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Organ preservation
Static cold storage (SCS)
• Metabolic rate	<	10%	of normal,	at	4°C
Preservation	solutions
• minimize effects of prolonged ischemia	and
ischemia-reperfusion injury

“Duration of CIT	is one of the	more	significant
variables in	determinig outcome after TX	and	
one of the	only modifiable factors”



SCS	limits &	fitfalls

Current	organ	preservation	by	static	cold	storage	
(SCS)	falls	short	in	several	aspects	that	are	of	
particular	importance	for	successful	transplantation	
of	extended	criteria	organs(ECD):
• Injury	sustained	during	donor	death	and	organ	
procurement	is not reversed.

• Cold	preservation	causes	itself	time-dependent	
injury	beyond	that	induced	by	ischemia.

• Viability	of	the	organ	cannot	be	assessed	before	
transplantation.

• Preservation	times	are	very	limited.
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MACHINE	PERFUSION:	CONCEPT	AND	
METHODS

Machine	perfusion consists of	creating a	flow	
through the	organ generated by	a	pump in	a	
circuit to	recirculate	a	preservative	solution at	
various temperatures through the	vasculature.	

This continuousperfusion permits:
better penetration of	preservation solutions within
the	organ,	

delivery	of	oxygen and	nutrients to	the	parenchyma
(in	case	the	perfusate is oxygenated),	

removal of	toxic metabolites (in	case	the	perfusate
is renewed or	filtered).



Machine	perfusion:	a	spectrum of	techniques

The	term	‘machine	perfusion’	is	very	broad;	it	covers	a	
spectrum	of	techniques	with	mechanical	perfusion	as	
their	common	denominator.	
Fundamentally,	the	configuration	of	machine	perfusion
depends	on	three	parameters:	
• the	timing	of	its	application
• the	duration
• the	perfusion	temperature.	
In	order	to	prevent	endothelial	shear	stress,	pressure	
controlled	perfusion	is	considered	to	be	a	safer	method	
compared	to	flow	controlled	perfusion.







revisiting organ preservation

use of perfusion techniques to improve
outcome

In	situ	(before organ retrival)
üregional perfusion

Ex	situ	(before organ implantation)
ümachine	perfusion (MP)- ex	vivo	lung perfusion
(EVLP)



in	situ ex	situ



MP:	techniques-1
Different methods have been investigated experimentally.	
Techniques may vary among solid organs.	
Various ranges of temperature have been used from
hypothermic perfusion at	4° C to normothermic
perfusion at	37° C.	
The	former method is intended to preserve the	organ in	a	
low	metabolic state,	while the	latter will keep the	organ in	a	
more	physiologic and	metabolically active state	with the
advantage that organ repair and	reconditioning may
become possible.



In	addition to an improved preservation,	
machine perfusion may allow real-time	
monitoring of functional and	biochemical
performance of the	graft prior to
transplantation and	may provide a	tool to
select ‘transplantable’	grafts,	to improve their
condition,	to reduce	the	incidence of
ischemia/reperfusion injury (IRI),	and	possibly
to safely increase the	preservation time.



MP	techniques-2

Solutions used as perfusate vary among various
organs from low	potassium crystalloid solutions
to blood-based solutions (full	blood or	packed red
blood cells)	mixed with colloids (dextran)	and	
albumin.	The	power to circulate the	perfusate
through the	vasculature is created by a	roller	
pump (occlusive)	or	a	centrifugal pump
(nonocclusive)	that delivers a	continuous flow or	
a	pulsatile	flow	mimicking the	physiologic
variations in	systolic and	diastolic pressure.



MP	techniques-3
Organs can	be preserved in	resting mode	(preservation)	
or	functioning mode	(assessment).	

With normothermic perfusion organs will resume their
function.	

Kidneys will excrete urine	and	clear creatinine.
The	liver will produce	bile	and	coagulation factors and	
will clear metabolites.	

Hearts can	be perfused while fibrillating or	beating
building	up	pressures.	

Lungs can	be perfused in	an atelectatic state	or	while
ventilated,	allowing gas	exchange.



MP	techniques-4
During machine perfusion,	different physiological
parameters specific to the	organ can	be measured
and	various biochemical markers released in	the
perfusate or	excreted (in	urine	or	bile)	can	be analyzed
to assess the	viability and	the	functional state
of the	graft.	
The	exact value of thesemarkers to decide	whether to
accept or	to decline an organ and	to predict its
functional performance	after transplantation is not
clear yet and	needs to be further investigated.



MP	techniques-5
For the	kidney,	vascular resistance correlateswith delayed
graft function,	but the	predictive value is low.	

For the	liver,	the	vascular resistance does not seem to
correlate	with viability.		

In	normothermic machine perfusion,	the	capacity of the	liver
to correct metabolic acidosis during machine perfusion
correlates well with its function after transplant.

For the	lung,	oxygenation capacity taken alone	may be
misleading in	assessing the	ex-vivo	lung.		Other parameters
like pulmonary vascular resistance,	compliance,	and	airway
pressures are	equally important.



MP:	impact		in	organ transplantation

• Preservation
– longer (clinical,	organization,	safety)
– improved (graft viability)

• Ex	vivo	organ assessment
• Reconditioning
• Immunomodulation
• Repair (surgery,	drugs,	MSC)



Reconditioning

Manyorgans are	currently declined becauseof acute	– albeit
recoverable– injuries.

Potential grafts mayget injured by	several hits during the	whole
transplantationprocess in	the	transition phase from	donor to	
recipient:	

the	initial insult leading to	brain	damage,	
resuscitationmaneuverswith	intubation and	ventilation,	
autonomic stormand	systemic inflammation followingbrain-stem

death,	
warm ischemia	in	donors after circulatorydeath,	
organmanipulationand	surgical trauma	duringprocurementand	

organ extraction,	
the	cold preservation period,	the	implantation process,	and	finally
the	reperfusionphase.	
Altogether,	organ damagemay result fromdirectmechanical trauma	

and	contusion,	hemorrhage,	inflammation,	and	infection.



Immunomodulation

MP	may offer a	tool for ex-vivo	repair of the	
organs and	improvement of their quality prior
to transplantation and	perhaps for
‘immunomodulation’	of	these organs in	order
to	protect them from	innate	immune	
responses (IRI)	and	adaptive immune	
responses (acute	and	chronic rejection)	in	the	
recipient.

Down-regulation of	immuno-response



Repair

Research is ongoing for all organs to look	for ways to administer
agents with the	potential to reduce	the	injury and	to restore
organ functionality.

The	easiest strategy to deliver drugs directly to the	organs is by
includingthem into the	perfusion solutionor	by injecting
them into the	afferent tubing running to the	vasculature of
the	graft.	

Theoretically,	different drugs according to the	type of injury or	
even a	combinationof them (cocktail	approach)	could be
administered at	intervals duringmachine perfusion:	
antibacterial,	antiviral,	and	antifungal agents to treat
infection,	antiinflammatorymoleculesto block	
proinflammatory responses,	vasodilatingagents to improve
perfusion of the	microvasculature,	fibrinolyticagents to
dissolve	microthrombi,	high	osmotic agents to remove
interstitial edema,	etc.



Mesenchimal Stem Cells (MSC)

The	use of mesenchymal stem cells to treat human
diseases has gained much attention – in	
particular in	the	field of	organ transplantation –
because of	their proregenerative,	anti-
inflammatory,	and	immunomodulatory
properties.

Machine perfusion provides a	unique tool to treat
organs directly with	mesenchymal stem cells ex	
vivo	prior to	transplantation and	to	study their
mode	of	action.
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FIGURE	3

FIGURE	3	.	Potential	protective	mechanisms	of	hypothermic	oxygenated	perfusion.	HIF:	hypoxia-inducible	factor;	KC,	Kupffer cell;	Nrf2:	Nuclear	factor	(erythroid-
derived	2)-like	2;	PKC[epsilon]:	protein	kinase	C	epsilon;	SIRT1:	SIRT-1:	gene	of	NAD-dependent	deacetylase sirtuin-1.





Kidney TX

Standard	technique:	SCS
MP:	hypothermic>>>normothermic)
• Maintenance of	vascular bed	patency
• Pressure-Flow-Resistance indices (predictive indices)
• Perfusate biomarkers
Current application:	ECD,	DCD
Cost effectiveness
Reduced DGD







Liver TX

Normo-hypo-subnormothermic
Flow	(single-double- continous-pulsatile)
Solutions
Clerance lactates,	cytolitic enzymes,	bile	
production

Biomarkers (more	specific for liver damage)
Early allograft dysfunction,	choledocic stenosis
Indications:	ECD,	DCD….









Heart TX

CS:short	interval for graft transplantation
Better postperfusion recovery
Less oxidative damage and	energy depletion
MP	portable,	normothermic,	oxygenated,	solution
(mimicking physiologic state)

Monitor	enzymes
High	technical skills
Costs
Indications:	ECD,	DCD,	long	CIT





Lung TX
CS	>>>Ex	Vivo	Lung Perfusion
(ventilation &normothermic perfusion)
Pretransplant evaluation (blood gases,	pressures)
Increase preservation time,	less preservation-
induced damage

biormarkers:	cytokines and	substances in	alveolar
lavage

Indications:	ECD,	DCD
Reconditionig:	correct injury secondary to retrival
and	improve graft quality









Pancreas	TX

CS	>>	MP	reduced organ ischemia
Low	flow	and	pressure:	incresed risk of
mechanical organ damage (edema)

Beneficial in	maintaining islet yeld,	viability and	
function (insulin content)	in	organs with
prolonged cold ischemia

Increase in	organ suitable for tx



HTA
Cost-efficacy
Sustainability







the	future:	organ repair centers





grazie


