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I N T R O D U C T I O N

• One of the most common complications of kidney transplantation is allograft dysfunction, which in 

some cases leads to graft loss. 

• According to recently published data, AKI affects 30% of kidneys coming from deceased donors and 

50% of those coming from deceased donors after cardiac death(DCD)

• Allograft dysfunction is a heterogeneous condition resulting from factors related to procurement, 

organ quality, recipient medical condition, surgical insult, and graft injury-related to dialysis treatment. 



D E F I N I T I O N

• Acute allograft dysfunction:

An increase in serum creatinine of ≥25 percent from baseline within a one-to-three-month time 

period 

Failure of the serum creatinine to decrease following transplantation

Proteinuria >1 g/day

• Delayed graft function: the requirement of dialysis sessions in the first week of post-

transplantation in a patient who eventually becomes free of dialysis. 



Less than one week 

• Postischemic acute tubular necrosis

• Hyperacute rejection

• Volume depletion

• Surgical complications

• Fluid collections

• Atheroemboli

• Calcium oxalate

One week – three months

& late  (after three  months)

• Acute rejection

• Calcineurin inhibitor nephrotoxicity

• Thrombotic microangiopathy

• Recurrent primary disease

• Transplant renal artery stenosis

• Urinary obstruction 

• Viral infections

• De novo glomerular disease

• Retained ureteral stent

• Arteriovenous fistulas after kidney allograft biopsy

C a u s e s  O f  A c u t e  A l l o g r a f t  

D y s f u n c t i o n



R i s k  F a c t o r s  O f  D G F



Predictive donor biomarkers

• Donor plasma mitochondrial DNA levels

• Donor urinary C5a levels 

• Matrix metalloproteinase-2 levels, 

• Periredoxin-2 and periredoxin-1

• Antitrypsin, and exosomal neutrophil gelatinase 

associated lipocalin (NGAL)

Predictive Recipient 

biomarkers

• Cell-free microRNAs (miRNAs)

• Short non-coding RNAs

• miR-505-3p

• LDH and NGAL

• Vimentin and fascin

• Plasma endothelial extracellular

• vesicles

B I O M A R K E R S  O F  D G F

Palmisano et al. J. Clin. Med. 2021, 10, 1484



E v a l u a t i o n  O f  N o n - i n v a s i v e  B i o m a r k e r s  O f  

K i d n e y  a l l o g r a f t  R e j e c t i o n  I n  A  P r o s p e c t i v e  

M u l t i c e n t e r  u n s e l e c t e d  C o h o r t  S t u d y  

( E U - T R A I N )

• We designed the European TRAnsplantation and Innovation (EU-TRAIN) study 

(ClinicalTrials.gov, NCT03652402) to assess 19 blood mRNAs and 4 non-HLA antibodies in 

consecutive deeply phenotyped adult patients who received a kidney allograft between 

November 2018 and June 2020 in 9 European transplant institutions.

• The blood messenger RNAs and non HLA antibodies did not show an additional value beyond 

standard of care monitoring parameters and circulating anti-HLA DSA to predict allograft 

rejection in the first year post-transplantation.

Goutaudier et al .Kidney International(2024)



All other tested biomarkers, including AKR1C3, CD3E, 

CD40,CD8A, CD9, CTLA4, ENTPD1, FOXP3, GZMB, ID3, 

IL7R,MS4A1, MZB1, POU2AF1, POU2F1, TCL1A, 

TLR4,andTRIB1,as well as antibodies against angiotensin II 

type 1receptor, endothelin 1 type A receptor, C3a and C5a 

receptors, did not show significant associations with 

allograft rejection.



C e l l - f r e e  D N A  F o r  T h e  D e t e c t i o n  O f  
K i d n e y  A l l o g r a f t  R e j e c t i o n

• Cell-free DNA (cfDNA) is fragmented extracellular DNA released  in the bloodstream from cells 

undergoing apoptosis or necrosis.

• In transplantation, dd-cfDNA detected in the blood of kidney recipients has been proposed as a 

noninvasive biomarker to detect rejection.

• In a large multinational study, they demonstrated that elevated levels  of dd-cfDNA were highly 

associated with the presence, activity and severity of all types of kidney allograft rejection, and 

showed its added value beyond standard of care monitoring in predicting rejection

Aubert  et al. Nature Medicine| Volume 30 | August 2024 | 2320–2327



D D - c f D N A  L E V E L S  A C C O R D I N G  T O  K I D N E Y  

A L L O G R A F T  D I A G N O S E S

• 2,882 kidney allograft recipients from 14 

transplantation centers in Europe and the 

United States

• Among the 1,415 kidney allograft biopsies 

(38.2% for-cause biopsies and 61.8% 

protocol biopsies performed in clinically 

stable patients.

• Mean level of dd-cfDNA according to the 

histological biopsy results. 

• Each bar corresponds to one histological 

diagnosis with its mean dd-cfDNA value.

• Each dot corresponds to an individual dd-

cfDNA value. 

The inclusion of dd-cfDNA to a standard of care prediction model showed improved discrimination (area under the 

curve 0.777 (95% CI 0.741–0.811) to 0.821 (95% CI 0.784–0.852); P = 0.0011) and calibration. 



A s s o c i a t i o n  O f  D D - c f D N A  W i t h  A n t i b o d y -

m e d i a t e d  L e s i o n s  A n d  T C M R  L e s i o n s .  

Chronic allograft injuries not related to rejection including arteriosclerosis, arteriolar hyalinosis, mesangial 

expansion and IFTA did not show elevated dd-cfDNA .





A c u t e  K i d n e y  I n j u r y  I n  T h e  D o n o r  

D G F  A n d  R i s k  O f  G r a f t  F a i l u r e

Current evidence :

Standard-risk donors, donor AKI does not impair 

transplantation outcomes. 

The evidence is less convincing for marginal 

donors, such as elderly donors or donors with 

elevated KDPI (e.g., above 85%).

Suggestion:

Protocols for organ quality assessment

Minimization of cold ischemia times

Use of machine perfusion

Park et al. Scientific Reports 2020



PAT H O P H Y S I O L O G Y  O F  I S C H E M I A –

R E P E R F U S I O N  I N J U R Y





• Arrows indicate direction of blood flow.

• The renal artery and vein are 

cannulated.

• Urine is collected for measurement and 

analysis. 

• Real-time recording of renal physiology 

and samples of blood perfusate and 

urine can be sampled to monitor 

reconditioning.

S C H E M A T I C  D I A G R A M  O F  K I D N E Y  
N O R M O T H E R M I C  M A C H I N E  P E R F U S I O N  

S Y S T E M



• DGF  was reported to be 38% lower with the use of therapeutic hypothermia (34 - 35°C) than the 

use of normothermia in brain dead organ donors.

• Machine perfusion of kidneys obtained from brain-dead donors is performed in approximately 32% -

38% of all kidneys considered for Tx in the US.

• Hypothesis: Mild hypothermia was non-inferior to machine perfusion and cost savings.

• A pragmatic, adaptive, prospective, randomized trial to assess targeted mild hypothermia vs. 

effective machine perfusion of kidneys from brain-dead donors.

nejm.org  February 2, 2023



P e r f u s a t e / B l o o d  F l o w  T o  T h e  K i d n e y

• Use of calcium channel blockers (such as verapamil or 

diltiazem). A low calcium concentration prevents the 

activation of calcium-dependent proteases, 

phospholipases, and endonucleases.

• NO-precursors (nitrates such as nitroglycerin)

• Addition of VEGF agonists and agents that inhibit 

angiogenesis inhibitors.



O x i d a t i v e  D a m a g e &  d e f e c t i v e  N A D   B i o s y n t h e s i s /  

I n c r e a s e d  N A D  C o n s u m p t i o n

• Exogenous antioxidants (such as vitamins C and E, 

carotenoids, flavonoids, and isoflavones) and 

mitochondrial-targeted antioxidants (such as MitoQ) 

can counteract oxidative damage

• Pyruvate has antioxidant and anti-inflammatory 

properties, thereby potentially mitigating oxidative 

damage

• Supplementation of NAD -precursors such as 

nicotinamide, nicotinamide mononucleotide, or 

vitamin B3, Fatty acid, pyruvate and citrate



Renal edema and microthrombi: Administration of tissue plasminogen

activator and plasminogen to the perfusate at the initiation of NMP effectively eradicates microvascular obstructions

Capillary rarefaction Addition of VEGF agonists and agents that

inhibit angiogenesis inhibitors. However, such interventions would presumably be more effective with

prolonged NMP

Ogurlu et al.American Journal of Transplantation 24 (2024) 1110–

1126



W o r k  L o a d  A n d  S i g n a l i n g  P a t h w a y s

• Furosemide can attenuate renal injury by increasing oxygen 

availability in the outer medulla

• SGLT2 inhibitors can reduce progression of renal injury and 

disease by altering renal metabolism. Luseogliflozin, an 

SGLT2 inhibitor, attenuates fibrosis and microvascular injury, 

and augments VEGF expression in the kidneys after IRI

• Inhibiting PHD enzymes (for example with Enarodustat and 

Daprodustat) to enhance HIF signaling and stimulate 

erythropoiesis, anaerobic glycolysis, and angiogenesis

Ogurlu et al American journal transplantation 2024, 1110-1126



S e n o l y t i c s

Senolytics, a class of drugs designed to specifically target senescent 

cells—those that have ceased cell division

A combination of the senolytics Dasatinib and Quercetin was 

administered prior to IRI in mice, it resulted in decreased levels of cell-

free mitochondrial DNA while alleviating systemic inflammation and 

prolonging organ survival in older mice.

It is expected that senolytics can play a prominent role in rejuvenating 

allografts from older deceased donors during NMP.

Docherti et al. J Am Soc Nephrol. 2019;30(5):726–

736



C o m p l e m e n t  S y s t e m  A c t i v a t i o n  

D u r i n g  I s c h e m i a  R e p e r f u s i o n  I n j u r y

Lasorsa et al. Int. J. Mol. Sci. 2024, 25, 

4332





F i b r o s i s

• Excessive preexisting fibrosis IRI-induced 

damage and a chronic allogenic immune 

response, induce an excess deposition of ECM.

• Van Leeuwen et al were the first to explore the 

impact of Galunisertib ( TGF beta inhibitor) 

during 6 hours of NMP, revealing a reduction in 

IL-6 and transforming growth factor-β1 levels in 

treated kidneys.

Br J Pharmacol. 2023. https://doi.org/10.1111/bph.16220.



I s c h e m i a - r e p e r f u s i o n  I n j u r y  A n d  A l l o -

i m m u n e  R e s p o n s e

H. Zhao et al. / EBioMedicine 28 (2018) 31–42



Mesenchymal stromal cells are a population of adult, adherent, multipotent, stromal cells of mesodermal origin.

Multipotent adult progenitor cells and MSCs have both demonstrated in numerous studies a profound

ability to reduce ischaemia reperfusion injury and the inflammatory response associated with solid organ

transplantation .

Thompson et al. Transplant International 2021; 34: 49–

58



C E L L  T H E R A P Y

• Two cell therapies have garnered the 

most attention :Mesenchymal stromal 

cells (MSCs) and Multipotent adult 

progenitor cells (MAPCs).

Deo et al. Pharmaceutics 2022, 14, 

791

Sources



E x t r a c e l l u l a r  Ve s i c l e s  ( E v s )

• EVs are nano-sized particles with the 

capability to target damaged cells and 

convey the biological effects of their 

parent stem cells.

• Gregorini et al showed EV-treated 

kidneys exhibited reduced oxidative 

damage, significantly lower levels of 

inflammatory markers, and decreased 

lactate dehydrogenase levels in the 

perfusate

Storti et al. Int. J. Mol. Sci. 2021, 22, 





P r e d i c t i n g  L o n g - t e r m  O u t c o m e s  

O f  K i d n e y  T r a n s p l a n t a t i o n  I n  T h e  E r a  O f  

A r t i f i c i a l  I n t e l l i g e n c e

• Artifcial intelligence: AI is a branch of computer science that involves the use of computers to 

model intelligent behavior with minimal human intervention. AI is widely used in medicine to 

analyze complex medical data in the diagnosis, treatment, and prediction of outcomes. 

• 407 KTs (living + deceased donors) model and prediction of 5 year graft survival 

• History of hypertension, history of transfusion, duration on dialysis before KT, donor age, AKI post-

KT, Acute rejection, CMV infection, length of the 1st hospitalization, 3-month eGFR, MMF therapy 

were factors in their model.

• AUC: 89.7% , Sensitivity: 91%, Specificity: 87%

Badrouchi et al. Scientifc Reports| (2023) 13:21273






