
ORGANS FROM DCD (M1 & M2)ORGANS FROM DCD (M1 & M2)ORGANS FROM  DCD (M1 & M2) ORGANS FROM  DCD (M1 & M2) 
REANIMATEDREANIMATED
WITH HPP + OWITH HPP + O22

AND TESTED BY AND TESTED BY 
MAGNETIC RESONANCE IMAGING MAGNETIC RESONANCE IMAGING 



The necessity of a specific treatment for kidneys The necessity of a specific treatment for kidneys 
from DCD ?  from DCD ?  YES : THE PERFUSION! YES : THE PERFUSION! As demonstrated :As demonstrated :

Phase I    : NHBD Maastricht IIIPhase I    : NHBD Maastricht III
(immediate cannulation after cardiac arrest)(immediate cannulation after cardiac arrest)(immediate cannulation after cardiac arrest)(immediate cannulation after cardiac arrest)

Phase II   : NHBD Maastricht II Phase II   : NHBD Maastricht II (without perfusion)(without perfusion)
(DBTL ; 30’ absence of circulation ≠ WI)   (DBTL ; 30’ absence of circulation ≠ WI)   

Phase III : NHBD Maastricht IIPhase III : NHBD Maastricht II (with perfusion )(with perfusion )Phase III  : NHBD Maastricht II Phase III  : NHBD Maastricht II (with perfusion )(with perfusion )
(DBTL ; 30’ absence of circulation  ≠ WI )(DBTL ; 30’ absence of circulation  ≠ WI )



Wh d d h kWh d d h kWhat we can do and what we know What we can do and what we know 
in the reanimation ofin the reanimation ofin the reanimation ofin the reanimation of

those  organs ?those  organs ?

11 W d h i i iW d h i i i1.1.We conduce their reanimation We conduce their reanimation 
with HPP + Owith HPP + O22 which is necessary which is necessary 
f i lf i lfor marginal organs.for marginal organs.

22 W t l it th h M tiW t l it th h M ti2.2.We control  it   through Magnetic We control  it   through Magnetic 
Resonance Diagnosis. Resonance Diagnosis. 



FOR MARGINAL ORGANS EVALUATION : THE  ONLY WAY IS PERFUSIONFOR MARGINAL ORGANS EVALUATION : THE  ONLY WAY IS PERFUSION

The Geneva’s  technique  The Geneva’s  technique  of perfusion  for marginal of perfusion  for marginal 
organs follows an International consensus.organs follows an International consensus.

Hypothermic perfusion  ( 2Hypothermic perfusion  ( 2°° –– 4 4 °° C )C )
P l il f i ( S P 50 H / Di PP l il f i ( S P 50 H / Di PPulsatile perfusion ( max. Syst. P. < 50  mmHg/ Dia. P. Pulsatile perfusion ( max. Syst. P. < 50  mmHg/ Dia. P. 
15 mm Hg )15 mm Hg )
Optimization of flow ( 0 5 ml/g/min)Optimization of flow ( 0 5 ml/g/min) (lower is probably(lower is probablyOptimization of flow ( 0.5 ml/g/min) Optimization of flow ( 0.5 ml/g/min) (lower is probably (lower is probably 
enough)enough)
pO2 : 500 mmHg :pO2 : 500 mmHg : ≥100 kPa (lower in study)≥100 kPa (lower in study)pO2 : 500 mmHg : pO2 : 500 mmHg : ≥100 kPa (lower in study)≥100 kPa (lower in study)
Duration of perfusion :  8 H.    Duration of perfusion :  8 H.    
Perfusion medium : UWPerfusion medium : UW MPMPPerfusion medium : UWPerfusion medium : UW--MP  MP  
Biological and perfusionnal tests:  Biological and perfusionnal tests:  REPLACED BY NMR REPLACED BY NMR 
TESTSTESTSTESTSTESTS



Because of NMR we have to use a MRI compatible Because of NMR we have to use a MRI compatible pp
technologytechnology

Th tTh tThat meansThat means

1 Compatibility of the materials with magnetic fields1 Compatibility of the materials with magnetic fields1. Compatibility of the materials with magnetic fields 1. Compatibility of the materials with magnetic fields 

2. Compatibility with the technology of perfusion2. Compatibility with the technology of perfusionp y gy pp y gy p

3. Compatibility with geometry & physic of the MRI machine3. Compatibility with geometry & physic of the MRI machine



OUR  MOBILE PERFUSION MACHINE  MR COMPATIBLEOUR  MOBILE PERFUSION MACHINE  MR COMPATIBLE
[ [ MagneticMagnetic fieldfield (3T) + usable size of the bore (45 cm Ø)](3T) + usable size of the bore (45 cm Ø)]



8 h of Perfusion are8 h of Perfusion are necessarynecessary for thefor the reanimationreanimation of MIof MI8 h. of Perfusion are 8 h. of Perfusion are necessarynecessary for the for the reanimationreanimation of MI, of MI, 
MII (and MIII MII (and MIII withwith expendedexpended criteriacriteria kidneyskidneys).).

AFTER 8 H.,  DURING  AFTER 8 H.,  DURING  
PERFUSION :PERFUSION :
MR IMAGING AND MR IMAGING AND 
SPECTROSCOPY  ARE SPECTROSCOPY  ARE 
REALIZED.REALIZED.

3131P NMR P NMR spectroscopyspectroscopy
d fd f hh b lb l f hf hto to definedefine the the viabilityviability of the of the 

organsorgans::
ATP production.ATP production.

T2 T2 sequencesequence for  for  tumortumor
researchresearch and and otherother major major 
pathologypathology..

Gadolinium perfusion Gadolinium perfusion 
sequencesequence to to establishestablish the   the   
i ti t ll i l tii l tiintra intra renalrenal circulation.circulation.



THE ABSOLUTE EVIDENCE OF VIABILITYTHE ABSOLUTE EVIDENCE OF VIABILITY

ATP PRODUCTION IN THE KIDNEY AT 3ATP PRODUCTION IN THE KIDNEY AT 3°° C DURING PERFUSIONC DURING PERFUSION

SO U C OSO U C O

((3131P  CSI  NMR P  CSI  NMR spectroscopyspectroscopy))

PMEPME
PiPi PiPi

γγ αα
PMEPME

NAD/HNAD/H
γγ ββ

pO2 :< 50 kPapO2 :< 50 kPapO2: pO2: ≥ 100 kPa≥ 100 kPa



l (LK) i di l f d (30’ WIT)l (LK) i di l f d (30’ WIT)

ATP PRODUCTION  AS  VIABILITY TESTATP PRODUCTION  AS  VIABILITY TEST
example, (LK) immediately perfused (30’ WIT)example, (LK) immediately perfused (30’ WIT)

8h8h 20h20h



T2 T2 sequencesequence ((resolutionresolution : 2 : 2 –– 3 mm)3 mm)

ResearchResearch of a major of a major pathologypathology

RRRR

LL

GdGd--perfusionperfusion



KIDNEY FUNCTION’ PRONOSTIC :KIDNEY FUNCTION’ PRONOSTIC :
h Gdh Gd f if ithe Gdthe Gd‐‐perfusion perfusion sequencesequence to to 

visualizevisualize the intrathe intra renalrenal circulationcirculationvisualizevisualize the intra the intra renalrenal circulation circulation 



OsirixOsirix®® analysisanalysis of Gdof Gd--perfusion:perfusion:
the cortical the cortical eliminationelimination of Gd of Gd measuredmeasured

by theby the DescendingDescending Slope (DS)Slope (DS)by the by the DescendingDescending Slope (DS)Slope (DS)

3535°°DS :DS :



The intra The intra renalrenal microcirculationmicrocirculation

NONO

RenalRenal arteryartery

After After T.L.PalloneT.L.Pallone
A J Ph i l R lA J Ph i l R l Ph i lPh i lAm.J.Physiol.RenalAm.J.Physiol.Renal Physiol.Physiol.
284; 253284; 253‐‐266;2003266;2003



The The PallonePallone’ shunt ’ shunt effecteffect maymay bebe observedobservedyy
duringduring oxygenatedoxygenated HP Perfusion in case HP Perfusion in case 
of probable DGFof probable DGF afterafter transplantationtransplantationof probable DGF of probable DGF afterafter transplantation.   transplantation.   

no shuntno shunt shuntshunt



HOW  TO PROOVE THE VALIDITY OF HOW  TO PROOVE THE VALIDITY OF 
THETHE M RM R EVALUATION ?EVALUATION ?THE  THE  M RM R EVALUATION ?EVALUATION ?

TheThe kidneyskidneys fromfrom thesethese experimentsexperiments havehave beenbeen testedtested
followingfollowing thethe internationalinternational histologicalhistological scorescore generallygenerallygg gg g yg y
usedused forfor evaluationevaluation ofof viabilityviability..



Histology of the kidney GGGP scoreHistology of the kidney GGGP score

herehere after 20 h of perfusionafter 20 h of perfusionpp

a.a. Retraction of the Retraction of the 
floculusfloculus

b.b. Mesangial matrix Mesangial matrix 
expansionexpansion

cc Brush border loss inBrush border loss in

Floculus retractionFloculus retraction

c.c. Brush border loss in Brush border loss in 
proximal tubuleproximal tubule

d.d. EdemaEdema Floculus retractionFloculus retractiond.d. EdemaEdema
e.e. Tubular dilatationTubular dilatation
f.f. Tubular cell Tubular cell 

vacuolizationvacuolization
g.g. Endothelial cell swellingEndothelial cell swelling

Cellular debrisCellular debris

(b bl )(b bl )

h.h. Lumina of tubules filled Lumina of tubules filled 
with cellular debriswith cellular debris

Score: 9 (best possible:8)Score: 9 (best possible:8)ScoreScore :  1   None:  1   None

2   Medium2   Medium
3   Severe  3   Severe  



NMR score NMR score 

established during perfusionestablished during perfusionestablished during perfusionestablished during perfusion

((necessitates  2 hours)necessitates  2 hours)

correlates withcorrelates withcorrelates withcorrelates with

HistologicalHistological score score 
((thatthat cancan bebe obtainedobtained((thatthat cancan bebe obtainedobtained

in best situation in best situation onlyonly afterafter 48 48 hourshours !)!)



CONCLUSIONCONCLUSION

NMR score NMR score cancan be be usedused as an as an absoluteabsolute criterioncriterion
to test the marginal to test the marginal organsorgans..

Where is the precise cutWhere is the precise cut off between can be andoff between can be andWhere is the precise cutWhere is the precise cut--off between can be and off between can be and 
cannot be grafted ?cannot be grafted ?

That is the aim of our next researchesThat is the aim of our next researchesThat is the aim of our next researchesThat is the aim of our next researches



A MULTIDEPARTMENTAL RESEARCH PROGRAMA MULTIDEPARTMENTAL RESEARCH PROGRAMA MULTIDEPARTMENTAL RESEARCH PROGRAMA MULTIDEPARTMENTAL RESEARCH PROGRAM
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