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ABSTRACT 

Microinflammation is a non-traditional risk factor for the 
development of cardiovascular diseases in patients on 
hemodialysis. It occurs in 30-50% of these patients, and its main 
causes are: uremic toxins, oxidative stress, metabolic acidosis, 
vitamin D deficiency, overhydration, altered intestinal 
microbiome, impaired intestinal epithelial barrier integrity, 
increased translocation of endotoxin from the intestinal lumen 
into the systemic circulation, occult infection of the vascular 
approach for hemodialysis, periodontal disease, 
bioincompatibility of the hemodialysis membrane and the 
presence of endotoxin in the hemodialysis solution. The main 
clinical consequences of microinflammation are: accelerated 
atherosclerosis, malnutrition, anemia, resistance to the action of 
erythropoietin, hemoglobin variability and dialysis-related 
amyloidosis. Postdilution online hemodiafiltration, extended and 
adsorptive hemodialysis prevent the development of 
microinflammation. Optimal control of microinflammation 
prevents the development of cardiovascular diseases, improves 
the quality of life and the outcome of patients who are treated with 
regular hemodialysis. 
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INTRODUCTION  

Cardiovascular diseases are the leading cause of death in 
patients treated with regular hemodialysis (1-4). Uremic tox-
ins, microinflammation, malnutrition, oxidative stress, endo-
thelial dysfunction, erythropoietin resistance and anemia are 
significant non-traditional risk factors for the development of 
cardiovascular disease. Microinflammation occurs in 30-
50% of patients on hemodialysis, and its main clinical conse-
quences are: accelerated atherosclerosis, malnutrition and re-
sistance to the action of erythropoietin. Microinflammation 
plays a key role in the process of atherosclerosis, develop-
ment and rupture of atherosclerotic plaque, and its early de-
tection and timely application of appropriate treatment sig-
nificantly reduce the development of cardiovascular morbid-
ity and mortality in patients treated with hemodialysis (5). 
Early detection and optimal control of nontraditional risk fac-
tors play a key role in preventing the development of cardio-
vascular disease in this patient population (4-6). 

Definition and etiopathogenesis of microinflammation 

Microinflammation is defined as a pathological condi-
tion, which is characterized by constant low-grade inflamma-
tion followed by an increase in the concentration of pro-in-
flammatory mediators in the serum (concentration of C-reac-
tive protein - CRP ≥ 10 mg/L, IL-6 concentration ≥ 7 pg/mL) 
(7). The etiopathogenesis of microinflammation is complex 
and includes multiple factors: uremic toxins, immune system 
dysfunction in chronic kidney disease, intestinal microbiome 
dysfunction, dialysis membrane biocompatibility, conven-
tional dialysis solution, presence of endotoxin in dialysis so-
lution, reversible ultrasound hemodialysis, gingival infection 
(periodontitis), increased extracellular fluid volume (overhy-
dration), metabolic acidosis, vitamin D deficiency (7, 8). 

Uremic toxins play a significant role in the development 
of microinflammation, oxidative stress, accelerated athero-
sclerosis, and cardiovascular disease in this patient popula-
tion (8-10). According to the recommendations of the EUTox 
(European Union Toxin Working Group), uremic toxins are 
divided into three groups. The first group consists of uremic 
toxins of low molecular weight (MW  500 Da). These toxins 
are soluble in water and are effectively removed by standard 
high-flux hemodialysis. The second group consists of uremic 
toxins that bind in a high percentage to plasma proteins (de-
gree of binding to plasma proteins  90%). They are mainly 
low molecular weight (MW  500 Da) and are efficiently re-
moved by hemodialysis with membranes that have the ability 
to adsorb. Middle molecular weight uremic toxins (MW = 
0.5-60 kDa) belong to the third group of uremic toxins. These 
uremic toxins are effectively removed by postdilution online 
hemodiafiltration and extended hemodialysis - ED (Ex-
panded Dialysis). Middle molecular weight uremic toxins in-
clude proinflammatory cytokines (interleukin-1β, interleu-
kin-6, interleukin-18, tumor necrosis factor alpha - TNF), 
proinflammatory proteins (pentraxin-3, YKL-40) and adi-
pokines (adiponectin, visfatin, leptin). Proinflammatory cy-
tokines, proteins and adipokines play a significant role in the 

development of microinflammation and malnutrition in pa-
tients treated with regular hemodialysis. Microinflammation, 
malnutrition and oxidative stress are significant non-tradi-
tional risk factors, which result in the development of accel-
erated atherosclerosis (atherosclerotic cardiovascular dis-
ease), amyloidosis associated with hemodialysis, erythropoi-
etin resistance, and anemia (8-10). 

In the end-stage of chronic kidney disease, due to the ac-
cumulation of uremic toxins, the function of the immune sys-
tem is disturbed. We distinguish between disorders of the in-
nate and acquired immune system. Disorders of the innate 
immune system in patients on hemodialysis include: constant 
activation of neutrophils and low-grade peripheral blood 
monocytes, which results in an increased risk of developing 
microinflammation and atherosclerotic cardiovascular dis-
eases. Due to the reduced function of phagocytosis of neutro-
phils and monocytes, as well as the reduced function of NK 
cells, the risk of bacterial infections is increased. Disorder of 
the acquired immune system is characterized by a decrease 
in the number and function of B and T lymphocytes, which 
results in an increased risk of viral infections and malignant 
diseases (11). The two most significant uremic toxins that al-
ter the function of the immune system in this patient popula-
tion are indoxyl sulfate and p-cresyl sulfate. Indoxyl sulfate 
stimulates monocytes to enhance the production and release 
of proinflammatory cytokines, while p-cresyl sulfate reduces 
phagocytosis function and NADPH oxidase activity in neu-
trophils, as well as antigen presentation by dendritic cells 
(11). 

Hemodialysis membranes play a key role in the process 
of hemodialysis and hemodiafiltration. They can be natural 
or artificial (synthetic). Natural membranes are derivatives of 
cellulose (cuprophan), they are "low-flux", they are less bio-
compatible compared to synthetic membranes and they have 
a small clearance of uremic toxins of middle molecular 
weight. Synthetic membranes (polysulfone, polyethersul-
fone, polyarylethersulfone, ethylene vinyl alcohol, polyam-
ide, polyacrylnitrile, polymethylacrylate, helixone) are 
highly biocompatible “high-flux” membranes, which have a 
good clearance of middle molecular weight uremic toxins 
(12-14). The composition of the dialysis membrane (cellu-
lose membrane), the sterilization method (ethylene oxide) 
and bisphenol A can be triggers of bioincompatibility reac-
tions. During hemodialysis, the blood comes into direct con-
tact with the synthetic material of the dialysis membrane and 
extracorporeal circulation, and as a consequence various re-
actions can occur: activation of neutrophils and peripheral 
blood monocytes, activation of the complement system, acti-
vation of coagulation and platelet systems, hypersensitivity 
reactions (allergic reactions). Activated neutrophils increase 
the production and release of proteinases (elestase, myelop-
eroxidase), lactoferrin, cathepsin, chemokines (IL-8, CCL2, 
CCL3) and cytokines (IL-1, IL-6, TNF, TGF). Released 
mediators intensify microinflammation. In clinical practice, 
the concentration of neutrophilic elastase and myeloperoxi-
dase (released from granules due to neutrophil activation) in 
serum is measured to assess the biocompatibility of the 
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dialysis membrane, while the concentration of platelet factor 
4 and -thromboglobulin is measured to assess platelet acti-
vation. All of these serum parameters are measured at the 
start of the dialysis session, after 15 minutes, 60 minutes, and 
at the end of the dialysis session (12-14). Due to the activa-
tion of neutrophils and peripheral blood monocytes, there is 
an increased production of oxygen free radicals, and due to 
increased loss of trace elements and water-soluble antioxi-
dants during the hemodialysis session, the activity of antiox-
idant enzymes decreases (increased oxidative stress) (12-14). 

Allergic reactions associated with hemodialysis are clas-
sified as type A and type B reactions. Type A reactions occur 
5-30 minutes after the start of dialysis, are mediated by IgE 
class antibodies (anaphylactic reactions), releasing hista-
mine, leukotrienes, prostaglandins and cytokines from mast 
cells and basophils, resulting in itching, runny nose, ab-
dominal cramps, tingling in the vascular approach to hemo-
dialysis, urticaria, bronchospasm, angioedema, and anaphy-
lactic shock (15, 16). Type A reactions are repeated when the 
same type of dialyzer is used. Type B reactions occur later ( 
30 minutes from the start of the hemodialysis session), are 
not mediated by IgE class antibodies (anaphylactoid reac-
tions), are triggered by activation of the complement system, 
clinical symptoms are less pronounced: headache, nausea, 
vomiting, back and/or chest pain, hypotension (15, 16). 

The microbiological quality of the hemodialysis solution 
is a risk factor for the development of microinflammation and 
accelerated atherosclerosis. During the hemodialysis session, 
bacterial products (endotoxins) through the processes of 
backdiffusion and back ultrafiltration (backdiffusion/back-
filtration) from the dialysis solution, through the dialysis 
membrane, reach the patient's blood and activate monocytes. 
Activated monocytes intensively produce and release pro-in-
flammatory cytokines (IL-1, IL-6, TNF), which results in 
the development of persistent low-grade microinflammation 
and the development of accelerated atherosclerosis. High-
flux hemodialysis, postdilution online hemodiafiltration, and 
extended hemodialysis require an ultrapure dialysis solution. 
It is defined as a solution in which the bacterial concentration 
is  0.1 CFU/mL and the endotoxin concentration is less than 
0.03 EU/mL. In postdilution online hemodiafiltration, a ster-
ile substitution solution is used, and it is defined as a solution 
in which the bacterial concentration is  10-6 CFU/ml and 
the endotoxin concentration is less than 0.03 EU/mL (17). 

Metabolic acidosis occurs in 15-20% of patients with 
chronic kidney disease. It is defined as a serum bicarbonate 
concentration of less than 22 mmol/L. The main clinical con-
sequences of metabolic acidosis are: microinflammation, in-
creased protein catabolism (decrease in muscle mass), pro-
gression of chronic kidney disease, development of osteopo-
rosis, insulin resistance, decreased albumin synthesis in the 
liver (hypoalbuminemia), increased risk of adverse outcome 
in these patients. The target serum bicarbonate concentration 
in patients with chronic kidney disease should be - HCO3- ≥ 
22 mmol/L (optimal HCO3- concentration should be: 22-26 
mmol/L) (21, 22). For the treatment of metabolic acidosis, 

sodium bicarbonate (650 mg tablets) is used twice a day until 
the target serum bicarbonate concentration is reached (18, 
19). 

Oxidative stress is a non-traditional risk factor for the de-
velopment of cardiovascular diseases in the population of pa-
tients treated with regular hemodialysis. Hemodialysis is it-
self a trigger for increased oxygen free radical formation. The 
two main pathophysiological mechanisms of enhanced oxy-
gen free radical formation during a hemodialysis session are: 
bioincompatibility of the dialysis membrane and the presence 
of endotoxin in the dialysis solution. In contact with the blood 
and the dialysis membrane, NADPH neutrophil oxidase is ac-
tivated, oxygen free radicals are formed, and myeloproxidase 
- MPO (Myeloperoxidase) is released from the neutrophil 
granules. Measurement of serum myeloperoxidase concen-
tration during a hemodialysis session is an indicator of the 
severity of oxidative stress induced by a bioincompatible di-
alysis membrane. Endotoxin and other bacterial products, 
through backdiffusion/backfiltration processes, pass from the 
dialysis solution through the dialysis membrane into the pa-
tient's circulation and activate neutrophils and monocytes to 
increase the production and release of oxygen free radicals 
and proinflammatory cytokines. This results in the develop-
ment of oxidative stress, microinflammation and accelerated 
atherosclerosis. In patients treated with regular hemodialysis, 
the activity of enzymatic and non-enzymatic antioxidant sys-
tems is reduced. During the hemodialysis session, trace ele-
ments (zinc, selenium, copper) are lost, and this results in re-
duced activity of antioxidant enzymes, such as superoxide 
dismutase and glutathione peroxidase. Vitamin E-coated di-
alysis membrane reduces the concentration of lipid peroxida-
tion parameters in the serum of patients treated with high-
flux hemodialysis and postdilution online hemodiafiltration 
(20, 21). 

Intestinal microbiome disorder (intestinal dysbiosis) is 
defined as a change in the composition and function of intes-
tinal microorganisms. Studies show that intestinal microbi-
ome disorder is a non-traditional risk factor for the develop-
ment of cardiovascular disease in patients treated with regu-
lar hemodialysis. As a consequence of intestinal microbiome 
disorders, indoxyl sulfate and p-cresyl sulfate are increas-
ingly formed. These uremic toxins bind in a high percentage 
to plasma proteins, are poorly removed by high-flux hemodi-
alysis, extended hemodialysis, and postdilution online he-
modiafiltration. They stimulate the activation and adhesion 
of leukocytes to endothelial cells, increase and release in-
flammatory mediators, stimulate oxidative stress and the for-
mation of foam cells, cause endothelial dysfunction and re-
duced production of nitric oxide, which begins the process of 
atherosclerosis (atherosclerotic plaque). High-flux hemodial-
ysis with adsorptive membranes and the oral adsorbent AST-
120 play a significant role in reducing the concentration of 
indoxyl sulfate and preventing the development of athero-
sclerotic cardiovascular diseases in patients treated with reg-
ular hemodialysis (22). Intestinal microbiome disorders and 
intestinal epithelial barrier integrity disorders play a signifi-
cant role in the development of microinflammation in 
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patients treated with regular hemodialysis. Due to the dis-
turbed epithelial barrier of the intestine, bacteria and endo-
toxins are translocated from the intestinal lumen into the sys-
temic circulation, which activate the innate immune system. 
Through so many receptors, neutrophils and peripheral blood 
monocytes are activated, they increase the production and re-
lease of proinflammatory mediators (cytokines), resulting in 
systemic microinflammation (22). 

High-flux hemodialysis with adsorptive membranes and 
the oral adsorbent AST-120 play a significant role in reduc-
ing the concentration of indoxyl sulfate and preventing the 
development of atherosclerotic cardiovascular diseases in pa-
tients treated with regular hemodialysis (22). Intestinal mi-
crobiome disorders and intestinal epithelial barrier integrity 
disorders play a significant role in the development of mi-
croinflammation in patients treated with regular hemodialy-
sis. Due to the disturbed epithelial barrier of the intestine, 
bacteria and endotoxins are translocated from the intestinal 
lumen into the systemic circulation, which activate the innate 
immune system. Through so many receptors, neutrophils and 
peripheral blood monocytes are activated, they increase the 
production and release of proinflammatory mediators (cyto-
kines), resulting in systemic microinflammation (22). 

Overhydration is defined as an increase in the volume of 
extracellular fluid in patients treated with regular hemodial-
ysis. It is a risk factor for the development of microinflam-
mation, malnutrition and cardiovascular diseases. Overhy-
dration causes edema of the intestinal wall and increased 
translocation of bacteria and endotoxins from the intestinal 
lumen into the systemic circulation. As a consequence of the 
activation of the cells of the innate immune system, there is 
an increased production and secretion of proinflammatory 
cytokines and the development of microinflammation. The 
following parameters are used to assess the state of hydra-
tion: overhydration (OH) and the ratio of overhydration to 
extracellular fluid volume (OH/ECW). Normal hydration in 
hemodialysis patients is present if the OH is in the range of -
1.1 to +1.1 liters. Mild hyperhydration exists if OH = 1.1-2.5 
liters, and severe excess fluid is defined as OH  2.5 liters. 
The OH/ECW ratio  15% in men and  13% in women in-
dicates overhydration. Patients treated with hemodialysis in 
whom OH  2.5 liters and OH/ECW ratio  15% have a sta-
tistically significantly higher mortality rate compared to pa-
tients with normal hydration (23-26).    

Vitamin D 25 (OH) D reduces microinflammation, re-
sistance to the action of erythropoietin, has a protective effect 
on the cardiovascular and immune system of patients treated 
with regular hemodialysis. In patients treated with regular he-
modialysis, the normal concentration of vitamin D 25 (OH) 
D is 30-80 ng/mL, and vitamin D deficiency is defined as a 
vitamin D concentration of less than 30 ng/mL. Patients with 
a serum vitamin D concentration of 20-30 ng/mL have a mild 
deficiency, and a serum vitamin D concentration of 10-20 
ng/mL indicates a moderate deficiency. Severe vitamin D de-
ficiency is defined as a vitamin D concentration of less than 
10 ng/mL. Vitamin D substitution involves the 

administration of ergocalciferol or cholecalciferol at a dose 
of 25,000 IU/week for 3-6 months. In case of severe vitamin 
D deficiency ( 10 ng/mL), ergolaciferol or cholecalciferol 
should be administered at a dose of 50,000 IU/week for three 
to six weeks, until the target serum vitamin D concentration 
≥ 30 ng/mL (27). 

 

Clinical consequences of microinflammation  

Atherosclerosis and atherosclerotic cardiovascular disease 

Microinflammation, oxidative stress, and hyperhomocys-
teinemia are significant risk factors for the development of 
accelerated atherosclerosis in patients undergoing regular he-
modialysis. These risk factors block the activity of the en-
zymes dimethyl-diamino-hydrolase - DDHA (Dimethyl-Dia-
mino-Hydrolase) in the endothelial cells of arterial blood ves-
sels, which breaks down asymmetric dimethylarginine - 
ADMA (Asymmetric Dimethylarginine) to L-citrulline and 
methionine. Asymmetric dimethylarginine is the most im-
portant endogenous blocker of nitric oxide synthase - NO 
(Nitrogen Oxide), and reduced production of nitric oxide in 
endothelial cells plays a key role in initiating the process of 
atherosclerosis (28). The process of atherosclerosis goes 
through several stages: increased endothelial permeability, 
expression of adhesion molecules on the surface of endothe-
lial cells, adhesion and migration of leukocytes and mono-
cytes, formation of foam cells, plaque rupture and thrombus 
formation. Microinflammation leads to the accumulation of 
neutrophils and monocytes in atherosclerotic plaque, and the 
release of cytokines and metalloproteinases causes rupture of 
the atherosclerotic plaque cap and the development of an 
acute coronary event (29, 30). 

Anemia, erythropoietin resistance and hemoglobin 
variability 

Microinflammation is a risk factor for the development of 
anemia, resistance to the action of erythropoietin, as well as 
for the variability of hemoglobin in patients on hemodialysis. 
The pathophysiological mechanisms of the development of 
anemia due to microinflammation can be divided into two 
groups: hepcidin-dependent mechanisms and hepcidin-inde-
pendent mechanisms. Microinflammation (interleukin-6) 
stimulates the synthesis of hepcides in liver cells. Hepcidin 
prevents the release of iron from the cells of the reticu-
lonedothelial system in the liver and spleen and causes a 
functional lack of iron (reduced amount of iron available for 
erythrocytopoiesis in the bone marrow). Mechanisms inde-
pendent of hepcidin include: decreased production of endog-
enous erythropoietin (IL-1, TNF), blocking the prolifera-
tion and differentiation of erythrocyte lineage precursor cells 
in the bone marrow (TNF, INF) and shortened erythrocyte 
lifespan (neutrophil elestasis) (31 ). Erythropoietin Re-
sistance Index (ERI) is defined as the ratio of the weekly dose 
of erythropoietin depending on body weight and hemoglobin 
concentration in the blood. Resistance to the action of short-
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acting erythropoietins exists if the resistance index - ERI ≥ 
1.0 IU/kg/week/gHb. Resistance index - ERI ≥ 0.005 
µg/kg/week/gHb indicates resistance to the action of long-
acting erythropoietins. The main risk factors for the develop-
ment of erythropoietin resistance include: uremic toxins, mi-
croinflammation, oxidative stress, iron deficiency, vitamin D 
deficiency, uncontrolled secondary hyperparathyroidism, ex-
cessive hydration, vitamin B12 and folic acid deficiency. The 
results of clinical trials show that the concentration of CRP 
in serum ≥ 20 mg/L, tumor necrosis factor - TNF ≥ 2 ng/mL 
and interleukin 6 - IL-6 ≥ 40 ng/mL indicates the existence 
of resistance to the action of erythropoietin in patients who 
are treated with regular hemodialysis (31). 

Hemoglobin variability is a risk factor for adverse out-
comes in patients treated with regular hemodialysis. It is de-
fined as an oscillation of the hemoglobin concentration in the 
blood over a period of 8 weeks, with an amplitude greater 
than 15 g/L from the set target hemoglobin values (hemoglo-
bin oscillation greater than 15 g/L from the equilibrium point 
with a return back to the same point during the period of at 
least 8 weeks). Factors that cause hemoglobin variability can 
be divided into three groups. The first group consists of drug-
related factors (drugs), which include: pharmacokinetic char-
acteristics of erythropoietin, bioavailability and route of ad-
ministration of erythropoietin (s.c. or i.v.). Factors related to 
the patient include acute and chronic comorbidities: microin-
flammation, malnutrition, vitamin D deficiency, secondary 
hyperparathyroidism. The third group consists of factors re-
lated to treatment protocols and costs (refund policy) (32). 
The strategy to prevent the development of variability in-
cludes: more frequent monitoring of hemoglobin concentra-
tion in the blood (weekly or biweekly), gradual change of 
erythropoietin dose ( 25% of the initial dose), preventive in-
crease of erythropoietin dose (inflammatory conditions), op-
timal microinflammation control, fast and effective treatment 
of infection , rapid and effective treatment of gastrointestinal 
bleeding, optimal control of secondary hyperparathyroidism, 
erythropoietin and iron dosage compliance, erythropoietin 
change, and individualization of anemia treatment (32). 

Malnutrition: loss of energy due to lack of protein 

Malnutrition is a risk factor for an unfavorable outcome 
in patients treated with regular hemodialysis. The two main 
pathophysiological mechanisms of malnutrition due to pro-
tein deficiency are: reduced dietary protein intake and in-
creased catabolism of deposited proteins. Reduced dietary 
protein intake is a consequence of loss of appetite and re-
duced absorption of nutrients from the gastrointestinal tract. 
Increased protein catabolism in hemodialysis patients occurs 
due to microinflammation, oxidative stress, metabolic acido-
sis, insulin resistance, and testosterone deficiency (33, 34). In 
hemodialysis patients, dietary protein intake should be ≥ 1.2 
g/kg/day and energy intake 35 kcal/kg/day. Oral Nutrition 
Supplementation (OSN) provides additional protein intake of 
0.3-0.4 g/kg/ day and energy of 10 kcal/kg/day. In patients 
on hemodialysis with proven malnutrition, in whom the 
spontaneous intake of protein is less than 0.8 g/kg/day and 

energy is less than 20 kcal/kg/day, intradialysis parenteral 
nutrition - IDPN (Intradialytic Parenteral Nutrition) is indi-
cated. The commercial bag contains a mixture of amino ac-
ids, glucose and lipid emulsions (1 kcal/mL, amino acids 40-
60 g/L), administered in the form of IV infusion through the 
venous line of extracorporeal circulation, 15 minutes after the 
start of the dialysis session, at a maximum rate of 250 mL/h. 
It can provide 1000 kcal and 50 g of amino acids during a 
single hemodialysis session (33, 34).  

Diagnosis of PEW includes four categories of clinical cri-
teria: biochemical criteria, body mass, muscle mass, and pro-
tein and energy intake. Biochemical criteria include: serum 
albumin concentration less than 38 g/L, prealbumin concen-
tration less than 0.30 g/L, serum cholesterol concentration 
less than 2.6 mmol/L ( 100 mg/dL). The body weight cate-
gory includes the following clinical criteria: body mass index 
- BMI less than 23 kg/m2, unintentional weight loss ≥ 5% 
over three months or ≥ 10% over 6 months, total body fat 
percentage less than 10%. Clinical criteria for assessing mus-
cle mass include: unintentional decrease in muscle mass ≥ 
5% over 3 months or ≥ 10% over six months, decreased upper 
arm muscle volume - MAMC by 10% compared to reference 
values (Mid-Arm Muscle Circumference) and the kinet-
ics/creatinine index - SCI (Simplified Creatinine Index). The 
category of dietary intake include: unintentionally low pro-
tein intake less than 0.8 g/kg/day for at least two months for 
patients undergoing hemodialysis and less than 0.6 g/kg/day 
for patients suffering from chronic kidney disease stage CKD 
3b-5, as well as unduly low energy intake, less than 25 
kcal/kg/day for at least two months. For the diagnosis of pro-
tein deficiency malnutrition (PEW), at least three categories 
and at least one test result in each of the selected categories 
must be positive. For the diagnosis of protein deficiency mal-
nutrition (PEW), at least three categories and at least one test 
result in each of the selected categories must be positive. 
Each criterion should be documented three times, preferably 
2-4 weeks apart (33, 34). 

Amyloidosis associated with dialysis  

Hemodialysis-related amyloidosis occurs as a conse-
quence of 2-microglobulin accumulation. In hemodialysis 
patients, microinflammation and metabolic acidosis promote 
increased 2-microglobulin production. In contact with other 
biological molecules (glycosaminoglycans, proteoglycans) 
conformational changes of 2-microglobulin occur, amyloid 
fibers are formed, and their deposition leads to bone and joint 
disorders, carpal tunnel syndrome (compression of the me-
dian tunnel) and carpal tunnel. formation of cystic formations 
in the bones. In patients with carpal tunnel syndrome, as a 
consequence of shortening of the flexor tendons of the fin-
gers, a characteristic "guitar sign" appears. Post-dilution 
online hemodiafiltration and extended hemodialysis, which 
enable the efficient removal of 2-microglobulin from the pa-
tient's serum, play a key role in preventing the development 
and progression of hemodialysis-related amyloidosis. Ac-
cording to the recommendations of the JSN (Japanese Soci-
ety of Nephrology), the target predialysis concentration of 2-
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microglobulin in the serum should be less than 30 mg/L (ide-
ally less than 25 mg/L) (35). 

Prevention and treatment of microinflammation 

Postdilution online hemodiafiltration - OL-HDF 

Postdilution online hemodiafiltration is a method to re-
place kidney function that effectively removes uremic toxins 
of middle molecular weight in the range of 0.5-60 kDa. Stud-
ies show that it reduces microinflammation, oxidative stress, 
malnutrition due to protein deficiency, resistance to the ac-
tion of erythropoietin and the development of accelerated 
atherosclerosis (36-41). High-volume postdilution online he-
modiafiltration (Vconv = 22-30 liters per session) prevents 
the development of atherosclerotic cardiovascular diseases, 
reduces the risk of cardiovascular mortality and improves the 
quality of life of patients with end-stage chronic kidney dis-
ease (42-47). For optimal control of oxidative stress and mi-
croinflammation, high-flux hemodialysis and postdilution 
online hemodiafiltration with dialysis membranes coated 
with vitamin E are used (48-50). 

The efficiency of postdilution online hemodiafiltration 
depends on the total convective volume - Vconv. The target 
total convective volume should be - Vconv = 22-30 liters per 
session. It depends on the rate of blood flow through the ar-
teriovenous fistula (Qavf ≥ 600 mL/min), the rate of blood 
flow (Qb ≥ 350 mL/min) and the characteristics of the dia-
lyzer. The main characteristics of dialyzers used for postdi-
lution online hemodiafiltration are: high ultrafiltration coef-
ficient (Kuf  40 mL/h x mmHg), sieving coefficient for β2-
microglobulin greater than 0.60, sieving coefficient for albu-
min less than 0.01 (albumin loss per session less than 4.0 g), 
capillary density greater than 11,000 per cross-sectional area 
of the dialyzer allows the flow of dialysis solution - Qd = 500 
mL/min, the inner diameter of the dialyzer capillaries greater 
than 200 µm. Dialyzers with dialysis membranes with an area 
of ≥ 2.0 m2 should be used to optimize the filtration fraction 
in postdilution online hemodiafiltration (51, 52). For postdi-
lution online hemodiafiltration, the maximum conductivity 
of water from the reverse osmosis system should be up to 5 
µS/cm. Ultrapure dialysis solution (bacterial concentration  
0.1 CFU/mL, endotoxin concentration  0.03 EU/mL) and 
sterile substitution solution (bacterial concentration  10-6 
CFU/mL, endotoxin concentration  0.03 EU/mL (51, 52). 

Extended hemodialysis - MCO hemodialysis 

Extended hemodialysis is a method to replace kidney 
function that effectively removes uremic toxins of medium 
molecular weight, including proinflammatory cytokines, by 
a diffusion process and an internal filtration process. With an 
MCO membrane of 2.0 m2, the internal filtration is high and 
amounts to 30-50 mL/min. Less than 4.0 g/4h is lost during a 
single session of extended MCO hemodialysis, which is of 
great importance in order to prevent malnutrition due to pro-
tein loss. It reduces microinflammation, oxidative stress, 
malnutrition due to protein deficiency, resistance to the 

action of erythropoietin and prevents the development of ac-
celerated atherosclerosis (53-57). 

Optimization of diffusion and convective transport capac-
ity in MCO dialysis membrane depends on blood flow rate 
(Qb ≥ 300 mL/min), net ultrafiltration flow rate (Qnuf), in-
ternal filtration flow rate, single session duration and dialyzer 
characteristics. Internal filtration depends on the membrane 
ultrafiltration coefficient, the internal diameter of capillary 
fibers ( 200 µm), the net ultrafiltration flow rate and the 
sieving coefficient for individual uremic toxins. It increases 
in proportion to the strength of blood flow and the area of the 
MCO membrane. High internal filtration and increased MCO 
membrane sieving capacity enable high clearance of middle 
molecular weight uremic toxins. The target spKt/V index for 
a single session of extended MCO hemodialysis should be ≥ 
1.20 (53-57). 

Adsorptive hemodialysis - PMMA hemodialysis 

Adsorptive hemodialysis is a method for replacing kidney 
function that effectively removes uremic toxins of medium 
and large molecular weight, as well as uremic toxins that bind 
in a high percentage to plasma proteins - PBUT (Protein-
Bound Uremic Toxins). It combines diffusion, convection 
and adsorption. PMMA (Polymethyl Methacrylate) dialysis 
membranes have a high adsorption capacity of 2-micro-
globulin, proinflammatory cytokines (IL-6, IL-8, TNF, 
HMGB-1), free light chains of monoclonal immunoglobulins 
and uremic toxins that in high percentage bind to plasma pro-
teins (indoxyl sulfate, p-cresyl sulfate). Clinical studies show 
that adsorptive hemodialysis reduces microinflammation (re-
moves proinflammatory cytokines), prevents malnutrition 
and muscle loss, significantly reduces uremic itching and the 
development of atherosclerotic cardiovascular diseases in the 
population of patients treated with regular hemodialysis (58-
60). Optimization of diffusion capacity, convective transport 
and adsorption capacity of PMMA dialysis membrane de-
pends on blood flow rate (Qb ≥ 300 mL/min), dialysate flow 
rate (Qd ≥ 500 mL/min), net ultrafiltration flow rate (Qnuf), 
duration of individual sessions and characteristics of the dia-
lyzer: inner diameter of capillary fibers of 200 µm, mem-
brane wall thickness of 30 µm. The target spKt/V index for a 
single session of adsorptive PMMA hemodialysis should be 
≥ 1.20 (58-60). 

CONCLUSION  
 
Microinflammation is a risk factor for an unfavorable 
outcome in patients treated with regular hemodialysis. Its 
prevalence in the final stage of chronic kidney disease is 30-
50%. Postdilution online hemodiafiltration, extended and 
adsorptive hemodialysis prevent the development of 
microinflammation. Optimal control of microinflammation 
reduces the risk of accelerated atherosclerosis, malnutrition, 
resistance to the action of erythropoietin, improves the 
quality of life and reduces the rate of cardiovascular 
morbidity and mortality in patients treated with regular 
hemodialysis. 
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