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Introduction

AMortality on the waiting listfor transplantation remaingigh.

AOrgansfrom deceased potential donors are often refudsecause of
suboptimal quality.

AAdequate donor managemertb maximize the number of organthat
can be offered for donation is essential to expanding the dongtoi.

Intensive Care Me@019 45:343353
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Management of the brain-dead donor in the -
intensive care unit

Jan Gunst” @ and Michag J. Scuter’®

* Optimal donor management is essential in the intensive care unit
and the operating room to maximize the function of transplanted
organs.

* The quality of life and survival benefits are conveyed to the
recipients.

intensive Care Med {2024) 50:964-967
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GENERAL CONSIDERATIONS

AManagement of the potential organ donor primarily involves the use
of conventional therapeuticand supportive measureso reverseor
mitigate the physiologic changethat occurafter brain death,

Including potentially severautonomicandinflammatory responses.




Hemodynamic support and electrolyte
management

AHemodynamic instabilityis probablythe number one challenggeor
at least the most obvious one, in the management of the bolad
donor.

AA primary devastating injury to the brairand/or brain stem results in
a massive immediatactivation of the sympathetic nervous system

Intensive Care Me@019 45:343%353
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Cardiovascular management

AThecatecholamine$tormCaused by cerebral injury
leading to brainstem compression initially increases
In:

Aarterial blood pressure

A afterload,

A left atrial pressure

A pulmonary hydrostatic pressure
Apulmonary vasoconstriction

A endothelial damage

Amay lead to cardiac muscle damagé¢50%)

A Intensive Care Me@@19 45:343;353
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Overview of the sympathetic storm and theqprlammatory cascade caused by
devastating brain injury with brain stem ischemia
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AHypertensive autonomic storm

ABetaadrenergic antagonists such @smololmay ameliorate the
cardiovascular effects and preserve myocardial function.

A Transplantatior2006,8%8):p 1031-1036
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AAfter brainstem infarction loss of sympathetic tondrequently leads
to profoundvasoplegiaand hypotension which if left untreated, can
lead to

globalhypoperfusionof all solid organs.

ATherefore, theprimary goalof hemodynamic management is to
maintain

organ perfusionthrough judicious use ahtravenous fluidsand
Vasopressors.

AMean arterial pressure60-65 mmHg

A Intensive Care Me@019 45:343;353
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AAs with every hemodynamic problementification of the causeof
the instability (i.efluid depletion, reduced cardiac output
vasoplegia X)

IS crucial tadetermine the right therapy.
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AHemodynamic shock stateshould beevaluatedusing

A invasive arterial blood pressuremeasurements

A lactate levels

A (mixed) venous oxygen saturations

A echocardiographyto evaluate myocardial contractility
and exclude other cardiac pathology.
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Protocolized fluid therapy in brain-dead donors: The multi-
center randomized MOnIToR trial

Ali Al-Khafaji, MD, MPH'-2 Michele Elder, RN'2, Daniel J Lebovitz, MD3, Raghavan
Murugan, MD, MS'2 Michael Souter, MB,ChB,FRCA4, Susan Stuart, RN, MPM°, Abdus S.
Wahed, PhD®, Ben Keebler, EMT-P, CPTC’, Dorrie Dils, RN8, Stephanie Mitchell, RN°, Kurt
Shutterly®, Dawn Wilkerson, RN'! Rupert Pearse, MD1°, John A Kellum, MD'2, and on
behalf of the Monitoring Organ Donors to Improve Transplantation Results (MOnIToR)
Study Investigators’

1Center for Critical Care Nephrology, Department of Critical Medicine, University of Pittsburgh
School of Medicine, Pittsburgh, PA.
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5 If Donor has
P'(’:‘l’:gﬁ —| 250 - 500 mL Fluid Bolus [>| received 2 Liters
- of fluid and PPV
remains > 13% and
Clremains <2.2,
contact Medical

Advisor for further
MAP < 60 instructions.
P'a’:gg% 60 < MAP < 70 [— Observe (consider reducing vasopressors)
MAP =70 Reduce vasopressors
—-| MAP < 60 H Vasopressors I
0,
P <~ 60<MmAP<70 || Observe |
—-| MAP =70 |—'| Reduce vasopressors |
——| MAP < 60 H Vasopressors I
PPV <13%
Cl=22 [ 60<MAP<70 [— Observe |
—-| MAP =70 H Reduce vasopressors ]

Figure 1.
MOnIToR protocol-guided hemodynamic management

PPV: pulse-pressure variation; CI: cardiac index; MAP: mean arterial pressure.
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Number of organs transplanted by intervention arm

Number of Organs Transplanted | Intervention Total (508)
Protocolized Care N=249 | Usual Care N=259

0 20(8.03) 21(8.11) 41

1 28(11.24) 38(14.67) 66

2 28(11.24) 39(15.06) 67

3 65(26.1) 47(18.15) 112

4 38(15.26) 43(16.60) 81

5 28(11.24) 29(11.20) 57

6 24(9.64) 21(8.11) 45

7 15(6.02) 17(6.56) 32

8 3(1.20) 4(1.54) 7

Summary Difference

Mean (sd) 95% CI 3.39 14, 3.63) 3’29 (3.04,3.54) | 0.10(2.01) (—0.25, 0.45)

p-value from t-test (pooled) tsos = 0.58, p =0.56
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. Clinical TRANSPLANTATION

ORIGINAL ARTICLE

A stroke volume-based fluid resuscitation protocol
decreases vasopressor support and may increase organ
yield in brain-dead donors

Gary F. Marklin B2 William Dean Klinkenberg, Benjamin Helmers, Thomas Ahrens

AWe studied a stroke volumeased fluid resuscitation and vasopressor
weaning protocoprospectivelyon

A64 hypotensive donors
A30 hypotensive donors treated without protocol.

AStroke volumewas measure@very 30 minutesfor 4 hours by pulse
contour analysir esophageabDoppler.

A ClinTransplant2020Feb34(2):e13784
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ATheprotocol groupreceived1937+ 906 mL fluidcompared to
1323+ 919mL in the control grougP =.003).

AMean time on vasopressonwasdecreasedrom 957.6+ 586.2to
176.3x82.2minutes (P<.001).

AWhile more organswere transplantedber donor in the protocol
group(3.39x 1.52 than in thecontrol group ¢.93+1.44) (P=.268),
the differencedid not reach statistical significance
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ORIGINAL ARTICLE

Clinical outcomes of a prospective randomized
comparison of bioreactance monitoring versus pulse-
contour analysis in a stroke-volume based goal-
directed fluid resuscitation protocol in brain-dead
organ donors

Gary F. Marklin B4, Melissa Stephens, Elyssa Gansner, Gregory Ewald,
Williamm Dean Klinkenberg, Thomas Ahrens

ARandomized prospectiveomparative study of BR versus PCA
A84 donors(53.1%) were randomized tBR
A74donors to PCA46.8%).

AThere waso differencein theintravenousfluid infused over the 4-h
study period [BR271+823vs. PCR230+962mL;p=.77

AThere was no difference in the time teean off vasopressorfBR
108.8+61.8vs. PCA50.0£ 68 minp=.07

AThere was no difference in thietal number of organdransplanted per
donor [BR3.25+1.77vs. PCRA.22+1.75 p=.90

A ClinTransplant2023August37
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Volume Assessment

AThe optimal methods to assesavolemiaand exact targets have not
been determined.

ATraditional measures include achieving MAP andurine output
targets noted aboveCVP4to 10 mmHg or PAORS to 12 mmHg

A However, these measures can be misleading, so there is a growing
use ofnoninvasivedynamic measures such B®Vor SPV




Choices for fluid and electrolyte replacement

AGuidelines advocate use isbtonic crystalloids such asactated
Ringersolution, PlasmalLyteNormoso) or 0.9 percentsaline.

AThe presence of yperchloremicacidosis may prompt selection of
lactated Ringer solution or other bicarbonatentaining solutions.




Effects of Dopamine Donor Pretreatment on Graft
Survival after Kidney Transplantation: A
Randomized Trial

Peter Schnuelle, Withelrm H. Schmitt, Christel Weiss, Antje Habicht, L ut= Renders, Martin Zeier, Felix Drdschler,
Katharina Heller, Przemyslaw Pisarski, Bernhard Banas, Bernhard K. Kramer, Matthias Jung, Kai Lopau,
Christoph J. Olbricht, Horst Weihprecht, Peter Schenker, Johan W. De Fijter, Benito A. Yard, and Urs Benck
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Figure 2. | Kaplan-Meier estimates of kidney graft survival until 5 years after transplantation according to trial group assignment failed to
show a significant benefit of dopamine. (A) Overall graft survival. (B) Death-censored graft survival.
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Figure 4. | Kaplan-Meier estimates of kidney graftsurvival until 5 years after transplantation according to dopamine infusion time 27.1 hours
indicated a relevant benefit of dopamine. (A) Overall graft survival. (B) Death-censored graft survival.

4;;‘5’
GG

Il

g3l sShrendl

IRANIAN SOCETY OF NIPHROLOGY




J Trauma Acute Care Surg. 2020 June ; 883(6): 783—788. doi:10.1097/TA.0000000000002688.

Vasopressor Selection During Critical Care Management of Brain

Dead Organ Donors and the Effects on Kidney Graft Function
Elizabeth A. Swanson, PhD', Madhukar S. Patel, MD MBAZ, Tahnee Groat, MPH=3, Nora E.
Jameson, MS3, Margaret K. M. Ellis, MD>%4, Michael P. Hutchens, MD=, Claus U. Niemann,
MD?>, Darren J. Malinoski, MD3-¢, Mitchell B. Sally, MD=3:6

A Prospective observational data, 20122018

Analysis of2,985DBDs

0,0904kidney transplantrecipientsfrom nine OPTN regions.
Increased phenylephrine dosduring donor managemenis

independently associated with tH#SK Of DGFn kidney transplant
recipients.

None of the other vasopressors nootal combined vasopressor dose
were found to be independent predictors of recipient DGF.
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Effects of Terlipressin on Management
of Hypotensive Brain-Dead Patients
Who are Potential Organ Donors: A
Retrospective Study

Donghua Zheng'?, Genglong Liu?", Li Chen’, Wenfeng Xie !, Jiaqi Sun’, Siqi Wang' and
Qiang Tai'*

AA retrospective studywas conducted by using the ICU database of one

hospital.

A18patientsin atotal of 294 brain-dead cases were enrolled and
administeredterlipressinintravenously.

ARecruited brairdead patientsare hemodynamically unstable (MAP 65
mm Hg),and requirehigh-dose norepinephrine (8.5> &g/min)

with fluid resuscitationto maintain MAP a65D105mm Hg.

A Frontiers2021

The 12% National Congress of the Iranian Society of Nephrology (NIrSN)



ATerlipressinsignificantly increasethean arterial pressuréMAP) from 69.56+
10.68mm Hg (baseline) th01.82+ 19.2Amm Hg.

ASystolic blood pressuréSBP from 89.78+ 8.53mm Hg (baseline) to

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

Awhichresulted in thereduction of norepinephrine dosever timefrom 0.8 +
0.2>g/kg/min (baseline}o 0.09+ 0.02>g/kg/min (immediately before organ
procurement).
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FIGURE 1 | Norepinephrine and terlipressin requirement variations and mean arterial pressure trend after treatment with terlipressin.
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FIGURE 3 | Serum creatinine, urine output, creatinine clearance rate and estimated glomerular filtration rate after intravenous bolus dose of terlipressin.
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Reduced myocardial function

Alf the left ventricular ejection fractionis estimated atess than45%,
aninotropic agent such aslopamine dobutamine orepinephrine Is
used.

ATheresponse to treatment is assessed by serial echocardiography
or placement of gulmonary artery catheter.

AMost heart transplantcentersprefer thedonor to be on minimalor
NO vasopressors or inotropesguring thelast echocardiogranprior to
a heart offer.
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AOther frequent causes of hypotension in DBD patients include
Ahypovolemia (through

A diabetes insipidus

A mannitol-inducedosmotic diuresis

A trauma-inducedhamorrhage)

A any exposedschemic heart disease

A potentially, central hypothyroidism

A
A

adrenal insufficiency

Intensive Care Me@(@(24) 50:964;967
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Endocrine treatment

ADiabetes insipiduoccurs ird6¢86% of DBpatients,and manifests as
Rolyurla and progressive hypernatremia, which may contribute to
emodynamic instability

and (for hypernatremiak155mmol/L) to poor liver graft function.

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

A In case offasoplegia vasopressin is usually preferrethecause
desmopressin

only acts on the&enal \2 receptors.
A Intensive Care Me@@24) 50:964967




ACareful attention should be paid to maintaining normal electrolyte
levels.

A According to current guidelineserum sodiumshould be maintained
below 155mEq dLandpotassiumbetween4 and5 mEq dL
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Diabetes insipidus Management

ADesmopressiiis ananalogof vasopressitwith a greater antidiuretic
effect and substantially less vasopressor effect.

A This agent is used for patients with who are not hypotensive
A Initial dose ofl to 4 microgramsis given intravenously.

Ato achieve aurine volume < mL/kg/hour.
A A typical dose i% to 2 micrograms intravenously every six hours

The 12”‘ Natnonal Congress of the Iranian Socnety of Nephrology (NlrSN)



DI and Hypotension

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

AA typical dosing regimen is an initial bolus infusiot ohit, followed
by a continuous Iinfusion @f.01to 0.1 units/minute (typical doses
are0.01to 0.04units/minute.

ADoses 8.04 units/minute have been associated withdverse
cardiac effects.

(1Y ISN
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The Southwestern Surgical Congress

Arginine vasopressin significantly
increases the rate of successful
organ procurement in potential
donors

David S. Plurad M.D. & &, Scott Bricker M.D., Angela Neville M.D.,
Frederic Bongard M.D., Brant Putnam M.D.

A A total of 10,431 donors were included.
A AVP was infused in 7,873 (75.5%)

AlIncreased rate of h)iC();h-yieId procurement

(50.5% vs 35.6%, P< .001).

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

> J Surg Res. 2014 Jan;186(1):452-7. doi: 10.1016/}js5.2013.09.028. Epub 2013 Oct 7.

The effect of arginine vasopressin on organ donor
procurement and lung function

Devon S Callahan , Angela Neville, Scott Bricker, Dennis Kim, Brant Putnam, Frederic Bongard,
David S Plurad

AThere were 12,322 donors
Included, of which 7686 received
AVP (62.4%).

AThere was a significant increase
In high yield (O4 organs) (51.0%
versus 39.3%, <0.001).

ARate of successful lung recovery

(26.3% versu20.5%, €.00]) with
AVP.



RED Cell Transfusion

A

ntraoperative red cell transfusions often necessary in patients with
orior 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.

AGuidelines suggesttarget hemoglobinlevel > g/dL

The 12t National Congress of the Iranian Society of Nephrology (NIrSh



> Clin Transplant. 2022 Sep;36(9):e14764. doi: 10.1111/ctr.14764. Epub 2022 Jul 14.

The benefits of initiating continuous renal
replacement therapy after brain death in organ
donors with oligoanuric acute kidney injury

Gary F Marklin T Laura Ewald 7, W Dean Klinkenberg T Christina M Joy 2 Steven J Bander 3,

Marcos Rothstein 2

N —
) ¢)
\ ' !muwSo.uso:ln . iH
< el / The ~" National Congress of tr anian Sof y of Nephrology (NIrSN) 7 obdslslastbienl

IRANIAN SOCETY OF NIPHROLOGY

U5 )5 bulydis jo dulS lol s jglgpai ale ozl s pulpw Lo uamojlgs




cohort groups: Historical oliguric cohort and CRRT group

Historical CRRT
oliguric cohort? group® Statistical
(% or SD) (% or SD) test
Number of donors (n = 14) (n=27)
Total organs 1.4 (.6) 2 9 P<.01
transplanted/
donor (mean)
Total kidneys 2 (.6) 0.7 P=.10
transplanted/ |
donor(mean)
Liver transplanted 12 (85.7%) 20(74.1%) P=.69
Lungs 3(21.4%) 3 8.1%) P=.18
transplanted®© 1
Heart transplanted 2(14.3%) 12 (44.4%) P = .08
Total thoracic 6(.9) 1.4 2 P=.02

organs trans-
planted/donor
(mean)d

TABLE 3B Number of organs transplanted from the CRRT and
cohort groups: Contemporaneous nonoliguric cohort and CRRT group



the NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 30, 2023 VOL. 380 NO. 22

Intravenous Levothyroxine for Unstable Brain-Dead
Heart Donors

Rajat Dhar, M.D., Gary F. Marklin, M.D., W. Dean Klinkenberg, Ph.D., Jinli Wang, M.S., Charles W. Goss, Ph.D.,
Abhijit V. Lele, M.D., M.S.C.R., Clark D. Kensinger, M.D., Paul A. Lange, M.D., and Daniel J. Lebovitz, M.D.

ARCT &38were included in the primary analysis:

A 419in the levothyroxine group30> Per hour for a minimum of2 hours
A 419in the saline group

A Hearts were transplanted from

A 230donors 64.9%) in the levothyroxine group

At2213 53.2% |n the saline groupadjusted risk ratiol.01; 95% confidence interval [C1},97
0

A Graft survival at30days occurred ir224hearts @7.4%)transplanted from donors assigned
to receive levothyroxine

A 213hearts 05.3%) transplanted from donors assigned to receive saline
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AAlthough braindead patientausually develop low triiodothyronine
levels this reflects increased conversion of thyroxin in to reveZe T

, typical ofeuthyroid sick syndrome

ANeverthelesssome DBD patients may develop central
hypothyroidism, whichcouldinduce cardiac dysfunction

A Intensive Care Me@@24) 50:964967
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Subgroup Analysis of Hearts transplanted(Primary Outcome)

Normal
Subgroup Levothyroxine Saline Adjusted Risk Ratio (95% ClI)
no. of events/no. of donors (%)
Overall 230/419 (55) 223/419 (53) P 1.01 (0.97-1.07)
LVEF from first echocardiogram :
Abnormal: <50% 20/59 (34) 28/73 (38) 0: 0.99 (0.75-1.31)
Normal: >50% 197/291 (68)  180/263 (68) —e— 0.95 (0.88-1.04)
Time from brain death to trial infusion E
<12 hr 178/315 (57)  163/304 (54) —o—i 1.02 (0.95-1.10)
>12 hr 47/96 (49)  46/30 (58) -~ 0.85 (0.71-1.01)
0.50 075 100 125 150
. =
Normal Saline Better Levothyroxine Better
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KaplagMeier Estimates of the Proportion of Donors Continuing to
Receive Vasopressors

1.00
0.75

0.50

0.25- Levothyroxine
group I—

Proportion Continuing to Receive
Vasopressors

0'00 1 1 1 1 1
0 25 50 75 100 125
Hours since Infusion Initiated
No. at Risk
Saline group 385 141 59 16 6 1
Levothyroxine group 404 142 59 18 6 0

Figure 2. Kaplan—Meier Estimates of the Proportion of Donors Continuing
to Receive Vasopressors.

Shown are survival curves in the intention-to-treat population for the time
from initiation of levothyroxine or saline infusion until weaning from vaso-
pressors and inotropes (excluding vasopressin at a dose of <1 unit per hour)
in the two trial groups. The shaded bands represent 9526 confidence inter-
vals. The proportional-hazards assumption was satisfied.
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AHence routine supplementationis not indicated although itcould

be considered in selected DBD patients with severe cardiac
depression.

T4 2Qu IV+10u/h
13 41 IV+3u/h

Intensive Care Me@@24) 50:964,967
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ACentral adrenal insufficiencynay develop after brain death,
manifestingas vasodilatation and hypovolemia

AHowever, many DBD patients do not develop low corlissels.

ARoutine hydrocortisone treatment is consequently not indicated, but
may be considered in patients witlseverevasoplegia

A Intensive Care Me@@24) 50:964967
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Comparison of high- and low-dose corticosteroid
regimens for organ donor management
Rajat Dhar ', Colleen Cotton, Jason Coleman, Diane Brockmeier, Dean Kappel, Gary Marklin,

Robert Wright

Affiliations + expand
PMID: 22762934 DOI: 10.1016/j.jcrc.2012.04.015

A132consecutive brairdead donorsmanaged before and after changing tsteroid
protocol from 15 mg/kg methylprednisolone(HD) to300mg hydrocortisong(LD).

AFinalPad remained higher 894mm Hg LD v833mm Hg HD, P&3); but
Improvement in oxygenation was comparab(g37 mm Hg LD vs28 mm Hg HD,

P=43), as; was the proportion able to come gfisopressor suppo(B9% LD vd7%
HD, P=38).

A Similarproportions of lungs 44% vs33%) and hearts31% vs27%) were
transplantedin both groups.
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Pinsard et al. Critical Care 2014, 18:R158
http://ccforum.com/content/18/4/R158
@ CRITICAL CARE
RESEARCH Open Access

Interest of low-dose hydrocortisone therapy
during brain-dead organ donor resuscitation:
the CORTICOME study

Michel Pinsard’, Stéphanie Ragot?, Paul Michel Mertes®, Jean Paul Bleichner®, Samira Zitouni®, Fabrice Cook®,
Marc Pierrot’, Laurent Dube®, Edgard Menguy?, Laurent Martin Lefévre'®, Laurence Escaravage'’,
Pierre-Francois Dequin'?, Philippe Vignon'® and Nicolas Pichon'"

Aln thisprospectivemulticenter cluster study
A259subjects were included.
A Administration oflow-dose steroidscomposed the steroid groupn(=102).

AMeandose of vasopressaadministered after brain death wasil_?nificantl lower
than in the control group(18+0.92mg/H vs1.49+1.29mg/H: P $.03),

A g%agi]())n of vasopressosupport use washorter(874min vs.1160min: P <

AOrgan procurement rateind post-transplant graft functionwere not improved
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ATheACTH stimulation tesivas performed in th&0 patients in
Athe steroid groupand in41 patients in the controlgroup;
Ait revealedadrenal insufficiencyin 94/ 121 brain-dead patientg78%).

APatient then received 80-mg injection of hydrocortisondollowed

by a continuous infusion df0 mg/h until the aortic clamping was
performed in the operating room during organ retrieval.
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0.8 1 —— Control Group
~  Steroid Group

ma P<0.0001 _r

Prohability of Norepinephrin weaning

0 5 10 1% 20 25 30
Time (hours)

N° at risk
Control Group 103 98 91 7 44 27 13
Steroid Group 7 M 56 33 22 S 3

Figure 2 Kaplan-Meier curves for the probability of continuation

of norepinephrine.
N
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Table 4 Organs recovered/organs recoverable (%)

Organs All patients Control group Steroid group P-value
(n=208) (n=128) (n=80)
Kidney 394/403 (97.7) 243/248 (98) 151/155 (97 4) 0.65
Liver 162/172 (94.2) 99/105 (94.3) 63/67 (94) 0.6
Heart 66/80 (82.5) 47/56 (83.9) 19/24 (79.1) 0.74
Lung 71/93 (73.9) 44/62 (70.9) 27/34 (794) 0.36
Pancreas 21/47 (44.6) 16/39 (41) 5/8 (62.5) 043
Total 714/798 (89.5) 449/510 (88) 265/288 (92) 0.07
Organs/donors, n (SD) 343 (137) 3.51 (139 3.31 1.36) 0.23

Results presented as number/total number (%) unless stated otherwise.

‘T'\ ISN

ITERNATIONAL
P REPRRO 0

U5 )5 bulydis jo dulS lol s jglgpai ale ozl s pulpw Lo uamojlgs

@

mwu mmo-uu m'



AHyperglycemiacommon in DBD patientss associated with poorer
post-transplant graft function.

A However, large RCTs studying blood glucose management in DBD
patients are lacking.

Intensive Care Me@(@24) 50:964;967



Ventilation and oxygenation

AThe goal of mechanical ventilation is to
A maintain tissue oxygenation
A protect the lungs for transplantation

)
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AVenous thromboembolism and stress ulcer prophylaxisDeceased
organ donors are at high risk for venous thromboembolism.

A As with critically ill patients, we generally useomboprophylaxis
rather than mechanical methods and prefeww molecular weight
heparin €g, enoxaparird0 mg everyl2 hours) for patients with
normal kidney function

A Unfractionated heparirs an alternative for those with kidney failure
or in whom cost Is an issue.

AWe follow guidance fostress ulcer prophylaxis critically il
patients.

The 12 National Congress of the Iranian Society of Nephrology (NIrSN) h aldedslaient



AEmpiric antibioticst Empiric antibiotics may be administered based
on the organ(s) being transplanted.

AFor lung donors, who typically have lower respiratory tract
colonization with nosocomial pathogens, the regimen is designed to
cover methicillinresistantS. aureu$MRSA) and gramegative
pathogens with adjustment, as needed, based on microbiology data

ozl S pulpw jlisoiw Gramojlgo
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Hypothermia versusormothermia

AMild therapeutic hypothermiaversusmaintenance of
Normothermia

ANormothermiamay be maintainegbassively with blanketsr with
active rewarming(eg, forced air blankets) if necessary.

A With theloss of hypothalamic temperature regulatigrthe brain
dead donor tends to be hypothermic.

AA target temperature range &6.5to 37.5°Cis reasonablainless
therapeutic hypothermig34to 35°C) is used to reduce delayed graft
function ofthe kidneys.
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ATherapeutic hypothermia Mild donor therapeutic hypothermia is
under investigation as a method to improve subsequadney
allograft function, but the data are mixed.

ATraditionallya normothermic body temperature 86.5to 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 .

e
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JULY 30, 2015

Therapeutic Hypothermia in Deceased Organ Donors
and Kidney-Graft Function

A (1suin tne nypomermiagroup 5410 s5°C
A 190in the normothermiagroup) 36.5to 37.5°C

A 572patients received a kidney transpla85 kidneysfrom donors in the
hypothermiagroup and287 kidneysfrom donors in thenormothermiagroup).

ADelayed graft functiordeveloped in

A79recipients of kidneys from donors in thgpothermia group 28%)

Aand in112recipients of kidneys from donors in tl@rmothermia group (9%
A (odds ratio,0.62 95% confidence mteran 43t0 0.92 P =0.02).
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Subgroup Hypothermia Normothermia Odds Ratio for Delayed Graft Function (95% Cl)
no. of events/total no. (%)

Donor criteria

Expanded-criteria 22/71 (31) 39/69 (56) ¢
donation

Standard-criteria 57/209 (27) 73217 (34) ¢
donation

Donation procedure

Dual-kidney donation 0/5 5/6 (83) SR eSS
Single-kidney donation ~ 79/275 (29)  107/280 (38) ’
Overall 79/280 (28)  112/286 (39) ’
[ T T T T T 1
0.25 0.50 0. ?5 1.00 1.50 2.00 3.00 4.00
Hypothermia Better Normothermia Better

Figure 2. Odds Ratio for the Development of Delayed Graft Function.

Delayed graft function was defined as the requirement for dialysis in the recipient within 7 days after renal trans-
plantation. Dual-kidney recipients received two kidneys from the same donor. In the dual-kidney subgroup, odds ra-
tios could not be estimated because there were no instances of delayed graft function in the hypothermia group.
Horizontal bars represent the 95% confidence intervals for the odds ratio. The size of the diamonds is proportional
to the number of patients in the subgroup.
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Original Investigation | Nephrology

Therapeutic Hypothermia in Low-Risk Nonpumped Brain-Dead Kidney Donors
A Randomized Clinical Trial

Madhukar S. Patel, MD, MBA, ScM; Juan D. Salcedo-Betancourt, MD; Christina Saunders, PhD; Kristine Broglio, MS; Darren Malinoski, MD; Claus U. Niemann, MD

A509low-risk donors (age 80years; mean kidney donor profile index @o)

ANo differencewas seen between th%/ othermic andnormothermicdonors
(17 versusl8percentincidence of DGHespectively).

ABased on these dathydpothermia IS of uncertain efficacgt preventing DGF,
particularly inlow-risk donors.

A Hypothermiamay reduce DGF in higtisk donors however,ex vivo pulsatile
organ perfusion is likely a more effective interventidor this group.

A JAMA Network Ope20247(2).e2353785
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Table 3. Results of the Primary Analysis of DGF?

Variable AOR for DGF (95% CI) P value
Hypothermia vs normothermia (.92 (0.64-1.33) .66
Enrollment creatinine, mg/dL 1.69(1.19-2.4) .004
Donor age, y 1.03(1.02-1.05) <.001
Donor type: ECD vs SCD 0.11(0.03-0.45) .002
Kidney cold ischemia time, h 1.03(1.01-1.06) .003
OPO 2 vs 34 2.59(1.68-3.99) <.001
OPO 29 vs 34 0.64 (0.33-1.26) .20
OPO 40 vs 34 0.79(0.41-1.49) 46

Abbreviations: AOR, adjusted odds ratio; DGF, delayed graft function; ECD,
Extended Criteria Donor; OPO, Organ Procurement Organization; SCD, Standard
Criteria Donor.
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MINIREVIEW AJT

“Time is tissue"—A minireview on the importance of donor
nephrectomy, donor hepatectomy, and implantation times in
kidney and liver transplantation

Line Heylen?® | Jacques Pirenne®>*® | Maarten Naesens'”>® | Ben Sprangers®°® |

Ina Jochmans>*®
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DONOR CENTER

<+—  RECIPIENT CENTER —

preservation* recipient BT implantation

organ recovery donor BT

organ recovery donor BT

preservation*

recipient BT implantation
recovery back-table back-table implantation
ischemia ischemia ischemia ischemia
aortic transfer to prepared for start preparation start reperfusion
clamping back-table preservation for implantation implantation®
& cold flush

* preservation by static cold storage or any form of organ perfusion

° grafts might be repackaged or reconnected to the perfusion device, marking the end of recipient back-table (BT) time
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S FIGURE 2 Temperature changes of
—— the kidney graft from graft procurement
' e to implantation. Temperature estimates
are based on studies that measured
c}'béi S kidney graft temperature during the
& donor procedure, cold preservation, and
© & . D745
transplantation®”
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TABLE 1 Overview of studies investigating the independent effect of donor nephrectomy time on short- and long-term outcomes after
kidney transplantation, organized by donor type and publication date

Author and study details

Deceased donor kidneys

Osband et al.??
Single center,n = 576
(520 DBD, 56 DCD)

Heylen et al.’
Registry, n = 13,914
(12,855 DBD, 1059 DCD)

Donor nephrectomy time

Independent effect short-term

Ler

» For times>60 min; per 5-min increase
< PNF:aOR: 1.19 (95% Cl 0.96-1.49)
>¢C DGF: aOR: 1.19 (95% Cl 1.02-1.39)

51
DB : :
DCD: 57 (43-78)

AmJTransplant2021,21:2653,2661

Independent effect long-term
outcome

For times>60 min; per 5-min
increase

Death-censored graft failure:

aHR: 0.66 (95% Cl 0.32-1.38)

Graft failure, per 10-min
increase:

in DBD: aHR: 1.01 (95% ClI
0.98-1.04)

in DCD: aHR: 1.05 (95% ClI
1.01-1.09)




TABLE 2 Overview of studies investigating the independent effect of implantation time on short- and long-term outcomes after kidney
transplantation, organized by donor type and publication date

Kidney implantation time

Independent effect short-term
Author and study details Length (min) outcome Independent effect long-term outcome

Deceased donor kidneys

m:ﬁfeﬂf;ra:j 207 (DBD) EIZFF Versus EGF, per 1-min increase
W PNFMVRC 0058 (o0t | COFRLVMVRC-009
Single center, n = 298 eGFR 2y: MVRC -0.11
per 1-min increase eGFR 3y: MVRC -0.09
Heylen et al.*® 34 DGF: aOR 1.04 (95% Cl Interstitial fibrosis 1y: aOR 1.05 (1.02-1.08)
single center.n = 697 (DB0) 1.02-1.06) Interstitial fibrosis 2y: aOR 1.06 (1.02-1.12)
per 1-min increase Versus reference category (10 to <20 min)
Tennankore et al.16 35 DGF: aOR 1.05 (95% ClI Death-censored graft failure, DBD and DCD:
Registry, n = 131,677 [ 1.02-1.07) 30 to <40 min: aHR: 1.23 (95% C| 1.08-1.39)
(71,891 DBD, 9199 DCD, eGFR (90 days): MVRC -0.11 40 to <50 min: aHR: 1.23 (95% Cl 1.08-1.39)

50, 387 living donors) 50 to <60 min: aHR: 1.28 (95% Cl 1.12-1.46)

>60 min: aHR:1.34 (95% Cl 1.18-1.52)
Death-censored graft failure, DCD only:
50 to <60 min: aHR: 1.49 (95% Cl 1.07-2.08)

Heylen et al.'’ 36 (29-45) - >60 min: aHR: 1.40 (95% Cl 1.01-1.93)
Registry, n = 13,964 . .
(12,806 DBD, 1158 DCD) per 10-min increase
Death-censored graft failure aHR1.10 5% ci
1.06-1.14)

Patient death: aHR1.00 Cl1 0.97-1.02)
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ORIGINAL ARTICLE A-]T

Effect of preservation solutions for static cold storage on
kidney transplantation outcomes: A National Registry Study

Camille Legeai’” | Louise Durand | Emilie Savoye ™ | Marie-Alice Macher |
Olivier Bastien

AThe effects of each preservation solution on delayed graft function
(DGF) and-year transplant failure were evaluated witinerarchical
multivariable logistic regression models.
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Euro-

uw CE HTK IGL-1 Collins
Osmolarity (mOsm/L) 320 320 310 320 375
pH 7.4 7.3 F . 7.4 7s1
Viscosity (cp) 5.70 1.15 1.8 1.28 N/A
) Na+ (mmol/L) 25-30 100 15 120 10 (
K+ (mmol/L) 125-130 15 10 30 115
Mg2+ (mmol/L) 5 13 4 5 -
Caz* (mmol/L) - 0.25 0.015 - ~
Cl- (mmol/L) - 41.5 50 20 15
PO;- (mmol/L) 25 - - 25 47.5
SO, (mmol/L) 5 - - 5 30

Composition of cold storage solutions for organ preservation.
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ATheDGF risk was significantly lower with 1@lthan with all other
solutions (odds ratio [OR).55, 95% confidence interval[CD.48
0.64).

AConverselySCOT was associated with a DGF risk significantly higher

Athan the other solutions (OR 69 95% CP.21-3.27) andtriple that of
IGL:1 (OR3.37,95% CPR.724.16).

AOne year after transplantationthe transplant failure rate did not
Adiffer significantlyby preservatlon solution.

ﬂ *ISN
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AThe study finally included@640transplanted kidneys:

A3473(45.5%) preserved wittnstitut Georges Lopet solution(IGl-
1),

A773(10.1%) withUniversity of Wisconsirsolution,

A 731(9.6%) with Solutiorde Conservation des Organes et Tissus
(SCOTprganand tissuepreservationsolution),

A2215(29.0%) withCelsior
Aand 448 (5.9%) W|thhlstldmectryptophancketoglutarate
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TABLE 2.

Characteristics and compositions of current and future solutions for static and hypothermic perfusion preservation of abdominal organs

uw scs?® HTK® Celsior*® IGL-1% uw mMps2* Vasosol® Polysol® HTK-N 16L-2% LS-A §
pH 7.4 7.02-7.2 7.3 7.4 74 7.4 7.0 74 6.75 ':":"—,
Osmolarity, mOsm/L 320 310 320-360 320 300 300 320 305 360 340 2
Viscosity, cP? 5.70 1.8 1.15 1.28 2.40 1.8 1.7 1.1 5
Colloids .
HES, g/L 50 - - - 50 50 - - - - |
PEG, g/L - - - 0.03 - - 10 - 5 20 g
Impermeants 3
Gluconate, mmol/L - - - - 90 90 10 - - - 3
Glucose, mmol/L - - - - 10 10 16 - - - .
Lactobionate, mmol/L 100 - 80 100 - - - - 100 50 g
Mannitol, mmol/L - 30 60 - - 30 - - 60 - §
Raffinose, mmol/L 30 - - 30 30 - - - - - 2
Sucrose, mmol/L - - - - - - - 33 - 100 :
Buffers Phosphate Histidine Bicarbonate Phos- HEPES HEPES Bicarbonate Histidine HEPES Bicarbonate =
Sulfate Histidine phate Phosphate Phosphate HEPES N-acetylhisti- Histidine Phosphate g
Phosphate dine Phosphate =
Sulfate Sulfate
Electrolytes
Calcium, mmol/L - 0.015 0.25 - 0.5 0.5 2 0.02 - -
Chloride, mmol/L - 50 415 20 1 1 109 30.04 - -
Magnesium, mmol/L 5 4 13 5 5 5 14 8 5 -
Potassium, mmol/L 120 10 15 30 25 28 5 10 25 5
Sodium, mmol/L 25 15 100 120 100 110 135 16 125 45
Zinc, mmol/L - - - - - - - - 0.091 -
Metabolic precursors Adenosine a-ketoglutarate - Adenosine  Adenine Adenine Adenine Alanine Adenosine -
Adenosine L-arginine Adenosine Arginine Sodium
Ribose a-ketoglutarate ~ Amino acids Aspartate nitrite
Ribose Pyruvate Glycine
Vitamins o-ketoglutarate
Antioxidants and free-radical Allopurinol Tryptophan Glutamic acid ~ Allopurinel  Allopurinol NAC Allopurinol Deferoxamine Glutathione Allopurinol
scavengers Glutathione Glu- Glutathione Glutathione LK-614 Glutamic acid
tathione Glutathione g
Glutathione Tryptophan Salicylic acid =
Other additives Dexamethasone - - - - NTG Phenol red - - Diltiazem g
Insulin PGE, &l
Penicillin G g'
3 3R
UW, University of Wisconsin. 3 ” ’ 1

Aiscosity at 4 to 5 °C.
? \ HES, hydroxyethyl starch; HTK, histidine-trytophan-ketoglutarate; 1GL, Institut Georges Lopez; LS-A, Leeds Solution for Abdomen; MPS, machine perfusion solution; NAC, N-acetylcysteine; NTG, nitroglycerin; PEG, polyethylene glycol; PGE,, prostaglandin E,; SCS, static cold storage;
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Abdominal Organ Preservation Solutions in the
Age of Machine Perfusion

Pedro Ramos, MD, Paul Wllllams MD,? Javier Salinas, MD, PhD,"® Jordi Vengohechea, BS,**
J. Peter A. Lodge, MD, PhD,? Constantino Fondevila, MD, PhD, 35 and Amelia J. Hessheimer, MD, PhD'35

328 Transplantation m February 2023 m Volume 107 m Number 2 www.transplantjournal.com

A- PROTECTION PROTECTION
AGAINST EDEMA AGAINST IRI

(A) IMPERMEANTS

. Stabilize pH
(D) ANTIOXIDANTS & FRS

Prevent cell swelling -

COLLOIDS

Inhibit production and
promote clearance of free

radicals
METABOLIC
PRECURSORS

Impart osmotic pressure to
protect intersitium and
minimize edema
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TABLE 1.

Key components of modern static preservation solutions

Component Role

Common examples

Impermeants Anions that remain extracellular and help maintain transmembrane
osmotic balance and avoid cellular edema

Colloids High-weight molecules that largely remain intravascular and impart
colloid osmotic pressure to help avoid progressive edema developing
during prolonged static cold preservation and counterbalance
hydrostatic pressure during perfusion preservation

Monosaccharides (eg, glucose, mannitol)

Disaccharides (eg, sucrose)

Trisaccharides (eg, raffinose)

Nonsaccharides (eg, gluconate, citrate,
and lactobionate)

Hydroxyethyl starch

Polyethylene glycol (20—35kDa)

Buffers Prevent progressive acidosis and subsequent activation of Bicarbonate
phospholipases and proteases, lysosomal damage, HEPES
and cellular death Histidine
Phosphate
Sulfate
Antioxidants and free- Inhibit production and aid removal of reactive oxygen species Allopurinol
radical scavengers arising before and during graft reperfusion Glutathione
Metabolic precursors Support energy production occurring during and immediately Adenine
following the preservation period Adenosine
Amino acids
Keto acids
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A Survey of United States Transplant Center Donation After Circulatory
Death Kidney Transplant Practices in the Modern Era

Karima Alghannam?, Brian Howard®, Jennifer Loza®, Naeem Goussous?, Junichiro Sageshima?,
Neal M. Mineyev®, Aileen Wang®, Richard V. Perez?, and Peter A. Than“*

(C) Routine Pumping of DCD Kidneys

No, 7 (15%)

Yes, 41
(85%)

(D) Likelihood to Decline DCD Kidney if Pump
Not Available

Unlikely, 14

(29%)
Likely, 24
(50%)
Neither
likely nor
unlikely, 10
(21%)
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MANAGEMENJURING ORGAN PROCUREMENT

APreparationt Thesupportive measuregeg, 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:

A Theamount of crossmatched bloodthat should be available
A Therequired doses of heparin and glucocorticoids

A For lung procurement, the need thange/upsize the existing
endotracheal tube, typically to siz8.0or 8.5mm
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AControl of spinal reflexes The braindead organ donor usually has a
functioning spinal cord, and thus may exhibit unregulated sympathetic and
motor spinal reflexes in response to stimulation.

A Motor reflexesc Neuromuscular blocking agents (NMB/Aake typically
administered toprevent uninhibited motor responses to surgerlNMBASs
should be administered in doses thafsult in deep neuromuscular
blockade(ie, zero twitches using a train of four peripheral nerve
stimulation monitor).

A Sympathetic reflexeg Reflex sympathetic responsés, (hypertension
and tachycardia) can be controlled with vasoactive drugs, or withled
anesthetics €g, isoflurane desflurane sevoflurang if available
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DONATION AFTER CIRCULATORY DEATH

A. Donation after circulatory death (DCD, can be considered when
organ donation is desired for a patient wdoes not meeteurologic
criteria forbrain deathbut has (o hope of viable recoverand the
decision has been made withdraw life-sustaining treatment
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AThe Ion%er the time between withdrawal of life support and declaration of
death, the greater the warm ischemic injury to the organs to be procured.

A Warm ischemic timecan be calculated from the time of onset of
h?/ﬁotensmn or hyPoxemla until the time the organs have been cooled,
although somesentersadvocate calculating the time from when the
support is withdrawn until the time the organs are cooled.

A Ideally,warm ischemic time should be no longer th&® minutes for
livers and 60 minutes for kidneys and lungs

Alf the patient does not expire aftéd0 minutes, the patient may be
returned to the intensive care unit (ICU).
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Role ohormothermicregional perfusion (NRP) in DCD

A Normothermicregional perfusion involveserfusingorgans in situ using
extracorporeal membrane oxygenation after circulatory dth is declared In
order to improve organ viability and transplant outcomes.

A Once the donor is declared dead by ci.rculatoay criteria, cessation of circulation to
%He braltn IS errllsured via clamping, ligation, or division of the cerebral vessels from
e aortic arch.

A Subsequenthabdominal and/or thoracic organare perfused usingCMO

A NRP allows faassessment of organ viabilitgrior to procurement and has
potential to increase the number of transplantable organs.

A NRPhas been associated witmproved graft functionandreduced rates of
delayed graft function for kidneys, livers, and pancreas
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aNRP circuit

aortic
balloon

ADVANTAGES

Unhurried procedure

Preconditioning/
reconditioning

Viability testing

Figure 1. NRP circuit and advantages. The abdominal NRP circuit relies on extracorporeal membrane oxygenation tech-
nology and includes a pump, an oxygenator, and a heater. The blood is pumped through arterial and venous cannulae in
the femoral vessels. Supraceliac aortic balloon occlusion prevents cerebral reperfusion. aNRP: abdominal normother-
mic regional perfusion.
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