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Abstract
Background: Once a diagnosis of chronic kidney disease (CKD) stage 5 is confirmed, possible treatments include 
kidney replacement therapies, such as hemodialysis (HD) and hemodiafiltration (HDF). HD removes low-molecu-
lar-weight molecules, while HDF purges small and large molecules, favoring the reduction of oxidative stress. 
Objectives: This study evaluated the hematological, biochemical and immunological parameters of individuals 
with CKD treated with HD who later converted to HDF. 
Methods: This is a descriptive, retrospective and comparative study carried out with 25 individuals whose HD 
treatment was later converted to HDF (convenience sample). 
Results: Data were analyzed in blood samples (cells and serum). Patient`s etiologies were type II Diabetes Mel-
litus (DM) (48%) and Systemic Arterial Hypertension (SAH) (32%). HDF reduced serum levels of erythropoietin 
(EPO), glucose, aspartate aminotransferase, and ꞵ2-microglobulin and the EPO resistance index and increased 
levels of alkaline phosphatase and C-reactive protein. HDF normalized the phagocytic index with 5 or 20 yeasts/
cell and normalized the stimulated corpuscular index but increased TNF and IL-4 production compared to HD. 
Furthermore, HDF normalized the basal production of O2 and its production in the absence of phagocytosis, but 
when compared to HD, HDF increased the production of O2 in the presence or absence of yeast ingestion. 
Conclusion: Our results indicate that HDF is efficient in treating patients with CKD by improving most of immuno-
logical markers and maintaining the treatment efficacy. Considering that HDF is rarely used in Brazil, this a study 
is suggested to promote greater visibility and acceptance of HDF among patients and the medical community, 
aiming at its future implementation in the public health system.

Keywords: Blood cells; Biomarkers; Hemodiafiltration; Hemodialysis; Chronic kidney disease

INTRODUCTION
Chronic Kidney Disease (CKD) is commonly characterized by a 
low glomerular filtration rate (<60 mL/min/1.73 m²) associated 
with proteinuria, tissue damage in the kidneys and time of clin-
ical manifestation [1]. The National Kidney Foundation defined 
CKD as an abnormality of kidney structure or function regard-
less of cause or specific clinical presentation and proposed a 

staging system based on the level of glomerular filtration rate 
(Stages I to V) [2]. CKD has high mortality rates, making it a 
challenge for public and private health systems worldwide [3]. 
In Brazil, it is estimated that 1.42% of the population has CKD 
[4].

Among the available kidney replacement therapies (KRTs), he-
modialysis (HD) is widespread in Brazil, while hemodiafiltration 
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(HDF) is more used in the US, Europe and Japan [5,6]. While 
HD purifies low molecular weight molecules, toxins and excess 
water from the blood through a dialyzer [7]. HDF purges small 
and large molecules by combining diffusion and convection in 
the same high-flow device [5,6]. Moreover, HDF provides larger 
convective volumes of ultrafiltration flow [8].

Different studies have reported the benefits of HDF for people 
with CKD. Among these, improvement of hematological and 
biochemical parameters, reduction of oxidative stress and re-
duction of hospitalization and mortality rate stand out [7-12]. 
Thus, considering all reported benefits, this study aimed to 
evaluate the hematological, biochemical and immunological 
data of individuals with CKD treated with HD who later con-
verted to HDF. As Brazilian public health system does not apply 
HDF treatment, our study may provide solid data to support 
institutional decision of adopting alternative treatments.

METHODS 
Study design, individuals, and inclusion and exclusion criteria. 
This is a descriptive, comparative, experimental, cross-section-
al, paired study to evaluate the effects of HDF on hematolog-
ical, biochemical and immunological data of individuals with 
CKD (12 women and 13 men) undergoing treatment for more 
than 6 months in the Nephron Clinic in Brasilia, Federal District, 
Brazil. A control group (n=7) was entered into the study to de-
termine baseline levels of in vitro immunological parameters.

The study included adults and elderly individuals (66 ± 10 
years) with stage V CKD, definitive vascular access and blood 
pump flow (BPF) ≥ 400 mL/min. Individuals who did not agree 
to participate in the study were excluded from the study, as 
were those with temporary vascular access or BPF ≤ 399 mL/
min.

HD and HDF Parameters
FX60 high-flow dialyzers and 4008S machines (Fresenius Med-
ical Care, Bad Homburg, Germany) for HD and HDF were used 
for this study. The parameters consisted of ultrapure water (0.1 
CFU/mL) and a replacement volume of 100 mL/min, and the di-
alysate was composed of sodium (138 to 140 mg/dL), potassi-
um (1.5 to 2.0 mg/dL), calcium (2.5 to 3.0 mg/dL), bicarbonate 
(44 mg/dL) and glucose (100 mg/dL).

Blood Sampling, Hematological and Biochemi-
cal Evaluation
To perform hematological and biochemical assays, 20 mL of pe-
ripheral blood was collected from each patient (n=25) at two 
time points: 

1.	 before treatment with HD and 

2.	 12 weeks after conversion to HDF.

All hematological and biochemical analyses were performed 
at Sabin Medicina Diagnostica. Hematological parameters for 
erythrocytes and leukocytes were analyzed by fluorescent flow 
cytometry and impedance (XN10TM Sysmex Inc., Mississauga, 
Ontario, Canada). Biochemical analyses were performed on a 
Cobas 8000 modular analyzer (Roche Diagnostics, California, 
USA). Total cholesterol was analyzed by the esterase/oxidase 

method, urea by the urease method with glutamate dehydro-
genase, creatinine by the amidinohydrolase/oxidase method, 
albumin by the bromocresol green method and parathyroid 
hormone by electro chemiluminescence. Normal reference 
values were applied for hematological and biochemical data.

Assessment of cell function by cytological assays for the cyto-
logical assays, leukocytes were obtained on histological slides 
previously marked (diameter=1 cm) for cell adhesion. Periph-
eral blood aliquots obtained from CKD patients (n=25) and 
control patients (n=7) were added in duplicate to Hanks-Triz 
medium and subsequently incubated in a humid chamber at 
37°C for cell adhesion to assess phagocytic capacity (40 µL; 60 
minutes), superoxide production O2 (40 µL; 45 minutes) and 
lipid corpuscles (75 µL; 120 minutes). To remove erythrocytes 
and non-adhered cells, the wells were washed with a PBS solu-
tion at 37°C. A single observer evaluating 200 cells using optical 
microscopy (1000 x) performed all analyses.

Phagocytic index: Cells were incubated (30 minutes) with 40 μL 
of a suspension of Saccharomyces cerevisiae (5 or 20 yeasts/
cell) previously sensitized with 10% of the individual’s own 
serum (phagocytosis by opsonins) or with fetal bovine serum 
(phagocytosis by molecular standards). Then, yeasts that re-
mained on the suspension medium were removed, and the 
cells were dried with hot air, fixed with methanol (1 min) and 
stained with 10% Giemsa solution for 10 minutes. The results 
were expressed by the phagocytic index (IF) (average of ingest-
ed yeasts x percentage of cells involved in phagocytosis).

Lipid bodies: After adherence, the cells were incubated (30 
minutes) with yeast suspension (5 lev/cell) previously sensi-
tized with 10% of the individual’s own serum. After removal 
of non-ingested yeasts and fixation with 4% paraformaldehyde 
(15 minutes), the cells were washed with a sequence of solu-
tions (2x with PBS; 1x with 0.5 mL of 60% isopropyl alcohol; 2x 
with distilled water), stained with Oil Red followed by Harris 
Hematoxylin, and protected with coverslips in gelatinous medi-
um. The results were expressed by the corpuscular index (CI), 
which is the product of the average of lipid corpuscles and the 
percentage of cells with corpuscles.

Superoxide radical production (O2): After adherence, cells 
(monocytes, neutrophils and eosinophils) were incubated (20 
minutes) with nitro blue tetrazolium (NBT) solution (20 μL) in 
Hanks-Triz medium (basal) and added to a suspension of 20 
yeasts/cell to stimulate O2 production. This method is based on 
the reduction of NBT by cells in the presence of O2 (yellow salt 
to blue pigment in the cytoplasm). Cells were fixed (methanol) 
and stained with a safranin solution (2.5 g) for 5 minutes. The 
results were expressed as the percentages of cells that present-
ed the following: 

1.	 Blue pigment+yeasts; 

2.	 Blue pigment without yeasts;

3.	 Without blue pigment+yeasts; and

4.	 Without blue pigment or yeasts.

Cytokine Quantification 
 To perform cytokine assays, plasma patients were previous-
ly stored at -80°C before use. CBA single plex flex set and Cell 
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Signaling Master Buffer (BD™ CBA, USA) were used according 
to manufacturer instructions. The capture beads samples were 
read at flow cytometer LSRFortessa™ (BD™, USA) according to 
the manufacturer instructions. Data was converted to FCAP 
Array™ Software Version 3.0 (BD™, USA) and the results were 
presented in pg/mL.

Statistical Analysis 
Statistical analysis of data was performed by Kolmogor-
ov-Smirnov and Bartlett tests in order to check normality and 
variability parameters. For multiple data comparisons ANOVA 
or Kruskal-Wallis were performed to parametric or non-para-
metric data respectively. T-Student or Mann-Whitney tests 
were performed when two independent samples were com-
pared and t-paired or Wilcoxon tests when sample data was 
dependent. Qualitative data were analyzed by Chi-Square or 
Fisher tests. For correlation studies Pearson or Spearman tests 

were performed. Statistical significance among variables was 
defined as p<0.05. Prism 5 software package (GraphPad, USA) 
was used for analysis and graphical representation.

RESULTS 
Baseline Characteristics of Individuals with Ckd
Table 1 shows patients’ epidemiological profiles, which was 
composed of 25 adults and elderly people (66 ± 10 years) of 
both genders (12 women and 13 men). CKD was predominantly 
caused by type II DM (48%) or SAH (32%). The results showed 
no differences in the proportion between genders related to 
the main causes of CKD, SAH (female=3; male=5) or DM-II (fe-
male=7; male=4) (Fisher, p=0.369). The HD time for the study 
group was 4.7 ± 4.9 years until conversion to HDF; venous 
access was predominantly by arteriovenous fistula (60%), fol-
lowed by long-term catheter (36%).

Nº Age (Years)
Time of 

hemodialysis 
(Years)

Etiology of chronic kidney 
disease Vascular access

1 60 7

Diabetes Mellitus - II

Long-term cateter

2 80 2

3 67 10 Arteriovenous fistula

4 73 0

5 67 2 Long-term cateter

Female 6 84 0

7 79 1

8 47 5 Immunopathogenesis

Arteriovenous fistula

9 65 12 Genetics

10 53 20
Systemic arterial

hypertension11 78 1

12 63 1

13 66 2
Metabolic diseases Polytetrafluoroethylene vascular 

prosthesis14 80 3

male 15 55 4

Diabetes Mellitus - II

Arteriovenous fistula
16 63 7

17 71 2
Long-term cateter

18 61 11

19 62 8

Systemic arterial hypertension Arteriovenous fistula

20 73 4

21 62 0

22 68 1

23 66 4

24 42 1 Immunopathogenesis Long-term cateter

25 73 11 Chronic pyelonephritis Arteriovenous fistula

Median 
(Min to 
Max)

66 (42 to 84) 3 (0 to 20) dvd dvd

Table 1: Baseline characteristics of individuals with chronical kidney diseases

The results showed no difference in the proportion between 
genders related to the main causes of CKD, SAH (Female=3; 

Male=5) or DM-II (Female=7; Male=4) (Fisher, p=0.369). In ad-
dition, there was no difference in HD time between women and 
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men (t test, p>0.05); however, there was a negative correlation 
between HD time and the age of the individuals, that is, elderly 
individuals remained on HD longer (Spearman=0.017).

Evaluation of Haematological and Biochemical 
Parameters
Table 2 shows the results obtained for hematological and bio-
chemical parameters.

CKD patient’s erythrocyte parameters (hematocrit, hemoglo-
bin, and Volume of Mean Corpuscular Hematocrit (VMC), Mean 

Corpuscular Hematocrit (HCM) and Range of Distribution of 
Erythrocytes (RDW)) were evaluated considering SAH and DM 
comorbidities and HD to HDF treatment conversion. There was 
a significant increase in hematocrit and hemoglobin in the DM 
group after treatment conversion (p=0.032). Hemoglobin lev-
els were reduced after treatment conversion on SAH patients 
(p=0.039). Other erythrocyte parameters did not present a sig-
nificant difference between groups. Leukocyte and platelet pa-
rameters in CDK patients with SAH and DM also did not suffer 
statistical difference after treatment conversion. Erythropoietic 
parameters and resistance index to erythropoietin action of pa-

Table 2: Hematological and biochemical data of the individuals with chronic renal diseases in HD, before and after 12 weeks of the convertion to HDF

Cells and serum 
markers HD HDF Units Statistical

Leucocytes

Total of cells 7 (4 to 12) 7 (3 to 13)

p>0.05

Granulocytes 3 (2 to 9) 4 (2 to 10) mm3 x 103

Lynphocytes 2 (1 to 6) 1 (1 to 2)

Monocytes 7 (4 to 11) 6 (3 to 9)

Platellets 19 (12 to 36) 19 (9 to 39) µL x 104

Erithropoiesis Erythropoietin 40 (8 to 104) 18 (1 to 78) UL x 103 Pared t test p=0.008

Erythropoietin resis-
tance index 9 (0 to 35) 5 (0 to 25) - Pared t test p=0.021

Metabolism markers

Glucose 122 (76 to 246) 111 (80 to 263) Wilcoxon p=0.049

Triglycerides (TG) 165 (73 to 309) 163 (93 to 351)

Cholesterol total (TC) 149 (110 to 224) 160 (113 to 217)

High density lipopro-
tein (HDL) 43 (24 to 66) 43 (27 to 74)

p>0.05Low density lipopro-
tein (LDL) 84 (38 to 144) 88 (37 to 144)

Very Low density 
lipoprotein (VLDL) 113 (67 to 196) 116 (62 to 181)

Ionic markers

HCO3- 25 (21 to 28) 24 (22 to 28)

Na+ 14 (13 to 14) 14 (13 to 15)

mEk/L p>0.05

K+ 5 (4 to 6) 5 (4 to 7)

Mg2+ 2 (2 to 3) 2 (2 to 3)

PO4
3- 4 (3 to 7) 5 (3 to 6)

Ca2+ 9 (8 to 10) 9 (8 to 14)

Nutritional markers
Vitamin D 3 (1 to 6) 3 (2 to 5) ng/mL

p>0.05
Albumin 4 (4 to 5) 4 (4 to 5) g/dL

Toxicity markers

Aspartato aminotrans-
ferase (AST) 16 (9 to 27) 16 (9 to 24) U/L Wilcoxon p=0.049

Alanina aminotrans-
ferase (ALT) 15 (9 to 25) 14 (9 to 27) p>0.05

Ferritin 339 (116 to 959) 316 50 to 903) ng/mL
p>0.05Parathyroid hormone 

(PTH) 194 (41 to 831) 239 (32 to 702) pg/mL

Alkaline phosphatase 
(ALP) 93 (49 to 163) 104 (67 to 162) U/L Wilcoxon p=0.026

ꞵ2-Microglobulin 
(ꞵ2M) 28 (12 to 43) 24 (12 to 34) µg/mL Pared t test p=0.011

C-Reactive Protein 
(CRP) 2 (1 to 5) 4 (1 to 15) mg/mL Wilcoxon p=0.038

HD-Hemodialysis; HDF-Hemodiafiltratin
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tients submitted to HD to HDF treatment conversion can be ob-
served. Data show significant reduction of EPO and resistance 
index to EPO on HDF patients (p=0.008).

Biochemical and metabolic parameters were also evaluated. 
Glucose levels were significantly reduced after HD to HDF treat-
ment conversion (Wilcoxon p=0.049). Triglycerides, total cho-
lesterol, HDL, LDL and NLDL did not show significant difference 
after treatment conversion (p<0.05). The glutamic oxaloacetic 
transaminase (GOT) and glutamic pyruvic transaminase (GPT) 
serum levels were also measured. Panel A, shows a significant 
reduction on GOT levels in HDF patients (Wilcoxon, p=0,049). 
GPT levels did not present any statistical difference among 
groups. Alkaline phosphatase (ALP) and C-reactive Protein 
(CRP) levels of CKD patients submitted to treatment conver-
sion were increased (Wilcoxon, p<0.05), differently of β2-mi-

croglobulin levels, whose values were significantly decreased 
(t-paired test p<0.05). Ferritin and parathormon values did not 
show significant changes on patients submitted to treatment 
conversion.

Evaluation of Phagocytic Capacity and Produc-
tion of Lipid Bodies and Cytokines
Table 3 shows the results of phagocytic capacity, lipid bodies 
(Table 4) and cytokines (Table 5) production for individuals with 
CKD after treatment conversion from HD to HDF. As we evalu-
ated phagocytosis index (PI) by comparing 5 or 20 yeasts/cell, 
it was lower with HD treatment compared to HDF and the con-
trol (Kruskal‒Wallis, p<0.01). This result was due to the lower 
recruitment of monocytes for phagocytosis for both receptors 
(Kruskal‒Wallis, p<0.001) but also due to the higher number 

Table 3: Phagocytic capacity of macrophages production of lipid corpuscle by leukocytes

Pagocytosis 
by macro-

phages

5 yeats / cell 20 yeasts/cell  

Median (mim to max) Test
p value Median (mim to max)

Test
p value

Control HD HDF Control HD HDF
% Cells 

involved in 
phagocytosis

12 (9 to 21) 2* (1 to 5) 6 (1 to 12) KW p<0.001 61 (47 to 89) 2* (1 to 4) 5* (2 to 21) AN p<0.001

Number of 
yests ingested 

by cell
1.7 (1.0 to 2.1) 1.0* (0.5 to 

1.3) 1.3 (1.2 to 2.5) KW p=0.001 1.6 (1.3 to 2.0) 1.0* (1.0 to 
1.6) 1.6 (1.0 to 2.2) KW p=0.036

Phagocytic 
index 18 (14 to 37) 2* (1 to 6) 9 (2 to 14) KW p<0.001 92 (66 to 119) 3* (1 to 6) 9 (2 to 39) AN p<0.001

% Cells 
involved in 

phagocytosis
57 (47 to 89) 9* (6 to 21) 32* (13 to 45) AN p<0.001 70 (54 to 87) 10* (5 to 16) 39* (12 to 44) AN p<0.001

Number of 
yests ingested 

by cell
1.6 (1.3 to 2.0) 1.4 (1.0 to 2.5) 1.9* (1.3 to 

3.0) KW p=0.027 1.7 (1.5 to 2.1) 1.7 (1.0 to 4.1) 2.5* (1.8 to 
3.8) AN p=0.004

Phagocytic 
index 85 (66 to 126) 11* (6 to 32) 56 (25 to 134) KW p=0.001 115 (81 to 

183) 17* (6 to 39) 97 (32 to 166) AN p=0.001

Table 4: Production of cytokines

Lipid Corpuscle by leukocytes Basal production
(non-stimuletad)

Stimulated production
(yeast + individual serum)

Mean ± SD ANOVA p 
value Mean ± SD ANOVA

p value

Control HD HDF Control HD HDF

% Cells with lipid corpuscle 89 ± 7 95 ± 3 92 ± 6 p>0.05 96 ± 3 95 ± 7 97 ± 3 p>0.05

Number of lipid corpuscle/celll 5 ± 1 5 ± 1 4 ± 0 8 ± 2 9 ± 2* 7 ± 2 p=0.018

Corpuscular index 444 ± 92 448 ± 67 395 ± 45 796 ± 156 814 ± 
275 635 ± 151 p=0.040

Production of cyto-
kines

Cytokines
(pg/mL) Control HD HDF Test

p value

By Macrophages Median (mim to max) (%)

Inflamatory

Interleucin-2 0.9 (0.8 to 1.7) 0.8 (0.6 to 1.8) 0.8 (0.7 to 1.3) AN p>0.05

Interleucin-6 0.3 (0.0 to 1.7) 3.3* (0.0 to 55.0) 4.6* (0.8 to 41.9) KW p=0.001

Interleucin-17A 3.1 (2.7 to 4.6) 3.5 (0.5 to 11.4) 3.2 (1.5 to 13.6) KW p>0.05

Fator de necrose 
tumoral 0.0 (0.0 to 4.2) 0.0 (0.0 to 2.4) 0.1 (0.0 to 20.3) KW p=0.028

Table 5: CKD treated with HD and 12 weeks after conversion to HDF
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Anti-inflamatory
Interleucin-4 0.8 (0.3 to 0.9) 0.4* (0.0 to 1.0) 0.5 (0.2 to 1.3)

KW p=0.016
Interleucin-10 1.4 (1.3 to 1.6) 1.6 (0.9 to 34.0) 1.6 (1.0 to 12.0)

By lymphocytes Interferon-γ 1.0 (0.8 to 1.0) 1. (0.7 to 1.5) 1.1 (0.8 to 2.0) KW p>0.05

Table 6: Production of superoxide reactive oxygen species by leukocytes of individuals with CKD treated with HD and 12 weeks after conversion to 
HDF

Production of Super-
oxide (O2)

Percentage of cells that:
Control HD HDF

Test p value
Median (mim to max) (%)

Basal production (cells 
without yeasts) produced O2 37 (19 to 71) 20* (4 to 33) 54 (10 to73) AN p=0.003

Stimulated production 
(cells+yeasts)

ingested yeasts and produced O2 73 (50 to 81) 9* (5 to 21) 52* (17 to82) AN p<0.0001

did not ingested yeasts, but pro-
duced O2

17 (7 to 46) 5* (0 to 10) 14 (2to33) KW p=0.007

ingested yeasts and did not pro-
duce O2

17 (7 to 46) 5* (0 to 10) 14* (2to33) KW p<0.0001

did not ingested yeasts and did not 
produce O2-

4 (1 to 7) 23* (7 to 52) 5 (0to32) KW p<0.0001

of ingested yeasts in mediated phagocytosis (Kruskal‒Wallis, 
p=0.001). This indicates that the treatment conversion did not 
affect PI (Table 6).

The basal production of lipid bodies presented no significant 
difference among the three groups (control, HD and HDF treat-
ment; ANOVA, p>0.05). However, when cells were stimulated, 
there was an increase on lipid bodies production on HD treated 
patients compared to the control and HDF (ANOVA, p=0.018). 
In addition, HDF reduced the stimulated corpuscular index 
when compared to HD (ANOVA, p=0.040).

Levels of IL-2, IL-10, IL-17 and INF-γ did not differ among con-
trol, HD and HDF groups. However, there was a higher produc-
tion of IL-6 in HD and HDF compared to the control (Kruskal‒
Wallis, p=0.001) and lower production of IL-4 in HD compared 
to the control (Kruskal‒Wallis, p=0.016). In addition, IL-4 and 
TNF production was higher in HDF than in HD (Kruskal‒Wallis, 
p<0.05).

Evaluation of Superoxide (O2) Production
Table 4 shows the percentage of cells reacting to O2 produc-
tion. Baseline production of O2 was lower in the HD group than 
in the control and HDF groups (ANOVA, p=0.003). In addition, it 
was evaluated the combination effect of phagocitation and O2 
production, and the results were also presented Figure 1.

Figure 1: Circle indicates a phagocyte that ingested yeasts, but did not 
produce O2●. Arrows indicate phagocytes that not ingested yeasts, but 
produced O2●. Stain with Giemsa (10%). 1000 x of magnification

DISCUSSION 

This study evaluated the HDF effects on several Brazilian CKD 

patient’s parameters. Despite the widespread use of HD treat-
ment in Brazil, literature has consistent evidence of benefits 
of applying HDF technique on CKD individuals (9-11). We ob-
served, despite the reduced patient sample, that DM was the 
prevalent etiology among patients. This data corroborates find-
ings of other studies, which point out DM as the main comor-
bidity associated with CKD [12,13].

A promising result brought by the HDF treatment conversion is 
the reduction of glycemic values. As DM is the main comorbid-
ity associated with kidney disease, the reduced glucose levels 
indicates a possible control of the disease, resulting in better 
clinical conditions for the patients. Hemoglobin and hematocrit 
values were significantly reduced on DM patients of this study, 
being important tools for these individuals against thrombosis 
and stroke risks [14,15]. 

Our results evidenced the EPO resistance index reduction on 
HDF patients. This index is directly correlated with chronic in-
flammation in CKD patients because of metabolic alterations 
on cytokine-mediated erythropoiesis, such as IL-1, TNF-alpha 
and IFN-gamma [16,17]. Previous studies have demonstrated 
that HDF technique is associated with a reduction of chronic 
inflammation by depurating larger molecules, such as pro-in-
flammatory cytokines and other molecules, as EPO [9,16-19].

HDF treatment conversion also affected β2-microglobulin, GOT, 
ALF and CRP levels. β 2-microglobulin and GOT values dimin-
ished, while ALF and CRP levels increased significantly. The de-
crease in the levels of the mentioned markers corroborates the 
studies that show that the medium weight molecules clearance 
in HDF is responsible for reducing inflammatory processes [9-
11]. The type of dialytic method does not affect clearance of 
low molecular weight molecules (10). Β2-microglobulin levels 
are increased 4 to 7 times on CKD patients [20,21]. Therefore, 
the HDF treatment conversion promoted the significantly re-
duced levels of this inflammatory marker, indicating that me-
dium weight solutes depuration can be favorable for clinical 
patients’ condition [22-24]. The hepatic enzyme GOT, also de-
scribed as aminotransferase aspartate (AST), has also its levels 
reduced by the dialytic treatment conversion. Altered levels 
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of this enzyme were associated with higher mortality rates of 
CKD patients [25]. However, some studies describe that CKD 
patients undergoing HD treatment have lower GOT values than 
healthy individuals [26,27]. It was related that HDF treatment 
conversion also did not affect GOT levels [28]. Therefore, more 
evidence is needed on the HDF effect in this liver damage mark-
er.

Our data also indicated increased ALP levels. This enzyme hy-
drolyses inorganic phosphate, which is a potent endogenous 
inhibitor of calcification. This is also an important cardiovascu-
lar risk marker investigated on kidney patients, especially the 
old-aged ones [29-31]. As elderly individuals constituted our 
patients sample, this is an important marker to be observed.

Serum levels of calcium, phosphorus, PTH and ALP, as well as 
other markers involved in bone metabolism, are altered on 
CKD. These conditions lead to worse kidney functions, as well 
as lower vitamin D levels and loss of bone mineral density [32]. 
Higher levels of ALP alone cannot indicate clinical restriction for 
HDF use on CKD patients, because PTH, phosphorus, calcium, 
vitamin D and magnesium levels were not altered.

Another change observed on patients undergoing HDF treat-
ment was the increase in CRP levels. This liver protein is one 
of the main inflammatory markers, especially associated with 
CKD [9,33]. Differently from what it was observed in this study, 
the literature dealing with the parameters of patients for whom 
the treatment was converted from HD to HDF has indicated a 
reduction in serum levels of CRP [11,19,34]. However, it should 
be noted that this marker alone cannot be assessed as an indi-
cation of an imminent state of ongoing inflammation. Analyz-
ing the quantification of the patients’ cytokines, for example, it 
appears that the values of IL-10 and IL-6, which are cytokines, 
related to the inflammatory process in conjunction with oth-
er markers, did not change between HD and HDF groups, only 
compared to the control (healthy individuals). In addition, it is 
important to highlight that there are several parameters de-
scribed for the application of HDF [9,35]. Therefore, consider-
ing that this study was carried out with a 3 month follow-up 
in a relatively small sample group, further adjustments in the 
technique can still be made to optimize it aiming at improving 
the levels of inflammatory markers in patients.

HDF treatment conversion also influenced the monocyte’s 
phagocytic capacity by increasing recruitment for opsonin-me-
diated phagocytosis, thereby increasing the phagocytic index. 
When phagocytosis was evaluated by pathogen receptors, 
there was no significant difference in the phagocytic index due 
to the conversion of the dialysis technique.

HDF has been associated with a decrease in the inflammatory 
state in CKD and an improvement in the function of granulo-
cytes (neutrophils) [7]. Studies show that several granulocyte 
inhibitory proteins that are retained in uremic patients, and 
that end up contributing to a higher incidence of infections, are 
cleared by the HDF technique [36]. This explains the significant 
increase in the phagocytic index observed in the application of 
HDF. 

Additionally, by correlating the increase in the phagocytic index 
in opsonin-mediated phagocytosis with the increase in CRP lev-
els, it can be inferred that CRP, by acting on innate immunity as 

an opsonin, is indirectly involved on this increase in the phago-
cytic index observed in patients treated with HDF. This study 
also quantitatively evaluated the proportion of lipid bodies per 
cell by comparing the groups of dialysis patients and healthy 
patients groups. HDF significantly decreased the corpuscular 
index in comparison with HD, showing values similar to those 
of the control group. This difference can be justified by the in-
hibition of inflammatory processes that were previously acti-
vated by CKD itself and also by the dialysis method (HD) [14].

This work also quantified a series of inflammatory and anti-in-
flammatory cytokines in patients undergoing HD and HDF, both 
for comparison with a control group of healthy individuals and 
for assessing the individual effect of HDF by analyzing each 
patient who consented to convert his treatment from HD to 
HDF. Data show there was only an increase in the production of 
the inflammatory cytokine TNF-α and in the anti-inflammatory 
cytokine IL-4. In these measures, the high standard deviation 
presented in the IL-6 and IL-10 values stood out, precisely the 
main pro and anti-inflammatory cytokines studied in CKD and 
in its dialysis treatments [7,14,37,38]. Thus, in view of the re-
duced number of patients evaluated in this study and consid-
ering that possible external situations that affect the cytokines 
measurement in these patients were not excluded, future as-
sessments can be made to refine the data In addition, there 
are studies in the literature that also reported unchanged cy-
tokine values such as IL-10 and IL-6 when comparing dialysis 
techniques [38]. This fact alone can also be just an indication 
of the safety of HDF for the treatment of patients with CKD, 
since it would not significantly alter parameters as sensitive as 
these inflammatory markers in patients who are already in a 
pathological process.

In the experiment using the methodology of the paired sam-
ples, that is, in the measurement of the cytokine levels of the 
same individual who was previously treated with HD and who 
converted his treatment to HDF, before and after the treatment 
change, a slight reduction in the mean IL-10 and increases in 
IL-17A and TNF-α levels. IL-17A stimulates the production of 
other inflammatory cytokines, such as IL-6 itself, which, despite 
not showing altered values in this study, showed great varia-
tions among patients. TNF-α, among other functions, is also re-
sponsible for activating phagocytic cells. This data can probably 
be correlated with the increase in the phagocytic index, which 
was also observed in this study.

CONCLUSION
In conclusion, HDF has established itself as a safe and efficient 
technique for the clearance of medium molecular weight mol-
ecules without prejudice to the patient and significantly im-
proves several inflammatory markers that are altered not only 
by pathology. This research brings about the effects on immune 
parameters of kidney patients undergoing treatment conver-
sion of hemodialysis to hemodiafiltration. Hemodiafiltration is 
not a usual treatment in Brazil, so this study can promote the 
benefits of changing the therapeutic approach for the patients 
and the public health system. Finally, this work presented sev-
eral data that corroborates the literature which indicates HDF 
as a technique that enhances clinical, biochemical and inflam-
matory markers on CKD patients.



Page 013
Moura EJD, et al.

Volume 11 • Issue 02 • 006

AUTHOR CONTRIBUTION
Conceptualization
Flávio José Dutra de Moura, Joel Paulo Russomano Veiga, Sel-
ma Aparecida Souza Kückelhaus

Investigation
Beatriz Guterres Rodrigues de Sousa, Jaqueline Santos Ribeiro, 
Jonas Gonzaga do Nascimento, Amanda Macedo, Eloah Soares 
Povill Souza, Marcus Henrique Oliveira, Fernando Fontes de 
Souza, Vanessa Simioni Faria

Methodology
Flávio José Dutra de Moura, Shirley Claudino Silvino, Tatiana 
Karla dos Santos Borges, Selma Aparecida Souza Kuckelhaus

Writing Original Draft
Flávio José Dutra de Moura, Joel Paulo Russomano Veiga, Sel-
ma Aparecida Souza Kuckelhaus

Formal Analysis and Project Administration
Selma Aparecida Souza Kückelhaus

Writing Review and Editing
Joel Paulo Russomano Veiga, Selma Aparecida Souza Kückel-
haus

Supervision and Resources
Flávio José Dutra de Moura.

ACKNOWLEDGMENT
We are grateful to the Fresenius Medical Care Brazil Team and 
to Lucas Souza Kückelhaus for reviewing the English language 
of the manuscript.

DISCLOSURES
All authors have nothing to disclose.

REFERENCES
1.	 Bastos MG, Kirsztajn GM (2011) Chronic kidney disease: 

Importance of early diagnosis, immediate referral and 
structured interdisciplinary approach to improve outcome 
in patients not yet undergoing dialysis. Braz J Nephrol 
33:93-108.

2.	 Thomé FS, Sesso RC, Lopes AA, Lugon JR, Martins CT, et 
al. (2019) Brazilian chronic dialysis survey 2017. Braz J 
Nephrol 41:208-214.

3.	 Chaudary K, Shanga H, Khanna R (2011) Peritoneal dialysis 
first: Rationale. Clin J Am Soc Nephrol: 447–456.

4.	 Maduell F (1999) Change from conventional to on-line he-
modiafiltration. Nephrol Dial Transpl 14:1202-1207.

5.	 Nordio M, Limido A, Maggiore U, Nichelatti M, Postorino 
M, et al. (2012) Italian dialysis and transplantation registry. 
Survival in patients treated by long-term dialysis compared 
with de general population. Am Journal Kidney Dis 59:819-

828.

6.	 Carracedo J (2006) OnLine hemodiafiltration reduces the 
proinflammatory CD14+CD16+ monocyte-derived dendrit-
ic dells: A prospective, crossover study. J Am Soc Nephrol 
17: 2315-2321.

7.	 Ward RA, Vieken J, Silverstein DM, Ash S, Canaud B, et al. 
(2018) On behalf of the kidney health initiative hdf work-
group. Regulatory considerations for hemodiafiltration in 
the United States. Clin Journal Am Soc Nephrol 13:1444-
1449.

8.	 Maduell F, Broseta JJ. (2022) Hemodiafiltration (HDF) ver-
sus expanded hemodialysis (HDx). Semin Dial. 35(5):436-
439.

9.	 Canaud B, Vieken K, Ash S, (2018) On behalf of the kidney 
health initiative hdf workgroup. hemodiafiltration to ad-
dress unmet medical needs ESKD patients. Clin Journal Am 
Soc Nephrol 13:1435-1443.

10.	 Blankestijn PJ, Grooteman MP, Nube MJ, Bots ML (2018) 
Clinical evidence on haemodiafiltration. Nephrol Dial 
Transpl 33:53-58.

11.	 Vilar E, Fry AC, Wellsted D, Tatersall JE, Greenwood RN, et 
al. (2009) Long-term outcomes in online hemodiafiltration 
and high-flux hemodialysis: A comparative analysis.  Clin 
Journal Am Soc Nephrol 4: 1944-1953.

12.	 Collins AJ, Foley RN, Gilbertson DT, Chen SC (2011) Unit-
ed States kidney data system public health surveillance of 
chronic kidney disease and end-stage kidney disease. Kid-
ney Intern Suppl 5:2-7.

13.	 Aguiar LK, Pradro RR, Grazinelli A, Malta DC (2020) Factors 
associated with chronic kidney disease: Epidemiological 
survey of the National Health Survey. Revista Bras Epide-
miol 23.

14.	 Maduell F (2013) High efficiency postdilution pnline he-
modiafiltration reduces all cause mortality in hemodialysis 
patients. J Am Soc Nephrol 24:487–497.

15.	 Wiecek A, Piecha G (2015) Is haemodiafiltration more fa-
vourable than hemodialysis for treatment of kidney anae-
mia? Nephrol Dial Transpl 30:523-525.

16.	 Macdougall IC, Cooper AC (2002) Erythropoietin resis-
tance: The role of inflammation and pro-inflamatory cyto-
kines. Nephrol Dial Transpl 17:39-43.

17.	 Deicher R, Ziai F, Cohen G, Muller M, Horl WH, et al. (2013) 
High-dose parenteral iron sucrose depresses neutrophil 
intracellular killing capacity. Kidney Intern 64:728-736.
[Crossref}  

18.	 Syed-Ahmed M, Narayanan M (2019) Immune dysfunction 
and risk of infection in chronic kidney disease. Adv Chronic 
Kidney Dis 26:8-15.

19.	 Vaslaki L (2006) On-line haemodiafiltration versus hemo-
dialysis: Stable haematocrit with less erythropoietin and 
improvement of other relevant blood parameters.  Blood 
purif 24:163-173.

20.	 Karlsson FA, Groth T, Sege K, Wibell L, Peterson PA, et al. 

https://www.scielo.br/j/jbn/a/x4KhnSzYkqg8nKSCyvCqBYn/?lang=en&format=pdf
https://www.scielo.br/j/jbn/a/x4KhnSzYkqg8nKSCyvCqBYn/?lang=en&format=pdf
https://www.scielo.br/j/jbn/a/x4KhnSzYkqg8nKSCyvCqBYn/?lang=en&format=pdf
https://www.scielo.br/j/jbn/a/x4KhnSzYkqg8nKSCyvCqBYn/?lang=en&format=pdf
https://doi.org/10.1590/2175-8239-jbn-2018-0178
https://journals.lww.com/cjasn/Fulltext/2018/09000/Regulatory_Considerations_for_Hemodiafiltration_in.26.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Regulatory_Considerations_for_Hemodiafiltration_in.26.aspx
https://academic.oup.com/ndt/article/14/5/1202/1816227?login=false
https://academic.oup.com/ndt/article/14/5/1202/1816227?login=false
https://www.ajkd.org/article/S0272-6386(12)00113-8/fulltext
https://www.ajkd.org/article/S0272-6386(12)00113-8/fulltext
https://www.ajkd.org/article/S0272-6386(12)00113-8/fulltext
https://journals.lww.com/jasn/Fulltext/2006/08000/On_Line_Hemodiafiltration_Reduces_the.35.aspx
https://journals.lww.com/jasn/Fulltext/2006/08000/On_Line_Hemodiafiltration_Reduces_the.35.aspx
https://journals.lww.com/jasn/Fulltext/2006/08000/On_Line_Hemodiafiltration_Reduces_the.35.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Regulatory_Considerations_for_Hemodiafiltration_in.26.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Regulatory_Considerations_for_Hemodiafiltration_in.26.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Regulatory_Considerations_for_Hemodiafiltration_in.26.aspx
https://onlinelibrary.wiley.com/doi/10.1111/sdi.13071
https://onlinelibrary.wiley.com/doi/10.1111/sdi.13071
https://journals.lww.com/cjasn/Fulltext/2018/09000/Hemodiafiltration_to_Address_Unmet_Medical_Needs.25.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Hemodiafiltration_to_Address_Unmet_Medical_Needs.25.aspx
https://journals.lww.com/cjasn/Fulltext/2018/09000/Hemodiafiltration_to_Address_Unmet_Medical_Needs.25.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6168838/
https://journals.lww.com/cjasn/Fulltext/2009/12000/Long_Term_Outcomes_in_Online_Hemodiafiltration_and.14.aspx
https://journals.lww.com/cjasn/Fulltext/2009/12000/Long_Term_Outcomes_in_Online_Hemodiafiltration_and.14.aspx
https://linkinghub.elsevier.com/retrieve/pii/S2157171615321006
https://linkinghub.elsevier.com/retrieve/pii/S2157171615321006
https://linkinghub.elsevier.com/retrieve/pii/S2157171615321006
https://www.scielo.br/j/rbepid/a/JY5X7GG6mbjfdcX5gcGW6Km/?lang=pt
https://www.scielo.br/j/rbepid/a/JY5X7GG6mbjfdcX5gcGW6Km/?lang=pt
https://www.scielo.br/j/rbepid/a/JY5X7GG6mbjfdcX5gcGW6Km/?lang=pt
https://journals.lww.com/jasn/Fulltext/2013/03000/High_Efficiency_Postdilution_Online.19.aspx
https://journals.lww.com/jasn/Fulltext/2013/03000/High_Efficiency_Postdilution_Online.19.aspx
https://journals.lww.com/jasn/Fulltext/2013/03000/High_Efficiency_Postdilution_Online.19.aspx
https://academic.oup.com/ndt/article/30/4/523/2332867
https://academic.oup.com/ndt/article/30/4/523/2332867
https://academic.oup.com/ndt/article/30/4/523/2332867
https://academic.oup.com/ndt/article/17/suppl_11/39/1943830?login=false
https://academic.oup.com/ndt/article/17/suppl_11/39/1943830?login=false
https://academic.oup.com/ndt/article/17/suppl_11/39/1943830?login=false
https://www.kidney-international.org/article/S0085-2538(15)49383-4/fulltext
https://www.kidney-international.org/article/S0085-2538(15)49383-4/fulltext
https://doi.org/10.1046/j.1523-1755.2003.00125.x
https://linkinghub.elsevier.com/retrieve/pii/S1548559519300047
https://linkinghub.elsevier.com/retrieve/pii/S1548559519300047
https://www.karger.com/Article/Abstract/90117
https://www.karger.com/Article/Abstract/90117
https://www.karger.com/Article/Abstract/90117


Page 014
Moura EJD, et al.

Volume 11 • Issue 02 • 006

(1980) Turnover in humans of beta 2 microglobulin: The 
constant chain of HLA antigens. Eur Journal Clin Invest 
10:293-300.

21.	 Pessoa CLC, Junior CTS, Monteiro NP (2002) Importance of 
beta 2 microglobulin dosage in pleural effusions. Rev Port 
Pneum 3:10-18.

22.	 Agbas A (2018) Hemodiafiltration is associated with re-
duced inflammation, oxidative stress and improved endo-
thelial risk profile compared to high-flux hemodialysis in 
children. PLoS One 13. (6):e0198320.  

23.	 Penne EL (2010) Short-term effects of online hemodiafil-
tration on phosphate control: A result from the random-
ized controlled convective transport study (CONTRAST). 
Am Journal Kidney Dis 55: 77-87.

24.	 Santoro A (2008) The effect of on-line high-flux hemofiltra-
tion versus low-flux hemodialysis on mortality in chronic 
kidney failure: A small randomized controlled trial. Am J 
Kidney Dis 52:507-518.

25.	 Ravel V (2016) Association of aspartate aminotransfer-
ase with mortality in hemodialysis patients. Nephrol Dial 
Transpl 31:5814-5822.

26.	 Sette LHBC, Lopes EPA (2014) Liver enzymes serum levels 
in patients with chronic kidney disease on hemodialysis: A 
comprehensive review. Clinics 6969(4):271-278

27.	 Fabrizi F (2001) Decreased serum aminotransferase activ-
ity in patients with chronic kidney failure: Impact on the 
detection of viral hepatitis. Am J Kidney Dis 38:1009-1015.

28.	 Wei SS, Paganini EP, Cressman MD, Wright E (1994) Use 
of hemodiafiltration to enhance delivered dialysis. ASAIO 
J 40:977-980.

29.	 Schoppet M, Shanahan CM (2008) Role for alkaline phos-

phatase as an inducer of vascular calcification in kidney 
failure. Kidney Int 73:989-991.

30.	 Li J, Xu C, Fan Y, Wang Y, Xiao YB, et al. (2014) Can serum 
levels of alkaline phosphatase and phosphate predict car-
diovascular diseases and total mortality in individuals with 
preserved kidney function? A systemic review and me-
ta-analysis. PLoS One 9(7):e102276.

31.	 Sciacqua A (2020) Alkaline phosphatase affects kidney 
function in never-treated hypertensive patients: Effect 
modification by age. Scient Reports 10. [Crossref}  

32.	 Porto RA, Truite MR, Bucharles SEG, Hauser AB (2016) Sec-
ondary hyperparathyroidism: A Chronic Kidney Disease 
complication. Rev Bras Anal Clin.

33.	 Heidari B (2013) C-reactive protein and other markers of 
inflammation in hemodialysis patients. Caspian J Intern 
Med 4:611-616.

34.	 Filipoulos V, Hadiyannakos D, Metaxaki P, Sideris V, Tak-
ouli L, et al. (2008) Inflammation and oxidative stress in 
patients on hemodiafiltration. Am J Nephrol 28:949-957.

35.	 Maduell F (2015) Is there an ‘optimal dose’ of hemodiafil-
tration? Blood Purif 40:17-23.

36.	 Weber HM, Cohen G, Horl WH (2000) Clinical significance 
of granulocyte-inhibiting proteins. Nephrol Dial Transpl 
15:15-26.

37.	 Klouche K (2017) On-line hemodiafiltration did not induce 
an overproduction of oxidative stress and inflammatory 
cytokines in intensive care unit-acute kidney injury. BMC 
Nephrol 371:1-8.

38.	 Stenvinkel P (2005) IL-10, IL-6 and TNF-α: Central factors in 
the altered cytokine network of uremia: The good, the bad 
and the ugly. Kidney Internat 67:1216-1233.

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.1980.tb00036.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2362.1980.tb00036.x
https://www-sciencedirect-com.translate.goog/science/article/pii/S0873215915307662?_x_tr_sl=pt&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://www-sciencedirect-com.translate.goog/science/article/pii/S0873215915307662?_x_tr_sl=pt&_x_tr_tl=en&_x_tr_hl=en&_x_tr_pto=sc
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198320
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198320
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198320
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0198320
https://www.ajkd.org/article/S0272-6386(09)01309-2/fulltext
https://www.ajkd.org/article/S0272-6386(09)01309-2/fulltext
https://www.ajkd.org/article/S0272-6386(09)01309-2/fulltext
https://linkinghub.elsevier.com/retrieve/pii/S0272638608008883
https://linkinghub.elsevier.com/retrieve/pii/S0272638608008883
https://linkinghub.elsevier.com/retrieve/pii/S0272638608008883
https://academic.oup.com/ndt/article/31/5/814/1751717?login=false
https://academic.oup.com/ndt/article/31/5/814/1751717?login=false
https://mr.crossref.org/iPage?doi=10.6061%2Fclinics%2F2014%2804%2909
https://mr.crossref.org/iPage?doi=10.6061%2Fclinics%2F2014%2804%2909
https://mr.crossref.org/iPage?doi=10.6061%2Fclinics%2F2014%2804%2909
https://linkinghub.elsevier.com/retrieve/pii/S0272638601318826
https://linkinghub.elsevier.com/retrieve/pii/S0272638601318826
https://linkinghub.elsevier.com/retrieve/pii/S0272638601318826
https://journals.lww.com/asaiojournal/Abstract/1994/40040/Use_of_Hemodiafiltration_to_Enhance_Delivered.13.aspx
https://journals.lww.com/asaiojournal/Abstract/1994/40040/Use_of_Hemodiafiltration_to_Enhance_Delivered.13.aspx
https://www.kidney-international.org/article/S0085-2538(15)53125-6/fulltext
https://www.kidney-international.org/article/S0085-2538(15)53125-6/fulltext
https://www.kidney-international.org/article/S0085-2538(15)53125-6/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102523/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102523/
https://www.nature.com/articles/s41598-020-66911-z
https://www.nature.com/articles/s41598-020-66911-z
https://www.nature.com/articles/s41598-020-66911-z
https://doi.org/10.1038/s41598-020-66911-z
https://www.rbac.org.br/artigos/hiperparatireoidismo-secundario-uma-complicacao-da-doenca-renal-cronica-48n-3/
https://www.rbac.org.br/artigos/hiperparatireoidismo-secundario-uma-complicacao-da-doenca-renal-cronica-48n-3/
https://www.rbac.org.br/artigos/hiperparatireoidismo-secundario-uma-complicacao-da-doenca-renal-cronica-48n-3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762236/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3762236/
https://www.karger.com/Article/Abstract/142724
https://www.karger.com/Article/Abstract/142724
https://www.karger.com/Article/FullText/437409
https://www.karger.com/Article/FullText/437409
https://doi.org/10.1093/oxfordjournals.ndt.a027957
https://doi.org/10.1093/oxfordjournals.ndt.a027957
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-017-0785-1
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-017-0785-1
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-017-0785-1
https://linkinghub.elsevier.com/retrieve/pii/S0085253815505784
https://linkinghub.elsevier.com/retrieve/pii/S0085253815505784
https://linkinghub.elsevier.com/retrieve/pii/S0085253815505784

