical damage to patients and

risks psychological harm to families and healthcare professionals.
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CONTRAINDICATIONS TO ORGAN DONATION

Table 3 lists contraindications to organ donation.

Ethical and Legal Considerations

Explaining brain death to family members can be difficult because the patient remains warm and the ICU monitors often reveal

normal vital signs. When discussing brain death, it is important to use the word ‘‘death’’ or phrases like ‘‘the exam shows that

the patient has died.’’ If possible, family members should be told that death is suspected prior to the actual determination of

brain death. Hospital personnel should not approach the family about organ donation as this leads to a lower consent rate due

to a loss of trust that may develop between family members and hospital staff regardless of the level of communication skills

possessed by the ICU team. Conflicts between families’ inclinations and the patient’s prior wishes may further complicate the

matter.18

It is important to be aware that the shortage in the supply of donor organs has led to unethical transplant practices especially in

poverty-struck developing countries where either people agree to donate due to ignorance and economic compulsions or at

times have been exploited. The concept of national self-sufficiency in organ donation has been emphasized by the Doha

Declaration of the Declaration of Istanbul Custodian Group. Improving deceased organ donation will not only improve access to

transplantation but indirectly discourage unethical transplants.4

Infections

Bacterial

Tuberculosis; gangrenous bowel, bowel perforation, intra-abdominal sepsis, multisystem

organ failure caused by overwhelming sepsis

Viral

Human immunodeficiency virus

Rabies virus

Varicella Zoster virus

Epstein-Barr virus

West Nile virus

Herpes simplex virus

Fungal

Cryptococcus

Aspergillus

Histoplasmosis

Coccidioides

Candidemia

Parasitic

Leishmaniasis

Trypanosomiasis

Strongyloides

Malaria

Prion

Creutzfeldt-Jakob disease

Other Conditions

Aplastic anaemia

Agranulocytosis

Extreme immaturity (, 500 g, or a gestational age of , 32 weeks)

Current malignancy except for nonmelanoma skin cancers, primary central nervous system

tumours without evident metastatic disease, and remote prostate cancer

Hematologic malignancies (eg, leukaemia, lymphoma, multiple myeloma)

Previous malignancy with current evidence metastatic disease

Previous melanoma

Table 3. Contraindications to Organ Donation5
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SUMMARY

� Organ transplantation is the treatment of choice for end-organ failure. Organs are sourced from living donors, donors

declared dead by cardiopulmonary criteria, or donors declared brain dead by neurologic criteria. Despite an upward

trend in recent years in the total number of organs transplanted, organs from donors after brain death remains

underutilized.
� Organ preservation is a continuum which starts with the optimal management of the potential organ donor and

continues during procurement and storage with the aim of increasing the likelihood of procurement in potential donors,

the yield of transplantable organs per donor, and improving graft function after transplantation. Brain death results in

dysfunction of various organ systems. The ventilation, infusion and pumping, pharmacological treatment, and

specificities (VIPPS) strategy is a mnemonic method that brings together key aspects of the restoration of oxygen

delivery to tissues during hemodynamic instability plus organ optimization strategies.
� Lastly, it is important to be aware of the ethical and legal consideration involving organ donation. The shortage in the

supply of donor organs has led to unethical transplant practices especially in poverty-struck developing countries

where either people agree to donate due to ignorance and economic compulsions or at times have been exploited.
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