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Abstract

Background: Chronic Kidney Disease (CKD) is one of the mostese diseases worldwide. In
patients affected by CKD, a progressive destruatibthe nephrons is observed not only in structural
but also in functional level. Atherosclerosis igragressive disease of large and medium-sizedester

It is characterized by the deposition of lipids dibdous elements and is a common complicatiornef t
uremic syndrome because of the coexistence of & vadge of risk factors. High blood pressure,
anaemia, insulin resistance, inflammation, highdative stress are some of the most common factors
that cause cardiovascular disease and atherogeimegiatients suffering from End Stage Kidney
Disease(ESRD). At the same time, the inflammatory procemsstitutes a common element in the
apparition and development of CKD. A wide rangeo$sible causes can justify the development of
inflammation under uremic conditions. Such causes @xidative stress, oxidation, coexistent
pathological conditions as well as factors thatdare to renal clearance techniques.

Patients in ESRD and coronary disease usually showased acute phase products. Pre-inflammatory
cytokines, such as IL-6 and TNF-a, and acute phesaants, such as CRP and fibrinogen, are closely
related. The treatment of chronic inflammation IKECis of high importance for the development of
the disease as well as for the treatment of casgdimvar morbidity.

Conclusions: The treatment factors focus on the use of rengied@nsic system inhibitors,
acetylsalicylic acid, statins and anti-oxidant tne@nt in order to prevent the action of inflammstor
cytokines that have the ability to activate the hatsms of inflammation.
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I ntroduction The pathogenicity of CKD results from the

CKD is one of the most severe public healtl;fombinations of the detrimental effects that

disorders worldwide with complications suc nclude water and electrolytes homeostasis
n%f'sorders, reduced removal of soluble

as renal failure, cardiovascular disorders a 4 anic substances and reduced hormone
early death (Harrison 2005; Levey et al. 9

. X duction. The Glomerural Filtration Rate
2005, Theofilou 2011a, 2011b). CKD is ghroduct ,
chronic situation including irreversible, (GFR) is the amount of water filtered by the

structural or functional nephron glomerulus in the capillary tuft in a particular

abnormalities. CKD  pathophysiology isperiod and is an index that controls kidney

. function (Vander et al. 2001; Kalantar-Zadeh
related to the progress of the disease. A% al. 2006; Pragna et al. 2008). GFR

CDK causes chronic damage, the ren . .
function as a whole diminishes progressivelreductlon <60 ml/min/1,73 frof _the body
urface for >3 months determines CKD

and irreversibly. As a result, at end stage, ational Kidney Foundation 2002; Levey et

limited number of increased-charge nephron : :
accomplish the processes of renal functiof" 2005). The rating of CKD (Table A} in an
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ascending scale according to its severitgccumulation of protein metabolism products
depends on GFR values (Levey et al. 2005).and disorders as a consequence of renal
The loss of endogenous renal function leadailure, such as homeostasis of water and
to a uremic syndrome and in the long run thelectrolytes as well as hormonic disorders.
patient might be in need of renal functionThe uremic syndrome (TABLE B) can be
substitution (Harrison 2005; Kalantar-Zadelireated to a certain extent with renal function
et al 2006; Pragna et al. 2008). There are twextracorporeal substitution. However, some
types of disorders depending on thef the disorders may not respond to the
pathophysiologic  mechanism of thetreatment, they may even deteriorate
syndrome: Disorders as a consequence of tidarisson 2005).

Table A. Classification of chronic kidney diseasesin order of increasing severity

Stage Description of chronic GFR(mI/min/1.73 Associated
kidney disease m?) terminology

1 Kidney damage with normal| >90 Albuminuria,
or high glomerular filtration proteinuria, hematuria
rate

2 Kidney damage with mildly | 60-89 Albuminuria,
low glomerular filtration rate proteinuria, hematuria

3 Moderate glomerular 30-59 Chronic/early renal
filtration rate decrease insufficiency

4 Severe glomerular filtration | 15-29 Chronic/ late renal
rate decrease insufficiency

5 Kidney failure <15 End-stage renal

disease, uremia

CKD is associated with two risk factors within CKD patients, the risk of death after CVD

a bidirectional relation leading to increaseds

morbidity and mortality in patients with end-

stage renal disease (ESRD). Those are:

cardiovascular disease (CVD) and thenuch higher than the risk of death after a
inflammation pathogenic mechanisms. Aparthemodialysis.

from the improved modern renal dialysisThis shows that CKD patients differ from

techniques, morbidity and mortality indexesther patients when it comes to

for ESRD patients remain quite high.cardiovascular vulnerability, as C-Reactant
Cardiovascular disease (CVD) is one of th€rotein (CRP) inflammation index is

main reasons of this effect with its presencmcreased. It is estimated that 30-50% of
being further enhanced by coexistinghose patients show activated inflammatory
situations. The inflammation is anothemresponse. The increased (>8-10 mg/L) levels
factor that is responsible not only for CKDof CRP serum result in atherosclerosis
evolution but also for the appearance ofLocatelli et al. 2003; Nalbandi 2008;

CVD. The inflammation mechanism Stefanadis 2008).

enhances CVD pathogenicity together wit

other clinical findings of the uremicr}l\therosclerossPathogen|C|ty

syndrome. Atherosclerosis is a disease of big and
_ _ middle muscle arteries where atheromatous
Epidemiology plaques are formed as a result of the complex

Cardiovascular diseases are main morbiditgccumulation of cells and extracellular
and death causes in CKD patients, ansubstances in the endothelium and the tunica
especially to ESRD ones, with an annuahtima of the vessels. Even though the
frequency of 9%. Death caused by CVD isnflammation is a non-traditional risk factor
by 10-20 times more frequent in patientdor atherosclerosis, it has proved to play an
with CKD than in the rest of the population.important role in the appearance and the

progress of the atheromatous process. There
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are many  different  theories onhas shown that patients undergoing renal
atherosclerosis pathophysiology. Thalialysis techniques and protein energy
dominant one is endothelial function disordemalnutrition tend to show increased levels of
resulting from the existence of risk factoranflammatory index and pro-inflammatory
such as dyslipidemia, diabetes, smoking;ytokines such as interleukin 1 (IL-1),
high  blood pressure (HBP) andinterleukin 6 (IL-6) and TNF.
hyperhomocysteinemia bacterial and viralThose indexes are proportional to the
infections (mainly Chlamydia pneumonia,anorexia levels in such patients (Vander et al.
Helicobacter pylori and cytomegalovirus)2001). Other CKD factors contributing to the
(Fertakis 1988; Bocker et al. 2007;inflammation are high levels of acute-phase
Papasteriadi 2008). CRP, advanced enzymic glycation end
The inflammation is the common products (AGEs) and advanced oxidation
denominator in a series of cardiovascular risgrotein products (AOPPs) (Kalantar-Zadeh et
factors such as hyperlipidemia, HBP etc. l@al. 2006; Axelsson et al. 2007; Pragna et al.
case the inflammatory process is noR008), (14), (13).

successfully treated, the atheromatous wide range of possible causes can justify
lesions may evolve silently to obstructivethe development of inflammation under
lesion and may lead to rupture of theuremic conditions such as oxidative stress,
atheromatous plaque and acute clinicalxidation, coexisting pathological situations
syndromes (Caimi et al. 2005; Bocker et aland factors due to the renal dialysis
2007; Papasteriadi 2008). techniques TABLE C), (Kalantar-Zadeh et

Inflammation And CKD al. 2006).

Inflammation is the initial response of theCytokineRole

body to harmful stimuli such as infection,Cytokines play an integral part in the
injury or toxic damage. It is a protectiveinflammation process. During the
physiological response that destroy$nflammation, there is an imbalance between
pathogenic factors that have caused th@o-inflammatory and anti-inflammatory
damage, as well as damaged tissues. It iscgtokines. Uremic toxins in CKD activate
mechanism of exceptional importance angro-inflammatory cytokines independently of
constitutes an integral part of our defensehether the patient is at a stage before renal
system. Under normal conditions thedialysis or already undergoing a treatment
inflammation is acute (Pragna et al. 2008echnique (hemodialysis or peritoneal
Roit et al. 2004). dialysis). The disturbance of this balance
A cascade of biochemical events propagatesntributes to atherogenesis thus promoting
and matures the inflammatory responsehe development of CVD. Diminished renal
Prolonged inflammation, known as chronidunction increases cytokine concentration in
inflammation may bear destructive the organism even in cases of membrane
consequences for the organism. Thbioincompatibility in dialysis techniques. At
inflammation index are closely associatedhe same time, oxidative stress, oxidation and
with anorexia, increased reduction of theoexisting pathological situations promote
protein rate by skeletal muscles and othenflammatory action (Stenvinkel et al. 2002;
tissues, loss of adipose and muscle tissuelgcobs et al. 2004; Kalantar-Zadeh et al.
hypoalbuminemia and hypercatabolism2006). However, there is no specific way to
endothelial dysfunction and atherosclerosisontrol the severity rate of the inflammation
As a result, inflammatory process is dn CKD patients. During an inflammatory
common element in CKD. About 30-60% ofresponse there is an increase in positive
individuals undergoing extrarenal dialysis inacute-phase proteins, such as CRP and
Europe and North America show anferritin, and a reduction in negative acute-
increased inflammation index (Kalantar{phase proteins, such as albumin or
Zadeh et al. 2006; Axelsson et al. 2007ransferring (Kalantar-Zadeh et al. 2006;
Pragna et al. 2008). Axelsson et al. 2007; Pragna et al. 2008).
The inflammation is an important parameteCRP is a positive acute-phase protein that
for CKD appearance and evolution. Researdhcreases during systemic inflammation. Its
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composition takes place in the liver and itsissue injury. TNF-a comes from the liver.
levels show the levels of tissue damage dntrinsic and extrinsic factors such as
the extent of the inflammatory responsebacteria, viruses, parasites and tumors are
Normally its value is about <1mg/L. able to cause its production (Vander 2001).
Increased CRP quantities imply that arit contributes to the progress of endothelial
inflammatory response is taking place. Higldysfunction and increases insulin reaction.
CRP levels in healthy patients have beeAt the same time, it also reduces
identified as an important risk factor forapolipoprotein E secretion. (Mavromatidis
CVD, coronary disease and specific bacteri@d008 ).

or viral infections. At ESRD, CRP levelsTogether with the other pro-inflammatory
remain >5mg/l for >3 months. In case ofcytokines, @ TNF-a promotes protein
chronic inflammation, it remains at highcatabolism and inhibit albumin, pro-albumin
levels for years thus signaling an increaseand transferrin composition.

risk for atheromatous cardiovascular diseas&tudies have shown that pro-inflammatory
In CKD and residual renal functions (RRF)cytokines have atherogenic properties.
patients, CRP is between 5-50 mg/L. CRIFirstly, IL-6 increased levels are a stimulus
has been isolated from the inflammatoryor soluble intracellulandhesiommolecule 1
damage of atheromatic vessels and a sligfdICAM-1) that acts as a mediator in
increase constitutes important risk andeukocyte adhesion and leukocyte migration
disease index (14 MIA). CRP levels alsmn the endothelial surface.

show an increased production of proMoreover, IL-6 promotes atherosclerosis
inflammatory cytokines IL-1, IL-6 and TNF- through various metabolic, endothelial and
a making them a very important index incoagulant mechanisms. It is not just an

CKD (Jacobs et al. 2004). atheromatous index. It has been proved that
Interleukin-6 (IL-6) is a pleiotropic cytokine increased IL-6 expression is involved in the
with a dominant role. formation of the fibrous plaques in the

It regulates the inflammatory responses anatheromatous process (Zyga et al. 2011).
the composition of hepatic acute-phase

proteins. In healthy patients, IL-6 mMRNA islnsulin Resistance

expressed at low levels by various cell type
including peripheral lymphocytes, spleen
liver, kidney, and intestine. During an

fsulin resistance is an ESRD parameter and
It has been proved that hypoglycaemia and
infection, injury or immune challenge hyperglycaemia ~_contribute  to  early

’ ' atherogenesis in ESRD patients. In ESRD,

almost every tissue and cell type of thernsulin resistance may result from various

organism composes and EXpresses IL-6. actors such as reduced renal catabolism of
Moreover, IL-6 launches an increase

egulatory proteins, metabolic oxidation,

production .Of hepatic acu_tg-phase pmte'rﬁremic toxins, protein catabolism products,
that regL_JIatlng f[he composition of CRP. Thl?educed physical activity, anemia, chronic
Slﬁgli?r?;gt?ﬁatltrefdrgg ”;;ju::ir:)c:] ng';iinﬂammation, hypothrepsia. Insulin
¥<t)te'ns by hepatoc espPra na et al Zoorllesistance syndrome is an independent factor
protel y nep ytes (Prag : f10r cardiovascular mortality prevision in
Kalantar-Zadeh et al. 2008). MoreoverESRD

insulin stimulates IL-6 gene expression. Pro-inflammatory and  pro-atherogenic
Interleukin 1 is a multifunctional cytokine. ytokines like IL-6 and TNF-a factor
There are two types of mterleu_kln: _IL-1a_ ANt ccumulate as  residual renal functic;n
IL-1b with unclear effects in biological deteriorates

activity. Interleukin is involved in the e o 5stion reduces glucose storing in cells
regulation of cell division and cell

; . . ) . after insulin action, while inactivity enhances
differentiation and is a highly |nflammatoryi sulin sensitivity, The inflammation is

cytokine (Stenvinkel et al. 2000; Pragna efqsqciated with various insulin resistance
al. 2008). factors.

TNF-a is produced by active monocytq, elderly non-diabetic patients, mild chronic

mﬁ;:ﬁgg%%is ZPSO'ZnOgS?Sre:‘é '?cpgﬁtsgfz fhflammation and high sICAM-1 levels have
P 9 » S€p een found, as well as a disproportional
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relation between insulin sensitivity and IL-6between insulin resistance and CVD risk
levels. Consequently, low level chronic(Mavromatidis 2008; Kalantar-Zadeh et al.

inflammation contributes to the

relation2008).

TABLE B. FINDINGS OF CLINICAL PATHOLOGY OURAIMIAS

Fluid and electrolyte disorders

Neur omuscular

Skin disorders

disorders
Increase (dilation) and volume | Fatigue Paleness
contraction
Hypernatremia and Sleep disorders Hyperpigmentation
hyponatremia
Hyperkalemia and hypokalemia Headache Itching
Metabolic acidosis Mental deficiency Ecchymosis

Hyperfosfatiaimia

Lethargy

Uremic salt depositiarthe
skin on the form of ice
(uremic frost)

Hypocalcemia

Astirixia

Gastrointestinal disorders

Endocrine - Metabolic
disorders

Muscle irritability

Anorexia

Secondary hyperparathyroidism

Peripheral neuropat

nWausea and vomiting

Adynamic osteomalacia

Syndrome of “restles
legs”

sUremic exhalation

Osteomalacia due to deficiency | Paralysis Gastroenteritis

of vitamin-D

Intolerance to carbohydrates Myoclonus Peptieulc
Hyperuricemia Seizures Gastrointestinal bleeding
Hypertriglykeridaimia Coma Hepatitis

Elevated levels of Ip(a) Muscle cramps Idiopatlscites
Decreased levels of high density Syndrome breaking the Peritonitis

lipoprotein

balance in dialysis

Nutritional disorder caused by
inadequate intake of protein-
energy

Myopathy

Haematological and
immunological disorders

Slowdown in growth and
development

Cardiovascular and
pulmonary disorders

Anemia
Leucopenia

Amenorrhea

Arterial hypertension

Lemfokyttaropenia

Infertility and sexual dysfunction

Congestive heart
failure and pulmonary
edema

Bleeding

Hypothermia

Worsening
atherosclerosis

Increased susceptibility in
infections

B2-microglobulin deposition

Hypotension and
arrhythmias

Splenomegaly and
hypersplenism

Amyloidosis

Calcification of

Decreased levels of C

vascular
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TABLE C. Causes of chronic inflammation in Chronic Kidney Disease

A. Causes of inflammation dueto CKD or decreased GFR

Decreased clearance of pro- inflammatory cytokines

Volume overload with or without endotoxemia

Accumulation of uremic toxins

Oxidative stress (e.g. oxygen radicals)

Carbonyl stress( pentoside and advanced glycatiodyxts)

. Decreased levels of antioxidants (vitaminvitamin C, carotenoids,
elenium, glutathione)

N9 oo »l vl P

Deteriorating protein- energy nutritional state afwbd intake

B. Coexistence of cormobid conditions

1. Increased prevalence of cormobid conditions (cardszular disease,
diabetes, advanced age, obesity, dyslipidemia), etc.

2. Remnants from previous allograft transplantatiorsolid organa

3. Inflammatory diseases with kidney involvement (Wit disease or SLE),

chronic obstructive urinary ouropatheia

C. Additional inflammatory factorsrelated to dialysistreatment

I. Hemodialysis

1. Exposure to dialysis tubing
2. Dialysis membranes with decreased biocompability
3. Impurities in dialysis water and/ or dialysate
4. Back-filtration or back- diffusion of contaminants
5. Foreign bodies (such as PTTE) in dialysis accesétgr
6. Intravenous catheters
II. Peritoneal dialysis
1. Episodes of overt or latent peritonitis
2. PD-catheters as a foreign body and its relateddtifes
3. Constant exposure to PD solution
Treatment In CKD Statines Angiotensin-converting enzyme inhibitors

) ) . (ACE inhibitors)
Statines show important anti-inflammatory. - L
ey have anti-inflammatory action in the

action and reduce CRP levels independentyI . ) . .
from their impact of inhibiting lipid eneral population and in patients suffering

composition. They are also connected Witlf1rom ESRD and they are connected with a

reduced mortality levels in CKD patients thafjelay inthe progress of CKD, thus

are due to heart diseases (Vander 2001). Ismugf:aor:/r:rg]]gfrct)rr]r? tﬁgné?:éar:esu“ in individuals
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ACE inhibitors have the ability to suppresg3ocker W, Denk H, Heitz PH. (2007), Atherosclerosis.
the production of certain cytokines, such as Clinical Pathology Anatomy PX. Paschalidis

. . Medical Publications, Athens, Greece, pp: 716-732
TNF-a or IL-1b, whereas in ESRD patientSs 4imi G, Carollo C, Presti R. (2005),
they reduce CRP levels (Vander 2001; pathophysiological and clinical aspects of

Francesco et al. 2003; Nalmbandi 2008). malnutrition in chronic renal failure. Nutrition
L . Research Reviews, Cambridge University Press 18
Acetylsalicylic acid (2): 89-97 Available at:

Acetylsalicylic acid reduces CRP and IL-6 http://journals.cambridge.org/action/displayFulttex
| Is | tient ith di ?type=1&fid=635620&jid=NRR&volumeld=18&i
evels In patents wi coronary disease. ssueld=01&aid=608416.

Moreover, CRP levels seem (o b? C|03_e|¥ertakis A. (1988), Lipids and atherosclerosis.
connected to myocardiac infarction risk “Clinical Pathology Physiology”.X. Pashalidis
reduction with the use of aspirin. Medical Publications, Athens, Greece, pp: 41-43.

. rancesco L, Pietro P, Francesca T, Vecchio L.3200
Consequently, it could be used for thé: Epidemiology of cardiovascular risk in patients

treatment of the chronic inflammation of  \ith chronic kidney disease. Nephrol Dial

CKD patients. Transplant Available at:
. http://ndt.oxfordjournals.org/content/18/suppl_v/vi
Antioxidant treatment 2 full.pdf.

Vitamin E has anti-inflammatory action andHarrison TR.(2005), Chronic Renal Failure (CRF)

; i ; ; ; “Internal  Pathology—Volume B”. Parisianos
|t_skao:cm|n|§f[ratlon IIS Conne(l:.teq Wlth. a low Publications - Athens, 1774-1778.

ns ,0 C,ar lovascular mor_ta ity In pat'lents_ alacobs P, Glorieux Griet, Vanholder R. (2004),
a dialysis. It has been claimed that vitamin E Interleukin/cytokine profiles in haemodialysis and
has a protective role against the in continuous peritoneal dialysis. Nephrol Dial
inflammatory process and atherosclerosis as 'ransplant, 19, [Suppl 5]: 41-45. Available at:

I . S http://ndt.oxfordjournals.org/cgi/content/abstract/
it inhibits the action of protein kinase C and 9/suppl_5/va1

nuclear factor kappa—b._ Other_StUdieS ha_VI@alantar-Zadeh K, Kopple JD. (2006), Cachexia in
shown that when the dialysis filters contain Chronic  Kidney  Disease:  Malnutrition-

vitamin E, oxidative stress is reduced, Inflammation ~ Complex  and  Reverse
whereas its use through dialysis membranes EPidemiology, “Cachexia and Wasting: A Modern

. . Approach”, Springer Milan, 305-325. On Line
reduces myeloperoxidase release, suggesting yg/10/2007 Available at:

a lower neutrophil activation. However, nttp://www.springerlink.com/content/pt6568g34h3
further research has to be conducted on the v2541. .
exact action and its relativity/connection td<alantar-Zadeh = K. ~ (2008), ~ Protein-Energy

. . . Malnutrition, “Nutrition in Kidney Disease”,
the inflammation and its parameters, as well /- Press,  289-304. On Line 15/05/2008

as on atherosclerosis and its contribution to ayajlable at:
the clinical result (Vander 2001; http://iwww.springerlink.com/content/q853ng40922
Mavromatidis 2008). 6311u.

: : Levey AS, Eckardt KU, Tsukamoto Y Levin A, Coresh
Moreover, the use of blocompatlble J, Rossert J De Zeeuw D, Hostetter, TH, Lameire

membrane an_d ulf[rapure hem(_)dlaly3|s (_:an N, Eknoyan G. (2005) Definition and classification
reduce hemodialysis-connected inflammation of chronic kidney disease: a position statement
and the improvement of the dialysis from Kidney Disease: Improving Global Outcomes
techniques in hemodialysed patients with (KDIGO). Kidney Internationab7, 2089-2100.

inflammation is very important. Similarly, Pap;f]tifgr?f:tosisx' (ZOO%ET;E?: genetics at.Of

new and more _biocompatible 50|Ve_m3 _Of http://www.sseh.gr/Journal/pdfs/2008/2008_70 5
peritoneal dialysis should be applied in 50.pdf.

patients that show elements of inflammatioffragna R, Reddy GC, Kanagasabapathy AS. (2008),

(Kalantar-Zadeh et al. 2006; Mavromatidis Malnutrition-Inflammation-Atherosclerosis
) ! Syndrome in Chronic Kidney Disease. Indian

2008). Journal of Clinical Biochemistry, 23, 3, 209-217
Available from:
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