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A Bit of History to Remember 

How did continuous renal replacement therapies start?

• In 1977 85% of acute renal failure were 
treated with peritoneal dialysis

• Critically unstable patients admitted to 
ICU with ARF often could not tolerate 
classic hemodialysis

• Hemodialysis was logistically difficult to 
perform in the ICU

• CAVH represented the beginning of 
CRRT as “an alternative therapy for 
critically ill patients when hemo or 
peritoneal dialysis were precluded or 
contraindicated”.                                          
          Peter Kramer, 1977
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THE  INTRODUCTION OF THE BLOOD PUMP

Continuous Arterio-Venous
Hemofiltration

Continuous Veno-Venous
Hemofiltration

Femoral Artery and Femoral Vein
Brachial Artery and Jugular Vein

Femoral Vein, Subclavian Vein
Jugular Vein (D.Lument Cath.)
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 PRISMA

Features: 

Self loading of lines and autopriming of 
the circuit. Treatments  performed: 
CVVH-CVVHD - CVVHDF with large 
capacity of fluid handling. Large display 
for operations.

Cobe Renal intensive

A quantum Leap in CRRT







Qb = 100 - 200

Qp = 20 ml/min
Qd = 30  ml/min
Qf  = 2 - 8   ml/min
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Coupling Plasmafiltration and 
adsorption with continuous 
hemodialysis for the treatment of 
sepsis



Semplificazione Tecnologica
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Role of Technology for the Management of AKI in Critically Ill Patients: From Adoptive 
Technology to Precision Continuous Renal Replacement Therapy J. Cerdá 

Fattori che  favoriscono una adeguata 
prescrizione e somministrazione
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…how to reach the goal? 



Delivered renal dose was 96.6% of prescribed

Dose e nuove tecnologie

The Novel PrisMax Continuous 
Renal Replacement Therapy 
System in a Multinational, 
Multicentre Pilot Setting

Development of the 
New Kibou® Equipment 
for Continuous Renal 
Replacement Therapy 
from Scratch to the Final 
Configuration



the landmark report by the National Confidential Enquiry into Patient 
Outcome and Death (NCEPOD)

Only 50% of hospitalized patients dying with AKI received ‘good’ care, and fewer than a 
third with hospital-acquired AKI received adequate care

National Confidential Enquiry into Patient Outcome and Death. Adding insult to injury.
http://www.ncepod.org.uk/2009aki.html; 2009, Accessed date: 31 May 2022.

develop new standards
for high-quality care for AKI and acute RRT 
patients



Avedis Donabedian and The Birth of Healthcare Quality Evaluation

Evaluating the quality of medical care - 50 Years 
Later

A triad of: structure, process, and outcome to evaluate the quality 
of health care



QIs were classified as related to: 

• structure (n = 4, 22.2 %), 

• care processes (n = 9, 50.0 %), and 

• outcomes (n = 5, 27.8 %). 

The most commonly mentioned QIs focused on:

• filter lifespan (n = 98), 

• small solute clearance (n = 46)

• bleeding (n = 30), 

• delivered dose (n = 19), and 

• treatment interruption (n = 5)

Across studies, the definitions used for QIs evaluating similar constructs varied considerably. When 
identified, QIs were most commonly described as important (n = 144, 48.3 %), scientifically acceptable (n 
= 32, 10.7 %), and useable and/or feasible (n = 17, 5.7 %) by their primary study authors.

The search for the most used Quality Indicators (Qis) in literature 



TRUEVUE ANALYTICSTM 
PERMETTE 
DI MISURARE LE METRICHE 
CHIAVE 
DEI TRATTAMENTI CRRT

TrueVue Analytics riceve i dati dal cloud e 
popola una dashboard CRRT che misura e 
traccia le metriche chiave come la durata 
del filtro, gli allarmi e la dose erogata.

TrueVue Analytics :

FAVORISCE l’individuazione di 
indicatori e standard di qualità interni

CONSENTE ai medici di valutare i trend 
e le metriche di performance del proprio 
centro rispetto a degli obiettivi.



gauge size of each lumen

Central Venous Catheters

Fr



The largest and 
shortest catheter 
should be best

The thinner and longer 
catheter should be best

Rheology
Poiseville Low

Patient

French ~ 3 x diameter of vessel

maximize blood flow    while     minimizing vessel trauma

Hagen-Poiseuille equation (4).
Q = ΔP × (π r 4 / 8µL)



Carpediem Pump

Classic Pump
Adults Chronic/Acute 
machine

Catheter Size: 

4 Fr and 5 Fr

Pumps and catheters: effect on pressure variation

Venous Pressure

Arterial Pressure



Flow in Peristaltic Pumping

Tubing behind the rollers 
recovers its shape.

 Alternating pillows and voids cause fluid flow to be pulsated, rather than smooth and 
continuous 
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Hepcidin Anti Microbial Peptide
MW: 27000 Da

Parathyroid Hormon
MW: 9300 Da

r r

The Molecular Radius



Urea
Creatinine

Vitamin B12

SOLUTE

60
125

1250

MW (Da)

Small

Class

General toxicity

Action/Effect

b 2 M
Leptin

Myoglobin

12000
 16000
17000

Middle
Amiloidosis CTS

Malnutrition
Organ damage

k-FLC
Prolactin

Interleukin-6
Hepcidin

Bound P-Cresol
Pentraxin-3

l-FLC
TNF-a (Trim)

23000
23000
25000
27000
33500
43000
45000
51000

Large

Toxicity
Infertility

Inflammation
Anemia

CV Toxicity
Acute Phase Prot.

CV Toxicity
Inflammation

Albumin 68000 Essential
 protein

Toxin binding 
capacity



S
ie

vi
n

g 
C

oe
ffi

ci
en

t

0.8

0.6

0.4

0.2

0.0

1.0

Log Molecular Weight  (Dalton)

100 1000 10000 100000

Albumin
(68000 Da)

MWRO1 MWRO2

RO

CO

MWCO1
MWCO2

1
2

B-2 M
(12000 Da)



P
or

e 
d

en
si

ty
 x

 c
m

2

Pore size (Angstrom)

A

B

Membrane Pore Density

Urea Vit B12 b2 microglobulin Myoglobin Albumin



P
or

e 
d

en
si

ty
 x

 c
m

2

Pore size (Angstrom)

A B

Membrane Pore Size

Urea Vit B12 b2 microglobulin Myoglobin Albumin

High Flux



P
or

e 
d

en
si

ty
 x

 c
m

2

A B

Membrane Pore Size Distribution

Pore size (Angstrom)
Urea Vit B12 b2 microglobulin Myoglobin Albumin

High Cut Off





Multidimensional Membrane Evaluation
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The remaining wall thickness (the ‘stroma’) acts as a support structure that also provides a substantial 
surface area for the removal of molecules by adsorption. As opposed to the compact nature of the skin 
layer, the structure of the stroma is relatively open (‘macroporous’) and typically has a sponge-like or 
finger-type structure

Thin inner ‘skin’ layer (width approximately 
≤ 1 µm) at the membrane–blood interface 
serves as the primary size-discriminating 
element in solute removal.

Haemodialysis membranes, Ronco 
and Clark



DIALYZER STRUCTURE AND MEMBRANE COMPATIBILITY
Are all dialytic membranes the same? 

Support 
thickness

Effective working 
thickness

POLYMETHYLMETHACRYLATE (PMMA) – 
MEMBRANE STRUCTURE

Effective working 
thickness

POLYSULFONE (PS)

PMMA

(PMMA) (PS)



AN69 ST* and Heparin Adsorption

Polyethyleneimine

Hep.

Heparin



oXiris Membrane - Material
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Membrane separation VS solute 
adsorption

Extracorporeal blood purification can be achieved by different mass 
separation processes: 
Diffusion, as in standard hemodialysis or CVVHD
convection as in hemofiltration CVVH
or their combination as in hemodiafiltration (HDF) CVVHDF 

While these techniques are based on membrane  separation, a third mechanism, solute 
adsorption, is based on mass separation by a solid agent (sorbent)

Understanding of critical care pathophysiology and hyperinfammatory diseases, each patient requires a tailored 
approach



Sorbents are generally produced in granules, beads, or fibers. 
They are solid particles with a diameter generally ranging between 50 µm and 1.2 cm. 
The surface-area-tovolume ratio (S/V) is extremely high with a surface area varying from 300 to 1200 m2 /g. 
Sorbents are classifed according to the size of the pores of their inner structure as a) Macro-porous (Pore 
size>500 Å), b) Mesoporous (Pore size 20–500  Å) and c) Micro-porous (Pore size <20 Å)

Ronco and Bellomo Critical Care (2022)

Sorbents



Hemoperfusion in the intensive care unit Zaccaria et Al Intensive Care Med (2022) 48:1397–1408

Permeation of the blood into the interparticle space – tortous 
channels (spece between beads). Characterized by the density 
of the beads and the density of the sorbent. The flow depends 
on the interparticle porosity and on the blood viscosity. 

Internal mass transfer of the solute by pore diffusion from 
the outer surface of the adsorbent to the INNER surface of 
the internal porous structure 

External mass transfer of the solute from the bulk fluid 
by convection through a thin film or boundary layers, 
to the outer surface of the sorbent



Hemoperfusion

Hemoperfusion in the intensive care unit Zaccaria et Al Intensive Care Med (2022) 48:1397–1408

Multiple organ failure following a septic event derives from immune dysregulation. Many of the 
mediators of this
process are humoral factors (cytokines), which could theoretically be cleared by direct adsorption 
through a process
called hemoperfusion.

Hemoperfusion through devices:
bind specific molecules like endotoxin or theoretically provide non-specific adsorption of pro-inflammatory mediators 

More recently, technological evolution has led to the increasing application of adsorption due to more biocompatible and possibly 
more efficient biomaterials



FMC

Synthetic peptide binds to Lipid A LPS Adsorber (Alteco)

NB Accertarsi che sia stato certificato l’utilizzo della cartuccia nel vostro device per 
CRRT/emoperfusione

Hemoperfusion in the intensive 
care unit Zaccaria Ricci et Al Intensive 
Care Med (2022)





Combined

Sequential 



Sequential 
 
Adsorption 
 Clamp

SETS

TORAYMYXIN®

Polymyxin B Hemoperfusion Therapy

+
HEMOFEEL®

PMMA membrane for continuous therapy

Sequential Therapies 







Plasmafltration-adsorption (PFAD) or continuous 
plasmafltration-adsorption (CPFA

Plasmafltration-adsorption combined with hemodialysis (PFAD-
HD) or continuous plasmafltration-adsorption combined with 
continuous renal replacement therapy (CPFA-CRRT)



Double plasmafltration molecular adsorption system (DPMAS)



Combined CRRT with extracorporeal CO2 removal ECCO2R



Extracorporeal Lung Support (carbon dioxide removal)

The ability to efficiently remove CO2 at lower blood flows has 
motivated use of extracorporeal CO2 removal, or ECCO2R, as an 
alternative or supplement to mechanical ventilation

Extracorporeal carbon dioxide removal for acute respiratory failure: a review of potential indications, clinical practice and open research questions Alain Combes

https://link.springer.com/article/10.1007/s00134-022-06796-w#auth-Alain-Combes


Extracorporeal carbon dioxide removal for acute hypercapnic respiratory failure Luis Morales-Quinteros et Al Annals of Intensive Care

https://annalsofintensivecare.springeropen.com/articles/10.1186/s13613-019-0551-6#auth-Luis-Morales_Quinteros
https://annalsofintensivecare.springeropen.com/articles/10.1186/s13613-019-0551-6#auth-Luis-Morales_Quinteros
https://annalsofintensivecare.springeropen.com/
https://annalsofintensivecare.springeropen.com/


Technology Innovations in Continuous Kidney Replacement Therapy: The Clinician’s Perspective. Nada Hammouda and Javier A. 
Neyra ACKD

…the clinical feasibility and benefit of many of the envisioned improvements has not been established by clinical studies to date



Ates, H.C., Nguyen, P.Q., Gonzalez-Macia, L. et al. End-to-end design of wearable sensors. Nat Rev Mater 7, 887–907 (2022)



Ates, H.C. et al. End-to-end 
design of wearable sensors. Nat 
Rev Mater 7, 887–907 (2022)

Overview of data-driven methods. Post-
processing of big data to explore the 
complex links between the measured 
signals and physiological status of 
individuals is possible with machine 
learning algorithms. 

links between the measured 
signals and physiological status



AI: The study of the modelling of human mental functions 
by computer programs.” — Collins Dictionary

AI: Theory and development of computer system to 
perform tasks that normally require human intelligence- 
McCarthy 1956 

ML “Machine learning is the science of getting 
computers to act without being explicitly 
programmed.” — Stanford University

Linear 
Regression

“Deep Learning is a subfield of machine learning 
concerned with algorithms inspired by the structure 
and function of the brain called artificial neural 
networks”.



AI…really new?

Kaul V, Enslin S, Gross SA. History of artificial intelligence in medicine. Gastrointest Endosc. 2020 Oct

CardioAI
RM to cardiac ejection 
fraction





AI Medical Decision

Fossa della disillusione

Picco delle Aspettative (esagerate)

ciclo dell'esagerazione



sepsis-associated 
AKI

higher mortality 
P<0.001 and more 
patients received 
dialysis 

had higher odds or 
mortality  
 than subphenotype 1 



Access-related complications remain a common issue in establishing effective and sustained 
CRRT delivery
Circuit Clotting: There is no standardization on CRRT anticoagulation. While the use of predilution 
regional citrate anticoagulation (RCA) prolongs filter lifespan, it requires a specialized protocol and 
could also increase risk of
bleeding or other complications.
Solute Control: Electrolyte disturbances such as hypokalemia and hypophosphatemia are 
common complications during CRRT.
Quality Assurance: Lack of oversight and standardized protocols have been shown to cause 
treatment interruptions, poor solute clearance, and off-target fluid management or effluent dose 
delivery



Monitoraggio Remoto



Medical Device Regulation 2017/745



MDD vs MDR







Unique Device Identification UDI









PMCF





Clinical Effectivenss

Costs and economics effectiveness

Organizational Aspects

Patient and Social Aspects

What governments measure
(…or would like.) 

Organizational and economic impact of IT reports of KPI for HTA



Start-ups and small companies might not be able to 
cope with the increasing complexity and the 
required changes of perspective. Health-care 
institutions are facing an increasing
availability of complex technologies, while data on 
their clinical efficacy and cost-effectiveness are rarely 
provided. 

A partnership/collaboration between health-care 
institutions, academia, and private industries will 
enhance their own specific interests with the 
common goal of improving overall health and quality 
of life.
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