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Abstract

Background: Inflammation is associated with enhanced cardiovascular risk profile and
increased cardiovascular mortality in end-stage kidney disease patients undergoing hemodialysis.
Mechanisms of activated acute phase reaction in patients on chronic hemodialysis remain to be
identified. As successful treatment of the inflammatory condition in these patients may improve
long-term survival, we studied potential changes in different inflammatory biomarkers of
cardiovascular risk in end-stage kidney disease patients after a mid-week hemodialysis session.

Methods: Inflammatory biomarkers of cardiovascular risk (cystatin-C, homocysteine,
C-reactive protein, procalcitonin, pentraxin-3, serum amyloid-A) and atherogenic plasma
lipoproteins (Lipoprotein(a), cholesterol low and high density lipoproteins) were studied in 21
end-stage kidney disease patients previously and after a mid-week hemodialysis session.

Results: We found a significant reduction in serum levels of low molecular weight molecules:
cystatin-C (5.56 to 1.85 mg/L, 66.73%, p < 0.001), homocysteine (22.85 to 13.25 umol/L, 42.01%,
p < 0.001) and procalcitonin (0.788 to 0.457 ng/mL, 42.01%, p < 0.001). Large molecules as
C-reactive protein (9.70 to 9.90 mg/L, 2.06%, p = 0.022) and pentraxin-3 (1.67 to 4.28 ng/mL,
156%, p < 0.001) increased, but serum amyloid-A decreased (15.90 to 12.70 mg/L, 20.13%, p <
0.05). There was no change in Lipoprotein (a) levels.

Conclusion: Pentraxin-3 was a more specific inflammatory vascular marker than C-reactive
protein, and the best inflammatory marker associated with hemodialysis. Homocysteine,
procalcitonin and the other small proteins could be released and removed during hemodialysis
session. Further studies are needed to understand the behavior and significance of these
markers after successive hemodialysis.
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Introduction

Cardiovascular disease is the main cause of premature
death in Chronic Kidney Disease patients [1].

Inflammation is associated with enhanced cardiovascular
risk profile and increased cardiovascular mortality in
hemodialysis patients. Many patients in end-stage kidney
disease exhibits an activated acute phase response,
characterized by an increase of C-reactive protein (CRP)
and serum amyloid-A (SAA). These acute phase proteins are

https://doi.org/10.29328/journal.jccm.1001077

independent predictor of overall and cardiovascular mortality
in hemodialysis patients, besides age, low body mass index,
presence of diabetes, pre-existing cardiovascular disease, and
male gender [2].

The search for a more effective risk stratification has
generated predictive models [1,3-5], based on reappraisal
of classical and emerging markers of inflammation and
cardiovascular risk. C-reactive protein (CRP), homocysteine,
and lipoprotein(a)), should be included in the assessment of
global cardiovascular risk. Other inflammatory proteins like
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pentraxin-3 (PTX3), serum amyloid-A (SAA), procalcitoninand
cystatin-C (CysC), could improve estimation of cardiovascular
risk. PTX3, a 450kDa molecule secreted by neutrophils and the
vascular wall cells after cytokine stimulation (interleukin-1,
TNF-a), may be a novel biomarker for inflammatory
cardiovascular Disease [6]. SAA, a polymer of 85 to 200KDa,
is an acute phase reactant secreted by liver after stimulation
of different cytokines. It converts HDL into a proatherogenic
lipoprotein by displacing apolipoprotein-A1l [7]. SAA is also
an immunomodulator of inflammation and has a role in the
pathogenesis of amyloidosis [8]. Procalcitonin (14,5KDa)
has hypotensive effects and protects renal parenchyma
against cell apoptosis and fibrosis in acute pyelonephritis
[9]. Procalcitonin basal levels are increased in chronic kidney
disease due to reduced renal clearance [10]. Cystatin-C
(13KDa)is synthesized by multiple cell types and has inhibitory
activity against cysteine proteases. It is filtered by glomerulus
and catabolized by proximal tubular cells. High levels of
serum Cystatin-C indicate reduced glomerular filtration rates
[11] and could be a predictor of death in coronary patients
with normal renal function [12]. Homocysteine, a sulfur-
containing amino acid methionine derivative, circulates free
and bound to proteins in blood [13]. Free homocysteine
is filtered at glomerulus and reabsorbed in renal tubules.
Hyperhomocysteinemia is an independent cardiovascular risk
factor because of its oxidizing capacity [14]. Lipoprotein(a)
is a low density lipoprotein with a similar composition of
lipids and apolipoprotein-B100 as LDL cholesterol, but
with an additional apolipoprotein(a). High concentrations
are considered independent risk factor for development of
coronary heart disease [15]. Mechanisms of activated acute
phase reaction in patients on chronic hemodialysis remain to
be identified and a successful treatment of the inflammatory
condition may improve long-term survival in these patients.

The aim of this study was to examine the impact of
the dialysis procedure on the removal or generation of classical
and emerging biomarkers of acute inflammatory response
and cardiovascular risk in 21 end-stage kidney disease
patients after a high-flux HD and estimate cardiovascular risk
in healthy controls and end-stage kidney disease following
Adult Treatment Panel-I1II* and International Atherosclerosis
Society [5] guidelines.

Methodology (subjects and methods)

Ethical considerations

This research was conducted in accordance with the
Helsinki Declaration and the protocol was approved by the
Ethics Committee of Hospital Universitario Marqués de
Valdecilla - IDIVAL, Santander, Spain. Patients gave written
informed consent, and healthy controls gave verbal consent
for the sample extraction.

Patients

We selected 21 end-stage kidney disease patients in
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hemodialysis from the HD Unit of Nephrology Department of
Valdecilla University Hospital; and 69 usual blood donors, as
healthy controls from the Blood and Tissue Bank of Cantabria
(Fundacion Marqués de Valdecilla, Santander, Spain). Clinical
and demographic data (age, sex, blood pressure, smoking,
diabetes, personal and family history of ischemic heart
disease, dyslipidemia, antihypertensive and lipid lowering
therapy) were collected from medical register. Blood samples
(serum and EDTA-plasma) from healthy controls and from
the 21 patients, were collected immediately before (preHD)
and after (posHD) of a mid-week session with biocompatible
and high-permeability membranes (Cordiax 1.8 Fresenius;
ANG69ST-Nephral). Exclusion criteria were: children (< 18
years old), less than one month replacement therapy HD,
acute infection, and positive Human Immunodeficiency Virus,
Hepatitis B Virus or Hepatitis C Virus at time of extraction of
the samples.

Methods

Plasma and serum samples were obtained by centrifugation
at1500 g,aliquoted and frozen at-80 °Cin lower than 30 minutes
afterblood collection. Creatinine, urea, albumin, triglyceridesand
total cholesterol were determined in Dimension RXL® (Siemens
Healthcare Diagnostics, Newark, United States). HDL-cholesterol
(HDL) after precipitation of non-HDL lipoproteins with
phosphotungstic-magnesium acid of Biosystems® (Barcelona,
Spain) and supernate cholesterol was measured by slightly
modified CHOD-PAP method (from Biosystems in a Dimension
RXL®). LDL-cholesterol was calculated using the Friedewald
formula (LDLcalc). The CRP, SAA, Cystatin-C, homocysteine,
apolipoprotein-A1 (apoA1), apolipoprotein-B100 (apoB) and
lipoprotein(a) were quantified by immunonephelometry in
BNII-System® (Siemens Healthcare Diagnostics, Germany).
Procalcitonin was analyzed by time resolved amplified cryptate
emission immunoassay technology (Kryptor® Brahms-sensitive
Procalcitonin assay: Brahms, Hennigsdorf, Germany) and
plasma PTX3 levels by ELISA (Human Pentraxin 3/TSG-14
ELISA, Perseus Proteomics®, Tokyo, Japan). Hemodialysis
samples (preHD, posHD) from each patient were analyzed in
the same series, but not consecutively, to avoid inter assay
variations. Creatinine and urea were analyzed as a reference to
evaluate changes of similar size molecules (small size) during
hemodialysis. Albumin was also analyzed to assess large ones.
In healthy controls, classical and emerging biomarkers for
cardiovascular risk calculation were determined.

Cardiovascular risk was estimated in healthy controls and
end-stage kidney disease, following Adult Treatment Panel-
III® and International Atherosclerosis Society [5] guidelines,
in order to evaluate changes in classification of risk after
including accepted emerging cardiovascular risk factors.

Statistical analysis

Non parametric tests were used because of sample
size although all biomarkers, except PTX3, showed normal
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distribution after applying the Kolmogorov-Smirnov test.
Comparisons between posHD and preHD samples were
performed using the Wilcoxon test for analysis of differences
independent samples related. Statistical significance of p
< 0.050 was considered. All descriptive analysis data are
shown as median and confidence interval of 95%. The percent
change in biomarkers after hemodialysis was calculated as
follows: median (preHD - posHD)/preHD in %. The statistical
treatment of the data was performed with MedCalc.11.6.0.0
Software® (MedCalc, Mariakerke, Belgium).

Results

Demographic and physical characteristics of patients
and the healthy controls are shown in tables 1a,1b. Results
of clinical data, classical biomarkers and emerging risk
factors are analyzed, before and after a mid-week high flux
hemodialysis session in patients are detailed in tables 2,3.

We observed a significant reduction in small molecules
during the high flux hemodialysis. Cystatin-C decreased

Table 1a: Demographic and clinical data from patients in hemodialysis (n = 21).

Sex (men/women)

63.0 (50.5-75.0)
2.1(1.6-3.2)

3 (Monday, Wednesday, Friday; or Tuesday,
Thursdayt, Saturday)

15 Cordiax 1.8 Fresenius;
6 AN69ST-Nephral

341 (329-352)

15 Internal arteriovenous fistula;
6 Tesio central catheter

60.0 (55.6-70.0)

Age (years)*

Dialysis vintage(years)*

Sessions per week

High permeability membranes

Blood Flow Hemodialysis (ml/min)*

Vascular access

Heparin (Ul)*

Time dialysis session (hours)* 4.1 (3.9-4.2)
Weight loss (Kg)* 2.0(1.2-2.7)
Weight change (%) [(preHD—posHD)/ 3.5(1.4-4.1)
preHD]
Systolic Blood Pressure preHD 3
(mmHg)* 135 (112-148)

Diastolic Blood Pressure preHD
(mmHg)*
Hypertensive patients/with
antihypertensive treatment
Diabetic patients 9 (43%)

Smokers 6 (29%)
8 (38%)

75 (71-80)

13/13 (62%)

38%

Lipid-lowering drugs 2 (10%)
*median (1C95%). TMorning mid-week session. PreHD: Before-Hemodialysis. PosHD:
After-Hemodialysis. CHD: Coronary Heart Disease

Table 1b: Characteristics of healthy control group (n = 69).
Control group

Personal history of CHD

Sex (men/women) 37/32
Age (years)* 42.0 (28.0-56.0)
Systolic Blood Pressure (mmHg)* 130 (120-137)
Diastolic Blood Pressure (mmHg)* 78 (76-80)
Hypertensive patients /with antihypertensive treatment 34/34 (49%)
Diabetics 11 (16%)
Smokers 8 (12%)
Personal history of CHD 5(7%)
Lipid-lowering drugs 0 (0%)

*median (IC95%). CHD: Coronary Heart Disease
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Tabla 2: Biological markers in healthy control group.

Creatinine (mg/dL) 0.91 (0.88-0.95)

Urea (mg/dL) 36.1(35-37)
Cystatin-C(mg/dL) 0.78 (0.74-0.83)
Albumin (g/dL) 4.2(41-42)

Procalcitonin (ng/mL) 0.028 (0.022-0.032)

CRP (mg/L) 1.40 (1.20-2.10)
PTX3 (ng/mL) 0.54 (0.33 - 0.62)
SAA (mg/L) 3.10(2.90 - 3.53)

Homocysteine (umol/L) 12.20(11.03-14.02)

Total cholesterol (mg/dL) 200.00 (193.77 - 215.23)

(mmol/L) 5.18(5.02-5.57)
HDL(mg/dL) 51.00 ( 47.54 - 57.00)
(mmol/L) 1.32(1.23-1.40)
Apolipoprotein-A1 (mg/dL) 158.00 (153.00 - 167.46)
LDLcalc (mg/dL) 128.60 (119.71 - 137.89)
(mmol/L) 3.33(3.10-3.57)

apolipoprotein-B100 (mg/dL) 105. 00 (96.00 - 111.46)

Lipoprotein(a) (mg/dL) 21.00 (11.00 - 23.00)

Triglycerides (mg/dL) 101.00 (87.77 - 113.00)

Values: Median (IC95% rank); CRP: C-Reactive Protein; HDL: Cholesterol High Density
Lipoprotein by lipoprotein precipitation
LDLcalc: Cholesterol Low Density Lipoproteins by Friedewald formula

SAA: Serum amyloid-A; PTX-3: Pentraxin-3

from 5.56 to 1.85 mg/L (percent change: 66.73%, p < 0.001),
homocysteine from 22.85 to 13.25 umol/L (42.01%, p < 0.001)
and Procalcitonin from 0.788 to 0.457 ng/mL, (42.01%, p <
0.001) as occurred with small solutes like urea (from 115 to
34 mg/dL, 70.43%, p < 0.001) and creatinine (from 7.90 to
2.80 mg/dL, 64.56%, p < 0.001).

On the other hand, we detected a significant increase in
high molecular weight solutes: CRP increased from 9.70 to
9.90 mg/L (2.06%, p = 0.022) and PTX3 from 1.67 to 4.28
ng/mL (156% increase, p < 0.001). Total cholesterol also
significantly increased from 173 to 194 mg/dL (12.14%, p =
0.002), and HDL (= 175KDa) and apoA1l increased 26.30% (p
=0.007) and 2.42% (p = 0.014) respectively. LDL (*550KDa)
increased 16.76% (p = 0.064) and apolipoprotein-B100 a
19.52% (p = 0.002). Triglycerides showed a non-significant
up-trend (108 to 122 mg/dL, 12.96%, p = 0.082). We did
not observed substantial changes in lipoprotein(a) (17.05 to
16.95 mg/dL, 0.59%, p = 0.829). Nevertheless SAA, despite
being a high molecular weight molecule, suffered a marked
reduction (15.90 to 12.70 mg/L, 20.13%, p < 0.05). Urea,
albumin and HDL reached levels similar to normal population
after a hemodialysis session of 4 hours in which excess volume
is eliminated (median 2 kg, weight significantly decreased by
3.5%, p <0.001; Table 3). Other parameters such as creatinine,
cystatin-C, homocysteine and Procalcitonin were removed but
did not reach the normal levels established for healthy people.

Serum levels of emerging risk factors (CRP, Lipoprotein(a),
homocysteine) before a mid-week hemodialysis session and
in healthy controls are shown in table 4.

Cardiovascular risk was calculated with classical major
cardiovascular risk factors following Adult Treatment
Panel-IIl guidelines and also with emerging risk factors
following International Atherosclerosis Society guidelines.
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Table 3: Parameters analyzed in pre- and post-hemodialysis samples in a mid-week hemodialysis session.

PreHD PosHD Wilcoxom (PreHD - posHD)/preHD
median 1C95 rank median 1C95 rank p % change
Creatinine (mg/dL) 7.90 7.27-8.94 2.80 2.51-3.19 0.000 64.56
Urea (mg/dL) 115.00 98.92-141.80 34.00 28.00-43.44 0.000 70.43
Cystatin-C (mg/L) 5.56 4.98-6.01 1.85 1.58-2.25 0.000 66.73
Albumin (g/dL) 3.50 3.10-3.60 3.60 3.11-4.20 0.002 -2.86
Procalcitonin (ng/mL) 0.788 0.485-0.989 0.457 0.274-0.588 0.000 42.01
CRP (mg/L) 9.70 7.01-16.43 9.90 7.05-19.74 0.022 -2.06
PTX3 (ng/mL) 1.67 1.13-2.27 428 2.66 - 6.97 0.000 -156.29
SAA (mg/L) 15.90 6.76-37.72 12.70 4.98-35.33 0.000 20.13
Homocysteine (umol/L) 22.85 18.10-25.80 13.25 9.90-14.48 0.000 42.01
Total cholesterol (mg/dL) 173.00 125.72-210.96 194.00 157.96 - 229.44 0,002 1214
(mmol/L) 4.48 3.26-5.46 5.02 4.09-7.76
Py gn smes | sn o amee o
apo A1 (mg/dL) 124.00 104.37-138.44 127.00 115.68-153.44 0.014 -2.42
LDLcalc(mg/dL) 90.80 63.11-122.35 106.02 69.21 - 126.30 0.064 16.76
(mmol/L)* 2.35 1.63-3.17 2.75 1.79-3.27
Apolipoprotein-B100 (mg/dL) 79.90 65.83 -104.44 95.50 72.23-110.44 0.002 -19.52
Lipoprotein(a) (mg/dL) 17.05 9.79 - 26.56 16.95 11.12-22.00 0.829 0.59
Triglycerides (mg/dL)** 108.00 97.24-147.52 122.00 92.40-192.76 0.082 -12.96
Weight (Kg) 72.3 61.1-81.1 69.6 60.3-78.5 0.000 3.5
Results are shown as median and confidence interval of 95%. CRP: C-Reactive Protein; HDL: Cholesterol High Density Lipoprotein by lipoprotein precipitation
*L.DLcalc: Cholesterol low density lipoproteins by Friedewald formula (Total cholesterol-(HDL + Triglycerides/5)
**no patient exceeded 300 mg/dl of Triglycerides. SAA: Serum amyloid-A; PTX-3: Pentraxin-3

Table 4: Positive emerging risk factors in healthy controls and end-stage kidney disease patients before a mid-week hemodialysis session.

CRP (mg/I)* % (>3 mg/l)? Homocysteine (umol/l)* % (> 12 umol/I)? Lipoprotein(a) (mg/dl)* % (> 30 mg/dl)®
HC (n = 69) 1.40(1.20-2.10) 21.00% 12.20(11.03-14.02) 44.44% 21.00(11.00-23.00) 28.40%
preHD (n = 21) 9.70(7.01-16.43) 85.71% 22.90(18.10-26.40) 80.95% 16.60(9.86-25.31) 23.81%

*median (IC95%)
acutoff to increase cardiovascular risk (International Atherosclerosis Society)
E-CVRF: Emerging Cardiovascular Risk Factor; HC: Healthy Controls; preHD: previous specimen to Hemodialysis in the interim period.

Table 5: Cardiovascular risk estimated by applying major risk factor (Adult Treatment Panel Ill) compared to cardiovascular risk estimated with emerging risk factors by
International Atherosclerosis Society in healthy control population and in hemodialysis patients before a mid-week session.

CVR Low (%) Intermediate (%) igh (%) Very High (%)
with — CVRF M- E M- E M- E M- E
30.43 28.99 30.43 . 10.14
HC 34.78 (-4.35%) 27.54 (+1.45%) 37.68 (-7.25%) (+10.14%)
478 23.80 14.28 . 57.14
preHD 2381 (-19.03%) 476 (+19.04%) 7143 (-57.15%) (+57.14%)

CVR: Cardiovascular Risk; CVRF: Risk Factor Of Cardiovascular Disease; M: Major; E: Emerging; HC: Healthy Controls; preHD: specimen previous to a mid-week Hemodialysis
session.

(*) Adult Treatment Panel Ill and previous Guidelines do not calculated “very high risk” while new European Guidelines and International Atherosclerosis Society including
this new CVR stage. The change (in %) of CVR after applying the E-CVRF is shown in brackets.

Biological markers could explain the excess of CVR that end-stage kidney disease patients have.

A large increase of cardiovascular risk was observed when
emerging risk factor of cardiovascular disease were taken
into consideration. The increase in cardiovascular risk was
higher in end-stage kidney disease than in healthy controls.
19.03% from 23.81% of end-stage kidney disease patients
with low cardiovascular risk became intermediate risk level;
and 57.14% from 71.43% of patients with high cardiovascular
risk passed to a very high risk level when emerging risk factor
of cardiovascular disease were taken into account. Differences
between two types of computational models to calculate
cardiovascular risk are shown in table 5.

Discussion

This research shows inflammation biomarkers have

https://doi.org/10.29328/journal.jccm.1001077

different behaviour in patients undergoing hemodialysis
mainly according their differences in molecular weight. These
changes could be associated with enhanced cardiovascular
risk profile and the increased cardiovascular mortality in
hemodialysis patients.

Hemodialysis removes excess of volume and free toxic
plasmatic molecules of low molecular weight, in patients with
end-stage kidney disease. As expected, significant decreases
are observed in small molecules like urea, creatinine and
cystatin-C, whose clearance depends on the glomerular
filtration rate; however, other molecules of similar size do not
have the same behavior. Homocysteine is less likely to decrease
because it circulates in the plasma in a free and protein-bound
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form preventing its filtration and leading to possible adverse
vascular effects [13]. Procalcitonin, another small molecule,
increased in predialysis samples. It is an indirect marker of
infection and micro-inflammation for biocompatibility of
hemodialysis membranes in patients without infection [16].
However procalcitonin could be released during the dialysis
process, by TNF-a induction that is also increased, and filtered
during HD [17]. In a single hemodialysis session it is not a
useful marker of low grade inflammation but long term high
levels of procalcitonin may be useful as a new cardiovascular
marker of chronic inflammation, but a cut-off level for the
infection - sepsis diagnosis needs to be determined [18].

The suitable hemoconcentration is achieved with
normalization of serum albumin (2.86%, although total
weight change was 3.5%). An increase in apoA1l serum levels
was observed during the hemodialysis process in the same
proportion as albumin; however HDL cholesterol levels
increased by 9 times (26,30%). Hemodialysis also increased
serum levels of apolipoprotein-B100 and LDL cholesterol up
to 6 times compared with changes in albumin. Based on this
information hemodialysis seems to have a powerful capacity
for modifying the lipid profile, inducing hepatic secretion of
LDL and increasing the amount of cholesterol mobilized by
HDL. Therefore, hemoconcentration is not the only factor
responsible for lipid profile changes [19].

Normally lipoprotein(a) is fragmented and excreted by
the kidneys. During hemodialysis levels of lipoprotein(a) did
not change because of their large molecular size, but could be
removed by hepatic scavenger receptors of lipoprotein(a) that
cleave the apolipoprotein(a) during hemofiltration. However
it has not been possible to quantify these processes in RCV
calculation and therefore lipoprotein(a) can be used only
qualitatively in cardiovascular risk estimation [20].

SAA is an inflammatory marker linked to HDL. It is
increased in inflammatory processes and it is not affected
by renal function [21]. In our data SAA decreased by
approximately 20% perhaps by clearance of polymers or
displacement of SAA due to the changes in HDL and by binding
to dialysis membrane. On the other hand, SAA and CRP have
similar behavior when evaluating inflammation associated
with dialysis process, despite their structural differences.

CRP reached a similar hemoconcentration (~2%) as
albumin; therefore it is not a useful inflammatory marker of a
single hemodialysis session. However, it has been shown that
CRP levels are useful in monitoring long term hemodialysis
(every 3 months) because CRP median levels are better
prognostic marker than a spot CRP value in hemodialysis
patients [22,23]. In fact, a persistent elevation within a short
time period has a worse prognosis than persistent low values
or punctual elevations [24].

PTX3 is elevated in advanced chronic kidney disease
[10,25]. Its protective and deleterious effects are not well
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known [26]. PTX3 modifies angiogenesis and atherosclerotic
lesion development, and participates in extracellular matrix
formation. High levels of PTX3 are associated with the
presence of vulnerable coronary plaques, cardiovascular
disease [25,27] and predict mortality in chronic kidney
disease [28]. PTX3 levels are significantly increased during
hemodialysis, but it is not clear hemodialysis membranes
are responsible for modifying it [29,30]. Its decline is related
to thrombotic events. In our research PTX3 underwent a
striking increase (156%) during hemodialysis process. PTX3
could be a short-term marker of inflammatory process (acute
response), due to a rapid and transient discharge of granules
from polymorphonuclear, endothelial and other vessel wall
cells related to the biocompatibility of the hemodialysis
process itself [31]. At long term, annual decline in levels of
PTX3 in hemodialysis patients correlates with increased risk
of thrombotic events [32].

End-stagekidneydisease patients,eventhose ESKD patients
that are not on dialysis, suffer from a chronic inflammatory
state with increase systemic proinflammatory cytokines and
oxidizing molecules [33]. This chronic inflammatory state in
predialysis end-stage kidney disease patients determines an
increased risk of mortality from cardiovascular complications
(20% to 50%) which further increases after beginning the
renal replacement therapy (especially in hemodialysis) [34].
Vascular access, impurities of dialysate and blood interaction
with dialysis membrane causes acute and chronic changes
on the inflammatory and vascular response [35,36]. The last
European Guidelines on cardiovascular Disease recognizes that
chronic kidney disease significantly increase cardiovascular
risk (High Risk for estimated glomerular filtration rate =30
to 60 mL/min/1.73m?; Very High Risk in the case of <30mL/
min/1.73m?) [1]. Major risk factor of cardiovascular disease
does not seem to contribute significantly to this increased
risk. However, emerging risk factor of cardiovascular disease
like homocysteine, CRP and lipoprotein(a) may explain in part
that increased cardiovascular Disease risk due to end-stage
kidney disease.

In our research, we estimated cardiovascular risk in
healthy controls and end-stage kidney disease, following Adult
Treatment Panel-1112 and International Atherosclerosis Society
[5] guidelines, in order to evaluate changes in risk classification
after including emerging risk factor of cardiovascular disease
(increased a level of cardiovascular risk if 2 or more emerging
risk factor of cardiovascular disease are positives: CRP > 3
mg/L, homocysteine>12 pmol/L, lipoprotein(a) > 30 mg/dL,
and added a last group of risk to the Adult Treatment Panel-III
tables of classical score, called “very high risk”). This change
may partially explain the high cardiovascular risk associated
to end-stage kidney disease patients and should lead to a more
strict control of lipid profile and, more specifically, to try to
achieve a LDL-cholesterol target < 70 mg/dL to reduce the risk
of cardiovascular event. However, new guidelines as ATPIV
(4) and expert opinions suggest change in strict LDL target.
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Drugs such as statins that are traditionally used to achieve this
LDL-target, also have pleiotropic effects that allow the control
of undesired cardiovascular events. Moreover, the application
of other treatment options, such as the peptidic C3 inhibitor
(Cp40) could potentially reduce biomarkers of inflammation
during hemodialysis as in animal model [37].

Conclusion

In this research PTX3 was the best biomarker in evaluating
the short-term inflammatory response in hemodialysis
and could also have a long-term inverse behaviour to CRP;
both molecules could be co-adjuvants markers to calculate
the cardiovascular risk score, survival prognosis and
biocompatibility of materials in hemodialysis.

Homocysteine, SAA or procalcitonin decreased during
hemodialysis because they are hemo-filterable molecules, but
could also be released during hemodialysis session; therefore
their decline cannot be compared with other small molecules
and they always remain above normal values levels.

Computational models of vascular risk, although accepted
in clinical practice do not explain the high incidence of
cardiovascular morbidity and mortality in hemodialysis
patients. The emerging risk factors could justify in part the
excess of cardiovascular risk in patients with chronic kidney
disease, but further longitudinal studies are required to
evaluate these biomarkers with all the factors of the dialysis
process (quality of fluid, membranes, frequency and duration
of sessions) to evaluate the cardiovascular risk of patients on
hemodialysis, and to apply all therapeutic options to decrease
this cardiovascular risk.
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