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Coupled Plasma Filtration Adsorption

plasma

Reinfusate in

UF out

“physiologic molecules (albumin)”

blood

Simultaneous adsorption of several 

cytokines involved in systemic inflammation

1
2

3

CPFA
1) PLASMAFILTER (POLYETHERSULPHONE 0.45

m2 WITH A CUT-OFF OF 800 KDa)
2) SORBENT CARTRIDGE (HYDROPHOBIC

STYRENIC RESIN)
3) HEMOFILTER/HEMODIAFILTER

(POLYETHERSULPHONE 1.4 m2)
BLOOD FLOW RATE 180-200 ml/min
PLASMA SEPARATION RATE 15-20%
ULTRAFILTRATION RATE 25-30 ml/Kg/hr

A pilot study of coupled plasma 

filtration with adsorption in septic shock         Ronco C et al

Hemodynamic response to CPFA in human septic 

shock                                               Formica M et al.

Conclusions: Coupled plasmafiltration-adsorption was a feasible 

and safe extracorporeal treatment and exerted a remarkable 

improvement in hemodynamics, organ function and outcome of 

septic shock patients with or without concomitant AKI. 



How does the resin work?

From micro

To nano
Large proteins will not enter the resin pores

How does the resin work?



How does the resin work?

From micro

To nano

small hydrophilic molecules will pass through

How does the resin work?



How does the resin work?

From micro

To nano

small hydrophilic molecules will pass through

How does the resin work?



How does the resin work?

From micro

To nano
Hydrophobic proteins will adsorb to the resin

How does the resin work?



How does the resin work?

From micro

To nano
Hydrophobic proteins will adsorb to the resin

How does the resin work?



How does the resin work?

From micro

To nano
Hydrophobic proteins will adsorb to the resin

How does the resin work?



CPFA RESIN SIGNIFICANT ADSORPTION

• Interleukin 1b

• Interleukin 5

• Interleukin 6

• Interleukin 7

• Interleukin 8

• Interleukin 10(?)

• Interleukin 12p70

• Interleukin 16

• Interleukin 18

• Macrophage inflammatory protein-a (MIP-
a)

• Macrophage inflammatory protein-b (MIP-
b)

• Tumor necrosis factor-aTNF-a

• Monocyte chemotactic protein (MCP-1)

• RANTES

• Epithelial neutrophil activating peptide 78 
(ENA-78)

• Angiogenin

COUPLED PLASMA FILTRATION ADSORBPTION  - CPFA



LOW OR NON SIGNIFICANT ADSORPTION

Non signifificant Adsorption

• ALBUMIN

• HEPARIN

• CITRATE

• ANTIBODIES

• FERRITIN

• GM-CSF

• TIROXINE

• ADIPONECTIN

• VON WILLEBRAND FACTOR

• ENDOTOXIN

Low Adsorption

• INSULIN 

• VEGF

• EGF

• ICAM

• VCAM

• MCP

COUPLED PLASMA FILTRATION ADSORBPTION  - CPFA



An increasing body of evidence suggests that AKI can occur in the 

absence of hypoperfusion. 

Sepsis induces profound alterations in microcirculatory flow in the 

entire organism, and the kidney is not the exception

Sepsis is associated with the release of damage and pathogen 

associated molecular patterns (DAMPs and PAMPs) into the 

circulation.



Circulating plasma factors induce tubular and glomerular 

alterations in septic burns patients
Filippo Mariano,# Vincenzo Cantaluppi,# Maurizio Stella, Giuseppe Mauriello Romanazzi, Barbara 

Assenzio, Monica Cairo, Luigi Biancone, Giorgio Triolo, V Marco Ranieri, and Giovanni Camussi



Systemic inflammation is known to 

target tubular epithelial cells (TECs), 

leading to acute kidney injury. 

Tubular cells have been implicated in 

the response to inflammatory 

mediators in

ischaemic and septic renal damage. 

Loss of tubular cells by apoptosis or 

epithelial-to-mesenchymal transition 

may ingenerate conditions that lead 

to progression towards

chronic kidney disease. 

TECs may actively contribute to the 

production of inflammatory 

mediators that may propagate the 

injury locally or in distant organs. 
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Coupled Plasma-Filtration Adsorption (CPFA)



Coupled plasma filtration-adsorption in a rabbit model of endotoxic 

shock Tetta C et al, Critical Care Med, 2000



A pilot study of coupled

plasma filtration with 

adsorption in septic shock

Ronco C et al, Crit Care 

Med, 2002*



Hemodynamic response to coupled plasmafiltration-adsorption in 

human septic shock 

Formica M et al, Intensive Care Med, 2003

Safe use of CPFA in ICU-hospitalized patients with septic shock independently of the 

presence of concomitant ARF. In this long-term study, we showed CPFA to be a safe 

and feasible treatment with significant improvement in hemodynamic stability, 

vasopressor requirement, pulmonary function, and 28- and 90-day survival. The 28 days 

survival rate was 90%, which was quite unexpected considering an Apache II-predicted 

mortality for these patients of about 40%. 



.



Intensity of treatment, expressed 

by the Vp, was associated with 

an increased rate of survival of 

septic shock patients treated 

with CPFA, whereas its timing of 

initiation, that is, the interval of 

time elapsing between onset of 

symptoms and the beginning of 

plasma purification, did not 

appear to influence the outcome.



CPFA, citrate and outcome 

Considering that previous studies demonstrated (a) a dose-effect relationship between the volume of plasma 

processed and the outcome, which is better when this variable exceeds 0.20 L/kg/session, and (b) the superiority of 

RCA over intravenous heparin in patients undergoing renal replacement therapy in terms of duration of the 

extracorporeal circuit, systemic bleeding and transfusion requirements. Moreover, in septic patients, finding the 

right dose of heparin can be challenging due to a number of conditions such as the presence of possible sources of 

hemorrhage, the low levels of Antithrombin III and the hypercoagulable state determined by the interaction 

between inflammatory mediators and coagulation factors. 

For these reasons and a few citrate contraindications, RCA has been recommended even in the absence of an 

increased risk of bleeding . 

The recent COMPACT II study, which has been prematurely suspended due to an excess mortality rate in the 

treatment group, required the use of RCA instead of heparin during the CPFA



Effects of citrate and acetate on complement and granulocyte activation at concentrations relevant in haemodialysis and effect of different citrate 

concentrations on complement and granulocyte activation in whole blood 

Low concentrations of 

citrate can reduce 

complement and 

granulocyte activation in 

human whole blood in vitro.

Also, the effects were 

further enhanced with 

increasing citrate 

concentration.

Dialysis fluids containing 

citrate are promising 

alternatives for acetate 

dialysis fluids showing 

improved biocompatibility 

dialysis, hopefully with less 

adverse effects for the 

patients.



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



Sepsis and alteration of microvascular flow

Principal mechanisms implicated in the development of microcirculatory 
alterations

De Backer et al. Annals of Intensive Care 2011

 Capillary density
 number of stopped-flow and intermittent-flow capillaries

 surface for O2
exchange



28

Pre CPFA 2 h after
CPFA initiation

1 after
Stop  CPFA

CPFA and Sublingual Blood Flow

45 58 48

Berlot G. et al Anaesth Intensive Care 2011; 39: 687-689

Changes in microvascular blood flow during coupled  

plasma filtration and adsorption- CPFA



Effects of extracorporeal treatments CPFA on cytokine removal.



Effects of CPFA on markers of Gram-negative infection and glomerular permeability

Extracorporeal treatment with CPFA 

significantly reduced the levels of EEA, as 

compared with control group

Baseline proteinuria and albuminuria were 

significantly high in Gram-negative septic 

patients, but the reduction in circulating

LPS levels by CPFA induced a reduction in 

glomerular permeability to plasma proteins, as 

demonstrated by the reduction of proteinuria and 

albuminuria levels

Baseline urine CD80/creatinine ratio was elevated 

in Gram-negative septic patients. 

Removal of LPS by CPFA induced a statistically

significant reduction in urinary CD80 excretion 

as compared with control group 



CPFA treatment reduces podocyte expression of CD80 and urinary protein excretion after LPS exposure in a pig model of 

acute renal damage

Confocal analysis of frozen renal tissues showed absence of CD80 glomerular expression in control pigs not exposed to LPS (Fig. 5, 

A–D). 

The experimental group exposed to LPS, but not treated with CPFA, showed marked increase of CD80 expression at the podocyte 

level, as demonstrated by the colocalization with the podocyte marker WT-1 (Fig. 5, E–H).

CPFA treatment reduced podocyte expression of CD80 after LPS exposure, reaching a level comparable to the experimental group 

not exposed to LPS (Fig. 5, I–L), as shown by the image analysis 

CPFA treatment, while reducing LPS levels and inhibiting CD80 induction at the podocyte level, was also able to reduce glomerular 

permeability to proteins 



Prevention of LPS-induced renal fibrosis by CPFA treatment.



Protective effect of resin adsorption on septic plasma-induced 

tubular injury. Cantaluppi V, Weber V, Lauritano C, Figliolini F, Beltramo S, 

Biancone L, De Cal M, Cruz D, Ronco C, Segoloni GP, Tetta C, Camussi G           

Crit Care 2010

Amberchrom

CG161M resin

(Rohm and Haas Co.

Philadelphia, PA)



Maladaptative repair following AKI
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The question……

CPFA:

other

clinical

applications?



Renal injury related with 

Myoglobin: 

1) ISCHEMIA

2) CAST NEPHROPATHY

3) OXIDATIVE INJURY

1

2

3



The experience of CPFA in rhabdomyolysis 

is limited. The use of CPFA in 

rhabdomyolysis resulting in kidney 

transplantation has been described.23 In a 

limited number of cases,

Described the use of CPFA in post-

traumatic rhabdomyolysis with renal 

damage, elevated blood levels of creatinine 

and contraction or absence of diuresis. 

Used CPFA early in order to prevent kidney 

damage, 6 h after the surgical 

revascularization along with the infusion 

therapy, diuretic, and correction of 

metabolic acidosis. 

The serum creatinine and potassium values 

remained normal. Diuresis has always been 

present, and the blood levels of CK and 

myoglobin decreased rapidly.

The patient recovered without sequelae.



Bile-cast nephropathy:  proximal tubular injury due to 

bile cast formation.

Bilirubin may contribute to AKI in patients with severe 

liver dysfunction for a direct toxic and pro-apoptotic 

effect on tubular epithelial cells

Mechanisms of tubular cell injury are similar to those 

observed in presence of Ig light chains during multiple 

myeloma and of myoglobin during rhabdomyolysis: 

role of the endocytic receptor megalin.

Megalin is an endocytic receptor expressed on 

the luminal surface of the renal proximal 

tubules. 

Megalin plays a crucial role together with cubilin 

in re-adsorption of filtered vitamin/carrier 

complexes.



Vol = 1L

1:1 Albumin Bilirubin

Qp: 30 ml/min

B

A

A

B

B

A

Experimental set-up

pre-cartridge

post-cartridge

In vitro data: kinetics of bilirubin and albumin 

adsorption during CPFA

Courtesy by Wratten ML, 



L-FABP

Liver-type fatty acid binding protein 

(L-FABP) is a 14KDa protein 

belonging to calycin family acting as 

an iron carrier (like NGAL). 

L-FABP is also able to bind with 

high affinity to hydrophobic 

molecules including free fatty acids, 

bile acids and bilirubin.

L-FABP is released into the 

bloodstream and patients with liver 

damage have elevated plasma L-

FABP levels. 

L-FABP is also present in kidney 

tubular epithelial cells and its 

expression is increased during 

ischemic and nephrotoxic AKI. 

LIVER TYPE FATTY ACID BINDING PROTEIN

(L-FABP)



L-FABP

Megalin

L-FABP is uptaken by 

kidney proximal 

tubular epithelial 

cells by the 

endocytic receptor 

megalin 

L-FABP may have a 

role as carrier of 

nephrotoxic 

molecules in tubular 

epithelial cells



Effect of CPFA treatment on L-FABP adsorption 

In vitro L-FABP adsorption 

on polystirenic resin:

100% after 15 min;

Still 60% after 10 hrs.
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100%
60%

Data confirmed in vivo in septic patients

In vitro L-FABP adsorption 

on polystirenic resin:

100% after 15 min;

still 60% after 10 hrs.

Qp: 30 ml/min

B

A pre-cartridge

post-cartridge



Bilirubin and L-FABP levels after 

CPFA treatment

Bilirubin (< 15 mg/dl) and L-FABP 

(9 ng/ml) decrease associated with 

an increase of urinary output.

Effect of CPFA treatment on bilirubin and L-FABP levels

Bilirubin

L-FABP

CPFA session #1

CPFA session #2

CPFA session #1

CPFA session #2

Bilirubin and L-FABP levels after CPFA 

treatment

Bilirubin (< 15 mg/dl) and L-FABP 

(9 ng/ml) decrease was associated with 

an increase of urinary output.



Effect of CPFA on low molecular weight proteinuria and   

urinary NGAL levels

After CPFA treatment, we observed a 

reduction of urinary levels of low 

molecular wheight proteins (a1-

microglobulin, Retinol Binding Protein), 

NGAL (uNGAL) and tubular cells (tubular 

score) at urine microscopy.

a1-microglobulin

RBP

u-NGAL

CPFA session 1

CPFA session 2

hours



CPFA significantly reduced in vitro TEC apoptosis (TUNEL assay detecting DNA fragmentation)

Control Healthy 

plasma

Septic plasma

Pre-CPFA  #1
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APOPTOSIS (TUNEL assay)

Effect of septic plasma on kidney 

tubular epithelial cells (TEC): apoptosis

Septic plasma

Post-CPFA  #1

Septic plasma

Pre-CPFA  #2

Septic plasma

Post-CPFA  #2



CONCLUSIONS

• Coupled Plasma Filtration Adsorption (CPFA) is a safe 

and feasible extracorporeal therapy;

• Clinical trials (Compact-Compact 2) did not support 

the rationale of CPFA use in septic shock patients;

• Experimental data suggest a protective effect on 

sepsis-associated AKI through the inhibition of 

endothelial and tubular epithelial cell injury induced 

by inflammatory mediators;

• Myoglobin- and bilirubin-associated cast 

nephrotpathy and AKI are other potential clinical 

applications for CPFA.



Coupled Plasma Filtration 

Adsorption
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