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SIN-AKI study
A.O.U. “Maggiore della Carita’” di Novara- ITALY

•                         RESULTS 2019: about 13000 hospital admissions

AKI incidence: about 18% Outcome



The clinical spectrum of AKI syndrome



Sepsis is life-threatening organ dysfunction caused by a dysregulated host 
response to infection.

Septic shock is a subset of sepsis in which profound circulatory, cellular and 
metabolic abnormalities are associated with a greater risk of mortality than 

with sepsis alone.



RESULTS: AKI SEVERITY AND PERSISTENCE

Stage 1
7453%

Stage 2
1698%

Stage 3
849%

OC-AKI

• The percentage of KDIGO Stage 3 is higher in the SA-AKI 
than in the OC-AKI cohort and characterized by a more 
frequent need of RRT (p < 0,001).

Stage 1
4463%

Stage 2
2231%

Stage 3
3306%

SA-AKI

• Stage 3 AKI increased the risk of progression to Acute Kidney Disease (AKD) and Chronic Kidney 
Disease (CKD) in a follow-up period of 3 months (OR 8,19, p < 0,001)



BACKGROUND: SEPSIS-ASSOCIATED AKI

Cantaluppi V et al, 
Biomedicines, 2022



The main purpose of 
blood purification 
therapies should be 
to restore 
homeostasis, as a 
matter of facts, most 
sepsis mediators are 
water-soluble and 
fall into the “middle-
molecular weight“ 
category (about 5-
50kDa) that can be 
theorically removed 
by RRT via 
convection, diffusion 
or absorption.

SEPSI



Come dializzare? 



The optimal timing of dialysis for AKI is not clear. 
In the absence of an urgent need, clinicians tend to delay RRT initiation.

Earlier Start to RRT in AKI

Benefits Risks
 
Azotemic control CVC insertion
Electrolyte/acid-base homeostasis Extracorporeal circuit
Fluid balance homeostasis Anticoagulation
Prevent complications of AKI Micronutrient depletion
Nutritional support Added beside resources
Immunomodulation Impaired/disrupted recovery

TIMING



TIMING



In many of these "high-volume" studies no correction 
was made for antibiotic flux and so patients may 
have been underdosed…

The actual delivery dose of RRT is approximately 70-
90% of the prescription. Thus, prescribing a 25-30 
mL/kg/hr dose may be more useful in septic-AKI.

DOSE



ANTICOAGULATI
ON

Extensive crosstalk exists between coagulation and inflammation during sepsis, 
which is characterized by inflammation-induced activation of coagulation with 
concurrent impairment of anticoagulation systems, fibrinolysis and endothelial 
function. 



Chemical structures of cellulosic and synthetic 
polymeric membranes for blood purification



HIGH PERFORMANCE MEMBRANES (HPM)

hollow fiber dialyzers with an 
advanced level of performance

The criteria to identifie HPM:
• excellent biocompatibility
• effective clearance of target solutes
• pore size larger than conventional 

hemodialysis (HD) membranes

Promoting the removal of protein-bound uremic toxins, 
and middle to large molecular-weight solutes, including 
β2-microglobulin (β2-M).



BIOCOMPATIBILITA’
La risposta del sangue

Attivazione della risposta immunitaria



Porous enough to remove large molecules (15-
60 kDa)

Conclusions: CVVH-HCO achieved greater 
combined sieving coefficient and mass 
removal rate by ultrafiltration for a group of 
key citokine than CVVH-Std. However, this 
effect did not differentially lower their plasma 
level over the first 72 hours.

HCO





DIFFUSIONE
Urea
Acido Urico
Creatinina 

CONVEZIONE

Beta2-
Microglobulina
AGEs
Vit B12
Fosfati

Diffusione 
Convezione

Diffusione 
Convezione
Adsorbimento

Rimozione di tossine 
uremiche ad alto peso 
molecolare > 50 
kda

ADSORBIMENTO

BIOCOMPATIBILITA’

   Caretteristiche Membrana Dialitica



   I DIALIZZATORI

Adsorbimento è un meccanismo attraverso cui un materiale lega a sé molecole mediante diversi 
processi fisico-chimici alquanto specifici. La specificità di tale adsorbimento è il risultato dei 
diversi gradi di affinità tra le molecole e i gruppi chimici del materiale (Cuq JL, Biochimie des 
protéines, 2006).

Un’interazione specifica determina l’eliminazione mirata di un minor numero di tossine senza 
inficiare lo stato proteico del paziente o le prestazioni della membrana e del trattamento

Le diverse membrane di dialisi hanno specificità e capacità di adsorbimento molto varie, a seconda 
della loro composizione chimica e della loro microstruttura.

CRITERIO DI CLASSIFICAZIONE: CAPACITA’ ADSORBENTI



Perché l’adsorbimento è importante?

• Idealmente, cosa dovrebbe essere adsorbito da una membrana?

Mediatori dell’infiammazione Fattori del complemento Citochine

Chemochine Tossine uremiche (ß²M) Frammenti batterici e sostanze che 
producono citochine





AN69ST is capable of adsorbing inflammatory 
mediators that are known to play a key role in 
the pathogenic mechanisms of S-AKI.

 Rationale for AN-69 Membrane: HMGB-1

HMGB-1, despite small size (26 
kDa), is not removed by 
convection but exclusively by  
adsorption.

....moleculair weight is NOT the only 
specification we need to know,  to 
determinate the accessibility for a molecule 
through a membrane....

AN-69





Polimetilmetacrilato (PMMA) - Dal polimero al dializzatore

Spessore effettivo 
di lavoro

Spessore di 
supporto

Spessore effettivo 
di lavoro

 



 

Polimetilmetacrilato (PMMA) 
Emocompatibilità / Biocompatibilità



Adsorption is based on the attraction between the sorbent and the solute 
through hydrophobic interactions, ionic or electrostatic forces, hydrogen 
bonding or van der Waals forces. Adsorption is the adherence of molecules 
by the above-mentioned forces not only to the surface of the membrane but 
also to its interior. 
Since polymethylmethacrylate membranes have a much higher inside 
effective exchange surface than polysulfone membranes, these membranes 
are able to ensure a high level of adsorption, and therefore reduce the 
concentration of high-molecular-weight molecules and protein-bound 
uremic toxins. 



Adsorption  = Chemical attachment of a specific element at 
the surface of another element with a molecular structure 
prepared to be complementary

Adsorption

Blood/plasma

Adsorption 
cartridge

Specific

Aspecific

Hemoperfusion

Plasma Filtration
Adsorption

HD

HD

PF



Blood/Plasma Adsorption



Polymyxin B hemoperfusion added to conventional therapy 
significantly improved hemodynamics and organ 
dysfunction and reduced 28-day mortality in a targeted 
population with severe sepsis and/or septic shock from 
intra-abdominal gram-negative infections.





Treatment with PMX was associated with a significant 
change in median MAP (8 vs 4, p<0.05) and median 

(IQR) ventilator-free days to 28 days (20 vs 6, 
p=0.004).

The study will be repeated…Using a precision 
medicine approach, eligibility have been 
modified in TIGRIS to include patients with 
MODS score > 9 and EAA levels between 0.60 
and 0.89.





OVERALL SURFACE  40.000 - 45.000 m²



CytoSorb circuit: (a) as a stand-alone therapy, (b) in the pre-dialyzer mode, (c) in the post-dialyzer mode 

Sorbents offer clear advantages 
compared to other extracorporeal 
techniques – first, the capacity for 
removal of a wide range of molecular 
weights and second, enhanced clearance 
due to large surface area of sorbents 
material. Sorbents do not rely on the 
removal of fluid for the clearance of 
toxins, potentially avoiding the time 
limitations of dialysis and the 
replacement fluid requirements of 
hemodiafiltration

Adsorption therapy may be of utmost 
benefit when, applied early in the course, 
for an adequate duration, and frequently 
repeated until hemodynamic stability is 
achieved

Adsorption therapy using CS columns 
seems to be safe and effective



Observed versus predicted mortality rate according to the SOFA score for CytoSorb- and CRRT-treated patients

In the largest cohort
of septic shock 
patients to date, that 
CytoSorb treatment
may lead to an 
improved 28-day 
survival compared to
CRRT alone







Reduction of Pathogen Load From the Blood in Sep
tic Patients With Suspected, Life-threatening Blood
stream Infection

https://www.clinicaltrials.gov/ct2/show/NCT04260789?term=04260789&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT04260789?term=04260789&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT04260789?term=04260789&draw=2&rank=1






Increased mortality in 
CPFA group vs control, 
expecially during the 
first days of treatment. 

In septic shock patients 
enrolled in the study, a 
clinical poor outcome in 
the CPFA group was 
observed. 

COMPACT-2 was 
prematurely  
interrupted and 
GiViTI did not 
reccomend the use of 
CPFA for septic shock 
patients. 

EARLY STOP FOR COMPACT-2



Characteristics of extracorporeal blood purification therapies available for sepsis and SA-AKI





Extracorporeal and novel therapies for SA-AKI





Extracorporeal immunomodulation therapy with an SCD demonstrated safety without any device-related serious adverse events. 
As a rescue therapy in COVID-19 ICU patients progressing to multiple organ failure despite maximal pharmacologic and organ 
support interventions, SCD treatment resulted in improved clinical outcomes. This autologous leukocyte cell processing 
technology may provide a new approach in the treatment of unremitting hyperinflammation of COVID-19



AKI:
other

causes?



Meccanismi di AKI indotta da rabdomiolisi (ischemia, cast nephropathy e danno tossico ossidativo propapoptotico).



Bile-cast nephropathy:  
danno tubulare prossimale 
a seguito di formazione di 
cristalli biliari intrarenali 
riscontrati in pazienti con 
severa insufficienza 
epatica.

Effetto tossico diretto acidi 
biliary effetto tossico 
diretto (apoptosis TEC)

Entrambi i meccanismi di 
danno sono analoghi a 
quelli riscontrati nel danno 
da catene leggere nel 
mieloma o della 
mioglobina: ruolo del 
recettore endocitico della 
megalina





ARDS
“Berlin definition”

MILD MODERATE SEVERE

200mmHg < PaO2/FIO2 ≤ 300mmHg
 with PEEP or CPAP ≥ 5cmH2O 

100mmHg < PaO2/FIO2 ≤ 200mmHg
 with PEEP ≥ 5cmH2O 

PaO2/FIO2 ≤ 100mmHg
 with PEEP ≥ 5cmH2O 

Risk of VILI and Death

Courtesy by V. Fanelli, UNITO



Froese A 1997 Crit Care Med

Ventilator Induced Lung Injury

Reduction of 
Tidal Volume



RRT and ECCO2R 

FROM PATIENTTO PATIENT

Systemic
heparin infusion

CVVHFD

Lung
Membrane





CRRT

M.O.S.T
Multiple Organ Support therapy

Ronco C et al, Blood Purification, 2005

UF systems

VAD

MARS

Prometheus                 BAL

CO2 removal

Islet encapsulation
Artifical pancreas







Therapeutic plasma exchange: overview.



Progressive decrease in plasma concentration of substance following four consecutive TPE treatments equaling 1.2 plasma
volume each. 



NORMAL

KT FAILURE

TCMR

The 1st cause of graft
injury in 1st year

Uncommon after 5yr
Virtually impossible after 10

ABMR

Hyper-acute
In pre-sensitized

Rare in early phases

The first cause of graft
failure, may occour at any time

Halloran PF - KI 2013



TRAPIANTI IMMUNOLOGICAMENTE 
INCOMPATIBILI: CONDIZIONAMENTO PRE-TX

AB0i  incompatibilità di gruppo sanguigno

HLAi  presenza di DSA condizionanti XM CDC 
positivo o XM negativo ma (potenzialmente) 

patogeni (MFI based?)

RISCHI: AAMR, CAMR (?)

Categorie di pz a rischio di EARLY DAMAGE su graft:

-High risk: reTx, Ab classe I + II, MFI>5000

-Intermediate risk: primo Tx, Ab classe I o II, MFI > 3000





HLAi – letteratura recente

Live-donor transplantation after 
desensitization provided a significant 

survival benefit
for patients with HLA sensitization, as 

compared with waiting for a compatible
organ. By 8 years, this survival 

advantage more than doubled. These 
data provide

evidence that desensitization protocols 
may help overcome incompatibility 

barriers in live-donor renal 
transplantation.



ABOi e HLAi: dove siamo arrivati?

TARGET 

AB0i  
isoemoagglutinine < 
1:8 

HLAi  CDC XM 
negativo
          DSA < 1000 
MFI



Rigetto anticorpo-mediato
fenotipi

ABMR fenotipo I
- Isoemoagglutinine
- DSA pre esistenti fissanti il 
complemento

ABMR fenotipo II
- Sviluppo di DSA de novo 
(fissanti o no il complemento)

PRE-TRAPIANTO

POST-TRAPIANTO



Anticorpi importanti nel trapianto di rene

     •  Anti-ABO 
           >25% dei donatori viventi 
            è AB0 incompatibile 

     •  Anti-HLA -----DSA

     •  Anti- non-HLA: 

                                 o  anti MICA/MICB 
                                 o  anti-AT1R 
                                 o  anti-ETAR 
                                 o  anti-Vimentina 
                                 o  Perlacan, 
                                 o  anti antigeni endoteliali 
                     
TO BE CONTINUED…….

Four antigenic targets expressed on endothelial 
cells were identified: endoglin, Fms-like tyrosine kinase-3 

ligand,EGF-like repeats and discoidin I-like domains 3, 
and intercellular adhesion molecule 4; 

JACKSON, JASN 2015



Rigetto anticorpo-mediato
terapia

PE o altre tecniche di 
rimozione anticorpale













Treatment of antibody-mediated rejection strenght of evidence supporting efficacy : THE GRADE SYSTEM



Key points for the non-TPE specialists



80

Platform trial: A type of randomized clinical trial design in 
which multiple interventions can be evaluated 
simultaneously against a common control group with 
flexibilities of allowing new interventions to be added and 
the control group to be updated throughout the trial



81

Platform trial: A type of randomized clinical trial design in which multiple 
interventions can be evaluated simultaneously against a common control group 
with flexibilities of allowing new interventions to be added and the control group 
to be updated throughout the trial
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