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Introduction

ÅMortality on the waiting list for transplantation remains high.

ÅOrgansfrom deceased potential donors are often refused because of 

suboptimal quality.

ÅAdequate donor management to maximize the number of organsthat 
can be offered for donation is essential to expanding the donation pool.

Intensive Care Med (2019) 45:343ς353





GENERAL CONSIDERATIONS

ÅManagement of the potential organ donor primarily involves the use 
of conventional therapeutic and supportive measures to reverseor 
mitigate the physiologic changes that occur after brain death, 
including potentially severe autonomicand inflammatory responses.



Hemodynamic support and electrolyte 
management

ÅHemodynamic instability is probably the number one challenge, or 
at least the most obvious one, in the management of the brain-dead 
donor.

ÅA primary devastating injury to the brain and/or brain stem results in 

a massive immediate activation of the sympathetic nervous system.

Intensive Care Med (2019) 45:343ς353



Cardiovascular management

ÅThe catecholamine ΨstormΩ caused by cerebral injury 
leading to brainstem compression initially increases 
in:
Åarterial blood pressure, 
Åafterload,
Åleft atrial pressure 
Åpulmonary hydrostatic pressure
Åpulmonary vasoconstriction, 
Åendothelial damage 
Åmay lead to cardiac muscle damage(40-50%)

Å Intensive Care Med (2019) 45:343ς353



Overview of the sympathetic storm and the pro-inflammatory cascade caused by 
devastating brain injury with brain stem ischemia



ÅHypertensive autonomic storm

ÅBeta-adrenergic antagonists such asesmololmay ameliorate the 
cardiovascular effects and preserve myocardial function.

Å Transplantation 2006,82(8):p 1031-1036



ÅAfter brainstem infarction, loss of sympathetic tone frequently leads 
to profound vasoplegiaand hypotension, which if left untreated, can 
lead to 

global hypoperfusionof all solid organs.

ÅTherefore, the primary goal of hemodynamic management is to 
maintain 

organ perfusion through judicious use of intravenous fluids and 
vasopressors.

ÅMean arterial pressure 60-65 mmHg

Å Intensive Care Med (2019) 45:343ς353



ÅAs with every hemodynamic problem, identification of the causeof 
the instability (i.e. fluid depletion, reduced cardiac output, 
vasoplegia, Χ)

is crucial to determine the right therapy.



ÅHemodynamic shock states should be evaluatedusing 

Åinvasive arterial blood pressure measurements,

Ålactate levels,

Å(mixed) venous oxygen saturations, 

Åechocardiographyto evaluate myocardial contractility

and exclude other cardiac pathology.



Intensive Care Med. 2015 March ; 41(3): 418ς426
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ÅWe studied a stroke volume-based fluid resuscitation and vasopressor 
weaning protocol prospectivelyon 
Å64 hypotensive donors, 
Å30 hypotensive donors treated without a protocol. 
ÅStroke volume was measured every 30minutes for 4 hours by pulse

contour analysis or esophagealDoppler.
Å ClinTransplant.2020 Feb;34(2):e13784



ÅThe protocol group received 1937± 906mL fluidcompared to 
1323± 919mL in the control group(P= .003). 

ÅMean time on vasopressors was decreasedfrom 957.6± 586.2 to 
176.3± 82.2minutes (P<.001).

ÅWhile more organs were transplanted per donor in the protocol 
group (3.39± 1.52) than in the control group (2.93± 1.44) (P= .268), 
the difference did not reach statistical significance.



ÅRandomized prospective comparative study of BR versus PCA
Å84 donors(53.1%) were randomized to BR
Å74 donors to PCA (46.8%).
ÅThere was no difference in the intravenous fluid infused over the 4-h 

study period [BR 2271± 823vs. PCA 2230± 962mL;p = .77
ÅThere was no difference in the time to wean off vasopressors [BR 

108.8± 61.8vs. PCA 150.0± 68min p = .07
ÅThere was no difference in the total number of organs transplanted per 

donor [BR 3.25± 1.77vs. PCA 3.22± 1.75; p = .90                  
Å ClinTransplant.2023 August;37



Volume Assessment

ÅThe optimal methods to assess euvolemiaand exact targets have not 
been determined. 

ÅTraditional measures include achieving the MAPand urine output 
targets noted above, CVP 4 to 10 mmHg, or PAOP 8 to 12 mmHg.

ÅHowever, these measures can be misleading, so there is a growing 
use of noninvasivedynamic measures such as PPVor SPV.



Choices for fluid and electrolyte replacement

ÅGuidelines advocate use of isotonic crystalloids, such aslactated
Ringersolution, PlasmaLyte, Normosol, or 0.9 percentsaline.

ÅThe presence of a hyperchloremicacidosis may prompt selection of 
lactated Ringer solution or other bicarbonate-containing solutions.



487 renal TX 
patients,60 European 
centers,
124 dopamine
140 control
5 years follow up

ClinJ Am Nephrol
12:493-501,2017.





ÅProspective observational data,   2012-2018,

Analysis of 2,985 DBDs 
5,554kidney transplant recipientsfrom nine OPTN regions. 
Increased phenylephrine dose during donor managementis 
independently associated with the risk of DGF in kidney transplant 
recipients.

None of the other vasopressors nortotal combined vasopressor dose
were found to be   independent predictors of recipient DGF.



ÅA retrospective study was conducted by using the ICU database of one
hospital. 
Å18 patients in a total of 294 brain-dead cases were enrolled and 

administered terlipressinintravenously.
ÅRecruited brain-dead patientsare hemodynamically unstable (MAP < 65 

mm Hg), and require high-dose norepinephrine (>0.5 ˃ Ǝ/kg/min )
with fluid resuscitation to maintain MAP at 65Ḑ105 mm Hg.

Å Frontiers 2021



ÅTerlipressinsignificantly increasedmean arterial pressure (MAP) from 69.56±
10.68 mm Hg (baseline) to 101.82± 19.27mm Hg.

ÅSystolic blood pressure (SBP) from 89.78± 8.53 mm Hg (baseline) to

133.42 ± 26.11 mm Hg (immediately before organ procurement) in all   
patients. 

Åwhich resulted in the reduction of norepinephrine dose over time from 0.8 ±
0.2 ˃ g/kg/min (baseline) to 0.09 ± 0.02 ˃ g/kg/min (immediately before organ 
procurement).







Reduced myocardial function

ÅIf the left ventricular ejection fraction is estimated at less than 45% , 
an inotropic agent, such asdopamine, dobutamine, orepinephrine, is 
used. 

ÅThe response to treatment is assessed by serial echocardiography, 
or placement of a pulmonary artery catheter. 

ÅMost heart transplant centersprefer the donor to be on minimal or 
no vasopressors or inotropes during the last echocardiogram prior to 
a heart offer.



ÅOther frequent causes of hypotension in DBD patients include 

Åhypovolemia (through 

Å diabetes insipidus

Å mannitol-inducedosmotic diuresis

Å trauma-induced hamorrhage)

Å any exposed ischemic heart disease 

Å potentially, central hypothyroidism

Å adrenal insufficiency
Å Intensive Care Med (2024) 50:964ς967



Endocrine treatment

ÅDiabetes insipidus occurs in 46ς86% of DBDpatients,and manifests as 
polyuria and progressive hypernatremia, which may contribute to  
hemodynamic instability 
and (for hypernatremia җ 155 mmol/L) to poor liver graft function.

ÅTreatment consists of restoring fluid losses, and vasopressin or 
desmopressin.

ÅIn case of vasoplegia, vasopressin is usually preferred, because 
desmopressin 
only acts on the renal V2 receptors.

Å Intensive Care Med (2024) 50:964ς967



ÅCareful attention should be paid to maintaining normal electrolyte 
levels.

ÅAccording to current guidelines, serum sodium should be maintained 
below 155 mEq/ dLand potassiumbetween 4 and 5 mEq/ dL



Diabetes insipidus Management

ÅDesmopressinis an analogof vasopressinwith a greater antidiuretic 
effect and substantially less vasopressor effect. 

ÅThis agent is used for patients with DI who are not hypotensive.

ÅInitial dose of 1 to 4 micrograms is given intravenously. 

Åto achieve a urine volume <4 mL/kg/hour.

ÅA typical dose is 1 to 2 micrograms intravenously every six hours.



DI and Hypotension

ÅVasopressinis often used as part of hormonal therapy for deceased 
organ donors with hypotension, but without frank DI, although this is 
off-label. 

ÅA typical dosing regimen is an initial bolus infusion of 1 unit, followed 
by a continuous infusion of 0.01 to 0.1 units/minute (typical doses 
are 0.01 to 0.04 units/minute. 

ÅDoses >0.04 units/minute have been associated with adverse 
cardiac effects.



ÅA total of 10,431 donors were included. 

ÅAVP was infused in 7,873 (75.5%)

ÅIncreased rate of high-yield procurement 
(50.5% vs 35.6%, P < .001).

ÅThe use of AVP with hormone 
replacement therapy is independently 
associated with an increased rate of 
organ recovery.

ÅThere were 12,322 donors 
included, of which 7686 received 
AVP (62.4%).

ÅThere was a significant increase 
in high yield (Ó4 organs) (51.0%
versus 39.3%, <0.001).

ÅRate of successful lung recovery 
(26.3% versus 20.5%, <0.001) with 
AVP.



RED Cell Transfusion

ÅIntraoperative red cell transfusionis often necessary in patients with 
prior abdominal surgery, in whom the dissection of the liver and 
kidneys for organ procurement might be difficult, or in patients 
whose blood vessels are difficult to cannulate. 

ÅGuidelines suggest a target hemoglobinlevel >7 g/dL.
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ÅRCT ,(838 were included in the primary analysis: 

Å419 in the levothyroxine group 30 ˃ Ǝper hour for a minimum of 12 hours

Å419 in the saline group. 

ÅHearts were transplanted from 

Å230 donors (54.9%) in the levothyroxine group

Å223 (53.2%) in the saline group (adjusted risk ratio, 1.01; 95% confidence interval [CI], 0.97 
to 1.07; P = 0.57). 

ÅGraft survival at 30 days occurred in 224 hearts (97.4%) transplanted from donors assigned 
to receive levothyroxine 

Å213 hearts (95.5%) transplanted from donors assigned to receive saline  



ÅAlthough brain-dead patients usually develop low triiodothyronine 
levels, this reflects increased conversion of thyroxin in to reverse T3

, typical of euthyroid sick syndrome. 

ÅNevertheless, some DBD patients may develop central 
hypothyroidism, which could induce cardiac dysfunction.

Å Intensive Care Med (2024) 50:964ς967



Subgroup Analysis of Hearts transplanted(Primary Outcome)



KaplanςMeier Estimates of the Proportion of Donors Continuing to 
Receive Vasopressors



ÅHence, routine supplementation is not indicated, although it could

be considered in selected DBD patients with severe cardiac 
depression.

T4  20µ IV+ 10µ/h

T3  4µ IV+ 3µ/h

Intensive Care Med (2024) 50:964ς967



ÅCentral adrenal insufficiency may develop after brain death, 
manifesting as vasodilatation and hypovolemia

.

ÅHowever, many DBD patients do not develop low cortisol Levels.

ÅRoutine hydrocortisone treatment is consequently not indicated, but 
maybe considered in patients with severe vasoplegia.

Å Intensive Care Med (2024) 50:964ς967



Å132consecutive brain-dead donors managed before and after changing the steroid 
protocol from 15 mg/kg methylprednisolone (HD) to 300 mg hydrocortisone (LD).

ÅFinal Pao2 remained higher (394 mm Hg LD vs 333 mm Hg HD, P=.03); but 
improvement in oxygenation was comparable (+37 mm Hg LD vs +28 mm Hg HD, 
P=.43), as was the proportion able to come off vasopressor support (39% LD vs 47% 
HD, P=.38).

ÅSimilarproportions of lungs (44% vs 33%) and hearts (31% vs 27%) were 
transplantedin both groups.



ÅIn this prospective multicenter cluster study, 

Å259subjects were included. 

ÅAdministration of low-dose steroids composed the steroid group (n = 102).

ÅMeandose of vasopressor administered after brain death was significantlylower
than in the control group (1.18± 0.92 mg/H  vs. 1.49 ± 1.29 mg/H: P = 0.03),

Åduration of vasopressorsupport use   was shorter(874 min vs. 1160 min: P < 
0.0001) 

ÅOrgan procurement rate and post-transplant graft functionwere not improved.



ÅThe ACTH stimulation test was performed in the 80patients in 

Åthe steroid group and in 41 patients in the control group; 

Åit revealed adrenal insufficiency in 94/121 brain-dead patients (78%).

ÅPatient then received a 50-mg injection of hydrocortisone followed 

by a continuous infusion of 10 mg/h until the aortic clamping was 
performed in the operating room during organ retrieval.
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Intensive Care Med (2024) 50:964ς967

ÅHyperglycemia, common in DBD patients, is associated with poorer 

post-transplant graft function .

ÅHowever, large RCTs studying blood glucose management in DBD

patients are lacking. 



Ventilation and oxygenation

ÅThe goal of mechanical ventilation is to 

Å maintain tissue oxygenation

Å protect the lungs for transplantation.



ÅVenous thromboembolism and stress ulcer prophylaxisτDeceased 
organ donors are at high risk for venous thromboembolism.

ÅAs with critically ill patients, we generally use thromboprophylaxis
rather than mechanical methods and prefer low molecular weight 
heparin (eg, enoxaparin40 mg every 12 hours) for patients with 
normal kidney function.

ÅUnfractionated heparinis an alternative for those with kidney failure 
or in whom cost is an issue. 

ÅWe follow guidance for stress ulcer prophylaxis in critically ill 
patients.



ÅEmpiric antibioticsτEmpiric antibiotics may be administered based 
on the organ(s) being transplanted. 

ÅFor lung donors, who typically have lower respiratory tract 
colonization with nosocomial pathogens, the regimen is designed to 
cover methicillin-resistantS. aureus(MRSA) and gram-negative 
pathogens with adjustment, as needed, based on microbiology data



Hypothermia versus Normothermia

ÅMild therapeutic hypothermia versus maintenance of 
Normothermia.

ÅNormothermiamay be maintained passively with blankets or with 
active rewarming (eg, forced air blankets) if necessary.

ÅWith the loss of hypothalamic temperature regulation, the brain-
dead donor tends to be hypothermic.

ÅA target temperature range of 36.5 to 37.5°C is reasonable unless 
therapeutic hypothermia (34 to 35°C) is used to reduce delayed graft 
function of the kidneys.



ÅTherapeutic hypothermiaτMild donor therapeutic hypothermia is 
under investigation as a method to improve subsequent kidney 
allograft function, but the data are mixed.

ÅTraditionally, a normothermicbody temperature (36.5 to 37.5°C), 
which may require active warming, has been used for organ donors. A 
few studies have suggested benefit to kidney allograft function after 
mild donor hypothermia, but others have not .



Å(180 in the hypothermia group34 to 35°C 

Å190 in the normothermiagroup) 36.5 to 37.5°C

Å572 patients received a kidney transplant (285 kidneys from donors in the 
hypothermiagroup and 287 kidneys from donors in the normothermiagroup). 

ÅDelayed graft function developed in 

Å79 recipients of kidneys from donors in the hypothermia group (28%) 

Åand in 112 recipients of kidneys from donors in the normothermiagroup (39%) 

Å(odds ratio, 0.62; 95% confidence interval, 0.43 to 0.92; P = 0.02).





Å509 low-risk donors (age <60 years; mean kidney donor profile index of 29) 

ÅNo differencewas seen between the hypothermic and normothermicdonors 
(17 versus 18percent incidence of DGF, respectively).

ÅBased on these data, hypothermia is of uncertain efficacyat preventing DGF, 
particularly in low-risk donors.

ÅHypothermia may reduce DGF in high-risk donors; however, ex vivo pulsatile 
organ perfusion is likely a more effective intervention for this group.

Å JAMA Network Open. 2024;7(2):e2353785
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Am JTransplant. 2021;21:2653ς2661.
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ÅThe effects of each preservation solution on delayed graft function 
(DGF) and 1-year transplant failure were evaluated with hierarchical 
multivariable logistic regression models.





ÅThe DGF risk was significantly lower with IGL-1 than with all other 
solutions (odds ratio [OR] 0.55, 95% confidence interval[CI] 0.48-
0.64). 

ÅConversely, SCOT was associated with a DGF risk significantly higher

Åthan the other solutions (OR 2.69, 95% CI 2.21-3.27) and triple that of 
IGL-1 (OR 3.37, 95% CI 2.72-4.16).

ÅOne year after transplantation, the transplant failure rate did not

Ådiffer significantly by preservation solution. 



ÅThe study finally included 7640 transplanted kidneys: 

Å3473 (45.5%) preserved with Institut Georges Lopez-1 solution(IGL-
1), 

Å773 (10.1%) with University of Wisconsin solution,

Å731 (9.6%) with Solution de Conservation des Organes et Tissus 
(SCOT,organand tissue preservationsolution),

Å2215 (29.0%) with Celsior, 

Åand 448 (5.9%) with histidineςtryptophanςketoglutarate.
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MANAGEMENT DURING ORGAN PROCUREMENT

ÅPreparationτThe supportive measures(eg, monitoring, central venous 
access, arterial line, mechanical ventilation, vasopressors/inotropic agents) 
should be continued when the donor is brought to the operating room, or 
instituted as necessary in the operating room. Antibiotics that were 
initiated in the intensive care unit (ICU) should be continued as scheduled 
up until procurement. In anticipation of organ procurement, the following 
issues should be discussed between the surgical team and the clinicians 
who will be monitoring and supporting the donor during the procedure:

Å The amount of cross-matched blood that should be available

Å The required doses of heparin and glucocorticoids

Å For lung procurement, the need to change/upsize the existing 
endotracheal tube, typically to size 8.0 or 8.5 mm



ÅControl of spinal reflexesτThe brain-dead organ donor usually has a 
functioning spinal cord, and thus may exhibit unregulated sympathetic and 
motor spinal reflexes in response to stimulation.

Å Motor reflexesςNeuromuscular blocking agents (NMBAs)are typically 
administered to prevent uninhibited motor responses to surgery. NMBAs 
should be administered in doses that result in deep neuromuscular 
blockade (ie, zero twitches using a train of four peripheral nerve 
stimulation monitor). 

Å Sympathetic reflexesςReflex sympathetic responses (ie, hypertension 
and tachycardia) can be controlled with vasoactive drugs, or withinhaled 
anesthetics (eg, isoflurane, desflurane, sevoflurane) if available.



DONATION AFTER CIRCULATORY DEATH

Å. Donation after circulatory death (DCD, can be considered when 
organ donation is desired for a patient who does not meet neurologic 
criteria for brain death but has (no hope of viable recovery and the 
decision has been made to withdraw life-sustaining treatment. 



ÅThe longer the time between withdrawal of life support and declaration of 
death, the greater the warm ischemic injury to the organs to be procured.
ÅWarm ischemic time can be calculated from the time of onset of 

hypotension or hypoxemia until the time the organs have been cooled, 
although some centersadvocate calculating the time from when the 
support is withdrawn until the time the organs are cooled.

ÅIdeally, warm ischemic time should be no longer than 30 minutes for 
livers and 60 minutes for kidneys and lungs. 
ÅIf the patient does not expire after 60 minutes, the patient may be 

returned to the intensive care unit (ICU).
Å.



Role of normothermicregional perfusion (NRP) in DCD

ÅNormothermicregional perfusion involves perfusingorgans in situ using 
extracorporeal membrane oxygenation after circulatory death is declared in 
order to improve organ viability and transplant outcomes.

ÅOnce the donor is declared dead by circulatory criteria, cessation of circulation to 
the brain is ensured via clamping, ligation, or division of the cerebral vessels from 
the aortic arch. 

ÅSubsequently abdominal and/or thoracic organs are perfused using ECMO.

ÅNRP allows for assessment of organ viability prior to procurement and has 
potential to increase the number of transplantable organs.

ÅNRPhas been associated with improved graft function and reduced rates of 
delayed graft function for kidneys, livers, and pancreas.
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