
Anemia 

 

• 90% of patients with CKD develop anemia 

 

• Decreased renal mass - decreased or absent erythropoietin synthesis 

 

• Decreased red cell production and secretion by the bone marrow 

 

• Normochromic, normocytic, low reticulocyte count 

 

• At GFR <40 ml/min Hct decreases in proportion to CKD, until the value 

20% - 25% with ESRD 

 

• Patients with polycystic kidney disease tend to have a higher Hct level 

relative to stage of renal failure 

 

 













Erythropoietin 
• Erythropoietin (normal range: 8- 18 mU/ml), sialoglicoprotein, 34.000 D 

 

• In the interstitial cells of the renal cortex 

 

• 10-15 %  may be produced by hepatocytes and possibly by macrophages 

 

• In extra renal anemia may increase 100-1000 fold 

      

• Bone marrow: hypoplastic for erythroid line without interference with 
leucopoiesis or megacariocytopoiesis 

 

• Decreased cell life span ? (RBC from uremic to normal subject have a normal 
RBC survival 

 

     Reduced oxygen carrying capacity: 

     organ hypoxia – aggravation of uremic symptoms 

 



•     165 aa, glycosylated moiety is different  

 

•       T ½:  4 – 13 hrs after  iv administration  

 

•     T ½:  24 hrs after sc administration 

 

•     Epoetin alfa (produced by genomic DNA) – 39 % oligosaccharide  moiety 

 

•     Epoetin beta (produced by complementary DNA) – 24%   oligosaccharide moiety 

 

•     They   do not differ in pharmacokinetics and efficacy 

 

•     Dose 50 – 300 IU/kg three times per week 

                         rhEPO  

first generation erythropoietin agents 



ARANESP 

- second generation erythropoietin agent 

• Darbapoetin alfa (ARANESP) contains five N-linked carbohydrate chains, two 

more that rHEpo (greater stability) 

 

• Increased molecular weight, greater negative charge 

 

• Three-fold longer serum half-life than rhEpo ( 25.3 vs 8.5 hrs) when administered 

iv 

 

• Subcutaneously administration  - T ½ 48.8 hrs  

 

• May be administered once a week 

 

• To change from rhEpo to ARANESP we should divide the dose of rhEpo by a 

factor of 200 



 
Third generation erythropoietin agents 

• CERRA (Continuous Erythropoietin Receptor Activator) with large 

polimer chain - methoxy polyethylene glycol-epoetin beta): half life 

greater than darbopoietin - once a month ( Mircera) 

 

 

 

 

• Peginesatide (hematide): pegylated synthetic peptide that stimulate 

erythropoiesis (in III phase in healthy volunteeres: given once a 

month) 



 

 

For each 1.0g/dl decrease in blood 

hemoglobin level below normal, mortality 

rate rises 18% 







Guidelines for Treatment with RHuEpo in Patients with CRF 

 

Initiation:  

  Hgb level <11 g/dl (Hct 33%) in premenopausal women 

  Hgb level < 12 g/dl (Hct 36%) in adult men and postmenopausal women 

  NOT recommended in patients with Hgb levels > 13 g/dL 

 

 

Uncontrolled hypertension: contraindication to the initiation of rHuEpo 

therapy 

 

 

Hgb, Hct level should be measured every each week during induction therapy, 

and every 2 wk thereafter. Serum iron, TIBC, serum ferritin should be 

measured monthly for 3 months and every 2 - 3 months thereafter  



Cardiovascular Disease in CKD 

Many risk factors are common to both progression  of kidney disease and 

cardiovascular complications, such as diabetes, hypertension, dyslipidemia 

 

CKD is an independent risk factor for cardiovascular disease and all cause mortality 

 

Rates of both stroke and myocardial infarction are higher in patients with CKD before 

development of ESRD 

 

CKD is an independent risk factor for coronary heart disease    

 

Mortality rate in patients with CKD is 10- 30 – fold higher than in normal, age-matched 

populations 

 

Prevalence of left ventricular hypertrophy and congestive heart failure is strikingly 

elevated in patients with CKD stages 2 through 5 



Cardiopulmonary Complications 

• LV hypertrophy 40%, coronary artery disease, systolic LV dysfunction, 
diastolic LV dysfunction (myocardial interstitial fibrosis), congestive heart 
failure (10%) are much more common than in matched patients without 
renal disease 

 

 

 

• pleural effusion, cardiac tamponade (50% of patients in uremic state) – 
heparin must be used with caution 

 

 

• Arrhythmias often associated with hyperkalemia 

 

 

Cardiovascular disease is the most important cause of death in patients with 
ESRD  



Hypertension 

• May complicate chronic parenchymal renal disease even before azotemia develops 

 

• ESRD: it occurs in 80-90% of patients 

 

• Essential hypertension may cause nephrosclerosis and progressive renal failure 

 

• Hypertension accelerate loss of nephrons (high intraglomerular pressure, 
nephrosclerosis) 

 

• Elevated rennin production 

 

• Sodium chloride retention (even if overt edema is not present) 

 

• Failure to produce some vasodilatators ( e.g. prostaglandins) 

 

• Inhibition of nitric oxide synthase (↓NO) by accumulation of  dimethylarginine in renal 
failure 

 

• Enhanced peripheral sympathetic activity  



Hypertension 

 

Uncontrolled hypertension accelerates the rate of progression regardless of the 

cause of renal failure 

 

Clinical trials and epidemiologic studies indicate that hypertension is a major risk 

factor for progressive kidney disease 

 

Adequate blood pressure control is achieved in only 11% of patients with CKD 

 

The goal blood pressure for patients with CKD is <130/80  mmHg, but with cautious 

< systolic < 110 mmHg (diabetes with CKD <120/75 mmHg) 



Treatment of hypertension 

• Salt restriction (sodium intake < 100 mEq/day; optimal  < 70 (4.0g/day) 

 

• Loop diuretic: furosemide (thiazides lose their effectiveness as GFR falls below 40 ml/min) 

 

• ACEi, ARB (combination - greater antiproteinuric effect) 

• Elevation in serum creatinine level of 30 - 35% above baseline - no reason for discontinuation -  
control creatinine and potassium level within 3 - 5 days after introduction  

 

• calcium blockers (non - dihydropyridine preffered - antiproteinuric effect), -blockers, 
vasodilatators 

 

• During dialysis therapy in the most patients blood pressure can be regulated by control of plasma 
volume with ultrafiltration and modest dietary salt restriction 

 

• In the past bilateral nephrectomy was sometimes required; now  treatment with ACEi, calcium 
channel blockers is effective 

 

• If hypertension is not controlled by dialysis, hypotensive drugs should be used before dialysis with 
a caution, especially  in patients with autonomic nerve insufficiency – hypotension during dialysis 
(drugs after HD or on the day between HD) 

 

• Transplantation: in about 50%- 80% of  patients (CsA, GS, tacrolimus) 



Disorders of Lipid Metabolism 

 
• Risk factor of onset and progression of CKD , cardiovascular disease 

 

• ↓ activity of lipoprotein lipase  

 

• ↑ hepatic synthesis of VLDLs 

 

• Uremic patients - plasma cholesterol level is usually normal (↓  
     HDL, ↑ LDL), Lp(a) 

 

• Markers of inflammation and oxidative stress: ↑ CRP, ↑IL-6,  

     ↑ TNf-a  - used for experimental purpose  

 

      Treatment: LDL-Ch <100 mg/dL;statins - beneficial effects of statins on    
stiffening and endothelia function 

 

 



Homocysteine 

Studies in CKD and non-CKD populations indicate that hyperhomocysteinemia is a 

risk factor for cardiovascular death 

 

Plasma homocysteine concentration rises with decreasing renal function in CKD. 

 

The mechanism of hyperhomocysteinemia in CKD is incompletely understood, 

however, abnormal enzyme activity, substrate limitation, and abnormal renal 

excretion have all been cited as possible causes 

 

Hyperhomocysteinemia is associated with progression of CKD in diabetic and non-

diabetic patients 

 

Treatment: administration of folic acid 5 mg per day in patients with CKD can lower 

plasma homocysteine level (however is not routinely recommended, because 

whether long-term lowering of homocysteine reduces the risk of either 

cardiovascular disease or progression to CKD is not known) 



Coagulation abnormalities 

• A bleeding tendency manifested by epistaxis, menorrhagia, gastrointestinal 
tract bleeding, prominent bruising after trauma is common in advanced CKD 

 

• Defect in a qualitative defect in platelet function 

 

• Abnormal factor VIII function 

 

• decreased protein C and S activity 

 

• A prolonged bleeding time although the partial thromboplastin time, 
prothrombin time, clotting time are all within normal limits 

 

• The factors in uremic serum that induce qualitative platelets function are not 
well delineated, but dialysis corrects the defect 

 

 

• Plasma fibrinolytic activity is decreased but improves after dialysis 

 



















Renal Osteodystrophy 

• In the children retardation of growth 

 

• In the adult – bone pain, fractures, collapse of vertebre, necrosis of 

femoral heads, skeletal deformities 

 

• Calciphylaxis: 

         metastatic calcification 

 

         medial calcifilation of arteries, with ischemic necrosis 

 

         calcification of soft tissue and skin periarthritis 

 

         conjuncival calcification  

 



Renal Osteodystrophy 

 
• ↑ bone associated-proteins: osteocalcin, bone morphogenetic 

protein 2a (BMP2a), alkaline phosphatase, osteonectin 

 

• ↓p21 , a cykline-dependent kinase complex 

 

• bone biopsy – the most accurate assessment 



Goal of treatment 

 

 

• P04  2.7 - 4.6 mg/dL (3 - 4 stage), 3.5 - 5.5 mg/dL (stage 5) 

 

• CaxPO4 product < 55 mg2/kg2 in patients with stage 3 - 5 disease (higher: increased risk of 
calcification of soft tissue, vessels) 

 

• Ca 8.4 mg/dL - 9.5 mg/dL 

 

• iPTH 35 - 70 pg/mL (GFR 30 - 59 ml/min); 70 - 110 pg/mL (GFR 15 - 29 ml/min), 150 - 300 pg/mL 
(stage 5)  

 

•  1 - 84 PTH (bioPTH - second genaration test): 50 - 60% of those achieved with intact assay  

 

 

• Monitoring of PTH level (because of skeletal resistance to PTH levels of three times normal may be 
best) 

 

 



Treatment  
 

 

• Diete: restriction dietary phosphate to 800 - 1000 mg/day (protein restriction: diary products, beans, colas, 
fish)  

 

• Correction of acidosis above 22 mEq/L(orally Na2C03: 0.5 - 1 mEq/kg/day, or citrate - without bloating 
produced by bicarbonates) 

 

• Calcium based phosphate binders (calcium carbonate, calcium acetate: total elemental calcium intake from 
binders <1500 mg/day, total from diete and binders 2000 mg/day) - risk of hypercalcemia, calcification 

 

• Cationic polymer binding phosphate through ion exchange - sevelamer (Renagel) - no risk of hypercalcemia 

 

• Lanthanum carboanate (Fosrenol) 

 

• vit D3,  analogs (paricalcitol, doxercalciferol, alphadiol, calcitriol, alphacalcidol, falecalcitriol, 22-oxycalcitriol 
(shoud not be given at stage 3, 4 unless serum phosphate< 4.6 mg/dL, at stage 5 < 5.5 mg/dL) - prescription 
of   calcitriol with careful follow-up serum calcium and phosphorus levels 

 

 

• Calcimimetics: cinacalcet - increases the sensivity of CaSR 

 

• Dialysate calcium level may be lowered 

 

 

• Subtotal parathyreoidectomy 
  

 

• Kidney transplantation 

 



 



 







 



 



Malnutrition 

• Negative nitrogen balance:  

 

 

 

• Anorexia (common with 4 stage CKD):  

 

       weight loss, muscle atrophy, weakness, dryness of skin 

 

            

 

 

• Morbidity and mortality rate are increased 

 





















Neuromuscular abnormalities 

 

• Central neuropathy (uremic encephalopathy) : asterix, convulsions, psychosis, 

insomnia, inability to concentrate, loss of memory, confusion, hallucinations, 

delirium 

• EEG – slow-wave pattern (↑ Ca  in the brain, ↑ PTH) 

 

• Autonomic neuropathy: impotence, absence of sweating, dialysis hypotension 

 

• Peripheral neuropathy 

     Prolonged nerve conduction time  

     Cramps of limbs muscle, intermittent numbness of the hands and feet 

     Restless leg syndrome: uncomfortable sensations in the legs occurring during 

the rest and relived by movement 

      NO TREATMENT 





Gastrointestinal Tract Disturbances 

• They appear until GFR < 10 ml/min 

 

• Anorexia, nausea, vomiting (mainly in the early morning) 

 

 

• Gastrointestinal bleeding (from the mouth the rectum) 

 

 

• The lesions: shallow mucosal ulcerations that bleed slowly – the site of chronic blood loss 

 

 

• In uremia gastric acid secretion is depressed in 40% of patients in 60% of patients is in 
normal range 

 

 

• Plasma gastrin immunoreactivity increases progressively with renal failure (true gastrin or 
small peptides with gastrin like antigen – inability diseased kidney to metabolize low 
molecular-weight protein) 

 

 

• Pancreatitis (elevated serum  amylase level – decreased renal clearance 

 

 

• Cholecystokinine, glucagon are also elevated (increased secretion, decreased metabolism?) 

 

•  Ascites 

 







Immunologic and Infectious Complications 

• Infection is a common cause of death in CKD 

 

• Decreased cellular and humoral defenses  

          a/. granulocyte counts, total immunoglobulin level,  complement  level are normal 

          b/. polymorphonuclear leukocyte, T-cell, B-cell functions are  impaired 

 

• Antibody responses, cell-mediated, immune, chemotactic, phagocytic abnormalities 
are present (mild) 

                Pruritis – skin infection 

                Dialysis – vascular and peritoneal accesses infection 

                Delayed wound healing: postoperative, posttraumatic 

                infection 

 

•  Diminished immunity: predisposition to fungal and viral infection 



Abnormalities in Endocrine Function 

    Uremia alters many hormones (either in amount or in their effects) 

 

• Decreased renal clearance 

 

• Altered receptor activity 

 

• Altered protein binding  

 

• Interference with feedback controls 

         



Abnormalities in Endocrine Function 

 

• Parathyroid glands 

      Increased level of calcitonin (decreased clearance) 

 

• Thyroid gland: 

        normal free T4, TSH, low free  T3 level (diminished conversion  

        T4 to T3 in periphery) 

 

• Gonadal dysfunction (menstrual irregularities, amenorrhea, 

        conception and ability to complete a pregnancy are impaired): 

        gonadal resistance to FSH, LH 

        complex hypothalamic-pituitary disturbances 

        hyperprolactinemia 

       

     Men: ↓ testosterone 

 

     Women: ↓progesterone and estrogen 

         

 




