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ABSTRACT

Anemia is a common complication among the patients
with end-stage kidney disease. Management of anemia is
influenced by several factors: iron deficiency, subtherapeutic
dosage of erythropoietin, microinflammation, vitamin D de-
ficiency, increased iPTH levels and inadequate hemodialysis.

The aim of the study was to examine impact of dialysis mo-
dality on blood hemoglobin level as well as status of iron, status
of vitamin D, hemodialysis adequacy and erythropoietin dose.

The study included 120 patients which were divided into
two groups: the group of patients treated with hemodiafiltra-
tion and the group of patients treated with standard hemo-
dialysis. For statistical analysis Kolmogorov-Smirnov test,
Student’s t-test and Mann-Whitney U-test were used.

Blood hemoglobin level and parameters of hemodialysis
adequacy (Kt/V index, spKt/V index, URR index), hemato-
crit ad protein catabolic rate (nPCR) were statisticaly sig-
nificant lower in patients treated with regular hemodialysis
compared to patients treated with regular hemodiafiltra-
tion. Serum ferritin level, C-reactive protein level and av-
erage monthly dose of intravenous iron were higher in the
patients treated with regular hemodialysis compared to pa-
tients treated with hemodiafiltration.

Patients treated with hemodiafiltration have lower grade of
microinflammation, better iron status and better control of ane-
mia compared to the patients treated with regular hemodialysis.
Dialysis modality is an important factor that influences manage-
ment of anemia in the patients with end-stage kidney disease.

Keywords: hemodialysis, hemodiafiltration, erythropoi-
etin, anemia.
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SAZETAK

Anemija je esta komplikacija kod bolesnika sa zavrs$nim
stadijumom bolesti bubrega. Na lecenje anemije uticu: ne-
dostatak gvozda, nedovoljna doza eritropoetina, mikroin-
flamacija, nedostatak vitamina D, poveana koncentracija
iPTH, neadekvatna hemodijaliza.

Rad je imao za cilj da ispita uticaj modaliteta dijalize na
koncentraciju hemoglobina u krvi, status gvozda, vitamin D,
adekvatnost hemodijalize i dozu eritropoetina.

Ispitivanje je ukljucilo 120 bolesnika. Bolesnici su podeljeni
u dve grupe: le¢eni hemodijafiltracijom i leceni standardnom
hemodijalizom. Za statisticku analizu korisceni su: Kolmogo-
rov Smirnov test, Student-ov T test, Mann-Whitney U test.

Bolesnici koji se lec¢e redovnom hemodijalizom imaju vi-
soko statisticki znacajno (p < 0.01) manju: koncentraciju he-
moglobina u krvi, vrednost parametara adekvatnosti hemo-
dijalize (Kt/V indeks spKt/V indeks, URR indeks), statisticki
znacéajno (p < 0.05) manju vrednost hematokrita i brzinu
razgradnje proteina (nPCR), kao i statisticki znacajno (p <
0.05) vecu: koncentraciju feritina u serumu, C-reaktivnog
proteina i prose¢nu mesecnu dozu i.v. gvoZda, u odnosu na
bolesnike koji se lece redovnom hemodijafiltracijom.

Bolesnici koji se lece redovnom hemodijafiltracijom ima-
ju manji stepen mikroinflamacije, bolji status gvozda u orga-
nizmu i optimalnu kontrolu anemije, u odnosu na bolesnike
koji se lece standardnom hemodijalizom. Modalitet dijalize
je znacajan faktor za lecenje anemije kod bolesnika sa zavrs-
nim stadijumom bolesti bubrega.

Kljucne reci: hemodijaliza, hemodijafiltracija, eritropo-
etin, anemija.
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INTRODUCTION

Anemia is present in about ninety percent of patients
starting treatment with regular hemodialysis. The main
factor that causes anemia among these patients is the lack
of endogene erythropoietin which stimulates proliferation
and differentiation of erythroid precursors in the bone
marrow [1, 2]. Another common cause is a blood loss due
to occult gastrointestinal hemorrhage related to uremic
gastritis, extracorporeal thrombosis, frequent blood sam-
pling [1, 2]. In order to diagnose anemia on time in hemo-
dialysis patients it is necessary to check hemoglobin con-
centration, hematocrit, red blood cell indices (MCV, MCH,
MCHC), serum iron (Fe*") and ferritin (FER) concentra-
tion, transferrin saturation (TSAT) and serum concentra-
tion of C-reactive protein (CRP) [1, 2].

Anemia is independent risk factor for cardiovascu-
lar diseases in hemodialysis patients. When hemoglo-
bin concentration is lower than 100 g/L hemodynamic
mechanisms of adaptation are activated. Left ventricle is
overloaded with volume which leads to development of ex-
centric left ventricle hypertrophy and ischemic heart dis-
ease [3-7]. Other clinical consequences of anemia are: de-
terioration of renal residual function, cognitive disorders,
reduced working ability as well as reduced quality of life of
hemodialysis patients [8, 9].

Treatment of anemia with erythropoietin is recom-
mended when hemoglobin level is lower than 100 g/L,
while target Hb concentration is within range 100-120 g/L
[10]. Optimal iron status (TSAT = 20-40%, FER = 100-500
ng/mL) should be achieved prior to treatment with eryth-
ropoietin [11-14]. Target Hb concentration is not achieved
among about 10-20% of patients [15, 16]. Risk factors that
affect treatment of anemia in hemodialysis patients are:
iron deficiency, insufficient dose of EPO, microinflam-
mation, malnutrition, vitamin D deficiency, secondary hy-
perparathyroidism, inadequate hemodialysis, and the exis-
tence of antibodies on EPO [15-18].

Hemodiafiltration is dialysis modality that combines
diffusion and convection that provide better clearance of
uremic toxins of small and medium molecular weight com-
pared to standard “low-flux” hemodialysis [19-23]. Online
hemodiafiltration requires ultrapure dialysis solution and
polysulphonate “high-flux” membranes with Kuf > 50 ml/h
x mmHg [19-23]. This dialysis modality provides hemo-
dynamic stability of patients, delays reduction of residual
renal function, improves nutritional and cognitive status,
while reduces: microinflammation, resistence on eryth-
ropoietin, amount of erythropoietin needed for achieve-
ment of target hemoglobin level and cardiovascular mor-
bidity and mortality rate [19-23]. During hemodiafiltration
course levels of serum proinflamatore mediators as well as
level of hepcidine are reduced. Decreased hepcidine level
promotes iron releasing from its depot, increases its avail-
ability for erythropoiesis in bone marrow and decreases
resistance on erythropoietin treatment [19-23]. Individu-
alization and optimization of dialysis treatment, online he-

232

mofiltration, polysulphonate “high-flux” membrane with
Kuf > 50 ml/h x mmHg and ultrapure dialysis solution al-
together can decrease proinflamatore mediators levels (in-
terleukin-1, interleukin-6, tumor necrosis factor-o), CRP
and hepcidine in serum, provide optimal control of anemia
and survival of patients on regular hemodialysis [19-23].

AIM OF THE STUDY

The aim of the study was to determine influence of di-
alysis modality on the treatment anemia in patients with
end-stage kidney disease.

PATIENTS AND METHODS

One hundred and twenty patients of Center for ne-
phrology and dialysis, Clinic for Urology, Nephrology and
Dialysis of Clinical Center Kragujevac, Kragujevac, Serbia
participated in the study. The study protocol was in accor-
dance with the principles of the Declaration of Helsinki
and was approved by The Ethics Comitee of Clinical Cen-
ter Kragujevac. All patients signed informed consent prior
to enrollment. All participants were treated with regular
bicarbonate hemodialysis, 12 hours per week for period
longer than three months on hemodialysis maschines type
Fresenius 4008S, 5008S and type Gambro AKA200US and
Gambro Artis. Ultrapure dialysis fluid and “high-flux” as
well as low-flux polysulfone dialysis membrane were used
while for hemodiafiltration “high-flux” polysulphone di-
alysators with Kuf > 50 ml/h x mmHg were used. Exclusion
criteria were active bleeding and active infection.

In order to evaluate impact of dialysis modalityon man-
agement of anemia in hemodialysis patients the following
parameters were measured: hemoglobin (Hb), hematocrit
(Hct), FER, TIBC, unsaturated iron binding capacity (UIBC),
transferrin saturation (TSAT), serum calcium (Ca*), inor-
ganic phosphate (PO,*), alkaline phosphatase (ALP), vita-
min D and intact parathyroid hormone (iPTH). Parameters
of hemodialysis adequacy were also considered.

Blood sampling for laboratory examination was per-
formed prior to starting with hemodialysis and hemodi-
afiltration and prior to heparin administration. Every labo-
ratory parameter was assigned with the value that was the
average of two measuring in two succesive months.

Total hemoglobin was measured using colorimetric
method. The target hemoglobin level in patients on dialy-
sis was 100-120 g/L.

The normalized protein catabolic rate (nPCR) was cal-
culated using formula of National Cooperative Dialysis
Study: nPCR = (PCR x 0.58)/Vd. Formula for calculating
PCR is PCR = 9.35G + 0.29Vd, where G - urea production
rate, Vd - volume of body fluid (Vd = 0.58 x BW). Urea
production rate was calculated by formula G = [(C1-C2)/
Id] x Vd, where C1 is serum urea concentration prior to
dialysis (mmol/L), C2 - serum urea concentration after di-



alysis (mmol/L), Id - time (hours) between two successive
dialysis. Normal range for nPCR is 1.1 + 0.3 g/kg/day.

Serum concentration of iron, ferritin, total iron bind-
ing capacity, calcium, inorganic phosphorus and CRP were
measured using Beckman Coulter AU680 analyzer. Serum
iron was determined by photometric method using TPTZ
[2,4,6-Tri-(2-pyridyl)-5-triazine] as the chromogen. Se-
rum iron reference range is 6.6 - 26.0 pmol/L. TIBC was
done indirectly by the Unsaturated Iron Binding Capacity
(UIBC) method. TIBC reference range is 48 - 56 pumol/L.
Transferrin saturation - TSAT was calculated using
formula TSAT = (Fe/TIBC) x 100%. Reference range for
TSAT in hemodialysis patients is 20-40%. UIBC was mea-
sured using spectrophotometric method. Reference range
for UIBC is 28 -54 pmol/L. Method for ferritin was turbidi-
metric. Ferritin reference range in the patients underwent
regular hemodialysis is 100 - 500 pg/mL.

CRP level in the serum was determined by turbidimet-
ric method. Normal CRP level in the serum is < 5 mg/L.
Microinflammation is defined as level of CRP in serum
higher than 5 mg/L.

Calcium concentration in serum was determined
by a photometric test. Normal calcium level in serum is
2.20 - 2.65 mmol/L. Phosphate level in serum was deter-
mined by a photometric test. The normal phosphate level
in the serum is 0.80 - 1.60 mmol/L.

Level of vitamin D in the serum was determined by the
method of electrochemiluminiscence using Cobas e 411
analyser. Normal level of vitamin D in serum is 20 - 40 ng/
mL. In hemodialysis patients, normal vitamin D level is >
30 ng/mL (30 - 80 ng/mL). A severe deficit is defined as the
level of vitamin D < 10 ng/mL, vitamin D deficiency exists
iflevel is 10 - 20 ng/mL, and the insufficiency is defined as
the level of vitamin D in the serum of 20-30 ng/mL.

Level of intact parathormone in serum was determined
by immunoradiometric method (IRMA) using gamma
counter WALLAC WIZARD 1470. Normal concentration
of intact parathormone in serum is 11.8-64.5 pg/mL. Pa-
tients on regular hemodialysis had iPTH up to 300 pg/mL.

The adequacy of hemodialysis was assessed on the ba-
sis of the single-pool Kt/Vsp index calculated according to
the Daugridas second-generation formula:

Kt/Vsp = -In(C,/C, - 0.008 x T) + (4 - 3.5 x C,/C,) x UF/W,

with: C1 - the value of urea before dialysis, C2 - the
value of urea after dialysis (mmol/L), T - duration of he-
modialysis (h), UF - interdialysis yield (L), W - body weight
after hemodialysis (kg). According to K/DOQI guidelines,
hemodialysis is adequate if Kt/Vsp = 1.2.

The degree of reducing urea - URR index is calculated
using following formula: URR = (1-R) x 100%, where: R is
the ratio of the urea concentration in serum after and be-
fore the treatment with hemodialysis. Hemodialysis is ad-
equate if the URR index = 65-70%

Vascular access blood flow - Qavf was determined by
Color-Doppler ultrasound by Logic P5 machine 7.5 MHz,

where blood flow were estimated by equation: Qavf = r’t/4
x Vmean x 60 (mL/min), r - radis of vascular access, Vmean
- mean flow rate through vascular access. Blood flow is es-
timated as average value of three measurements, 2-4 cm
on vain that serves as vascular access, proximally of the an-
asthomosis site. Blood flow rate that provides adequacy of
hemodialysis is 500-1000 mL/min.

Depending on dialysis modality patients were divided
into two groups. The first group included patients treated
with standard hemodialysis, and the second group includ-
ed patients treated with hemodiafiltration.

The statistical analysis was performed using the Kol-
mogorov-Smirnov test, Student’s t-test and Mann-Whit-
ney U test. The threshold of significance was the probabil-
ity of 0.05 and 0.01.

RESULTS

At the Clinic for Urology, Nephrology and Dialysis of
the KC Kragujevac a cross section study was conducted in-
cluding patients who were treated with regular hemodialy-
sis and hemodiafiltration over a period of more than three
months. 120 patients (75 men, 45 women) were examined,
mean age 63.15 + 10.39 years, average duration of dialysis
treatment 6.18 + 5.95 years and average index of hemodi-
alysis adequacy Kt/Vsp 1.01 + 0.27. General patient data
are shown in Table 1.

The treatment of anemia of examined patients in-
cluded short-acting and long-acting erythropoietins, iron
(i.v.), folic acid (p.o.), vitamin B complex (i.v.). The average
monthly dose of short-acting erythropoietin was 18517.24.
+ 9361.04 IU, long-acting erythropoietin 121.07 + 75.98
mg, intravenous iron 155.83 + 180.76 mg, folic acid 153.75
+ 23.52 mg, and the average monthly number of Beviplex
ampules was 11.37 + 1.47 (vitamin B12 45.48 + 5.88 g).

In order to evaluate the influence of dialysis modality
on the treatment of anemia the following parameters were
examined: the concentration of hemoglobin in blood (Hb),
hematocrit (Hct), the concentration of iron in the serum
(Fe**), total iron binding capacity (TIBC), free iron binding
capacity (UIBC), saturation of transferin with iron (TSAT),
the concentration of ferritin in the serum (FER), the con-
centration of calcium (Ca?*) and magnesium (Mg?*) in the
serum, the concentration of vitamin D, intact parathor-
mone (iPTH), nutritive status parameters, the concentra-
tion of total proteins (TP) and albumin (Alb) in the serum,
the concentration of uric acid in the serum (UA), the rate
of decomposition of proteins (nPCR), the parametres of
hemodialysis adequacy (Kt/V index, spKt/V index, URR
index), as well as the average monthly dose of short-acting
(KDE-M) and long-acting erythropoietin (DDE-M), the in-
dex of resistance of short-acting (KDE/Hb) and long-acting
erythropoietin (DDE/Hb), and the average monthly dose
of i.v. iron (PMDG@G). Depending on the type of dialysis, the
patients were divided into two groups. The first group con-
sisted of patients treated with regular hemodialysis (HD),
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Table 1. General patient data

GENERAL DATA Statistical parameters
Xsr = SD
Number (N) 120
Pol (m/f, %) 70/45 (62.5/37.5%)
Age (yr.) 63.15 + 10.43
Length of Treatment with Hemodialysis (yr.) 6.18 +5.98
Body Mass Index - BMI (kg/m?) 24.68 + 4.59
Systolic Arterial Blood Pressure - STA (mmHg) 121.83 + 14.61
Diastolic Arterial Blood Pressure - DTA (mmHg) 72.82 +10.33
Medium Arterial Blood Pressure - SAP (mmHg) 89.16 + 10.80
Dry Body Mass of the Patient - W (kg) 71.46 + 15.55
Ultrafiltration - UF (L) 2475.00 + 992.30
Residual Diuresis - RD (mL/24h) 594.17 + 710.08
Blood Flow through a Vascular Approach - Qavf (mL/min) 841.33 +433.48
Hemodialysis Adequacy Index - Kt/V 1.01 £0.27
Single-pool Index of Hemodialysis Adequacy - spKt/V 0.01 +0.25
Urea Reduction Ratio - URR (%) 61.91 + 8.80
Glomerulonephritis Chronica 12 (10.00%)
Nephropathia Hypertensiva 39 (32.50%)
5 Nephropathia Diabetica 6 (13.33%)
j§ g Nephropathia Obstructiva 8 (6.67%)
f>~ % Nephropathia Endemica 1 (0.83%)
~§ A/ Nephropathia Chronica 18 (15.00%)
- Pyelonephritis Chronica 3 (2.50%)
Renes Polycystici 21 (17.50%)
Nephritis Tubulointerstitialis 2 (1.67%)
Comorbidities
Hypertension 69 (57.50%)
Hypotension 3 (2.50%)
Diabetes Mellitus 18 (15.00%)
Cardiovascular Disease 30 (25.00%)

whereas the second group consisted of patients treated
with regular hemodiafiltration (HDF). The average values
of examined parameters are shown in Table 2.

Based on the Kolmogorov-Smirnov test, the Student’s
T test for two independent samples was used to examine
the significance of the difference between the examined
groups (hemodialysis:hemodiafiltration) for the follow-
ing parameters: hemoglobin (Hb), hematocrit (Hct), mean
erythrocyte volume (MCV), mean hemoglobin concen-
tration in erythrocyte (MCHC), the number of leukocyte
(Le), the concentration of iron in the serum (Fe?*), total
iron binding capacity (TIBC), free iron binding capacity
(UIBC), the saturation of iron with transferin (TSAT) the
concentration of uric acid (UA), total serum protein (TP)
and serum albumin (Alb), the rate of decomposition of pro-
teins (nPCR), the concentration of aspartate aminotrans-
ferase in serum (AST), the concentration of calcium (Ca?*),
phosphate (PO,*) and vitamin D in serum, the parametres
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of hemodialysis adequacy (Kt/V index, spKt/V index, URR
index), the average monthly dose of long-acting erythro-
poietin (DDE-M), the index of resistance of short-acting
erythropoietin (KDE/Hb), the index of resistance of long-
acting erythropoietin (DDE/Hb), Table 2. To determine
the statistical significance of the difference between the
examined groups for the average amount of hemoglobin in
the erythrocyte (MCH), ferritin (FER), C-reactive protein
(CRP), alanine aminotransferase (ALT), gamma glutamyl
transferase (GGT), alkaline phosphatase (ALP), intact
parathormone (iPTH) and the average monthly dose of i.v.
iron (PMDG) Mann-Withney-U-test was used, Table 3.
Patients treated with regular hemodialysis have a high
statistically significant (p < 0.01) lower: concentration of
hemoglobin in blood (Hb), values of adequacy parameters
of hemodialysis (Kt/V index, spKt/V index, URR index),
statistically significant (p < 0.05) lower value of hemato-
crit (Hct) and protein decomposition rate (nPCR), as well



as statistically significant (p < 0.05) larger: concentration
of ferritin in serum (FER), C-reactive protein (CRP), and
the average monthly dose of i.v. iron (PMDG) compared to
the patients treated with regular hemodiafiltration, Table 2
and Table 3. There is no statistically significant difference
(p > 0.05) between patients treated with hemodialysis and
hemodiafiltration in other parameters of the study.

DISCUSSION

Anemia is present in 90% of patients in the end-stage
of chronic kidney disease who begin their treatment with
regular hemodialysis. Its main clinical consequences are:

progressive decline in residual kidney function, develop-
ment of cardiovascular complications, cognitive function
disorders, and reduced quality of life [24, 25].

Regardless of the appropriate treatment of anemia,
which involves parenteral application of iron and eryth-
ropoietin, anemia is still a common complication in the
population of patients treated with regular hemodialysis.
The prevalence of anemia, defined as a hemoglobin con-
centration in the serum lower than 100 g/L, is high - 50%
of examined patients. The most significant risk factors that
affect the treatment of anemia in patients with hemodialy-
sis are: iron deficiency, insufficient dose of erythropoietin,
inflammation, secondary hyperparathyroidism, lack of vi-
tamin D, increased concentrations of parathormone in the

Table 2. The influence of the type of dialysis modality on the treatment of anemia in patients treated

with regular dialysis (Student Test)

Type of dialysis
Test parameters Hemodialysis Hemodiafiltration d?fig:iiccfslc(;)
Xsr = SD Xsr £ SD
Hb (g/L) 100.93 + 11.06 106.88 +7.32 t =-2.667, p = 0.009
Hct (%) 29.46 +3.22 32.63 +2.93 t =-2.607, p = 0.040
MCV (fL) 94.91 + 4.23 94.25 + 4.87 t =0.696, p = 0.488
MCHC (g/L) 331.78 £ 6.13 331.57 £ 6.11 t =0.160, p = 0.873
Le (x 10°/L) 7.09 £ 1.87 6.42 + 1.96 t=1.639, p =0.104
Fe ?* (mmol/L) 10.44 + 3.45 9.64 +3.14 t=1.093,p =0.277
TIBC (mmol/L) 33.91+6.18 3525+ 7.11 t=-0.974, p = 0.277
UIBC (mmol/L) 23.46 + 6.26 25.55+7.38 t=-1.484, p = 0.140
TSAT (%) 31.58 £ 11.24 29.16 + 8.62 t =1.049, p = 0.296
UA (mmol/L) 373.63 £ 73.26 372.00 £ 66.29 t=0.105, p = 0.916
TP (g/L) 61.47 +5.20 61.48 + 4.09 t =-0.014, p =0.989
Alb (g/L) 36.54 + 3.76 36.16 + 2.56 t=0.479, p = 0.620
nPCR (g/kg/day) 1.61 +0.65 1.95+0.46 t =-2.605, p = 0.010
AST (IU/L) 16.45 + 5.97 16.39 £ 4.29 t =0.048, p = 0.962
Ca* (mmol/L) 2.23+0.18 2.28 £0.19 t=-1.370,p=0.173
PO,* (mmol/L) 1.49 +0.38 1.50 + 0.35 t=-0.187, p = 0.852
Ca*>*xPO,* (mmol*/L?) 3.30 + 0.86 3.44 + 0.90 t=-0.723,p = 0471
Mg?* (mmol/L) 1.17 £0.25 1.25+0.24 t=-1.569, p =0.119
Vitamin D (ng/mL) 16.32 + 10.47 16.68 * 4.44 t=-0.174, p = 0.862
Kt/Vindex 0.95 +0.24 1.20 £ 0.30 t =-4.381, p = 0.0001
spKt/Vindex 0.97 £0.26 1.13+0.19 t =-2.862, p = 0.0050
URR (%) 60.18 + 8.84 67.58 + 5.89 t =-4.152, p = 0.0001
KDE-M (IU) 18.883.72+9971.89 18133.33£7614.52 t=0.265, p = 0.792
DDE-M (mg) 115.44 + 73.40 149.38 + 89.38 t =-1.130, p = 0.265
KDE/Hb (IU/g) 201.03 + 118.94 174.38 + 74.35 t=0.812, p = 0.420
DDE/Hb (mg/g) 1.15+0.83 1.28 £ 0.97 t=-0.419, p = 0.678

Abbreviations: Hb - hemoglobin, Hct - hematocrit, MCV - average erythrocyte volume, MCHC - mean
hemoglobin concentration in erythrocyte, Le - number of leucocytes, Fe** - iron, TIBC - total iron bind-
ing capacity, UIBC - free iron binding capacity, TSAT - saturation of transferrin with iron, UA - uric
acid, TP - total proteins, Alb - albumin, nPCR - rate of protein decomposition, Ca** - calcium, PO,” -
phosphate, Ca** x PO,* - product of solubility, Kt/V - index of hemodialysis adequacy, spKt/V - index
of hemodialysis adequacy, URR - index of hemodialysis adequacy, KDE-M - average monthly dose of
short-acting erythropoietin, DDE-M - average monthly dose of long-acting erythropoietin, KDE/Hb -
index of short-acting erythropoietin, DDE/Hb - index of long-acting erythropoietin
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Table 3. The influence of the type of dialysis on the treatment of anemia in patients on regular dialysis (Mann-Whitney U test): I - hemodialysis, II -

hemodiafiltration

Examined param- Statistical parameters Significance-p-
eters value
Med-1 | Med1l | Minl | Min-II Max-1 Max-II IQR1 | IQR-II

MCH 31.70 3115 27.90 27.60 65.10 35.15 213 256 2=-0760
(pg) p = 0.447

FER 83600 | 71650 | 10200 | 19.50 2325.00 106200 | 40280 | 310.80 Z=-1.970
(ng/mL) p = 0.049
CRP (mg/L) 5.58 4.28 0.30 0.40 171.60 14.10 9.90 6.20 Z=-1973
p = 0048

ALT Z=-0714
i 13.00 13.50 6.00 9.00 34.50 53.00 750 8.50 o047
Z=-0732

GGT (IU/L) 1850 18.00 8.00 10.00 371.50 71.00 1540 | 2530 " oon

ALP Z=-0.174
i 73.50 73.50 28.00 3450 | 140400 630.00 3760 | 59.00 o062

. Z=-0037
iPTH (pg/mL) | 15500 | 12950 7.70 1.00 186600 | 164300 | 22130 | 506.00 o 0970
PMDG 20000 | 10000 | 5000 50.00 800.00 800.00 | 25000 | 100.00 2= 209
(mg) p = 0.036

MCH - mean hemoglobin content in red blood cell, FER - serum ferritin concentration, CRP - C-reactive protein, ALT - alanin aminotransferase, GGT
- gama glutamil transferase, ALP - alkaline phosphatase, iPTH - intact parathormone, KDE-M - average monthly dose of erythropoietin, PMDG - aver-
age monthly dose of i.v. iron, Med - mediana, Min - minimum, Max - maximum, IQR - interquartile range

serum, malnutrition and inadequate hemodialysis (type
and dose of dialysis modality) [26-34].

In the last decade, the number of patients treated with
hemodiafiltration has increased significantly. The ex-
amination included 28 patients treated with regular he-
modiafiltration over a period of more than three months
(23.33%). Hemodiafiltration is better at removing uremic
toxins of a moderate molecular weight, which have been
shown to block erythropoiesis in the bone marrow, com-
pared to standard hemodialysis. It also reduces microin-
flammation and increases the availability of iron for bone
marrow erythropoiesis [35-37]. The results of this study
have shown that patients undergoing hemodiafiltration
have statistically significantly higher concentration of he-
moglobin in blood, the value of hematocrit and parameters
of hemodialysis adequacy, as well as statistically signifi-
cantly lower concentration of C-reactive protein and fer-
ritin in the serum, compared to patients treated with stan-
dard hemodialysis. These results are in accordance with
the previously reported results of studies carried out so far
which show that patients who are being treated with he-
modiafiltration have a statistically significant higher con-
centration of hemoglobin in blood and a lower concentra-
tion of C-reactive protein and interleukin-6, compared to
patients treated with conventional hemodialysis [35-37].
Patients treated with regular hemodialysis with microin-
flammation require a higher dose of erythropoietin in or-
der to optimally control anemia (achieving and maintain-
ing the target value of hemoglobin of 100-120 g/L) [35-37].
Patients treated with standard hemodialysis have a higher
average amount of short-acting erythropoietin and an av-
erage higher index of resistance of short-acting erythropoi-
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etin compared to patients treated with hemodiafiltration,
but this difference is not statistically significant. Consider-
ing that patients who are treated with regular hemodialysis
have a statistically significantly lower of blood hemoglobin
concentration, and that there is no statistically significant
difference in the average monthly doses of short-acting
and long-acting erythropoietin, it can be concluded that
these patients require a higher dose of short-acting eryth-
ropoietin to achieve and maintain the target values of he-
moglobin (optimal control of anemia). This indicates that
hemodiafiltration reduces microinflammation, improves
the availability of iron for the synthesis of hemoglobin in
erythrocytes and corrects the response to erythropoietin
activity. These results are in accordance with the results
of other authors who have shown that hemodiafiltration is
better at cleansing the blood of patients from uremic tox-
ins of a moderate molecular weight, reduces microinflam-
mation, increases the sensitivity to erythropoietin activity
and is better at providing optimal control of anemia, com-
pared to the patients treated with standard hemodialysis
[35-37]. The results of the clinical study of REDERT show
that online hemodiafiltration statistically significantly re-
duces inflammation, oxidative stress, concentration of p2-
microglobulin in serum and hepcidin in serum, and the
resistance to erythropoietin compared to patients treated
with “low-flux” bicarbonate hemodialysis, [35-37]. The re-
sults of this examination showed that patients treated with
hemodiafiltration had a statistically significantly lower
concentration of serum ferritin (better iron availability),
compared to the patients treated with standard hemodi-
alysis. These results are in accordance with the results of
other authors who have shown that there is a statistically



significant positive correlation between the concentration
of 25-hepcidin and ferritin in serum, and a statistically sig-
nificant positive correlation was also found between the
concentration of 25-hepcidin and the index of resistance
to the erythropoietin effect. Reducing the concentration of
25-hepcidin in serum in patients treated with hemodiafil-
tration results in the resistance to erythropoietin activity
[35-37]. The examined patients treated with hemodiafil-
tration have statistically significantly lower level of C-re-
active protein in serum. These results are in accordance
with the results of the clinical study CONTRAST (CON-
vective TRAnsport STudy), which also show that online
hemodiafiltration with ultra-pure dialysis solution reduces
microinflammation, compared to conventional hemodi-
alysis [35-37]. Patients treated with online hemodiafiltra-
tion during the period of 3-6 months have a statistically
significantly lower concentration of C-reactive protein and
interleukin-6 in the serum, compared to the patients treat-
ed with standard bicarbonate “low-flux” hemodialysis [35-
37]. The results of clinical studies show that patients who
are treated with online hemodiafiltration have a statisti-
cally significant lower mortality rate compared to patients
treated with standard “low-flux” hemodialysis [38-40].

CONCLUSION

Patients treated with regular hemodiafiltration have a
lower level of microinflammation, a better status of iron in
the body (smaller functional defect) and an optimal control
of anemia compared to the patients treated with standard
hemodialysis. The modality of dialysis is a significant fac-
tor for the treatment of anemia in patients with end-stage
kidney disease.
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