Pathophysiology of the kidneys


The kidneys are paired organs, 11-14 cm in length in adults, 5-6 cm in width and 3-4 cm in depth. The kidneys lie retroperitoneally on either sides of the vertebral columns at the level of T12 to L3.Renal parenchyma comprises and outer cortex and inner medulla. Arterial blood is supplied to kidneys via the renal arteries which branch off from abdominal aorta and venous blood is conveyed to the inferior vena cava via the renal veins.
Multiple functions of the kidneys are executed by specialized structures - nephrons – the main morpho-functional unit of the kidney. The most important homeostatic processes taking place in the nephron are glomerular filtration, tubular reabsorption, tubular secretion, urine elimination through the urinary pathways and internal secretion of biologic active substances. 


Nephrons consist of the afferent arteriole which ramifies into approximately 50 capillaries that create renal glomerulus. Capillaries of the glomerulus flow into the efferent arteriole that subsequently again ramifies into peritubular capillaries. The capillaries that originate from the efferent arteriole are fusing into venules. Capillaries of the renal glomerulus are covered by a layer of cells that form Bowman’s capsule, which passes into the proximal convoluted tubule. Filtration of liquids from the capillaries of the glomerulus occurs in the Bowman’s capsule. The glomerulus comprises four main cells: 
1. endothelial cells which are fenestrated with 500-1000 Å pores; 
2. visceral epithelial cells (podocytes) which support the delicate glomerular basement membrane by means of an extensive trabecular network (foot processes); 
3. parietal epithelial cells which cover the Bowman” s capsule;
4. mesangial cells (these are believed to be related to macrophages of the reticuloendothelial system and have phagocytic function and contractile capabilities that can control blood flow and filtration surface along the glomerular capillaries, these also secret the mesangial matrix which works as a framework for entire glomerular capillaries). 

The proximal convoluted tubule goes into the loop of Henle that lies deep into the kidney parenchyma. Some loops reach the surface of the kidney medulla. Each loop consists of an ascending and descending limb. The walls of the descendant and of the first half of the ascendant part are extremely thin. This is the reason for calling this part the thin segment of the loop of Henle. The rest of the segment of the ascendant part of the loop of Henle, which comes back into the cortex, has thick walls – this segment of the loop of Henle is called the thick segment of the ascendant part. 85% of all nephrons of the kidneys are cortical nephrons (localised superficially in the cortex, have short, thick U-loops that reaches only superficial medulla) the remaining, 15% of nephrons are juxtamedullary nephrons (localized deep in the cortex with long, thin loop of Henle which goes deep in the medulla).


On the level of the cortical layer many distal tubules flow together, forming cortical collecting tubules that again return from the cortex into the medulla, passing into the medulla collecting tubule.


The whole system of the kidney’s tubules is surrounded by a network of capillaries – so named peritubular network that originates from the efferent arteriole. The most considerable part of the peritubular network capillaries surrounds proximal and distal convoluted tubules and cortical collecting ducts. There are deeper regions of the peritubular network that give origin to the long capillaries called vasa recta that enter into the medulla, accompanying loops of Henley, and then flow into the cortical veins. 

The main functions of the kidneys are to maintain the constant parameters of internal environment of the body,  particularly water and electrolyte homeostasis (concentration of  Na+, K+, Ca++, Mg, Cl- ions and phosphates), osmotic pressure, hemocirculatory homeostasis, acid-base balance (concentration of the hydrogen ions).  Kidneys play a vital role in the metabolism of proteins, carbohydrates, lipids, secrete into the blood such substances as renin, kinins, erythropoietin, prostaglandins and 1,25 – (OH)2D3  vitamin. By elimination of urine, kidneys maintain optimal concentration of the intermediate and final products of the metabolism, maintaining thus homeostasis. 

Dysfunction of glomerular filtration


Glomerular filtration is a process of liquid filtration from the glomerular capillaries through the kidney filter into the cavity of Bowman’s capsule. Liquid that is filtrated by the glomerulus into the Bowman capsule is called glomerular ultrafiltrate.


An essential feature of renal function is that a large volume of blood, approximately 25% of cardiac output (1300 ml) per minute passes through two millions of glomeruli. 

Kidney filter is composed of three layers. The first layer of the kidney filter is represented by the endothelium of capillaries with multiple pores of 50–100 nm in diameter that do not allow blood cells to pass. The second layer is the basement membrane composed of three-dimensional glycoprotein network (normal thickness about 250- 300nm), surrounded by an intercellular matrix; basement membrane has a negative anionic charge. On electronic microscopy the basement membrane looks homogeneously and has a thin sieve that holds the plasma proteins with high molecular mass (is composed of type IV collagen  and laminin and negatively charged proteoglycans – heparin sulphate). The third layer is the thinner filter composed of the Bowman’s capsule epithelium, that on the contact with the glomerulus capillaries forms multiple “foot processes” – podocytes. Network of these podocytes form intercellular gaps sized 50–100 nm, filled with syaloprotein. Glycocalix decreases permeability of the renal filter even more, leaving to pass only macromolecules of 1,5 – 2,5 nm. Taking into consideration that glycocalix has a negative charge, it becomes clear that it is a much more selective filter for negatively charged proteins than for neutral and positively charged plasma proteins (anionic proteins are less filtered through the renal filter than cationic ones), as well little lipid can pass the renal filter. This fact explains the selective albumins retention in the blood. The permeability selectivity of the renal filter depends, as well, on properties of the filtrated substances: on molecular mass, electric charge and spatial configuration of molecules, on their hydrosolubility, plasma viscosity, gradient of hydrostatic and colloid osmotic pressure and gradient of the substances concentration on both sides of the renal filter. Substances with a molecular mass less than 20 kDa are filtrated as easy as water, while proteins the size of albumins (67 kDa) are retained in the blood. It might be considered that glomerular membrane is virtually impermeable to plasmatic proteins, but it is highly permeable to the micromolecular substances that are dissolved in plasma. Glomerular filtrate has almost the same composition as liquid that is filtrated into the interstitium from the arterial part of the capillary. It contains no blood cells and almost no proteins (0.03% of proteins), contains organic and anorganic micromolecular substances. The ultrafiltrate of the blood plasma in the cavity of Bowman’s capsule is called primary urine. 


Glomerular filtration is a physical process conditioned by the interaction of following forces: intra-glomerular hydrostatic pressure, colloid-osmotic pressure of the blood plasma in the capillaries of the renal glomeruli and intra- capsular pressure. 


The force that results from dynamic interaction of these three forces determines the efficient filtration pressure (EFP) that is calculated by the formula:

EFP = HP – (COP + ICP), where:

HP – hydrostatic pressure in the capillaries of the glomerulus (about 70% from systemic arterial pressure – 70 – 60 mm Hg;  COP – colloid-osmotic pressure of blood proteins in the capillaries of the glomerulus – about 25 mmHg; ICP – intra-capsular pressure conditioned by intra-renal pressure created by inextensible fibrous capsule of the organ and by ultrafiltrate pressure (about 10 mmHg.) An efficient filtration pressure, calculated by means of this formula, varies within the limits of 30 – 40 mm Hg.  The total volume of filtrate of both kidneys (GFR – glomerular filtration rate) is 125–130 ml per minute per 1,73 m2 surface area in adult  –that correspond 170–180 l of glomerulus filtrate per 24 hours. This volume results from filtration of 1000 – 1500 l of blood that passes through the kidneys daily. The total volume of the glomerulus filtration remains normal due to the autoregulation mechanism. The total amount of the glomerulus filtrate influences on the intensity of the tubular reabsorption. In this way when the amount of glomerulus filtrate decreases, the liquid passes urinary ways so slow that almost the whole its amount will be reabsorbed and kidneys will not be able to secrete residual substances. When the primary urine flows through the tubules fast, the substances necessary to organism will not be reabsorbed. 

There are no direct methods for determining the volume of the glomerulus filtrate. Filtration intensity is determined by clearance methods. Clearance represents the plasma volume that is filtrated by both kidneys per minute. Glomerular filtration is determined by use of several substances that correspond to following conditions:

· pass easily through the renal filter;
· are biologically inert;
· are not reabsorbed and secreted by urinary canals;
· are not metabolized and deposited in kidneys and other organs;
· are not toxic and do not influence the function of the kidneys;
· their concentration can be determined with precision in the blood and urine.
Inulin is a substance that corresponds to the above mentioned conditions. It is a vegetal polysaccharides with a molecular mass of 5200. Inulin clearance is defined by following formula:

Vp – Cu x Vu/Cp where:

Vp – plasma volume in ml filtrated per minute (clearance);

Cu – concentration of inulin in the urine, mg/dl

Vu – urine volume, ml per min

Cp – inulin concentration in the plasma

Calculated in such a way, clearance for inulin should be equal to 125 – 130 ml per min. 

Decreased clearance indicates decreased renal glomerular filtration.  
Glomerulus filtration could be subjected to qualitative and quantitative changes. Qualitative changes are represented by significant deviations of substance concentration filtrated into the primary urine or appearance of some substances that are usually not filtrated. Quantitative changes represent increased or decreased filtration rate and consequently changed volume of the renal filtrate. Renal and extrarenal factors may influence the glomerulus filtration. In turn, extrarenal factors may be both, pre-renal and post-renal.
Decreased glomerular filtration

In health, GFR remains constant owing to intrarenal regulatory mechanisms. In disease, GFR will fall and the ability to eliminate waste material and to regulate the volume and composition of the body fluid will decline. This will be manifest as a rise in the plasma urea or creatinine and reduction of GFR. The concentration of urea or creatinine in the blood represents a dynamic equilibrium between production and elimination. In healthy adult there is an enormous reserve of renal excretory function and serum urea and creatinine will no rise above normal range until there is a reduction of 50-60% of GFR. Thereafter, the level of urea depends both on GFR and its production rate (heavily influenced by protein intake and tissue catabolism). The creatinine level is less influenced by diet but is more related to age, sex and muscle mass. Once it is elevated, creatinine level is a better guide of GFR than urea and, in general, measurement of serum creatinine is a good way to monitor deterioration in GFR. Creatinine clearance is dependent on the fact that daily production of creatinine (principally from muscles) is constant and little affected by protein intake. Normal ranges: men – 90-140 ml/min; women – 80-125 ml/min.
· Pre-renal factors that decrease glomerular filtration are:
1) Systemic arterial hypotension - drop of blood pressure lower than 70 mm Hg (shock of different genesis, cardiovascular insufficiency, dehydratation, hemorrhages, etc) – is accompanied by decreased efficient filtration pressure, decreased renal blood flow and decreased glomerular filtration. It should to be reminded that in the pathogenesis of anuria in shock, the ischemic damage of kidney is also relevant. In decompensated heart failure, venous return is decreased, that leading to interstitial edema with increased intra-renal pressure, all these leading consequently to decreased efficient filtration pressure. 

2) Obstruction, compression or obliteration of renal arteries (thrombosis, embolism, and atherosclerosis) with decreased renal blood flow, decreased intra-glomerular hydrostatic pressure and decreased efficient filtration pressure.

3) Hypertonus of the sympathetic system, hypersecretion of catecholamine by adrenal medulla or excitation of sympathetic renal system as well as renin hypersecretion – all these factors leading to narrowing of the afferent arterioles, decreasing intracapillary pressure and efficient filtration pressure.

4) Decreased lumen of afferent arterioles (hypertonic disease, atherosclerosis) lowers the glomerular blood flow, reduce intra-capillary pressure and consequently lower the efficient filtration pressure.

5) Increased colloid-osmotic pressure of the blood (dehydration, administration of proteins) decreases glomerular filtration by lowering the efficient filtration pressure. 

· Intra-renal factors that decrease glomerular filtration are the following:

1) decreased mass of functional nephrons concomitantly with reduced filtration surface (inflammatory processes, necrosis, nephrectomy, hydronephrosis);

2) intra-glomerular causes that decrease glomerular blood flow  (capillary endothelial and mesangial cells proliferation leading to decreased renal vessels patency);

3) glomeruli sclerosis and their exclusion from the process of filtration;

4) thickening of the basement membrane as result of precipitation on immune complexes, thus presenting an impediment for filtration ( in systemic collagenosis, vasculitis). 

· Postrenal factors – are factors that impede the outflow of urine from urinary pathways:
1) nephrolithiasis;
2) obstruction or constriction of ureters and urethra;
3) prostate hypertrophy   

      A long lasting impediment on the way of urine flow lead to increased pressure at the level of  Bowman’s capsule, concomitantly with a considerable decrease of glomerular filtration till its total cessation.

     Final consequences of decreased renal filtration are oliguria (critical oliguria, incompatible with life, is decreased urine output less than 400 ml per 24 hours), general dyshomeostasis (hyper-hydratation, hypernatremia, hyperkaliemia, acidosis, uremia). 

Increased glomerular filtration
Possible reasons of increased glomerular filtration are:

1) Dilatation of afferent arteriole, this leading to increased intra-capillary glomerular pressure and efficient filtration pressure – the facts that increase volume of renal filtrate (during the incremens stage of fever);
2) Constriction of efferent arteriole concomitantly with normal tone and patency of afferent arteriole, this leading to increased intra-capillary pressure (administration of small doses of adrenaline, during initial stage of hypertonic disease); 

3) Increased systemic blood pressure above 200 mm Hg – this exceeding the level of renal pressure auto-regulation at the level of glomerular capillaries causing a proportional growth of the glomerular filtrate volume and volume of urinary output);
4) Absolute hypoproteinemia (starvation, liver failure, massive proteinuria) or relative hypoproteinemia (hyper-hydratation, resorption of edemas) with decreased colloidal osmotic blood pressure leading to increased efficient filtration pressure.
Final consequences of increased glomerular filtration rate could be (in function of degree of canalicular reabsorbtion) polyuria which in its turn can lead to dehydratation and electrolytic dyshomeostasis.  

Qualitative changes of glomerular filtrate
Qualitative changes of the glomerular filtrate are represented by changes in its chemical composition. 

· Glomerular proteinuria
 Proteins in the primary urine have a plasmatic origin and the origin is related to increased permeability of the renal filter developed as result of alterative processes, presence of inflammatory or degenerative diseases (glomerular nephropathies), nephron hypoxia (cardiovascular insufficiency, kidney compression or twisted renal vascular pedicle). 

The degree of glomerular filter damage is directly correlated with increased permeability and loss of filter selectivity, that result in increased amount of filtrated proteins. Healthy kidneys filtrate daily about 5-30 g of proteins (mainly albumins) with low molecular mass, that ultimately are almost completely reabsorbed in the renal tubules, so that physiological proteinuria is less than 100 mg of proteins per 24 hours.  Pyrexia, exercise and long upright posture increase urinary protein output. 
Selective proteinurias are conditioned by minor glomerular damages when albumins represent 85% from total proteinuria, while the rest are represented by globulins with low molecular mass (alfa1 - globulins, transferrin). Severe glomerular injuries induce massive non- selective proteinurias with presence of transferrin, IgG, IgM and beta lipoproteins in the urine. It is commonly accepted that there is no direct correlation between selectivity and quantitative value of proteinuria. Selective proteinuria is frequently encountered in nephrotic syndrome with obviously normal or minimal damaged glomeruli.  

Morphological substrate of proteinuria is local or diffusive injury of the basal membrane, but the damage level does not correlate with the selectivity or proteinuria value. 

According to type of manifestation, glomerular proteinurias can be transitory (intermittent) and permanent.  Transitory glomerular proteinurias are induced by renal hemodynamic changes: by one hand there is decreased kidney blood flow and volume of glomerular filtrate concomitantly with increased glomerular basement membrane permeability and decreased tubular reabsorption of proteins as result of reduced peritubular blood flow by other hand. This is the pathogenic mechanism that explains development of orthostatic proteinuria (postural proteinuria),lordotic proteinuria, cold proteinuria, proteinuria in stasis.
 Persistent glomerular proteinurias have organic origin, caused by pathologic process (acute and chronic glomerulonephritis, renal amyloidosis, diabetes mellitus, collagenosis, etc…).
Microalbuminuria. Normal individuals excrete less than 20 µg albumins per hour (30 mg daily). Dipsticks detect albumin in the urine only in a concentration above 200 mg/L (300 mg in 24 h if urine volume is normal). An increase in albumin excretion between these two levels – so called microalbuminuria - is an early indicator of diabetic glomerular disease (predictor of nephropathy in diabetes mellitus).
· Hematuria
 In physiological conditions, with urine there are lost about 2000 erythrocytes per minute (up to 12500 RBC /ml of urine). When this number is exceeded, there is a pathological state called hematuria.  Hematuria can be visible (macroscopic hematuria), or can be detected only on dipstick test (microscopic hematuria). Hematuria may be caused by multiple general disorders (acute and chronic infectious diseases, collagenosis, liver failure and avitaminosis), kidney diseases (acute and chronic nephritis, nephrolithiasis, nephocalcinosis, oxalosis, tuberculosis, hydronephrosis, renal infarction, lumbar traumas), diseases of urinary pathways (urolithiasis, malignant and benign tumors, polyps of urinary bladder, vesico-uretethral malformations and so on). True positive test can be found during menstruation or strenuous exercise
Hematuria of glomerular origin is accompanied by hemic dipsticks. The pathophysiological mechanism of glomerular hematuria is represented by diapedesis of erythrocytes through the renal filter which has increased permeability. Dipstick test for hematuria can be also positive in case of hemoglobinuria which is characteristic for intravascular hemolysis as well as for myoglobinuria which occurs in rhabdomyolysis.
· Glomerular leucocyturia. 
The presence of 10 or more leucocytes per cubic millimeter in fresh mid-stream urine samples is abnormal. Leucocyturia is a general signs of kidney disorders, as well as disorders of urinary pathways. Usually it is met more frequent in infectious diseases of urinary pathways and less in degenerative renal disorders or in glomerulonephritis. Leucocyturia accompanied by hematuria and positive dipstick test usually has glomerular origin. It is explained by increased leucocytes diapedesis through filtrating membrane in case of glomerulonephritis with exudative component. Leucocyturia when there are more than 100 leucocytes in visual field is called pyuria.

Glomerular lipiduria.  Lipiduria represents presence of different lipid fraction in the urine. Lipiduria develops as result of general metabolic dysfunctions in nephrotic syndrome as well as in lipid dystrophies of tubular epithelium. 
Bacteriuria – presence of bacteria in the urine and is highly suggestive for urinary infection.
Intra-renal pathological processes which alter glomerular filtration 
Glomerular disease (glomerulopathy)
             Glomerular diseases constitute some of the major problems in nephrology; indeed, chronic glomerulonephritis is one of the most common causes of chronic kidney disease in humans. Glomeruli may be injured by a variety of factors and in the course of several systemic diseases. Systemic immunological diseases such as systemic lupus erythematosus (SLE), vascular disorders such as hypertension, metabolic diseases such as diabetes mellitus, and some hereditary conditions such as Fabry disease ( a rare genetic lysosomal storage disease, inherited in an X-linked manner) often affect the glomerulus. 
               Glomerular disorders generally fall in one of categories: nephritic syndrome, nephrotic syndrome, rapidly progressive glomerulonephritis, isolated urinary abnormalities (glomerular hematuria and/or subnephrotic proteinuria), chronic glomerulonephritis.

Glomerulopathy is a general term for a group of disorders in which:

1. There is primarily an immunologically mediated injury to glomeruli;

2. Kidneys are involved symmetrically;

3. Secondary mechanisms of glomerular injury come into play following an initial immune insult such as fibrin deposition, platelet aggregation, neutrophil infiltration and free-radical induced injury;

4. Renal damage can be due to a generalized disease such as SLE.

    

General characteristics of glomerulopathy are: 

· glomerular disorders affect the semipermeable properties of the glomerular capillary membrane that allow water and small molecules to move from the blood into urine filtrate, while preventing blood cells and plasmatic proteins from leaving the circulation;

·  The nephritic syndrome produces a decrease in glomerular membrane permeability and has manifestations related to  decreased GFR,  fluid retention and accumulation of nitrogenous waste products;

· The nephrotic syndrome produces an increase in glomerular permeability and has manifestations related to massive loss of plasmatic proteins with urine.

Acute glomerulonephritis (acute nephritic syndrome)
Glomerulonephritis represents local or diffuse inflammation of renal glomeruli, is the second leading cause of kidneys failure. 
Etiology. There are many causes of glomerular disease. These can be a primary condition when glomerulus involvement is the only disease present or a secondary condition in which glomerular abnormalities result from another disorders, such as diabetes or SLE.  Factors that cause glomerulonephritis can be immunologic, non-immunologic and hereditary (Alport syndrome). Mostly of etiological factors are of biologic origin (bacteria – streptococci, enterococci, pneumococcus, meningococcus, Salmonella, Treponema pallidum, Yersinia enterocolitica, hepatitis B or C virus, AIDS infection, measles virus, chickenpox, infectious mumps, viruses Epstein-Barr, ECHO-Coxsackie, rickettsia, parasites – malaria, toxoplasmosis, trichinosis).  Glomerulonephritis may develop in diabetes mellitus, amyloidosis, collagenosis (SLE and rheumatoid arthritis), vasculitis, in tumoral diseases, after administration of some drugs (antibiotics, anticonvulsants), postvaccinal complications, circulatory dysfunctions (constrictive pericarditis), thrombosis of renal veins. 

Pathogenesis. Glomerular injuries can develop by more mechanisms: immune (most frequent), non-immune (metabolic, hemodynamic, toxic, infectious and inflammatory). 

Immune injuries are results of different allergic reactions: cytolytic–cytotoxic allergic reactions of the II type (deposition in the glomeruli of auto-antibodies against some glomerular antigens - antibodies against the basal membrane of glomerulus); allergic reactions of III-rd type (damage produced by circulating immune complexes or immune complexes formed in situ in the glomeruli); cell allergic reactions IV-th type, which involve sensitized lymphocytes. So, anti-glomerular autoantibodies found in Goodpasture syndrome are specific for an antigen from alfa-3 chain of the collagen of the IV type in the structure of basal membrane of glomeruli as well as at the level of pulmonary alveoli. These antigens are hidden in the molecules of collagen but they are exposed under the influence of some negative factors (infections) that denature the molecule of collagen. Besides antibodies against the basal membrane in glomerulonephritis there can be found as well other antibodies - anti-endothelium antibodies, which damage the endothelial cells, thus increasing their capability to attach leucocytes. Antigens of the circulating immune complexes can be exogenous (streptococci – streptococcal membrane antigen in poststreptococcal glomerulonephritis, parasites, hepatitis B and C viruses, chemical substances – mercury salts, gold) or endogenous (autoantibodies against DNA in SLE, tumor antigens, cryoglobulins, nucleoproteins, thyroglobulin). 
When there is an optimal qualitative correlation between antigens and antibodies, are formed precipitating immune complexes which are phagocytized by macrophages; when there is excessive antigens, are formed immune complexes that are not phagocytized and circulate into the blood and deposit in different organs, where these trigger alterative allergic reactions. Deposition of circulating immune complexes in kidneys is facilitated by a large endothelial surface, abundant blood flow, electrostatic or structural affinity to structural components of the glomerular filter. Circulating immune complexes are deposited sub-endothelialy or into the mesangium, while complexes formed in situ are localized sub-epithelialy. 


Cells involved in glomerular injury
	  
	•    
	Neutrophils and monocytes infiltrate the glomerulus in certain types of glomerulonephritis, largely as a result of activation of complement, resulting in generation of chemotactic agents (mainly C5a), but also by Fc-mediated adherence and activation. Neutrophils release proteases, which cause GBM degradation; oxygen-derived free radicals, which cause cell damage; and arachidonic acid metabolites, which contribute to the reductions in GFR.

	  
	•    
	Macrophages, T lymphocytes, and natural killer cells, which infiltrate the glomerulus in antibody- and cell-mediated reactions, when activated release a vast number of biologically active molecules.

	  
	•    
	Platelets aggregate in the glomerulus during immune-mediated injury. Their release of eicosanoids and growth factors may contribute to the manifestations of glomerulonephritis. Antiplatelet agents have beneficial effects in both human and experimental glomerulonephritis.

	  
	•    
	Resident glomerular cells, particularly mesangial cells, can be stimulated to produce several inflammatory mediators, including reactive oxygen species (ROS), cytokines, chemokines, growth factors, eicosanoids, nitric oxide, and endothelin. In the absence of leukocytic infiltration, they may initiate inflammatory responses in the glomerulus.


Soluble Mediators involved in glomerular injury

Virtually all the known inflammatory chemical mediators have been implicated in glomerular injury. 

	  
	•    
	The chemotactic complement components induce leukocyte influx (complement-neutrophil–dependent injury) and lead to formation of C5b-C9, the membrane attack complex. C5b-C9 causes cell lysis but, in addition, stimulates mesangial cells to produce oxidants, proteases, and other mediators. Thus, even in the absence of neutrophils, C5b-C9 can cause proteinuria, as has been postulated in membranous glomerulopathy.

	  
	•    
	Eicosanoids, nitric oxide, angiotensin, and endothelin are involved in the hemodynamic changes.

	  
	•    
	Cytokines, particularly IL-1 and TNF, which may be produced by infiltrating leukocytes and resident glomerular cells, induce leukocyte adhesion and a variety of other effects.

	  
	•    
	Chemokines such as monocyte chemoattractant protein 1 and CCL5 promote monocyte and lymphocyte influx. Growth factors such as platelet-derived growth factor (PDGF) are involved in mesangial cell proliferation.TGF-β, connective tissue growth factor, and fibroblast growth factor (FGF) seem to be critical in the ECM deposition and hyalinization leading to glomerulosclerosis in chronic injury. Vascular endothelial growth factor (VEGF) seems to maintain endothelial integrity and may help regulate capillary permeability.

	  
	•    
	The coagulation system is also a mediator of glomerular damage. Fibrin is frequently present in the glomeruli in glomerulonephritis, and fibrin may leak into Bowman space, serving as a stimulus for parietal epithelial cell proliferation (crescent formation). Fibrin deposition is mediated largely by stimulation of macrophage procoagulant activity. Plasminogen activator inhibitor-1 is linked to increased thrombosis and fibrosis by inhibiting degradation of fibrin and matrix proteins.


  General consequence of this process is proliferation of the epithelial and mesangial cells, this leading to blockage of many glomeruli, while those that have not been blocked become hyper-permeable. 
Mediators of glomerular injury
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Manifestations of glomerulonephritis depend on injuries localization at the level of nephron:
    
- Endothelial injuries as well as subendothelial and basal membrane involvement lead to aggregation of leucocytes, thrombotic microangiopathy, vasoconstriction, glomeruli blockage; bilateral diffuse kidney injuries lead to acute renal failure. 

        - Mesangial injuries lead to proteinuria and hematuria;
       - Sub-epithelial membrane injuries lead to marked proteinuria;

       -  Epithelial cells injuries lead to a quickly progressing renal failure.
Cellular changes that occur with glomerular disease include:

· increase in glomerular or inflammatory cell number (proliferative of hypercellular)

· basement membrane thickening (membranous);

· changes in noncellular glomerular components (fibrosis and sclerosis).

An increase in cell number is characterized by one or more of the following: proliferation of endothelial and mesangial cells, leucocyte infiltration (neutrophils, monocytes and sometimes lymphocytes). Basement membrane thickening involves deposition of dense noncellular material on the endothelial and epithelia sides of the basement membrane or within the membrane itself. Sclerosis refers to an increase in the amount of extracellular material in the mesangial, subendothelial and subepithelial spaces of the glomerulus.  Fibrosis refers to deposition of collagen fibres.  Glomerular changes can be diffuse (affecting all glomeruli and all parts of these), focal, segmental and mesangial (affecting only mesangial cells).
Acute nephritic syndrome is the clinical correlate of acute glomerular inflammation. In its most dramatic form, nephritic syndrome is characterised by sudden onset of hematuria (microscopic or visible with presence of red cell casts), variable degree of proteinuria (disturbed selective permeability of renal filter), reduced GFR (due to reduced glomerular filtration surface and increased resistance at the level of afferent arteriole) with oliguria and signs of impaired renal function (azotemia), salt and water retention leading to edema and hypertension (as result of hyperhydration due to reduced GFR as well as activation of renin–angiotensin–aldosteron system). It is caused by inflammatory processes which occlude the glomerular capillaries lumen and damage the capillary walls permitting erythrocytes to escape into glomerular filtrate and producing hemodynamic changes that decrease GFR. Acute nephritic syndrome can occurs in systemic disorders as in SLE, typically however it is characteristic for proliferative glomerulonephritis such as postinfectious glomerulonephritis. 
Chronic glomerulonephritis

 According to etiology and pathogenesis chronic glomerulonephritis can be divided into two big groups – primary and secondary. Primary chronic glomerulonephritis has on its pathogenetic basis the presence of streptococci infection focus, with a continuous secretion of anti-renal antibodies. In the pathogenesis of the secondary chronic glomerulonephritis are involved two mechanisms: allergic reaction of the IV-th type (cellular allergic reaction) and allergic reaction of the III-rd type (damage produced by circulating immune complexes). 

Chronic glomerulonephritis is characterised by prevalence of proliferative processes – profusely growth of mesangial matrix that becomes non-homogeneous, conditioning proteinic, lipid, collagen fibers deposition as well as granular deposits formed from immunoglobulins G and complement. Sometimes, there are observed sub-epithelial depositions, foci of epithelial proliferation inside of which there are fibrin storages as expression of intravascular coagulation. Endothelial cells proliferate, such thickening capillary’s wall.  Renal tubules suffer degenerative and atrophic changes caused by reduction of peritubular circulation. These morphological and functional changes in the nephron represent the basis of micro-hematuria, proteinuria, arterial hypertension, edemas and decreased renal function. 
From general manifestations of chronic glomerulonephritis should be mentioned the following: 

· Arterial hypertension is a result of many factors that lead to the kidney ischemia – as result of vascular damage (arteriolosclerosis, proliferation and thickening of the endothelium, obstruction of the capillaries with leucocytes, immune complexes, micro-aggregates and thrombi). Nephron ischemia triggers synthesis of renin that induces the formation of angiotensin – fact that causes the development of arterial hypertension, later with increased release of aldosteron that will retain ions of sodium an osmotically water. Among other pathogenetic mechanisms of renal hypertension should be mentioned the loss by the kidney of the ability to inactivate vasopresive substances as well as deficient synthesis of vasodilator substances with local effects (prostaglandin E2). 

· Proteinuria and hematuria result from increased glomerular membrane permeability. Proteinuria might cause protein deficiency, loss of transferrin and development of anemia, while urinary loss of immunoglobulins and complements lead to secondary immunodeficiency with increased risk for infection. 

· Leucocyturia is the result of leukocyte migration from the vessels into the Bowman capsule. 

· Presence of dipsticks reflects the presence in the urine of cylindrical structures formed in kidney tubules from erythrocytes, leukocytes, proteins, lipids, salts widely filtrated during inflammatory processes. 

· Oliguria results from decreased glomerular filtration rate (GFR) as result of reduced number of functionally active glomeruli and increased number of damaged nephrons. 

· Anemia   is explained by decreased erythropoietin secretion by the damaged kidney, as well as lack of iron and proteins caused by anorexia, vomiting, and suppression of erythropoiesis under the influence of toxins, intensification of hemolysis (toxic, infectious).   

· Salt-water retention (lead to edema, ascites, pleuritis) is explained by the influence of onco-osmotic factors – hypersecretion of aldosterone caused by renal hypoperfusion with sodium retention as well as proteinuria that lead to hypoproteinemia which decrease the colloid-osmotic pressure of the plasma. To all these can be added as well increased capillary permeability, increased tissue hydrophilic properties, excretory acidosis, cardiac venous hyperemia and others. 

· Hypoproteinemia (hypogammaglobulinemia, hypo-alfa-1-globulinemia) relative hyper-alfa-2-globulinemia and hyper-alfa β-globulinemia are mainly conditioned by proteinuria. To factors that aggravate these above mentioned metabolic disorders should be added as well protein malabsorbtion and inability of the liver to compensate the hypo-proteinemia by intensified protein synthesis.
	Nephritic syndrome
	Nephrotic syndrome

	· Haematuria (brown urine)

· Edema and generalized fluid retention

· Hypertension

· Oliguria 
	· Overt proteinuria - >3,5 g/24 hrs (urine may be frophy)

· Hypoalbuminemia - <30 g/L

· Edema and generalized fluid retention 

· Hyperlipidemia and lipiduria


 Nephrotic syndrome. 

Certain glomerular diseases virtually always produce the nephrotic syndrome. In addition, many other forms of primary and secondary glomerulopathies may underlie the syndrome. The nephrotic syndrome is characterized by massive proteinuria (> 3,5 g/day) and lipiduria (free fat, fatty casts), along with an associated hypoalbuminemia (<3 g/dL), generalized edema and hyperlipidemia (cholesterol>300 mg/dL). Glomerular disorders that occur with nephrosis develop as a primary disorders (congenital nephrotic syndrome, lipoid nephrosis, focal segmental glomerulosclerosis and membranous glomerulonephritis) or secondary to changes caused by systemic disease such as diabetes mellitus or SLE.
The nephrotic syndrome is not a specific glomerular disease but a constellation of clinical syndromes that result from an increase in glomerular permeability and loss of plasma proteins in the urine. 

The various components of nephrotic syndrome bear a logical relationship to one another. The initial event is a derangement in glomerular capillary walls resulting in increased permeability to plasma proteins. The mechanism of proteinuria is complex. It occurs partly because structural damage of glomerular basement membrane that lead to increased sizes and numbers of pores, allowing passage of more and larges molecules.  Change of electrical charges is as well involved in the pathogenesis of nephrotic proteinuria. Reduction of fixed negative electrical charge of renal filter will allow passage of negatively charged protein molecules. Massive proteinuria leads to hypoalbuminemia. Increased renal catabolism of filtered albumin also contributes to the hypoalbuminemia. Generalized edema, which is a hallmark of nephrotic syndrome, result from the loss of colloidal osmotic pressure of the plasma with accumulation of fluid in the interstitial tissue. There is also salt and water retention which aggravates the edematous state. This can be explained by some mechanisms, mainly by compensatory increases in aldosterone, stimulation of the sympathetic nervous system and a reduction in secretion of natriuretic factors, developed as result of hypovolemia with reduced atrial filling, reduced cardiac output, reduced renal perfusion. Because aldosterone induces renal loss of K+ and H+ in these persons frequently can be attested hypopotasemia and alcalosis. Edema is characteristically soft and pitting, most marked in the periorbital regions and dependent portions of the body. It may be massive, with pleural effusions and ascites. Initially, edema presents in the dependant parts of the body (lower extremity), but become generalized as the disease progresses. The largest proportion of protein lost in the urine is albumin, but globulins are also excreted in some diseases. The ratio of low- to high-molecular-weight proteins in the urine in various cases of nephrotic syndrome is a manifestation of the selectivity of proteinuria. A highly selective proteinuria consists mostly of low-molecular-weight proteins (albumin, 70 kD; transferrin, 76 kD molecular weight), whereas a poorly selective proteinuria consists of higher molecular-weight globulins in addition to albumin.

The genesis of the hyperlipidemia is complex. Hyperlipidemia which develops in persons with nephrosis is characterised by elevated levels of triglycerides, low-density lipoproteins (LDL), very-low-density lipoproteins (VLDL) and intermediate-density-lipoproteins (IDL), apoprotein.  Level of high-density lipoproteins (HDL) usually is normal or decreased. This leads to increased LDL/HDL cholesterol ratio. There is believed that these metabolic changes are due, at least partly, to increased synthesis of lipoproteins in the liver (such as apolipoprotein B, C-III) secondary to a compensatory increase in albumin production in response to low plasma albumin. There is also a reduced clearance of the principal triglyceride bearing lipoproteins (chylomicrons and VLDL) in direct response to albuminuria. Because of elevated level of LDL people with nephrotic syndrome have increased risk for developing atherosclerosis. Lipiduria follows the hyperlipidemia, because lipoproteins also leak across the glomerular capillary wall. The lipid appears in the urine either as free fat or as oval fat bodies, representing lipoprotein reabsorbed by tubular epithelial cells and then shed along with the degenerated cells.

The largest proportion of protein lost with urine is albumins, but in some situation also can be lost immunoglobulins. As a result these persons are vulnerable to infection, especially to these caused by staphylococci and pneumococci. This reduced resistance to infection can be explained by both, loss of immunoglobulins as well as loss of low-molecular–weight compliment components with urine. As well with urine are lost many binding proteins, so plasmatic level of many ions (iron, copper, zinc) and hormones (thyroid and sex hormones) may be low. Thrombotic complication also can be present in people with nephrotic syndrome. These reflect disorders in the coagulation system as result of urine loss of coagulation and anticoagulation factors, but a more common state is hypercoagulation (clinically manifested by pulmonary thromboembolism and deep vein thrombosis) as result of urine loss of inhibitors of coagulation (antithrombin III, protein C and S) and increase in liver synthesis of procoagulant factors.  

 
Congenital nephrotic syndrome is an autosomal recessive inherited disorder due to mutation in the gene coding for a transmembrane protein – nephrin- it loss of function results in massive proteinuria shortly after birth. Other congenital nephrotic syndromes involve mutation in other genes that encode podocytes protein such as podocin, alpha-actinin-4 etc..
Dysfunctions of canalicular reabsorbtion

Reabsorbtion ability of different tubular segments of the kidneys is not equivalent.
Epithelium of proximal tubules. Cells of the proximal tubules (till the loop of Henley) supplies 65% of total reabsorbtion of glomerular filtrate. Epithelial cells of the proximal tubule are characterized by a very intense metabolism, contain a considerable number of mitochondria that assure intense processes of active transport. Apical part of membrane of these cells is supplied with microvilli and transport proteins which perform transportation of substances absorbed from the tubular lumen into interstitium (glucose and amino acid) as well as antiport of substances secreted from blood into the renal tubules (hydrogen ions). 

Thin segment of the loop of Henley.  Epithelium of the loop of Henley is rich in cells with brush border margins, but they contain only few mitochondria, being a sign of low metabolic activity. The descending part of thin segment of loop of Henley is highly permeable to water but it possesses just a gentle permeability to urea, sodium and other ions. The ascending part of thin segment of the loop of Henley is even less permeable to water than the descending part.

Thick segment of the loop of Henley.  Epithelial cells of the thick segment of the loop of Henley are similar with cells of proximal tubules. These are adapted to an active process of transport of sodium and chloride from tubular lumen into interstitium but are impermeable to water and urea. 
Distal tubule is divided into dilution segment and terminal part. In the dilution segment a high amount of ions is easily reabsorbed, but the tubule remains impermeable to water and urea. This is why, this segment performs dilution of tubular liquid, in a similar way as do the thick segment of the loop of Henley. The epithelium of the terminal part of the distal tubule and collective tubes are impermeable for urea, in this way the whole amount of urea flows into the collective tube to be excreted with terminal urine. Both segments considerably absorb sodium with the support of aldosterone. The terminal part of the distal tubule and cortical collective tube contain some special epithelial cells called intercalate cells, that secrete hydrogen ions, by an active mechanisms against the gradient of concentration, thus performing the control of the acid–base balance of body liquids. Terminal part of the distal tubule and the collective tube is permeable to water only in the presence of antidiuretic hormone being totally impermeable in its absence, a fact that represents an efficient control mechanism of the urine dilution and maintenance of water homeostasis. 

Tubular reabsorbtion and secretion 

During flow of the glomerular filtrate through the channel system of the kidney, tubular epithelium reabsorbs more than 99% of water, as well as considerable amount of glucose, amino acids, electrolytes and other substances. Reabsorbed substances pass into interstitium and then into the peritubular capillary network, this way returning back into the blood while their concentration in the urine decreases. Other substances are secreted from the blood into renal tubes and their concentration in the tubular urine increases. Reabsorbtion and secretion through renal tubular epithelium occurs through pinocytosis, simple diffusion, facilitated diffusion, osmosis, electrochemical gradient and by means of active transport. 

In renal channels some substances are exclusively reabsorbed (glucose), others are subjected to both processes – reabsorbtion and secretion (Na+, K+), while some substances are only secreted (creatinine). The most considerable part of substances are reabsorbed at the level of proximal renal tubes (about 80%) – entire amount of glucose, considerable amounts of water (85%), ions of sodium and other cations, amino acids (98%), Cl- (99%), HCO3- (80%), PO43- (94%),  K+ (100%), urea (60%). 

Each substance has its own specific mechanisms of reabsorbtion.
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· Reabsorbtion of water and electrolytes
Water and sodium are subjected to a process of active reabsorbtion on the level of proximal renal tubes. Reabsorbtion of sodium on the level of proximal channel, also called compulsory reabsorbtion, is an active process that occurs with energy consumption and is coupled with a passive process of water reabsorbtion. On the level of loop of Henley 6% of the water of the filtrate is reabsorbed, 9% in the distal tube and on the level of collective tube – 4%. Water reabsorbtion on the level of distal convoluted tubes happens in the presence antidiuretic hormone (vasopressin). Vasopressin acts on specific V2 receptors localized on cytoplasmatic membrane of epithelial cells, activates intracellular adenylate-cyclase and synthesis of AMPc that stimulates intra-membrane structure orientation with their reorientation into luminal membrane and inclusion into the membrane composition of the proteinic channels that totally permit the water to pass. 

Bicarbonates reabsorbtion occurs in a particular way. Bicarbonate from primary urine bound to hydrogen ions secreted into the renal tubes forming carbonic acid. Then carbonic acid dissociates into water and CO2 that diffuse into the interstitium where it is bounded to hydrogen ions forming carbonic acid that later again dissociates in hydrogen ions (H+) and bicarbonate ions (HCO3-). 

Ions of calcium and magnesium are actively reabsorbed. Major part of anions, especially chlorine ions are reabsorbed though passive diffusion as result of electrical gradient that result from cation reabsorbtion. 

Disorders of water reabsorbtion at the level of the proximal renal tubes could be a result of  increased amount of un-reabsorbed osmotic substances that induce osmotic diuresis (diabetes mellitus, administration of osmotic diuretics like urea and manitol or administration of furosemid that inhibit the reabsorbtion of sodium ions). Decreased water reabsorbtion in the distal and collector tubes is conditioned by lack of antidiuretic hormone, dystrophy of tubular epithelium and insensitiveness to this hormone (diabetes insipidus). Taking into consideration that collective tubes pass through the medullary layer of the kidney, interstitial pathology like renal amyloidosis, renal sclerosis lead to disorders of water reabsorbtion. 

 
Sodium reabsorbtion. 

On the basal and lateral surface of the epithelial cell of the renal tubes there is an ATP-ase system that broke ATP and uses the eliminated energy for the reabsorbtion of sodium ions from the cell into interstitium and at the same time for transporting potassium ions into the cell Secondary active transport is performed by different sodium transporting proteins localised at the level of epithelial cells. Entrance of sodium into the cells of proximal convoluted tubes is coupled with glucose and amino-acids transport (co-transport). Chlorine ions are reabsorbed by co-transport mechanisms at the level of thick segment of the loop of Henley. 

In the descending part of the loop of Henley, sodium ions are secreted into the lumen of the tubule. In the ascending part of the loop, ions of hydrogen and potassium are retained due to an excess of negative charges as result of active reabsorbtion of sodium. In case of acidosis, in the ascending part of the loop of Henley as well as at the level of proximal tubules, there is increased elimination of hydrogen ions than K ions. 

In the distal tubes, sodium reabsorbtion is regulated by aldosterone. The main stimulant of aldosterone secretion is decreased correlation of sodium and potassium in the plasma. Aldosterone acidulates the urine and alkalifies the plasma. The regulation of the sodium secretion is important for both, osmotic and acid-base homeostasis taking into account that this ion represents 90% from total amount of extracellular cations.  

Potassium, which is reabsorbed on the apical pole of the proximal tubule’s epithelial cells, together with sodium and water, ultimately is secreted in the ascending part of the loop of Henley and in distal tubes together with H+ ions in exchange to sodium ions. K+ secretion in the distal renal tubes and collective tubes increases directly with increased its intracellular concentration, as well as under the influence of aldosterone, which at the same time slows down sodium secretion. When extracellular concentration of K+ increases, these ions diffuse into epithelial cells of distal and collective renal tubes. A passive secretion of K+ is also conditioned by electronegativity of urinary channels as result of sodium reabsorbtion. 

Disorders of sodium reabsorbtion are caused by lack of aldosterone or its blockage by inhibitors (aldactone). A considerable amount of sodium ions is lost in tubular atrophy or injury, leading to dehydration due to osmotic diuresis. Disorders of sodium and bicarbonates reabsorbtion are attested in disorders of ammonio- and acido-genesis at the level of tubular epithelium, leading to acidosis. In these cases, kidneys inability to reabsorb ions of sodium is manifested by osmotic, hydric and acid-base dyshomeostasis. 

Anorganic phosphate is reabsorbed at the level of proximal tubes in proportion of 80% - 90%, that of calcium in proportion of 96%, the rest being eliminated with final urine. Active trans-tubular transport of phosphate is inhibited by parathormone that at the same time contributes to the reabsorbtion of calcium, and by corticosteroids (inhibit as well calcium reabsorbtion). Vitamin D (calcitriol) stimulates reabsorbtion of phosphates. It worth mentioning that, reabsorbtion of calcium is influenced by calciemia (when Ca concentration in the blood is lower than 8 mg/dL the reabsorbtion is stimulated, when blood Ca concentration is higher than 10 mg% – reabsorbtion is inhibited). 

Reabsorbtion of organic substances

The glomerular filtrate contains five groups of substances with different nutritional value for the organism: carbohydrates (glucose), proteins, amino acids, ions of aceto-acetate and vitamins. All these substances are totally reabsorbed by an active transport in proximal  tubes. 

Reabsorbtion of proteins
Through renal filter during 24 h pass about 30 g of proteins. If they don’t come back into the blood it would be a considerable loss for the body. Because sizes of proteinic macromolecules are too large for being transported by usual mechanisms, these are transported through the membrane of proximal tubes by pinocytosis. Proteins that have been engulfed by epithelial cells are disintegrated in endo-lysosomes and hydrolysis products – amino acids – are directed into the blood through contra-luminal pole of the tubular cell. In the filtrate, there are as well proteins secreted by nephrone - uromucoid, mucoproteins from basal glomerular membrane and products of fibrin disintegration. 

Tubular proteinurias are explained by decreased channel reabsorbtion of proteins filtrated through the glomerular filter as result of inflammation, dystrophy (amyloidosis, sclerosis) or desquamation of tubular epithelium, disorders of lymphatic circulation in the kidneys. 

Tubular reabsorbtion of glucose 

When the concentration of glucose in the blood is normal (about 100 mg/dl) it is totally reabsorbed at  the level of the first third of proximal renal tubes so that glucose in final urine is lacking. In the proximal convolute tubes there are at least two glucose luminal transporters: SGLT1 (transporter for Na+, glucose and galactose) and SGLT2. The mechanism of tubular glucose reabsorbtion is the following: hexokinase of the cell membrane at the level of proximal tubes, transforms glucose into glucose 6-phosphate that enters into the cell. Ultimately, under the influence of glucose 6-phosphatase, glucose is freed from phosphoric esther and returned into the blood by transporter GLUT2. Until its concentration does not exceed 170-180 mg/dL, glucose is totally reabsorbed; the quantity that exceeds this glucose threshold can’t be more reabsorbed and will be present in final urine – glucosuria. Exceeding kidney glucose threshold represent mechanisms of glucosuria in physiological hyperglycemia and partially in diabetes mellitus. Glucosuria leads to osmotic diuresis, decreases the volume of extracellular liquid with stimulation of tubular reabsorbtion of sodium and glucose, with development of secondary hyperglycemia and temporary reduction of glucosuria. Resulted hyperglycemia closes the vicious circle. This represents the major pathogenetic mechanisms of hyper-osmolar and non-ketonic diabetic coma. Decreased glucose reabsorbtion may be explained by hereditary deficiency of ferments responsible for its reabsorbtion (hexokinase).  When deficiency of trans-tubular transport of glucose through the renal tubes is long-lasting, then there is so-called glucosuric renal diabetes. Glucosuria with hypoglycemia may be observed in the cases of pancreatic adenomas with hyperinsulinemia, because insulin has an inhibitory effect on renal glucose-6-phosfotase. 
Glucosuria developed in intoxications (urea, Pb, Hg) may be explained by direct toxic effect on the transporting system of the renal tubes. In this way, renal diabetes encountered in poisoning with potassium cyanide is a result of toxic effect on the renal hexokinase. 

Reabsorbtion of amino acids.     

Tubular reabsorbtion of amino acids is performed by active mechanisms, specific for every group of amino acids with a specific affinity to the transporter. Mechanisms of amino acids reabsorbtion function by means of diffusion independently of gradient of concentration. Every amino acid has a specific tubular point when its reabsorbtion is equal to its diffusion. 

Increased amino acids elimination with the secondary urine is called aminoaciduria. Aminoaciduria develops in enzyme defects that ensure glucose transport at the level of proximal tubes and may be observed in renal diseases with tubular disorders. Excessive excretion of amino acids may be found during intense catabolic processes in burns, in liver diseases. Some groups of amino acids have common mechanisms of reabsorbtion. Thus, in hereditary reabsorbtion disorders of one amino acid (ex. cysteine) the reabsorbtion of others aminoacids is as well disturbed (lysine, arginine, ornithine). 

Defects of the enzymatic systems of the epithelium of proximal renal tubes are present in Fanconi syndrome, that is manifested through disorders of amino acids, glucose, phosphates reabsorbtion and development of acidosis. The loss of phosphates leads to development of rickets that is resistant to vitamin D (phosphate diabetes).

Tubular reabsorbtion of the urea

Approximately 40% of the urea is reabsorbed by means of passive mechanism that are active along the whole tubular system of the kidneys in function of gradient of concentration tube – peritubular space and urine output. The quantity of excreted urea is directly proportional to its concentration in the blood and inversely proportional to the permeability of the distal tubes. 

Disorders of urea reabsorbtion may be a result of glomerulo-tubular disbalance, caused by glomerular injuries with little elimination of urea into ultrafiltrate, but, sometimes can be a result of tubular pathology. Proteinic hyper-catabolism associated with considerable fluid and electrolyte disbalance that overforced tubular function lead to urea retention in the blood. Acute hemolysis, serious infectious diseases, burns, dehydration and diarrhea are states when tubular reabsorbtion of urea is exceeded and this is retained in the blood. 

Pathological processes that disturb tubular reabsorbtion
Nephrogenic diabetes insipidus represent a dominant, sex-linked congenital disease. It is characterized by areactivity of epithelium at the level of distal convoluted tubes to antidiuretic hormone (ADH), this leading to disorders of water reabsorbtion (hypertonic dehydration, thirst) and polyuria. It is supposed that on the basis of pathological mechanism there is an enzymatic deficiency - as a result, ADH fixed on cells of the tubes is unable to activate cytoplasmatic receptors, adenylatecyclase and synthesis of cyclic AMP - messenger for water permeability of the distal tubes. Lack of answer to exogenous administered ADH, can localize the injury, either at the level of receptor or at the level of enzymes involved in synthesis of AMPc.

Glucosuric renal diabetes represents a congenital tubulopathy in which glucosuria becomes apparent in case of normal level of glycemia. There are two clinical distinct forms of glucosuric renal diabetes: common glucosuric renal diabetes – which has as substrate serious nephron injuries associated with disorders of active proximal reabsorbtion of glucose; and glucosuric renal diabetes which has as substrate nephrones population with serious damages and dysfunctions of the mechanism of glucose transport. 
 Renal phosphate diabetes (vitamin D resistant rickets, hypophosphatemic rickets) is a syndrome that can be both, congenital and acquired. The illness is manifested by hyper-phosphaturia and hypo-phosphatemia, rickets (in children) and osteomalacia (in adult) because phosphate deficit lead to bone demineralization, hypocalciuria and increased activity of alkaline phosphatase in the blood. As pathogenetic mechanism of vitamin D resistant rickets are supposed to be a defect of enzymatic system of tubular transport of phosphates at the level of proximal convoluted tube. There is excessive production of phosphatonins (a hormone which is an inhibitor of sodium/phosphate cotransporter - NPT2) or defect in the PHEX (phosphate regulating gene), leading to loss of sensitivity of renal epithelium to vitamin D and parathormone. When phosphatonins bound to PHEX it become bioinactive and phosphate reabsorbtion via sodium-phosphate cotransporter is increased and also retard the degradation of  1,25-dixydroxyvitamin D by downregulating the 24-hydroxylase activity. In the disease there is or increased activity/production of phosphatonins or mutations at the level of PHEX gene this leading to renal phosphate losses as well as increased degradation of 1,25-dixydroxyvitamin D. It is considered that, there are also calcium and phosphate absorbtion disorders on the level of the intestine because of a secondary hyperparathyroidism. 
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Increased renal reabsorbtion of phosphate can develop in deficiency of parathormone (hypoparathyroidism) or in dysfunction of parathyroid glands (pseudo-hypoparathyroidism). This leads to hyperphosphatemia. 
Cystinuria is a congenital recessive anomaly. In severe forms is characterized by increased urinary elimination of four amino acids: cysteine, lysine, arginine, ornithine. Plasmatic concentration of these amino acids remains normal. Cysteine which is insoluble precipitates and form renal calculi. 
Toni-Debre-Fanconi syndrome is a congenital or acquired (poisoning by heavy metals) complex tubulopathy. The mechanism of functional changes is represented by blockage of enzymatic systems at the level of proximal convoluted tubes or presence of some disorders with secondary enzymatic deficiency.  Lack of ferments on the level of transporting systems does not allow generation of energy in the Krebs cycle, necessary for the transporting processes.  Loss of phosphates (phosphaturia), glucose (glucosuria) and aminoacids (aminoaciduria), proximal tubular acidosis lay on the basis of clinical symptoms: polyuria, constipation, vitamin D resistant rickets (in children) or osteomalacia (in adult). 

Hartnup syndrome is an autosomal recessive pathology. The disease has the same symptomatology as pellagra (disease caused by dietary deficiency of nicotinic acid, characterized by burning or itching, often followed by scaling of the skin, inflammation of the mouth, diarrhea and mental impairment). In the urine of people suffering from Hartnup syndrome are founded considerable amounts of amino acids as tyrosine, tryptophan, alanine, serine, asparagines, glutamine, valine, phenylalanine, histidine, and citrulline. At the same time, the concentration of other amino acids as taurine, glycine, cysteine, glutamic acid, lysine remains normal or slightly raised. In the case of Hartnup syndrome may be marked dysfunction in the absorption of tryptophan at the level of intestine and proximal renal tubules as well as decreased tryptophan conversion into nicotinamide. Among the consequences of this dysfunction is aminoaciduria and secretion of considerable amount of indican with urine. 
Salt renal diabetes (pseudo-hypoaldosteronism) is a disease of infancy, apparently due to resistance to the action of aldosterone. It is characterized by hyperkalemia and evidence of sodium wasting, (hyponatremia, extracellular volume depletion). Autosomal recessive form results from loss of function because of mutation in the gene for epithelial sodium channels (opposite to Liddle’s syndrome). This disorder involves multiple organ systems and is especially marked in neonatal period. With aggressive salt replacement and control of hyperkalemia these children can survive and the disease becomes less severe with age.  The autosomal dominant type is due to mutation affecting the mineralocorticoid receptor. These patient present hyperkalemia with salt wasting but do not have other organ system involvement.
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Bartter’s syndrome (congenital chronic hypokalemia) – this consists of metabolic hypokalemia with alkalosis, hyponatremia, normal blood pressure and elevated plasma renin and aldosteron. The primary defect in this disorder is impairment in sodium and chloride reabsorbtion at the level of thick ascending limb of loop of Henle. There is a mutation in the genes encoding either sodium-potassium -2chloride cotransporter (NKCC2), the ATP regulated renal outer medullary potassium channel (ROMK) or kidneys-specific basolateral chloride channels (CIC-Kb) – causes loss of functions of these channels with consequent impairment of sodium, potassium and chloride reabsorbtion. There is also increased intrarenal production of prostaglandin E2, secondary to sodium and volume depletion and hypokalemia. PGE2 causes vasodilation thus explaining why blood pressure remains normal. Syndrome is characterized by disorders of urine concentration, natriuresis, hypokalemia, normal or decreased blood pressure  despite increased synthesis of renin at the level of juxtaglomerular apparatus, angiotensin and aldosteron. The main pathogenetic elements are hyper-reninemia with normal arterial pressure (because of secretion of prostaglandin E2), increased secretion of aldosterone and hypokalemic alkalosis. 
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Liddle’s syndrome – is characterized by potassium wasting, hypokalemia and alcalosis, hypernatremia with hypertension but with low levels of renin and aldosteron.  There is a mutation in the gene encoding amiloride-sensitive epithelial sodium channels at the level of distal/collecting renal tubes. This lead to activation of epithelial sodium channels resulting in excessive sodium reabsorbtion with coupled potassium and hydrogen secretion. Hypernatremia leads to volume expansion inhibition of renin and aldosteron release, and development of low renin hypertension. 
Lowe syndrome (oculo-cerebral syndrome) is a sex linked recessive congenital pathology. There are a series of extrarenal manifestations like retention in physical development, osteoporosis, mental retardation, muscular  weakness, tendinous areflexy, cataract, glaucoma, and nystagmus) which are associated with injuries of proximal convoluted tubes (manifested by proteinuria, glucosuria, phosphaturia and aminoaciduria) as well as disorders of distal renal tubes ( manifested by massive elimination of organic acids, disorders of urine concentration, hyperchloremic and hypercalciuric acidosis with decreased ability to reabsorb bicarbonates).  Histologically, there is tubular atrophy, local interstitial fibrosis and hyalinization of renal glomeruli. 

Disorders of urine dilution and concentration 

Normally, in function of necessities, the kidneys can eliminate hypotonic urine (osmolarity less than 100 mOsm/L) or hypertonic urine (osmolarity more than 1200 mOsm/L). Urine dilution and concentration represent two processes with the help of which there is performed either retention of electrolytes (urine dilution) or retention of water (urine concentration). Retention of electrolytes in the process of urine dilution is accompanied by elimination of excess of water with a small amount of electrolytes. Water reabsorbtion with urine concentration is accompanied by elimination of urine with excessive electrolytes and small amount of water. 

Mechanism of urine dilution and concentration is caused by difference in the renal osmolarity that increases progressively in the cortico-medullar direction. So, in the cortical layer osmolarity is of 300 mOsm/L, while in the medullar and papillary layer – 1200  mOsm/L.  
This osmolarity difference is possible due to some mechanisms:
           - impermeability for water of the ascending thick segment of the loop of Henle;
          - sensibility of the distal convoluted tube and collecting tubes to antidiuretic hormone;
          - sensibility of distal convolute tubes to aldosterone;
          - Urea recycling between medullary part of collecting tubule and loop of Henle.
The loop of Henle plays an important role in urine dilution and concentration. The thin descendent segment of loop of Henle is highly permeable for water. As the urine filtrate moves down through thin segment water moves from urine filtrate into surrounding interstitium. So, osmolarity of renal filtrate riches its highest osmolarity at the level of elbow of the loop (1200 mOsm/L) and equal the medullary osmolarity. At the level of thick segment of loop of Henle there is cotransport system Na+/K+/2Cl- (the system involve the cotransport of positively charged Na+ and K+ ions accompanied by 2 negatively charged Cl- ions), but the segment is totally impermeable for water. Movement of these ions out of the renal tubule leads to development of a transmembrane potential that favor the passive reabsorbtion of small divalent cations such as calcium and magnesium. So, in this segment there is performed urine dilution, osmolarity of urine which enters in the distal convoluted tubule can be as low as 100 mOsm/L (compared with 285 mOsm/l – osmolarity of plasma). For this reason this segment of loop of Henley is called also diluting segment. This mechanism of urine osmolarity control between descending thin segment and thick ascendant segment of loop of Henle is called contra-current multiplayer system. Distal part of distal convoluted tubes and collecting tubes is the site of aldosteron action (sodium moves from urine filtrate into interstitial tissue and peritubular capillaries and potassium moves from the peritubular capillaries into interstitial tissue and then in the principal cells of convoluted tubes and finally into urine ) as well as action of ADH which will enhance reabsorbtion of water in the principal cells of this segments of nephron (by this way concentrating the urine).
Osmolarity of the final urine varies – a normal kidney eliminates urine with a density of 1005 - 1035 mOsm/L that is called normosthenuria.  
Hyposthenuria (water diuresis) - is a dysfunction of the urine concentration mechanism characterized by elimination of urine with an osmolarity less than the osmolarity of the plasma. It could be met in hyperhydration of the body (hypervolemia), diabetes insipidus (lack of ADH), during the compensated stage of chronic renal failure. It is accompanied by polyuria. Hyposthenuric polyuria can be the result of injuries at the level of distal convoluted tubes with their inability to concentrate hypotonic urine which come from the ascending thick segment of the loop of Henle.  Hypotonic urine flows through damaged collective tubule and is eliminated without concentration. Hyposthenuria also can develop as result of areactivity of the principal cells in distal convoluted tubes and collecting tubes to antidiuretic hormone. Increased perfusion at the level of renal medulla will reduce medullary hyperosmolarity thus decreasing ability of the kidneys to concentrate urine. Thus, some inflammatory mediators like kinins, prostaglandins by increasing blood flow at the level of renal medulla reduce capacity of the kidneys to concentrate urine. Caffeine also causes dilation of vasa recta and reduce osmolarity of the renal interstitium such increasing water diuresis. Increased systemic blood pressure by increasing perfusion in vasa recta will increase loses of water through kidneys as result of decreased ability to concentrate urine due to reduced medullary osmolarity. Reabsorbtion of water also can be reduced when glomerular filtrate contains high amounts of substances which are osmotically active (glucose, aminoacids), this leading to development of osmotic diuresis (this substances will retain water in the tubular fluid). Hypoproteic diet decreases ability of the kidneys to concentrate urine by reducing available urea which is indispensable for maintaining hyperosmolarity of renal medulla. Hyposthenuria clinically manifest by nycturia (night voiding), thirst, and release of high amount of diluted urine.
[image: image10.jpg]— A. Abnormalities of Urinary Concentration

Mannitol

Inflammation

Loop diuretics :
Excretion of: : __
Diabetes insipidus

glucose,
v Hypercalcemia urea, central renal
Madiators bicarbonate,

phosphate ‘l,

Hypokalemia
ADH insensitivity

v : v

K" recirculation ‘

ADH deficiency

Osmolarity 4
eyt g

Blood f
pressure

Caffeine

Water reabsorption §

Osmotic diuresis

T

Perfusion f

i

NaCl and
urea reabsorption ¥

, } @
¥ ] '
|
3

Collecting duct

AT,

ik

Osmolarity ¥

ﬁ NaCl ﬁ H,O « Urea

Polyuria, nycturia





Isosthenuria - is a dysfunction of the urine dilution and concentration mechanism characterized by elimination of urine with osmolarity equal to that of deproteinated plasma. This dysfunction develops in diffuse injuries of renal epithelium at the level of collecting tubes as well as at the level of Henle loop. In this situation there is no normal passage of sodium ions into renal interstitium and dilution of urine at the level of thick segment of the loop of Henle. In isosthenuria maintenance of interstitium hyperosmolarity is impossible.    

Hypersthenuria is characterized by elimination of urine with an osmolarity higher than 1035 mOsm/L and is characteristic for dehydration, diabetes mellitus. This dysfunction is usually accompanied by oliguria.    
Dysfunction of the tubular secretion. Renal tubular acidosis.

    Renal reabsorbtion of bicarbonate.  The plasma HCO3 – is normally maintained at approximately 25 mmol/L . In individuals with normal glomerular filtration rate (120 ml/min) about 4500 mmol of bicarbonate if filtered each day. If this filtered bicarbonate were not reabsorbed, the plasma HCO3- would fall, along with blood pH. Thus, maintenance of normal plasma bicarbonate requires that all of the bicarbonate in the glomerular filtrate be reabsorbed. The proximal convoluted tubule reclaims 85-90% of filtered bicarbonate; in contrast the distal tube reclaims very little. This difference is caused by the greater quantity of luminal carbonic anhydrase in the proximal tubule than in the distal nephron. As result of this quantitative difference, bicarbonate that escapes reabsorbtion at the level of proximal tubule is excreted in the urine. Proximal tubular bicarbonate reabsorbtion is catalysed by the Na+/K+ ATP-ase pump located in the basolateral membrane of tubular cells. By exchanging peritubular potassium with intracellular sodium ions, the pump keeps the intracellular Na+ ions low, allowing these ions to enter the cell by moving down the sodium concentration gradient from the tubule lumen to the cell interior.  H+ ions are transported in the opposite direction, thereby maintaining elecroneutrality. Before bicarbonate enters the proximal convoluted tubule it combines with these secreted H+ ions forming carbonic acid. In the presence of luminal carbonic anhydrase carbonic acid rapidly dissociate into CO2 and H2O, which can then rapidly enter into proximal tubular cell. In the cell CO2 is hydrated by cytosolic carbonic anhydrase forming bicarbonate, which is then transported down an electrical gradient from the cell interior across the membrane into the peritubular fluid and finally into the blood. In this process each H+ ions which is secreted into the proximal tubule lumen is reabsorbed and can be resecreted; so there is no net loss of H+ and no gain of bicarbonate ions. 
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· Renal secretion of H+ ions. H+ secreted into the proximal tubule are almost completely reabsorbed with bicarbonate; so, proximal tubular hydrogen ions secretion do not contribute significantly to H+ elimination from the body. The excretion of daily acid load requires secretion of H+ ions at the level of distal nephron segments. The excretion of H+ occurs primarily in the collecting tubules, which has two types of cells: - The principal cells – aldosteron sensitive Na+ absorbtion site. These cells reabsorbed Na+ ions and water and excrete K+ under the influence of aldosteron.
· α intercalated cells – these cells posses the proton pump for the active secretion of H+ ions in the exchange for reabsorbtion of K+ ions. 

Aldosteron increase secretion of H+ ions. Aldosteron has several facilitating effects on H+ ions secretion. Aldosteron opens sodium channels in the luminal membrane on the principal cells and increases activity of Na+/K+ ATP-ase. The subsequent movement of cationic sodium ions into the principal cells creates a negative charge within the tubular lumen. K+ ions from principal cells and H+ ions from intercalated cells move out from the cell into tubular lumen. Aldosteron also stimulates directly the H+ATP-ase at the level of intercalated cells enhancing even more H+ secretion. 
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Ammonium (NH4+). All ammonia used to buffer urinary H+ ions in collecting tubule is synthesized in proximal convoluted tube. Glutamine is the primary source of NH4+. It undergoes deamination catalysed by glutaminase, resulting in α-ketoglutaric acid and ammonia (NH3). Once formed, ammonia can diffuse into proximal tubular lumen and becomes acidified forming ammonium (NH4+). Ammonium flows along tubular lumen and at the level of thick ascending part of loop of Henle it diffuse into medullary interstitium.  Here, NH4+ dissociates to NH3, leading to a high ammonia concentration in the renal interstitium. Next, NH3 diffuses down its concentration gradient into the lumen of collecting tubule. Here its reacts with H+ ions secreted by collecting tubular cells to form again ammonia (NH4+) . Because ammonia is lipid-insoluble it is trapped into tubular lumen and excreted in the urine as ammonium chloride. α-ketoglutaric acid at the level of proximal convoluted tubule is breaks down to bicarbonate which is secreted into the peritubular  fluid at an Na+/HCO3- cotransporter.
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Renal tubular acidosis

Renal tubular acidosis refers to a group of tubular defects in reabsorbtion of bicarbonate ions (HCO3) or excretion of hydrogen ions (H-) that result in metabolic acidosis and its subsequent complication, including metabolic bone disease, kidneys stones and growth failure in children. There are two main types of renal tubular acidosis: proximal tubular disorders that affect tubular bicarbonate reabsorbtion and distal tubular defects that affect the secretion of fixed metabolic acids. A third type of renal tubular acidosis results from aldosteron insufficiency or resistance to its action that lead to impaired absorbtion of Na+ ions with reduced elimination of H- ions and K+ ions. Renal acidosis also occurs in kidney failure.
Proximal renal tubular acidosis

Proximal RTA involves a defect in proximal tubular reabsorbtion, part of the nephron where 85% of filtered bicarbonate is reabsorbed. Most often there is decreased activity of the Na+/K+ NHE3 pump or that of co-transporter Na+-3HCO3- NBC1.  Hyperkalemia leads to depolarization of cell membrane and inhibits tubular reabsorbtion of bicarbonate at the level of proximal convoluted tubules, meantime, hypokalemia stimulates bicarbonate reabsorbtion at the same level. With the onset of impaired tubular HCO3- reabsorbtion, there is a loss of this with urine and reduced plasma levels of HCO3-. The concomitant loss of Na+ ions with urine (hyponatremia) lead to contraction of extracellular fluid volume with increased aldosteron secretion and a resultant decrease of K+ levels in the plasma. With proximal tubular defects in acid-base regulation, the distal tubular site for secretion of the fixed acids into the urine continue to function, and the reabsorbtion of HCO3- eventually resumes, albeit at a lower level of serum HCO3-.  Whenever serum levels of HCO3- rise above this decreased level, HCOS is lost with urine. Persons with proximal RTA usually have plasmatic level of HCO3-  greater than 15 mEq/L and seldom develop severe acidosis.
Proximal RTA can occur as a hereditary or acquired disorder and may involve an isolated defect in HCO3- reabsorbtion or accompany other defects in proximal tubular function (Fanconi syndrome). Isolated defects in HCO3- reabsorbtion are relatively rare. The term Fanconi syndrome is used to describe a generalized proximal tubular dysfunction in which RTA is accompanied by impaired reabsorbtion of glucose, amino-acids, phosphate and uric acid. Children with Fanconi syndrome are likely to have growth retardation, rickets, osteomalacia and abnormal vitamin D metabolism in addition to mild acidosis associated with proximal RTA. 
Distal renal tubular acidosis

Distal RTA has its origin in the distal convoluted tubule and collecting duct, where about 15% of the filtered bicarbonate is reabsorbed. The clinical syndrome of distal RTA includes hypokalemia, hyperchloremic metabolic acidosis, and inability to acidify the urine, nephrocalcinosis and nephrolithiasis. Additional features include osteomalacia or rickets. 

Distal RTA results from a distal tubular defect to secrete H+ ions with failure to acidify the urine and most often is due to defects at the level of H-/ATP-aze, H-/K+ATP-aze,  as well as the anion pump AE1. Because H+ secretion at the level of distal tubules is linked to sodium reabsorbtion, failure to secrete H+ results in a net loss of sodium bicarbonate in the urine. This results in reduction of fluid in the extracellular compartment, a compensatory increase in aldosterone level and development of hypokalemia.
 The persistent acidosis which requires buffering by the skeletal system leads to calcium release from bones. Increased losses of calcium with urine and hypocalcemia lead to increased parathormone release and development of osteomalacia, bone pain, impaired growth in children and development of kidney stones and nephrocalcinosis. 
Renal failure


Renal failure is a temporary or persistent decline of kidneys functions and is characterized by general metabolic, hydro-electrolytic, acid-base and circulatory dyshomeostasis. In function of clinical evolution there can be differentiated acute and chronic renal failure. Unlike chronic kidney disease and failure, acute renal failure is potentially reversible if precipitating factors can be corrected or removed before permanent kidney damage has occurred.

Acute renal failure

Acute renal failure is a common threat to seriously ill persons in intensive care unit with a mortality rate ranging from 40% to 75%. 

Etiology. Acute renal failure can be caused by several types of conditions, which commonly are classified into prerenal, renal (intrinsic) and postrenal factors.

Prerenal failure is caused by factors which alter renal perfusion and consequently lead to disorders of glomerular filtration without structural injuries (at least in initial stage) at the level of the kidneys. So, on the basis of renal function impairment there is ischemic mechanism. When renal hypoperfusion is long lasting and severe can develop injuries at the level of renal parenchyma – so, in this context to prerenal factors associate intrarenal pathologic process. These prerenal factors of acute renal failure can be:

· marked hypovolemia in massive bleeding, dehydration (diarrhea, vomiting, digestive fistula, diuretic abuse, diabetes insipidus and diabetes mellitus, abundant sweating, burns etc…)

· reduced cardiac output in myocardial infarction, pulmonary embolism, myocarditis etc;

· vascular disorders (venous or arterial reno-vascular obstruction);

· severe systemic vasodilatation in shock of different etiology, septicemia, treatment with hypotensive drugs;

· long lasting renal vasoconstriction in administration of some drugs (adrenaline, high doses of dopamine, ergotamine, amphotericin B - an antifungal agent, cyclosporine - an immunosuppressive drug used to prevent transplant rejection, radiocontrast agents, non-steroid anti-inflammatory drugs can reduce renal blood flow by decreasing synthesis of prostaglandins so can lead to renal failure in persons with previous diminished renal perfusion );

Decreased renal blood flow which accompany all these pathologic processes leads to redistribution of intrarenal blood flow toward renal medulla with ischemia at the level of renal cortex such reducing glomerular filtration. Reestablishment of normal renal blood flow can normalize glomerular filtration but severe and long renal hypoperfusion lead to glomerular injury and acute tubular necrosis. In this stage normalization of renal perfusion will not more improve renal functions. More long and severe renal ischemia more severe will be ischemic tubular injuries. Necrotic tubular cells can lead to tubular obstruction and so main ischemic mechanism will be associated by a secondary obstructive mechanism.

Renal (intrinsic factors) etiological factors of acute renal failure are some factors with nephrotoxic action – exogenous and endogenous toxins. Toxic effect is directly proportional with concentration, duration of action. The most important nephrotoxic toxins are exogenous: organic solvents, heavy metals, mushrooms toxins, radiocontrastant agents, chimiotherapeutic drugs, antibiotics, analgesics. Nephrotoxic substances lead to tubular epithelium injuries, more pronounced at the level of convoluted tubules, which allow a massive retrodiffusion of ultrafiltrate with oliguria. Desquamated cells and cellular debris can obstruct the renal tubules such contributing to association of a secondary obstructive mechanisms. Obstructive mechanisms explain oligoanuria. Ultimately decreased glomerular filtration is the consequence of increased hydrostatic pressure at the level of urinary tubes and Bowman’s capsule which can equilibrate glomerular filtration pressure. From endogenous substances which can induce acute renal failure should be mentioned: free hemoglobin – the result of intravascular hemolysis and myoglobin as result of rhabdomyolysis, these substances being filtrated into glomeruli ultimately precipitate in the renal tubes with their obstruction.
Postrenal factors of acute renal failure act by obstruction of urinary pathways that impede urine elimination. Obstruction can be at the level of ureters, bladder or urethra. Prostatic hyperplasia is one of the most common causes in men. From these factors can be counted: tumors, calculi, stenosis of urinary pathways, blood clots.  Main mechanism of acute renal failure in these situations is urinary way obstruction with increased hydrostatic pressure at the level of Bowman’s capsule with subsequent reduction of GFR. Obstruction of urinary pathways triggers vasomotor reflexes with redistribution of intrarenal blood flow with ischemia at the level of renal cortex; secondary mechanism in this situation thus is ischemic injury.

Pathophysiological mechanisms of acute renal failure:

I. Constriction of afferent arteriole which is caused by:

· energy lack which affect Na+/K+ ATPase, these leading to increased Na+ ions inside the cells as well as concentration of Ca++ ions with subsequent vasoconstriction;

· ischemia which stimulate renin release both by an intrinsic mechanism as well as by increased concentration of Na+ at the level of macula densa (decreased NaCl absorbtion at the level of proximal convoluted tubes) with intrarenal synthesis of angiotensin II with a vasoconstrictor effect.

· in condition of energy depletion, adenosine is generated from ATP, unlike other organs at the

level of kidneys adenosine induce marked vasoconstriction of afferent arteriole.

II. Obstruction of renal filter by fibrin and erythrocytes aggregates;1


III. Obstruction of tubular lumen by desquamated epithelial cells, crystals or  tumefaction of tubular epithelial cells;

IV. Intravascular stasis – caused by thrombosis or erythrocytes sedimentation (sludge fenomenon). Thrombosis and erythrocyte lysis is favoured by endothelial damage and increased synthesis of NO. Blood cells can’t be eliminated from network between renal cortex and medulla even if perfusion pressure increases.

Manifestations of acute renal failure

Main syndromes which develop in acute renal failure are: urinary syndrome, humoral syndrome and clinical syndrome. 

Main manifestations which comprises urinary syndrome are diuresis disorders as well as disorders of dilution and concentration of urine.  Urinary disorders manifest by reduction of urine output bellow 350-400 ml/day (oliguria) in severe forms even below 50 ml/day (anuria). Oliguria can last up to 2-3 weeks, sometimes can exceed one month, situation when there is involved acute tubular necrosis, glomerulonephritis, vasculitis. After oliguria phase, urinary output begins to increase gradually, the acute renal failure passing into the polyuria phase (due to reduced sensitivity of newly regenerated tubular cells to ADH). Severe polyuria leads to hydro-electrolytic disturbances, sometimes with lethal consequences. 

Disorders of renal abilities to dilute and concentrate urine are manifested by isosthenuria, reduced concentration of electrolytes in the final urine due to disturbed mechanisms of urine concentration. Gradually, with healing, dilution capabilities of the kidneys are restored so that polyuria is hypostenuric, later also are restored abilities to concentrate urine.

Humoral syndrome involves hydroelectrolytic and acid-base disturbances. As result of renal failure to maintain biological parameters within normal ranges there develop a series of hydroelectrolytic and acid-base disturbances together with retention of waste products – azotemia – accumulation of nitrogenous wastes (urea nitrogen, uric acid and creatinine). Retention of nitrogenous wastes can be explained both by reduced GFR and protein hypercatabolic state. There is increased urea concentration in the blood  (daily increase is 10-20 mg% in non-complicated cases and up to 20-100 mg% in severe  hypercatabolic cases), creatinine (more slow increase) such that ratio BUN/creatinine will elevate from a normal 10:1 to a ratio grater than 15:1 to 20:1. 

Hydroelectrolytic disturbances develop as result of oligo-anuria and manifest by global hyperhydration (if water intake exceeds water losses) or extracellular hyperhydration (if sodium intake is high). Sometimes, can develop dehydration, especially in polyuria phase. Electrolytic disorders are many:

· sodium frequently is decreased (hyponatremia with hypoosmolarity) as result of hyperhydration;

· Cloride changes usually follow that of sodium;

· potassium usually is increased (hyperkalemia); in severe forms (septicemia, hemolysis, tissular destruction) hyperkalemia is very high and can lead to heart rhythm disorders with characteristic changes on ECG;

· Calcium levels usually are reduced and can be explained by hyperphophatemia, hypoalbuminemia and renal disturbances of vitamin D hydroxylation in the kidneys with concomitant reduction of calcium absorbtion in the intestine;

· magnesium is slightly increased;

· phosphates and sulphates are increased.

Acid-base disturbances are characterized by metabolic acidosis due to suppression of renal mechanisms in maintenance of H+ ions concentration. Flux of H+ ions at the level of renal tubes is decreased concomitantly with increased consumption of bicarbonate by acid retained substances.

Clinical syndrome involves disorders of vital functions. Respiratory disorders are represented mainly by disorders of respiratory rhythm (Cheyne-Stockes breathing), changes of respiratory amplitude and frequency (Kussmaul respiration). Cardiovascular disorders manifest by changes of arterial pressure – arterial hypertension in case of hydric retention , heart rhythm disorders as result of electrolyte disturbances as well as associated myocarditis sometimes heart failure. Digestive disturbances can be present in 50% of patients with acute renal failure and are represented by vomiting, nausea, diarrhea, in severe cases can be present hematemesis and melena as result of stress ulcer at the level of gastrointestinal tube. Neurological disorders, which are the result of action of retained toxic substances, metabolic acidosis or cerebral edema, manifest by headache, tonico-clonic convulsions. Hematologic disorders are represented by anemia, the result of reduced erythropoiesis by one hand and increased hemolysis by other hand, as well can be found leucocytosis and thrombocytopenia. Blood clotting disorders, which are present constantly, are due to qualitative defects in platelets function, defect of thrombocyte production as well as disorders in synthesis of some coagulation factors. All these changes aggravate clinical evolution of acute renal failure by association of digestive bleeding.  

Acute tubular necrosis
Acute tubular necrosis or acute kidney injury (AKI) is characterized by destruction of tubular epithelial cells with acute suppression of renal function. It is the most common cause of acute renal failure, which signifies rapid reduction of renal function and urine flow, falling within 24 hours to less than 400 mL per day. It can be caused by a variety of conditions, including:

	  
	•    
	Ischemia, due to decreased or interrupted blood flow, examples of which include diffuse involvement of the intrarenal blood vessels such as in microscopic polyangiitis, malignant hypertension, microangiopathies and systemic conditions associated with thrombosis (e.g., hemolytic uremic syndrome [HUS], thrombotic thrombocytopenic pupura [TTP], and disseminated intravascular coagulation [DIC]), or decreased effective circulating blood volume

	  
	•    
	Direct toxic injury to the tubules (e.g., by drugs, radiocontrast dyes, myoglobin, hemoglobin, radiation)

	  
	•    
	Acute tubulointerstitial nephritis, most commonly occurring as a hypersensitivity reaction to drugs
Urinary obstruction by tumors, prostatic hypertrophy, or blood clots (so-called postrenal acute renal failure)


Ischemic ATN frequently develops in persons who have major surgery, sepsis, trauma or burns.  Sepsis produces ATN by inducing ischemia as result of systemic vasodilation and intrarenal hypoperfusion in addition, sepsis results in the generation of toxins that increase vulnerability of tubular cells to ischemia. ATN in trauma and burns is multifactorial in origin: combination of hypovolemia, myoglobinuria and other toxins released from injured tissues. Nephrotoxic ATN is induced by nephrotoxic drugs (aminoglycosides, chemotherapeutic drugs, radiocontrast agent). Nephrotoxic agents induce ATN by some mechanisms: renal vasoconstriction, direct tubular damage and intratubular obstruction. Renal tissue is very sensitive to toxins due to its ability to concentrate toxins especially in the medulla of the kidneys. The presence of hemoglobin and myoglobin is the most frequent cause of ATN by tubular obstruction. Hemoglobinuria results from erythrocyte hemolysis (hemolytic anemias, complication in blood transfusion). Skeletal and cardiac muscle have myoglobin, which correspond to hemoglobin in function, serving as an oxygen reservoir in the muscles fibers. In healthy condition, myoglobin is not found in the plasma or urine. It has a low molecular weight (17 kDa); so if it is released into blood will be rapidly filtered through renal filter. Myoglobinuria most commonly results from muscle trauma, but can be also present in hyperthermia, sepsis, prolonged convulsions, alcoholism, drug abuse, etc. Both, hemoglobin and myoglobin change urine color which may range from color of tea to red, brown or black. 
Pathogenesis of AKI
The critical events in both ischemic and nephrotoxic AKI are believed to be (1) tubular injury and (2) persistent and severe disturbances in blood flow. 
           Tubule cell injury: Tubular epithelial cells are particularly sensitive to ischemia and are also vulnerable to toxins. Several factors predispose the tubules to toxic injury, including a vast charged surface for tubular reabsorption, active transport systems for ions and organic acids, a high metabolic rate and oxygen consumption requirement so as to perform these transport and reabsorption functions, and the capability for effective concentration.
         Ischemia causes numerous structural and functional alterations in epithelial cells. The structural changes include those of reversible injury (such as cellular swelling, loss of brush border and polarity, blebbing, and cell detachment) and those associated with lethal injury (necrosis and apoptosis). Biochemically there is depletion of ATP; accumulation of intracellular calcium; activation of proteases (e.g., calpain), which cause cytoskeletal disruption; activation of phospholipases, which damage membranes; generation of reactive oxygen species; and activation of caspases, which induce apoptotic cell death. One early reversible result of ischemia is loss of cell polarity due to redistribution of membrane proteins (e.g., the enzyme Na+, K+-ATPase) from the basolateral to the luminal surface of the tubular cells, resulting in abnormal ion transport across the cells, and increased sodium delivery to distal tubules. The latter incites vasoconstriction via tubuloglomerular feedback. In addition, ischemic tubular cells express cytokines (such as monocyte chemoattractant protein 1) and adhesion molecules (such as intercellular adhesion molecule 1), thus recruiting leukocytes that appear to participate in the subsequent injury. In time, injured cells detach from the basement membranes and cause luminal obstruction, increased intratubular pressure, and decreased GFR. In addition, fluid from the damaged tubules leaks into the interstitium, resulting in interstitial edema, increased interstitial pressure, and further damage to the tubule. All these effects contribute to the decreased GFR.
Disturbances in blood flow: Ischemic renal injury is also characterized by hemodynamic alterations that cause reduced GFR. The major one is intrarenal vasoconstriction, which results in both reduced glomerular blood flow and reduced oxygen delivery to the functionally important tubules in the outer medulla (thick ascending limb and straight segment of the proximal tubule). Several vasoconstrictor pathways have been implicated, including the renin-angiotensin system, stimulated by increased distal sodium delivery (via tubuloglomerular feedback), and sublethal endothelial injury, leading to increased release of the vasoconstrictor endothelin and decreased production of the vasodilators nitric oxide and prostacyclin (prostaglandin I2). There is also some evidence of a direct effect of ischemia or toxins on the glomerulus, causing a reduced glomerular ultrafiltration coefficient, possibly due to mesangial contraction.
	

	Pathogenesis of ischemic Acute tubular necrosis
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Evolution of ATN can be divided into 3 phases: 
1. Onset or initiation phase – lasting for about 36 hours, is dominated by the inciting medical, surgical, or obstetric event in the ischemic form of AKI. The only indication of renal involvement is a slight decline in urine output with a rise in BUN. At this point, oliguria could be explained on the basis of a transient decrease in blood flow and declining GFR.

2. the maintenance phase- there is marked decrease of GFR which lead to retention of endogenous metabolites as urea, creatinine, potassium, metabolic acidosis, water overload and decreased urine output (between 40 and 400 ml/day – oliguria) . Fluid retention lead to edema, water intoxication and pulmonary congestion. If untreated, neurological syndromes of uremia will progress from muscular irritability to seizures, somnolence, coma and death. Hyperkalemia usually is asymptomatic until plasma potassium level rises above 6 to 6,5 mEq/L, when characteristic changes on ECG can be found. With appropriate attention to the balance of water and blood electrolytes, including dialysis, the patient can be supported through this oliguric crisis.

3. recovery or convalescent phase – is the period during which repair of renal tissue takes place. The recovery phase is ushered in by a steady increase in urine volume that may reach up to 3 L/day. The tubules are still damaged, so large amounts of water, sodium, and potassium are lost in the flood of urine. Hypokalemia, rather than hyperkalemia, becomes a clinical problem. There is a peculiar increased vulnerability to infection at this stage. Eventually, renal tubular function is restored and concentrating ability improves. At the same time, BUN and creatinine levels begin to return to normal. Subtle tubular functional impairment may persist for months, but most patients who reach this phase eventually recover completely.

The prognosis of AKI depends on the clinical setting. Recovery is expected with nephrotoxic AKI when the toxin has not caused serious damage to other organs, such as the liver or heart. With current supportive care, 95% of those who do not succumb to the precipitating cause recover. Conversely, in shock related to sepsis, extensive burns, or other causes of multi-organ failure, the mortality rate can rise to more than 50%.

Up to 50% of patients with AKI do not have oliguria and instead often have increased urine volumes. This so-called nonoliguric AKI occurs particularly often with nephrotoxins, and it generally tends to follow a more benign clinical course.                                                                                                                                                               
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Patterns of tubular damage in ischemic and toxic acute kidney injury

In the ischemic type, tubular necrosis is patchy, relatively short lengths of tubules are affected, and straight segments of proximal tubules (PST) and ascending limbs of Henle's loop (HL) are most vulnerable. In toxic acute kidney injury, extensive necrosis is present along the proximal convoluted tubule segments (PCT) with many toxins (e.g., mercury), but necrosis of the distal tubule, particularly ascending HL, also occurs. In both types, lumens of the distal convoluted tubules (DCT) and collecting ducts (CD) contain casts.

Chronic kidney disease

Chronic kidney disease (CKD) represents a progressive decline in renal functions due to slow but progressive destruction of nephrons. It is a worldwide problem affecting people of all ages, races and economic groups. CKD can result from a number of conditions that cause permanent loss of nephrons including diabetes, hypertension, glomerulonephritis, SLE, etc…Regardless of cause, CKD represents a loss of functioning kidneys nephrons with progressive deterioration of glomerular filtration, tubular reabsorbtion and endocrine function of the kidneys.

 The evolution from normal renal function to symptomatic chronic renal failure broadly progresses through a series of four stages that merge into one another. 

	  
	1.    
	In diminished renal reserve the GFR is about 50% of normal. Serum BUN and creatinine values are normal, and the patients are asymptomatic. However, they are more susceptible to developing azotemia with an additional renal insult.

	  
	2.    
	In renal insufficiency the GFR is 20% to 50% of normal. Azotemia appears, usually associated with anemia and hypertension. Polyuria and nocturia can occur as a result of decreased concentrating ability. Sudden stress (e.g., with nephrotoxins) may precipitate uremia.

	  
	3.    
	In chronic renal failure the GFR is less than 20% to 25% of normal. The kidneys cannot regulate volume and solute composition, and patients develop edema, metabolic acidosis, and hyperkalemia. Overt uremia may ensue, with neurologic, gastrointestinal, and cardiovascular complications.

	  
	4.    
	In end-stage renal disease the GFR is less than 5% of normal; this is the terminal stage of uremia. Recent clinical classifications of chronic kidney disease, adopted in part to better stratify patients in clinical trials, adhere to this schema of progressive injury but divide patients into five classes based on levels of GFR.


	Stage
	Description
	GFR (ml/min/1,73 m2)

	1
	Kidney damage with normal or increased GFR
	>90

	2
	Kidney damage with mild decreased GFR
	60-89

	3
	Moderate decrease in GFR
	30-59

	4
	Severe decrease in GFR
	15-29

	
5

	Kidney failure
	< 15 (or dialysis)


So, chronic kidney failure (CRF) is defined “as either GFR of less than 15 ml/min/1,73 m2 usually accompanied by most of the signs and symptoms of uremia or a need to start renal replacement therapy (dialysis or transplantation)” 

Etiology. Mostly of hereditary or acquired nephropathies can lead to CRF, but the most frequent causes are:

· primary and secondary glomerulopathies: inflammation, necrosis, fibrosis, autoimmune injuries, tumoral affections or metabolic disturbances (diabetic glomerulosclerosis);

· tubulo-interstitial disorders represented by chronic pyelonephritis, metabolic nephropathies, chronic intoxication with heavy metals or drugs, chronic obstructive nephropathy;

· renal vascular disorders: thrombosis of renal arteries, stenosis of renal arteries, nodous periartheritis;

· extensive destructive processes at the level of renal parenchyma (renal tumors, congenital malformations – polychistic kidney), chronic specific inflammation.

Pathogeny of CRF. CRF is characterized by reduction of GFR reflecting a corresponding reduction of in the number of functional nephrons. The rate of nephron destructions differs from case to case raging from several months to many years. Signs and symptoms of CRF occur gradually and do not become evident until the disease is far advanced. This is due to compensatory abilities of the kidneys, with functional and structural hypertrophy of intact nephrons. Due intact glomeruli, glomerulo-tubular equilibrium is maintained for a some period of time – so called compensated renal failure.  When restant nephrons can’t more fully compensate renal functions begins decompensation of renal failure with progressive evolution toward terminal uremia.

Clinical evolution of CRF is divided into four phases:

I Stage - the stage of full compensation, clinically often is latent, functional glomerulo-tubular tests are slightly changed but there are not homeostatic disorders. In this stage functional nephrons represents more than 50% from total nephron population in the kidneys.

II Stage – is characterized by compensated uremia.  Homeostasis is maintained initially by compensatory polyuria. In this stage functional nephrons represent less than 25% and there can be attested hydroelectrolytic and acido-base disturbances.

III stage - decompensated renal failure – functional nephrons are below 25% and stage is characterized by more severe uremia and other biological changes with clinical polymorphism. 

IV stage – terminal uremia – population of functional nephrons is under 10% - this stage is characterized by oligo-anuria, uremia and profound disorders of homeostasis. In this stage survival is possible only with dialysis or renal transplantation. 

Clinical manifestations in CRF

Clinical manifestations of CRF include an accumulation of nitrogenous waste products, alteration in water, electrolytes and acid-base balance, mineral and skeletal disorders, anemia and coagulation disorders, hypertension and disorders in cardiac function, gastrointestinal disorders, neurologic complication, disorders of skin integrity, and disorders of immunological function. All this disfunctions can be grouped into 3 classes of syndromes: urinary syndrome (changes in urine output and urine osmolarity), humoral and metabolic syndrome (hydroelectrolytic disorders, acid-base disorders, metabolic changes) and clinical syndrome (manifestations of uremia at the level of systems of organs)
Accumulation of nitrogenous wastes. Azotemia – accumulation of nitrogenous wastes products in the blood (creatinine, urea, uric acid), represents an early sign of CRF, usually become evident before other clinical manifestation. Urea is one of the first nitrogenous products which accumulate in the blood, and BUN level becomes increasingly elevated as CRF progress. The normal concentration of urea in the blood plasma is 20 mg/dL, but in CRF this level can rise up to 800 mg/dL. Creatinine, a byproduct of muscle metabolism, is freely filtrated through the renal glomeruli and is not reabsorbed in the renal tubes. It is produced at relatively constant rate, and all the creatine which is filtered in the glomerulus will be lost with urine, rather than being reabsorbed into the blood. So, serum level of creatinine is used as an indirect method to asses the GFR and the extent of kidney damage in RCF. 

Uremia, which in other words means “urine in the blood”, is a term used to describe clinical manifestations of CRF. Uremia definition differs from azotemia – which merely indicates accumulation of nitrogenous wastes in the blood and can occurs without symptoms. The uremic state includes all signs of fluid and electrolyte disbalance, acid-base disorders; alteration in regulatory functions (blood pressure, erythrocythopoiesis, impaired vitamin D synthesis) as well as the effect of uremia on body functions (uremic encephalopathy, pruritus, peripheral neuropathy etc..). At this stage every structure and organ is the body is affected. 

Renal retention of oxidative substances intensifies oxidative stress injuries and inflammation. Oxidative stress and decreased GFR lead to increased plasma level of uremic toxins (ex. acetonine, dimethyl-arginine, 2,3-buthylenglycol, hipurate, mehylguanidine, methylglioxal, indols, phenols, aromatic and aliphatic amines, homocysteine etc..) as well as other “average molecules” (lipids or peptides with molecular mass between 300-2000 Da). All these uremic toxins exert their injurious effect by different mechanisms. By example, dimethyl-arginine inhibits synthesis of NO and leads to ischemia and increased blood pressure. Methylglyoxal lead to cell autolysis (hemolysis, leucocyte dysfunction). High levels of urea can induce cell shrinkage and protein destabilization. 

Fluid, electrolyte and acid-base disturbances

One of the most important functions of the kidneys is to regulate extracellular water volume (by eliminating or conserving sodium and water). CRF can produce dehydration as well as hyperhydration depending on pathologic process of the kidney disease (depending on stage of CRF polyuric or oligo-anuric ). In addition to volume regulation the ability of the kidney to concentrate the urine is decreased. One of the earliest symptoms of CRF is isosthenuria or polyuria with urine which is almost isotonic with plasma osmolarity (specific gravity of 1.008-1012) and varies little from voiding to voiding. In CRF, kidneys lose the ability to regulate sodium excretion (impaired ability to adjust to a sudden reduction in sodium intake and poor tolerance to an acute sodium overload). Salt wasting is a frequent problem in persons with CRF because of impaired sodium reabsorbtion in the renal tubes. Approximately 90% of potassium ions are excreted through the kidneys. In CRF potassium excretion by each nephron increases as the kidneys adapt to decreased GFR, also potassium is lost by excretion in the gastrointestinal tract. As a result hyperkalemia in CRF will not develop until renal function is severely compromised. In persons with CRF hyperkalemia often result from failure to follow dietary potassium intake restriction as well as other problems like constipation, acute acidosis that cause the release of intracellular potassium into the extracellular fluid, trauma or infections which causes release of potassium from body tissues; exposure to drugs that contain potassium, prevent its entry into cells or block its secretion in distal nephron. 

The kidneys normally regulate blood pH by eliminating hydrogen ions produced in metabolic processes and regenerating bicarbonate (hydrogen ions secretion, sodium and bicarbonate reabsorbtion, production of ammonia, which acts as buffer for tritratable acids). With a decline in kidneys function, these mechanisms are disturbed and metabolic acidosis can occur when a persons is challenging with an excessive acid load or excessive alkali losses, as in diarrhea. 

Calcium and phosphorus electrolyte disorders occur early in CRF. The regulation of serum phosphate requires a daily urinary excretion of an amount equal with that ingested in the diet. In CRF, phosphate urine excretion is impaired and as a result serum phosphate will increase. At the same time, blood calcium levels, which are inversely regulated in relation to serum phosphate levels, fall (calcium will combine with phosphate forming calcium phosphate that represent an insoluble substances and precipitate in the joints, causing aseptic arthritis, skin, vessel wall with their calcification). Hypocalcemia will stimulate parathormone secretion that will lead to calcium reabsorbtion from bones. In persons with CRF there also is impaired synthesis of vitamin D (the kidneys regulate vitamin D activity by converting the inactive form of vitamin D – 25[OH] vitamin D3  – to calcitriol – 1,25[OH]vitamin D3- which represent the active form of vitamin D. Calcitriol has a direct suppressive effect of parathormone production; so reduced level of calcitriol leads to high level of parathyroid hormones. In addition, low calcitriol level causes impaired calcium reabsorbtion from gastrointestinal tract. Vitamin D also regulates osteoblast differentiation, such affecting bone replacement.  Most persons with CRF develop a secondary hyperparathyroidism, the result of persistent stimulation of parathyroid glands. 

Cardiovascular disorders  

Hypertension is an early manifestation in persons with CRF, and the pathophysiological mechanism is multifactorial: increased vascular volume, elevation of peripheral vascular resistance, decreased levels of renal vasodilators like prostaglandins, as well as increased activity of renin-angiotensin-aldosteron system. The spectrum of cardiovascular disorders in CRF also includes hypertrophy of the left ventricle with its dysfunction, ischemic heart disease and pericarditis. Multiple factors lead to left ventricular dysfunction:  extracellular fluid overload, anemia, hypertension, all these leading to increased heart work and oxygen demand. Congestive heart failure and pulmonary edema can develop in late stage of CRF. Pericarditis can result from metabolic toxins associated with uremic state or from dialysis. 

Hematologic disorders

Chronic renal anemia is the most profound hematologic alteration in people with CRF. Renal anemia is due to several factors: chronic blood loss, bone marrow suppression due to retained uremic toxins, and decreased red cell production due to impaired release of erythropoietin and iron deficiency. The kidneys are the primary site for production of erythropoietin, which control erythrocytopoiesis. In renal failure erythropoietin production by kidneys is to low to stimulate adequate erythrocyte production by the bone marrow. Among the causes of iron deficiency in person with CRF can be listed anorexia and dietary restrictions as well as blood loss (a complication of dialysis). Anemia of renal failure, when untreated, can lead to weakness, fatigue, depression, and decreased cognitive function. Also, renal anemia leads to decreased blood viscosity and an compensatory increase in heart rate.  Decreased blood viscosity exacerbates peripheral vasodilation and contributes to reduced vascular resistance. Cardiac output is increased, a compensatory reaction for maintaining tissular perfusion. Anemia leads to angina pectoris and ischemic heart disease and other ischemic events. It was also suggested that anemia contributes to the progression of CRF by subjecting the functional nephrons in the kidneys to increased hypoxic and oxidative stress injuries. 

Although platelets production is normal, their function is disturbed this leading to development of coagulopathies. Bleeding disorders are manifested by epistaxis, menorrhagia, gastrointestinal bleeding, bruising of the skin, and subcutaneous tissue. 

Gastrointestinal disorders 

Anorexia, vomiting, and nausea are common manifestations in patient with CRF, along with metallic taste in the mouth that further depress the appetite. Ulcerations and bleeding of the gastrointestinal mucosa may develop and hiccups are common. A possible cause of nausea and vomiting is the decomposition of urea by intestinal microflora resulting in a high concentration of ammonia which also produce halitosis (foetor uraemicus) Also, parathyroid hormone (is increased in CRF) increases gastric acid secretion leading to gastrointestinal problems. 

Skeletal disorders 

Skeletal disorder in CRF is known as renal osteodystrophy. There are two major forms of renal skeletal changes: high- bone- turnover and low-bone-turnover osteodystrophy. 

High-bone-turnover osteodystrophy also known as osteitis fibrosa is characterised by increased bone reabsorbtion and formation with increased predominant bone reabsorbtion. The disorder is associated with secondary hyperparathyroidism; disorders in metabolism of vitamin D and impaired regulation of locally produced growth factors and inhibitors. There is an increase in osteoblast and osteoclast number and activity.  Although osteoblasts produce excessive amount of bone matrix, mineralization fails to keep place and there can be attested decreased bone density with presence of porous and coarse-fibered bone. 

Low-bone-turnover osteodystrophy is characterised by decreased number of osteoblasts and osteoclasts, a low rate of bone turnover and accumulation of unmineralized bone matrix. There are two forms of this osteodystrophy: osteomalacia and adynamic osteodystrophy.  Osteomalacia is characterised by a slow rate of bone formation and defects in bone mineralization and is caused by several factors: vitamin D deficiency, excessive albumin deposition and metabolic acidosis. Metabolic acidosis has direct effect on both osteoblasts and osteoclasts of bone as well as on mineralization process by reducing amount of available trivalent phosphate. Adynamic osteodystrophy is characterised by low number of osteoblasts with normal or reduced number of osteoclasts. There is reduced bone volume and mineralization that may result from excessive suppression of parathyroid hormone production with calcitriol. 

Hormonal and metabolic disorders

Decreased renal function of hormone inactivation will disturb endocrine regulatory circles. Late insulin clearance will lead to hyperinsulinism with hypoglycemia in patients with CRF. Hyperprolactinemia, another hormone which is increased in renal failure, leads to diminished release of gonadotropins (FSH and SH) and by this way reduces plasma levels of estrogens in women and testosterone in men. Consequences are amenorrhea in women and impotence in men.

Fat metabolic processes are disturbed due to reduced activity of some enzymes and decreased use of fatty acids by kidneys with development of hyperlipidemia. Also there is reduced catabolism of lipoproteins with increased levels of these in the blood and development of secondary hyperlipoproteinemia, hypercholesterolemia and increased triglyceride level with tendency to atherosclerosis which is age and sex-dependent. Protein metabolic disturbances are characterized by increased catabolic processes with hyperaminoacidemia. 

Neuromuscular disorders

Many patients with CRF experience alteration in peripheral and central nervous functions. Peripheral neuropathy more frequently affect the lower limbs, it is symmetric and affects both motor as well as sensory functions. Peripheral neuropathy is caused by atrophy and demyelination of nerve fibers, possibly caused by uremic toxins.  Central nervous system disorders in uremia are similar to those caused by other metabolic and toxic disorders. Known also as uremic encephalopathy, is caused, at least partly by action of toxic organic acids that alter neural function. To this also may contribute electrolyte disturbances, such as sodium shift. Reduction in alertness and awareness are the most early signs of uremic encephalopathy. These often are followed by an inability to fix attention, loss of recent memory, perceptual errors in ability to recognize persons and objects. Delirium and coma occur late in the disease course, seizures are the preterminal event. 

Disorders in immune function

All aspects of inflammation and immune function can be affected by the high levels of urea and other metabolic wastes, including a decrease in granulocyte count, impaired humoral and cellular immunity as well as defective phagocyte function. The acute inflammatory response in people with CRF is disturbed, many of them fail to mount a fever with infection, making the diagnosis more difficult. 

Disorders of skin integrity 

Skin manifestations are common in persons with CRF. Skin often is pale (due to anemia). Pruritus is common; it results from high serum level of phosphate and development of phosphate crystals (the result of hyperparathyroidism). In the advanced stages of uremia, urea crystals may precipitate on the skin as result of very high urea concentration in the blood.








