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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. 
 
Keywords: Microinflammation, postdilution online hemodiafil-
tration, extended hemodialysis, adsorptive hemodialysis.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in 
patients on regular hemodialysis treatment (1). They are the 
leading cause of death of patients treated with kidney replace-
ment methods. In this patient population, the prevalence of 
traditional and non-traditional risk factors for the develop-
ment of cardiovascular diseases is high. Non-traditional risk 
factors include: anemia, inflammation, oxidative stress, hy-
perhomocysteinemia, hypervolemia, metabolism of calcium 
and phosphate, and lack of vitamin D (1, 2). 

Oxidative stress and pathophysiological mechanisms of 
its generation 

Oxidative stress is defined as organ damage caused by the 
balance disturbance between the formation of free radicals 
and the function of antioxidant systems (3, 4). A free radical 
is any atom or molecule with one or more unpaired electrons. 
The processes of protein, carbohydrate, lipid and nucleic acid 
oxidation cause damage to the structure and function of organ 
tissue cells (3, 4). Free oxygen radicals are produced in pol-
ymorphonuclear leukocytes under the action of NADPH 
(nicotinamide-adenindinukleotide-phosphate oxidase), 
which transforms the molecular oxygen into the superoxide 
anion (3, 4). The superoxide anion is transformed into hydro-
gen peroxide (H2O2) under the action of superoxide diz-
mutase (SOD). The superoxide anion and hydrogen peroxide 
are precursors in the formation of stronger oxidants. The su-
peroxide anion radical (O2

.-) reacts with nitric oxide (NO) 
and, in that case, toxic nitrogen products, such as peroxyni-
trite (ONOO-) (nitrosative stress), are formed (3). Hydrogen 
peroxide (H2O2) reacts with intracellular iron (Fe2 +) forming 
the hydroxyl radical (OH-), and that reaction is known as the 
Fenton reaction (classical oxidative stress) (3, 4). Within the 
Haber-Weiss reaction, the hydroxyl radical (OH-) is also gen-
erated by the interaction between the superoxide anion and 
hydrogen peroxide. Under the action of myeloperoxidase 
polymorphonuclear leukocytes (MPO), hydrogen peroxide is 
converted into hypochloric acid (HOCl-) in the presence of 
chlorine anions (Cl-). Hypochloric acid can react with endog-
enous amines (R-NH2) causing the production of chlora-
mines (RNH-Cl) (chlorinated stress) (3, 4). The natural anti-
oxidant system consists of an enzyme and a non-enzymatic 
component. Superoxide dismutase (SOD) is a representative 
of the first line of the antioxidant system. It accelerates the 
degree of superoxide anhydration in hydrogen peroxide. Cat-
alase (CAT) converts hydrogen peroxide into water, and this 
also works with glutathione peroxidase (GSH-Px), but in the 
presence of glutathione, a hydrogen source (3). The non-en-
zymatic components of defense include: vitamin C, vitamin 
E, N-acetylcysteine, coenzyme Q10 (3, 4). 

Oxidative stress induced by dialysis 

Patients in the final stage of chronic kidney failure treated 
with hemodialysis exhibit increased free oxygen radicals lev-
els due to prooxidative factors (age, diabetes mellitus, 
chronic inflammatory status, uraemia, bioincompatible dial-
ysis membrane, presence of endotoxins in the hemodialysis 

solution) and the reduced activity of antioxidant mechanisms 
(lack of vitamin C and selenium, lack of vitamin E, reduced 
glutathione system activity) (4, 5). 

Hemodialysis is itself a trigger for the increased for-
mation of free oxygen radicals. The two major pathophysio-
logical mechanisms for the increased formation of free oxy-
gen radicals during the hemodialysis session are: bionicom-
patibility of the dialysis membrane and the presence of endo-
toxin in a hemodialysis solution (4, 5). Dialysis membranes 
play a central role in the hemodialysis and hemodynamic 
therapy process. They can be natural and artificial (syn-
thetic). Natural membranes are cellulose derivatives, "low-
flux", have low clearance of medium molecular weight ure-
mic toxins and a lower degree of biocompatibility compared 
to synthetic membranes. Synthetic membranes (polysulphon, 
polyamide, polyacrylonitrile) are highly permeable ("high-
flux"), biocompatible, have good clearance of uremic toxins 
of medium molecular weight and are highly water-permeable 
(high coefficient for ultrafiltration - Kuf) (6, 7).  The param-
eter for the evaluation of the efficiency of the dialysis mem-
brane is the coefficient of mass transfer - KoA. It represents 
the product of the coefficient of transmission (Ko) and the 
surface of the membrane (A). Depending on KoA dialysers 
can be: low-efficient dialysers KoA <300, moderately effec-
tive dialysers - KoA = 300-600 and high-efficiency dialysers 
- KoA > 600-700 (6, 7). The ultrafiltration capacity of the 
dialyser (provides clearance of uremic toxins of medium and 
high molecular weight) is quantified based on the ultrafiltra-
tion coefficient - Kuf. Depending on the ultrafiltration coef-
ficient, the dialysers can be: "low-flux" (Kuf < 10 ml/h x 
mmHg) and "high-flux" (Kuf > 20 ml/h x mmHg) (6, 7). 
High-flux semipermeable dialysis membranes are used for 
on-line hemodialysis, with an ultrafiltration coefficient 
greater than 20 ml/h x mmHg (≥ 50 ml/h x mmHg, high water 
permeability and water-soluble secondary molecular weight 
substances) (6, 7). When the patient's blood is touched by the 
hemodialysis system, the complement and blood coagulation 
systems, platelets, mononuclear and polymorphonuclear 
cells of the immune system are activated, and can also signal 
hypersensitivity reactions (6, 7). During the hemodialysis 
session, due to direct contact of the blood and the surface of 
the membrane for hemodialysis, there is a direct activation of 
the polymorphonuclear leukocytes, which, due to activated 
myeloperoxidase (MPO), increase the free acidic radicals’ 
levels [8]. The measurement of myeloperoxidase concentra-
tion released from the serum neutrophils during the hemodi-
alysis is an indicator of the severity of oxidative stress in-
duced by the use of membranes for hemodialysis of a differ-
ent degree of bionicompatibility (8). Liquid that enters the 
dialyser is a combination of dialysis water and electrolyte so-
lution and is called a dialysis solution (dialysate, dialysis 
fluid), and the fluid coming out of the dialyser is the combi-
nation of dialysis fluid and toxic molecules removed from the 
patient's blood (9, 10). Water mixed with electrolytic solu-
tion, with prior treatment in the water treatment system, is 
called dialysis water. During standard hemodialysis (3x 
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weekly for 4h), the patient's organism is exposed to approxi-
mately 360 liters of dialysis solution. Therefore, high micro-
biological quality of the dialysis solution (ultra-pure dialysis 
solution) is required, and clinical trials show its beneficial ef-
fect on the outcome of the treatment of patients (9, 10). Ac-
cording to the European Best Practice Guidelines/European 
Renal Best Practice, ANSI/AAMI RD52 (American National 
Standards Institute/Association for the Advancement of 
Medical Instrumentation RD 52) and ANSI/AAMI/ISO 
11663 for the Advancement of Medical Instrumentation ISO 
11663), the ultra-pure dialysis solution is defined as a solu-
tion in which the number of colonies of bacteria is < 0.1 
CFU/mL and the endotoxin concentration is E  0.03 EU/mL. 
The ultrafine solution is used for high-flux hemodialysis 
(HFHD) and hemodynamic filtration (HDF) (9, 10). For he-
modialysis with the low-flux membrane (LFHD), according 
to current recommendations, the concentration of endotoxin 
should be ≤ 0.50 EU/mL ( 0.25 EU/mL) and the number of 
colonies   100 CFU/mL ( 50 CFU/mL) (9, 10). Endotoxin 
and other bacterial products, backdiffusion/backfiltration 
processes, pass from a dialysis solution, through a dialysis 
membrane (pore size on the dialysis membrane, the ability of 
the membrane to adsorb endotoxins, the thickness of the 
membrane) into the patient's blood and activate the mononu-
clears and polimorfonuclears to produce free oxygen radicals 
and proinflammatory cytokines (interleukin-1, interleukin-6, 
tumor necrosis factor - TNFα), all of which results in the de-
velopment of oxidative stress, microinflammatory and accel-
erated atherosclerosis (9, 10). To detect bacterial products in 
a hemodialysis solution (dialysis), a biological assay of pe-
ripheral blood mononuclear cell induction is used to produce 
cytokines - PBMC (cytokine induction in peripheral blood 
mononuclear cells), and for the detection of lipopolysaccha-
ride (LPS) and endotoxin, LAL (Limulus-amebocyte-lysate 
test) test (9, 10). Ultrapure dialysis solution prevents the de-
velopment of oxidative stress, microinflamation, slows down 
the decrease in residual renal function of the kidney, im-
proves the nutritional status of patients, increases the sensi-
tivity of the red blood cell line to the effect of erythropoietin, 
reduces the cardiovascular morbidity and mortality of pa-
tients treated with regular dialysis (9, 10). 

In patients treated with regular hemodialysis, the activity 
of enzymatic and non-enzymatic antioxidative systems is re-
duced. The decreased activity of antioxidant enzymes (super-
oxide dizmutase, glutathione peroxidase) is due to reduced 
concentration of trace elements, such as selenium, copper and 
zinc. Concentration of trace elements is reduced due to insuf-
ficient input, but also increased loss during hemodialysis ses-
sion (11). Because of the lack of vitamin C and vitamin E, 
the capacity of non-enzymatic antioxidative protection sys-
tems is reduced (11, 12). 

Clinical consequences of oxidative stress 

The main clinical consequences of oxidative stress 
include the development and acceleration of the atherosclero-
sis process, the development of anemia and the resistance to 
erythropoietin activity, malnutrition and amyloidosis 

associated with hemodialysis (13). The superoxide anion oxi-
dizes tetrahydrobiopterin (an endogenous cofactor necessary 
for the activity of nitric oxide (NO) synthetase enzyme) and 
in this way reduces the production of NO. Nitric oxide is con-
tinuously produced in endothelial cells by the action of NO 
synthetase on L-arginine. It has a protective effect on the car-
diovascular system (blocking the proliferation of vascular 
smooth muscle cells, platelet aggregability and adhesion of 
monocytes on endothelium). The activity of NO synthetase 
can be blocked by endogenous methylarginins. Asymmetric 
dimethylarginine is the most important endogenous blocking 
agent of the NO synthesis. It is mostly excreted through the 
kidneys, and partly under the influence of dimethyl-diamino-
hydrolase (DDAH), it is degraded to citrulline. Oxidative 
stress blocks the activity of DDAH, which reduces the degra-
dation of asymmetric dimethylarginine, and its accumulation 
in endothelial cells blocks the nitric oxide synthase, which 
begins the process of atherosclerosis (13). Increased serum 
homocysteine concentration is another significant blocker of 
the activity of dimethyl-diamino-hydrolysis enzyme 
(DDAH) in endothelial cells of arterial blood vessels. Incre-
ased serum homocysteine concentrations are present in 80% 
of patients treated with regular hemodialysis. It is defined as 
the concentration of homocysteine in the serum higher than 
15 μmol/L and is the result of a reduced activity of the 
enzymes crucial in the metabolism of homocysteine, such as 
the 5-methyltetrahydrofolate reductase, methionine synthase, 
and beta-synthesis of cystation. The decreased activity of 
these enzymes is due to the decreased concentration of vita-
mins B6, B12 and folic acid (cofacture of the enzymes men-
tioned) (14, 15). The lack of vitamin B6 occurs when the con-
centration of vitamin B6 in the serum is < 20 nmol/L, the lack 
of vitamin B12 when the concentration of vitamin B12 in the 
serum is < 200 pg/mL, and the lack of folic acid as the serum 
folate concentration is < 2.2 mg/mL (14, 15). In healthy po-
pulation, the normal concentration of ADMA in plasma is 1.0 
mol/L, in hemodialysis patients  2.2 mol/L, and at the con-
centrations of 3-15 mol/L, ADMA blocks the formation of 
NO in the endothelial cells of the blood vessels and begins 
the atherosclerosis process (16). In addition to oxidative 
stress and hyperchomocysteinemia, a significant role in the 
development of atherosclerosis in patients treated with regu-
lar hemodialysis is the role of microinflammation. It is pre-
sent in 30-50% of these patients and is defined as the concen-
tration of C-reactive protein in the serum ≥ 10 mg/L. A sig-
nificant role in causing and maintaining chronic low-level 
microinflammation in this population of patients belongs to 
bio-compatibility of dialysis membrane, water quality for he-
modialysis and vascular approach for hemodialysis (17-19). 
Microinflammation causes the accumulation of neutrophils 
and monocytes in the atherosclerotic plaque, and the release 
of free radicals of oxygen (oxidative stress), cytokines and 
metalloproteinases can lead to rupture of the atherosclerotic 
plaque cap and the development of acute coronary events (19, 
20).  

In 10-30% of patients treated with regular hemodialysis, 
there is a resistance to erythropoietin activity. According to 
the European recommendations, the resistance to 
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erythropoietin activity is defined as the inability to achieve 
the target hemoglobin concentration in the blood (Hb = 110-
120 g/L) using erythropoietin at a dose of ≥ 300 IU/kg/week 
(≥ 20.000 IU/week) or darbepoetin-a at a dose of ≥ 1.5 
μg/kg/week (≥ 100 μg/week) or as a constant need for high 
doses of erythropoietin in order to maintain the target hemo-
globin concentration (21). For the measurement of the seve-
rity of resistance to erythropoietin, the erythropoietin resi-
stance index - ERI (Erythropoietin Resistance Index) is used 
(21). It represents the ratio of weekly dose of erythropoietin 
depending on body weight and blood hemoglobin 
(EPO/kg/weekly/Hb). Erythropoietin resistance index ≥ 0.02 
μg/kg/week/g of Hb indicates the presence of erythropoietin 
resistance (21). The main risk factors for the development of 
resistance to erythropoietin activity are iron deficiency, 
inflammation, oxidative stress, lack of vitamin D and se-
condary hyperparathyroidism, lack of vitamin C, vitamin 
B12, folic acid and L-carnitine, anti-EPO antibodies (21). I-
ron deficiency, oxidative stress, microinflammation and lack 
of vitamin C block the proliferation and differentiation of red 
cell precursor cells, reduce the synthesis of endogenous 
erythropoietin, stimulate the secretion of hepcidin and the de-
velopment of a functional iron deficiency (22, 23). 

Parameters of oxidative stress in patients with  
hemodialysis 

Free oxygen radicals have a very short half-life (one se-
cond), so the clinical evaluation of oxidative stress is measu-
red by measuring stable oxidation products. Oxidative stress 
parameters include lipid peroxidation products (such as: 
acrolein, malonyldialdehyde, 4-hydroxynonenal, TBARS, 
F2-isoprosthenes), lipid oxidation products (oxLDL, anti-
oxLDL antibodies), oxidatively altered proteins (final pro-
duct of protein oxidation - AOPP), final protein glycation 
products (AGE), evaluation of the activity of antioxidant 
enzymes (SOD and glutathione peroxidase in erythrocytes), 
evaluation of non-enzymatic anti-oxidants (plasma vitamin 
C, glutathione and vitamin E content in erythrocytes) and 
inflammatory proteins CRP, albumin (23). 8-hydroxy-2'-de-
oxiguanosine (8-OHdG) is used as the parameter of nucleic 
acids oxidation, and its concentration in the serum and leu-
kocytes is increased in patients treated with regular hemodi-
alysis (23, 24). 

Treatment of oxidative stress in hemodialysis patients 

The antioxidant treatment strategy consists of the supple-
mentation with vitamin C, vitamin E (α-tocopherol), sele-
nium, N-acetylcysteine, and coenzyme Q10. Patients treated 
with regular hemodialysis have a deficiency of vitamin C due 
to reduced dietary intake (fresh fruits and vegetables in addi-
tion to vitamin C also contain significant amounts of potas-
sium) and its elimination during the hemodialysis session 
(low molecular weight - MW = 176.1 Da, in a small per-
centage it is bound for plasma proteins - PB = 25%, hydro-
soluble vitamin) (24, 25). During the hemodialysis session, 
100-300 mg of vitamin C is removed (vitamin C concentra-
tion after hemodialysis is reduced by 30-50%) (24, 25). Nor-
mal serum vitamin C concentration is 30-60 μmol/L, and 

patients treated with regular hemodialysis often have a severe 
lack of vitamin C (vitamin C concentration in the serum < 10 
μmol/L) and require the substitution of this vitamin (24, 25). 
In patients treated with regular hemodialysis, vitamin C is 
administered per os at a dose of 100-200 mg/day, and can 
also be applied i.v. at a dose of 300-500 mg after each hemo-
dialysis session over a period of 8-12 weeks, with a defective 
monitoring for early detection of systemic oxalosis (measu-
rement of serum oxalate concentration required) (24, 25). 
Intravenous use of vitamin C reduces the concentration of 
ferritin and proinflammatory mediators in the serum, reduces 
oxidative stress and resistance to the effect of erythropoietin 
in patients on regular hemodialysis treatment (24, 25).  

Vitamin E (α-tocopherol) has a very strong antioxidant 
effect. It is administered per os, and the dose of vitamin E can 
be expressed in international units or milligrams: 100 IU = 
67 mg of natural vitamin E (26). When applied in a dose of 
400-800 mg/day over a period of 8-12 weeks it significantly 
reduces the concentration of malodialdehyde, oxLDL and 
TBARS in the plasma of patients treated with regular hemo-
dialysis. The use of vitamin E reduces oxidative stress, pre-
vents the development and acceleration of atherosclerosis 
and reduces the corpulence of intima-media of carotid arter-
ies in the population of patients treated with regular hemodi-
alysis (26). 

N-acetylcysteine (NAC) increases the production of glu-
tathione, which plays an important role in the function of an-
tioxidant enzymes, such as glutathione peroxidase (GSH-Px). 
Applied at a dose of 600-1200 mg/day for 3-6 months it sig-
nificantly reduces the concentration of malondialdehyde 
(MDA) and asymmetric dimethylarginine (ADMA) in the 
plasma, reduces the resistance index to the effect of erythro-
poietin and compensates for the treatment of anemia in pa-
tients treated with regular hemodialysis (23, 26). 

Coenzyme Q provides homeostasis of mitochondria and 
reduces oxidative stress (prevents oxidation of lipids, pro-
teins, and nucleic acids). Applied in a dose of 1200-1800 mg 
daily for 4-6 months, it significantly reduces the concentra-
tion of final protein oxidation products (AOPP) and 
malondialdehyde (MDA) in the plasma of patients treated 
with regular hemodialysis (26, 27). 

The choice of the modality of hemodialysis, the type of 
dialysis membrane and the type of solution for hemodialysis 
can significantly reduce oxidative stress, prevent the devel-
opment of accelerated atherosclerosis, and correct the treat-
ment of anemia in patients treated with hemodialysis (28-41). 

On-line hemodiafiltration reduces the resistance to eryth-
ropoietin activity. The reduction of resistance to erythropoi-
etin activity results from an increased removal of hepcidin, 
inflammatory mediators, and lipid, protein and nucleic acid 
oxidation products during a hemodynamic filtration session. 
Treatment on-line by hemodiafiltration over a period of three 
to six months significantly reduces inflammation, oxidative 
stress, serum hepcidin concentration, which increases the 
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availability of iron for erythropoiesis and reduces the re-
sistance to erythropoietin activity (28, 29).  

Vitamin E coated hemodialysis membranes reduce serum 
lipid peroxidation parameters such as malondialdehyde 
(MDA), thiobarbutyric acid reactive compounds (TBARS) 
and oxidized LDL cholesterol (oxLDL). Studies have shown 
that these membranes also reduce the concentration of oxida-
tive nucleic acid parameters, such as 8-OHdG, as well as the 
concentration of microinflammatory parameters (CRP, inter-
leukin-6) (30-37). Vitamin E coated dialysis membranes re-
duce the content of 8-OHdG in leukocytes in patients treated 
with regular hemodialysis (reduces DNA leukocyte oxida-
tion). These membranes provide good control of the function 
of leukocytes, exhibit an antioxidant and antiinflammatory 
effect (30-37). The treatment of high-flux hemodialysis with 
polysulphonic membrane-bound vitamin E over a period of 
six months significantly reduces oxidative stress, microin-
flammation, an erythropoietin resistance index and corrects 
the treatment of anemia in patients treated with regular he-
modialysis (30-37). 

The treatment of anemia in patients on hemodialysis in-
volves the use of erythropoiesis (ESA) stimulating agents and 
intravenous iron (iron sucrose). After the administration of 
intravenous iron at a dose of 100 mg (within 15-30 minutes 
of infusion), the concentration of free oxygen radicals in 
these patients significantly increased (38-41). In order to pre-
vent the development of oxidative stress after i.v., Ferrous 
Pyrophosphate Citrate (FPC) for adult patients treated with 
hemodialysis, administered through a solution for hemodial-
ysis, was approved by the US Food and Drug Administration 
in 2015 (38-41). One 5 ml FPC (TrifericTM) ampoule is 
added to every 2.5 gallons of bicarbonate concentrate so that 
the final FPC concentration in the hemodialysis solution is 
110 μg/L (2.0 μmol/L). FPC is used in every hemodialysis 
treatment, and the serum ferritin concentration and iron trans-
fer (TSAT) saturation should be measured every three 
months. In patients with a serum ferritin concentration 
greater than 1000 ng/mL, and TSAT greater than 50% should 
be discontinued, FCD should be used, standard bicarbonate 
solution for hemodialysis should be used. In patients whose 
serum ferritin concentration is less than 200 ng/mL, i.v. iron 
400-500 mg, during the next 4-5 hemodialysis treatments 
(100 mg/HD), and the FPC should be continuously applied. 
When the target serum ferritin concentration and saturated 
transfer of iron transfer is achieved, FPC should be applied 
continuously because 5-7 mg of iron (maintenance of target 
values of ferritin and TSAT) is lost during each hemodialysis 
session (38-41). Iron application through hemodialysis solu-
tion reduces oxidative stress and reduces the resistance to 
erythropoietin (dose of erythropoietin decreases by 35%) 
(38-41). 

CONCLUSION 

Cardiovascular diseases are the leading cause of patients 
with chronic kidney disease treated with kidney replacement 
methods. In this patient population, there is a high prevalence 

of traditional but also new non-traditional risk factors for the 
development of cardiovascular diseases. Oxidative stress is a 
significant non-traditional risk factor for the progression of 
chronic kidney disease and the development of cardiovascu-
lar diseases in the population of patients on regular hemodi-
alysis treatment. The main clinical effects of oxidative stress 
are: atherosclerosis, amyloidosis associated with hemodialy-
sis, resistance to erythropoietin activity and malnutrition. The 
antioxidant treatment strategy consists of replenishing vita-
min C, vitamin E, selenium, N-acetylcysteine and coenzyme 
Q10. On-line hemodialysis, a biocompatible vitamin E-
coated dialysis membrane and an ultra-pure solution for he-
modialysis prevent oxidative stress. Early detection of oxida-
tive stress and timely application of appropriate antioxidant 
therapy can prevent the development of cardiovascular dis-
eases, reduce the rate of cardiovascular morbidity and mor-
tality, and improve the life quality of patients treated with re-
nal replacement methods. 
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