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PBUTs: why so dangerous?



…because they are poorly filtrated by 

dialysis membranes … 

PBUTs: why so dangerous?

ADSORBIMENTO



L’adsorbimento è un fenomeno di superficie
Processo chimico per cui un elemento (soluto) 

aderisce ad un altro elemento (adsorbente) 

con una struttura molecolare adeguata ad 

essere complementare al soluto.

La specificità dell’adsorbimento è il risultato di diversi gradi di affinità tra le molecole 
ed il materiale sorbente.



L’adsorbimento è un fenomeno di superficie 

Exposure of blood to artificial membrane surfaces almost immediatly leads to

the adsorption of plasma proteins.

The initial adsorption influences all subsequent events and determines the

thrombogenicity and biocompatibility of the material.

Protein layer
membrane permeability thrombogenicity

Time-dependent loss of efficiency



There are two steps of plasma protein membrane adsorption:

1) the first occurs on the membrane surface as a result of preferential competitive 

adsorption of high molecular weight proteins, such as albumin, fibrinogen/fibrin, 

immunoglobulins. This process has no relevant effect on their plasma concentrations.

…..si dice che una membrana è adsorbente quando le sue proprietà di 
adsorbimento possono essere considerate come un reale metodo di depurazione… 

2) the second adsorption is in the body of the membrane of proteins with low- and 

medium-molecular weights (such as β2microglobulin). This is slower, depends on 

membrane structure and thickness, and can be quantitatively important, 

contributing to relevant decreases in plasma concentrations.

L’adsorbimento è un fenomeno di superficie 



DEVICESMEMBRANE

L’adsorbimento in emodialisi

HFR



Adsorption is a mass separation process by a solid

agent, it differs significantly from the classic

mechanisms of convection and diffusion based

on separation by a barrier (dialysis membrane).

This modality of solute removal goes beyond

membrane characteristics and permeability.



L’adsorbimento è un fenomeno di superficie

Pores are divided based on their inlet size:

- micropores (< 2 nm)

- mesopores (2-50 nm)

- macropores (> 50 nm)

For removal of uremic toxins without albumin removal, 

mesopores appear the most relevant

Adsorption is limited by saturation of the sorbents.



Emoadsorbimento + Emodialisi (HA-HD)



The "new" concept of sorbent in hemodialysis….

1970



The "new" concept of sorbent in hemodialysis….

Adsorption of IS in vitro

Adsorption of PBUTs in vivo

In clinical studies, passing the adsorber column decreased

the serum level of free IS and PCS significantly, but not

protein-bound IS and PCS.



The "new" concept of sorbent in hemodialysis….



The "new" concept of sorbent in hemodialysis….

Comparison of the differences of inflammatory levels between 

the 2 groups before and after treatment

Clinical effect of HD combined with HP in

elderly patients is significant, which can

effectively reduce the incidence of

adverse reactions and inflammation in

the patients and improve the quality of

life and nutritional indicators of the

patients.

Aim of the study was to investigate the effects of hemodialysis (HD) combined with hemoperfusion (HP) on microinflammatory state in

elderly patients with MHD.

150 elderly patients with MHD were randomly divided into the control group and the observation group.



The combined dialysis modalities of 

regular HD/HDF plus HP could

achieve better clearance ratios of 

hepcidin than HD/HDF alone during 

one treatment session, thereby, the 

combined dialysis modalities might 

improve iron utilization, and benefit 

anemia management in MHD patients.



The "new" concept of sorbent in hemodialysis….

438 MHD patients from 37 HD centers in China with end-

stage kidney disease (63.9% males, mean age 51 years) 

suffering from chronic intractable pruritus were enrolled in 

the study. 

Eligible patients were randomized into four groups: 

1. low-flux hemodialysis (LFHD)

2. high-flux hemodialysis (HFHD)

3. HP + LFHD

4. HP + HFHD 

Beta-2 microglobulin (β2M) and parathyroid hormone 

(PTH) were measured at baseline, 3-6, and 12 months. At 

the same time points, the pruritus score was evaluated.



In the two groups HP + LFHD and HP + HFHD, there was a significant 

decrease of β2M and PTH levels after 12 months compared to the 
control groups. No significant differences were noted between HP + 

LFHD and HP + HFHD. 

Pruritus score reduction was 63% in the HP + LFHD group and 51% in 

the HP + HFHD group, respectively.

Conclusion: The long-term HP + HD can reduce β2M and PTH levels and improve pruritus in MHD patients 
independently on the use of high- or low-flux dialyzers, showing that the results are linked to the effect of adsorption.



Improving Pruritus & Sleep

158 patients who underwent routine 

hemodialysis divided into two groups:

1. 80 patients => HD

2. 78 patients => HD+HP

Hemoperfusion was performed 1-2 times 

biweekly, with each session lasting 2 h. 

Self-reported sleep disturbance was 

evaluated before and after the 

observational time (2-year period).

Sleep quality was measured using the 

Pittsburgh Sleep Quality Index.



Blood Purif (2021) 50 (1): 65–72.

93 maintenance hemodialysis patients with PTH ≥ 600 pg/ml were divided 

into 2 groups: 

1. 46 patients => HD + HP for consecutive 3 years 

2. 47 patients => HD for consecutive 3 years





• severe uremic pruritus

• severe uremia-related sleep disorders

• protein-energy wasting

• microinflammatory state

• severe secondary hyperparathyroidism

• severe hyperβ2-microglobulin

• refractory hypertension

• restless legs syndrome

• uremic peripheral neuropathy

1.Patients

2.Treatment frequency

3.Treatment methods

4.Adverse reactions



1.Patients

2.Treatment frequency

3.Treatment methods

4.Adverse reactions

Individualized HP treatment frequency should be 

determined according to patients’ complications and 
severity

Once a week or once every 2 weeks



1.Patients

2.Treatment frequency

3.Treatment methods

4.Adverse reactions

Treatment Mode

HP can be combined with three blood purification methods,

i.e., LF-HD, HF-HD, and HDF.

Each HP Treatment Duration

The recommended HP treatment duration is 2.0–2.5 h each

time. In practice, it should be the treatment duration

recommended in the product manual of each brand of

perfusion device.

Blood Flow during HP Treatment

When HP is combined with HD or HDF, the blood flow should

be controlled at 150–250 mL/min.

Hemoperfusor Connection with Dialyzer or Filter in Group

Treatment

It is recommended that the hemoperfurors be connected in

series, in front of a dialyzer or filter.

Start Time of HP Treatment in the Treatment Group

For group treatment, HD and HP devices should be combined

in series. After 2.0–2.5 h of the first group treatment, the HP

device should be removed, but HD treatment should

continue; alternatively, 2.0 h–2.5 h before the end of HD

treatment (the second group treatment), the HP device

should be installed, and the group treatment should be

performed again.



1.Patients

2.Treatment frequency

3.Treatment methods

4.Adverse reactions

• Abnormal biocompatibility

• Adsorbent particle embolization

• Air embolism

• Blood coagulation dysfunction

• Hypotension



Study Design: Multicenter, prospective and observational study aimed to evaluate the

efficacy of a coupled hemoperfusion (HP)-hemodialysis (HD) system aimed to

enhance the removal of small-medium-large size molecules and protein-bound

uremic toxins (PBUT).

Population: 18 patients undergoing high-flux hemodialysis (HF-HD) were enrolled in

the study. Patients in on-line hemodiafiltration (OL-HDF) were enrolled as control

group.

Effects of Sequential therapy with Hemoperfusion (HP) and Hemodialysis (HD) 

on uremic toxin removal



Method: Run-in phase of 3 HD sessions (1 week) performed with HF-HD (polysulfone

membrane). After the run-in week, only at the first dialysis of the following week (HP-

HD week), HP device will be added to standard HF-HD, maintaining the usual 

prescription of dialytic parameters. The same variables will be also applied to the 

second and third dialysis of the HP-HD week, but without addition of the HP device.

HF-HD HF-HD HF-HD HP+HF-HD HF-HD HF-HD

run-in week

4 hr HF-HD + HP

Qb 300 ml/min

Qd 500 ml/min



the following parameters have been collected: real duration of dialysis (min), dialyzer, Qb, Qd, recirculation

index, arterial and venous pressure, transmembrane pressure (TMP), initial and final hematocrit, initial and final

body weight, volume of blood processed, Kt/V, circuit clotting, heparin dose.

At the start and at the end of all the above-reported HD sessions, the following lab tests have been performed:

creatinine, red/white blood cell count, sodium, potassium, calcium, phosphate, uric acid, albumin, total proteins,

cholesterol, HDL, LDL, triglycerides, albumin, CRP, 2-microglobulin, myoglobin, kappa and lambda FLCs.

Samples

Before and after each dialysis session, analysis of serum levels of the following uremic toxins (UTs): 1-

methyladenosine, trimethylamine-N-oxide (TMAO), indoxyl sulfate, p-cresyl sulfate, phenyl sulfate and 4-

ethylphenyl sulfate.

Mass Removal (MR) of the above-mentioned UTs has been evaluated using the following formula:

MR= [Body Volume before HD (ml) x UTs before HD (ng/ml)] - [Body Volume after HD (ml) x UTs after HD (ng/ml)]

where:

- Body Volume before HD (ml) = 1000 x Body Weight before HD (Kg) x (1/13)

- Body Volume after HD (ml) = 1000 x Body Weight before HD (Kg) x (1/13) x [Hct before HD (%)/Hct after HD (%)]



Take home points

Dialysis adequacy should not be based only on Kt/V urea, but consider the kinetics of 

other retention solutes that are associated with adverse clinical outcomes.

Relevance of PBUT (IS, pCS) in CKD progression and ESRD-associated cardiovascular 

and neurological alterations.

PBUT are not removed (if not the unbound free fraction) by conventional diffusive 

and convective strategies.

Adsorption (HP + HD) can be a good therapeutic option for ESRD: promising results

from first clinical trials aimed to evaluate HD complications.


