TREATMENT OF RENAL FAILURE

Unlike other forms of end-stage organ failure, renal failure is unique in having three modalities of therapy: (1) hemodialysis, (2) peritoneal dialysis, and (3) renal transplantation. Each form of renal replacement therapy (RRT) has its unique risks and benefits
HEMODIALYSIS 

Dialysis substitutes two major renal functions: solute removal and fluid removal. 

A- solute removal occurs predominantly by diffusive clearance, which is the movement of solutes from the blood compartment to the dialysate compartment across a semipermeable membrane. The key determinants of clearance of a particular substance are the following: 

	  
	1.    
	Molecular size: clearance is size dependent and is higher for smaller molecules 

	  
	2.    
	The concentration gradient of a particular substance between the blood and the dialysis solution: the greater the concentration gradient, the more rapidly diffusion occurs 

	  
	3.    
	Membrane surface area: the net transfer of solute increases as membrane surface area increases 

	  
	4.    
	Membrane permeability: this is determined by the specific characteristics of the membrane, such as pore size, charge, and quaternary conformation 

	  
	5.    
	Blood and dialysate flow rates: higher flow rates allow greater solute removal, especially if the flow of dialysate is countercurrent to blood flow, which permits a maximal gradient across the membrane 


B- Fluid removal in hemodialysis occurs by the process of ultrafiltration. The ultrafiltration rate is determined by the hydrostatic pressure gradient across the dialysis membrane, called the transmembrane pressure. Ultrafiltration increases if positive pressure is applied to the blood compartment or if negative pressure is applied to the dialysate side of the dialysis membrane. During dialysis, the ultrafiltration rate is adjusted to obtain the desired fluid loss. 

The hemodialysis machine has three main components: 

(1) the dialyzer (i.e., the dialysis membrane); 

(2) a pump that regulates blood flow

(3) a dialysate solution delivery system it has many safety devices to monitor arterial and venous pressures, concentration of ions and temperature in the dialysate, and air and blood leaks

Hemodialyzers 

The hollow-fiber dialyzer is composed of thousands of parallel capillary tubes. Blood flows through the capillary tubes, and dialysate flows in a countercurrent direction, bathing the outside of the capillary tubes 

Access 

To perform hemodialysis on a repetitive basis, access to the circulation is essential. The arteriovenous fistula (AVF) is the “gold standard” hemodialysis access and involves anastomosis of the radial artery or brachial artery to the cephalic or basilic veins, with subsequent “arterialization” of the superficial forearm veins to enable blood flow rates up to 400 mL/min. it is important to spare the nondominant arm from venipuncture in all patients with chronic kidney disease (CKD) and to plan the placement of AVFs long in advance of the patient's approach to hemodialysis, because the fistula usually takes 6 to 8 weeks to mature.  Elective placement of a permanent access before dialysis initiation reduces morbidity, mortality, and cost. It is  recommended placement of an AVF if hemodialysis initiation is anticipated within one year.

Synthetic arteriovenous grafts (AVGs) can be used when a native AVF cannot be placed. The AVG carries a higher rate of thrombosis and infection than a fistula. 

The third option is percutaneous dual-lumen catheters, which are placed preferentially in the internal jugular vein with a segment of the line tunneled under the skin. Catheters placed in the subclavian vein are associated with a greater risk of central venous stenosis.

Anticoagulation 

Contact of patient's blood with the dialysis membrane and the tubing leads to activation of the coagulation cascade. Heparin is usually required to prevent clotting of the hemodialysis circuit. Several complications may occur as a result of heparin use, including bleeding or the development of heparin-induced thrombocytopenia.

In patients at high risk for bleeding, hemodialysis can be performed without anticoagulation. Heparin-free dialysis requires a high blood flow rate and frequent flushing of the system with normal saline.

Dialysate Solution :The dialysate is a balanced solution of sodium, potassium, calcium, magnesium, chloride, and dextrose, with bicarbonate as buffer.

Water Quality Because patients are exposed to large volumes of water during each hemodialysis treatment, purity of the water is essential to avoid exposure to aluminum, chloramines, endotoxin, and bacteria. The use of a charcoal filter removes organic toxins such as chloramines, which can cause acute hemolysis.

Aluminum is frequently added to the drinking water supply to precipitate suspended colloidal material. Chronic exposure to aluminum can lead to dialysis dementia. Severe bone disease and erythropoietin-resistant anemia are also associated with aluminum intoxication. Therefore, removal of aluminum from the water used to prepare dialysate is essential

Complications 

Complications during Hemodialysis :

1- dialysis disequilibrium syndrome :Because urea is cleared at a faster rate from the extracellular space, the intracellular space becomes relatively hyperosmolar during the course of dialysis, causing fluid to shift from the extracellular space into the intracellular space, which may lead to hypotension and central nervous system manifestations . as muscle cramps, nausea, vomiting, headaches, and seizures during hemodialysis. The sodium concentration can be increased during part of the hemodialysis session to counterbalance the intracellular hyperosmolarity caused by the rapid fall in urea concentration, Mannitol can also be used to prevent dialysis disequilibrium syndrome

2- Air embolus is the most dreaded technical complication of the hemodialysis procedure. Despite the presence of air detectors on the dialysis machine, there remains the risk of an air embolus with repeated disconnections of catheters. The patients may develop agitation, cough, dyspnea, and chest pain. As soon as the diagnosis is suspected, the patient should be positioned with the left side down in an attempt to trap air in the right ventricle. One-hundred percent oxygen should be administered.

3- Hypotension: etiology: 

1-  A rapid reduction in plasma osmolality, which causes extracellular water to move into the cells

2- Rapid fluid removal in an attempt to attain "dry weight"

3- Autonomic neuropathy.

4- Diminished cardiac reserve.

5- use of acetate rather than bicarbonate as a dialysate buffer. 

6- Intake of antihypertensive medications that can impair heart stability.

7- Use of a lower sodium concentration in the dialysate 

8- Sudden release of adenosine during organ ischemia 

9- Ingestion of a meal immediately before or during dialysis

10- Arrhythmias or pericardial effusion with tamponade, which are volume-unresponsive causes of hypotension. 

11- Reactions to the dialyzer membrane, which may cause wheezing and dyspnea as well as hypotension 

12- Other: hemolysis, hemorrhage, septicemia, and air embolism.

DIAGNOSIS AND TREATMENT — Although occasionally asymptomatic, patients with hypotension may suffer from light-headedness, muscle cramps, nausea, vomiting, and dyspnea. The acute management of low blood pressure associated with hemodialysis includes the following: Ultrafiltration should either be stopped or the rate decreased. The patient should be placed in the Trendelenburg position. Intravascular volume may be replaced with mannitol or saline. We currently use an intravenous bolus of saline as first-line therapy for hypotension

Long-Term Complications in Hemodialysis

1- Anemia: due to rather Folic acid is removed by dialysis, making folate replacement necessary or Aluminum toxicity 

2- Vascular Access Infections : The skin and the catheter cover are the primary sources of bacteria. Infectious complications of the vascular access are a major source of morbidity and mortality among hemodialysis patients, Over time, the inner surface of indwelling catheters becomes covered by biofilm, a complex of proteoglycans that can act as a nidus for microbial growth. Any approach that aims to limit biofilm formation may help decrease catheter-related infection. Thrombus within the catheter is another significant nidus for pathogens. Therefore, the use of anticoagulants to prevent catheter obstruction may have a beneficial impact on the prevention of catheter-associated infections. If a patient presents with possible catheter-related bacteremia, blood cultures should be obtained both from the catheter and from a peripheral vein, and empirical antibiotics should be initiated. If the patient has any evidence of systemic sepsis with hemodynamic instability, the line should be pulled promptly; it should be reinserted only after blood cultures are negative under antibiotic administration for at least 48 hours. Likewise, most vascular access infections are caused by staphylococcal organisms, which carry high rates of mortality, recurrence, and metastatic complications. Vancomycin is usually employed in institutions with an increased incidence of methicillin-resistant staphylococci. However, the indiscriminate and prolonged use of vancomycin should be avoided, to prevent the emergence of vancomycin-resistant Enterococcus and rare cases, seen recently, of resistant Staphylococcus aureus.In patients with a prompt response to antibiotic therapy, antimicrobial agents should be administered for at least 2 to 3 weeks. A prolonged course of antibiotic therapy (4 to 8 weeks) should be employed if there is persistent bacteremia or fungemia after catheter removal or if there is evidence of endocarditis, septic arthritis, osteomyelitis, epidural abscess, or other metastatic infection.

3- The activation of inflammatory and coagulation pathways leads to significant clinical events. Acutely, patients may develop chest pain, back pain, and shortness of breath, especially with cellulose membranes. Chronic activation of inflammatory pathways may also lead to accumulation of β2-microglobulin and a form of amyloidosis described only in patients undergoing long-term hemodialysis. Dialysis-related amyloidosis is associated with carpal tunnel syndrome, diffuse arthropathy, lytic bone lesions, and pathologic fractures

4- Chronic exposure to aluminum can lead to dialysis dementia. Severe bone disease and erythropoietin-resistant anemia are also associated with aluminum intoxication. 
PERITONEAL DIALYSIS

Peritoneal dialysis obviates the need for vascular access, a major challenge in diabetic patients, young children, and patients with severe vascular disease. Moreover, peritoneal dialysis can be performed without anticoagulation, decreasing the possible risk for bleeding. Because peritoneal dialysis is a slow, continuous process, it avoids the marked hemodynamic and osmotic shifts associated with hemodialysis.  Also, peritoneal dialysis enables greater liberalization of diet with respect to salt, potassium, protein, and fluid. Clearly, peritoneal dialysis, when feasible, is the treatment modality of choice in children, because it avoids frequent needle sticks, and, most importantly, allows them to grow.
Performing Peritoneal Dialysis 

Peritoneal dialysis uses the patient's own peritoneal membrane for removal of waste products and fluid , during peritoneal dialysis in an adult, 2 to 3 L of dialysate solution containing electrolytes in physiologic concentrations  and varying concentrations of glucose is infused into the peritoneal cavity via a peritoneal catheter. After a specified dwell time varying between 3 and 6 hours per exchange, the fluid is drained and the process is repeated. The removal of solute from the body depends on the development of a concentration gradient between the blood and peritoneal fluid and occurs by diffusion across the peritoneal membrane. types of fluid:

Type A:isotonic to remove water & solutes equally

Type B:for osmotic ultrafiltration is achieved by the addition of increasing concentrations of glucose to the dialysate solution

Type C: potassium free to remove K use in acute renal failure with hyperkalemia

Modes of PD:

1- Continuous ambulatory PB: allow the pat. To do it at home  independently

2- Automatic PB: by using machine at night to perform the exchange during the pat. Sleep

3- Intermittent cyclic PD: perform in hospital for 48hr. manually

Complications 

1- Infection : Despite improvements in the technology of peritoneal dialysis, infection remains the most common problem plaguing patients undergoing CAPD, and it represents the most frequent cause for catheter removal and discontinuation of therapy. Infection can occur (1) at the exit site, with purulent or bloody drainage, erythema, tenderness, or induration; (2) around the subcutaneous tunnel of the catheter, with redness, swelling, or tenderness; or (3) in the peritoneal cavity (peritonitis). The diagnosis of peritonitis should be entertained if a patient presents with abdominal pain and cloudy dialysate. These patients frequently have fever, nausea, and vomiting. Abdominal tenderness, often with rebound, is frequently found on physical examination. The major diagnostic criterion is the cell count in the peritoneal fluid. Patients with peritonitis typically show a white blood cell count greater than 100/mm3 with a predominance of neutrophils. Lymphocytes may predominate with fungal or TB infections. Prompt recognition and treatment of these infections is critical to avoid relapsing or refractory infections that require catheter removal. S. aureus is the organism responsible for the majority of exit site and tunnel infections. In contrast, Staphylococcus epidermidis, a common cause of peritonitis, is a less frequent cause of exit site and tunnel infection. Initial empirical therapy therefore should cover gram-positive organisms. Oral penicillinase-resistant penicillins, fluoroquinolones, trimethoprim-sulfamethoxazole, or cephalosporins are recommended. Vancomycin should be avoided as first-line therapy except for methicillin-resistant S. aureus.  Pseudomonas accounts for 5 to 8% of the episodes of CAPD peritonitis, which are often difficult to eradicate because of the development of a biofilm on the catheter and are frequently associated with catheter loss. Efforts to prevent the formation of biofilm may be an important future strategy in treating Pseudomonas. Likewise, fungal infections are extremely difficult to eradicate despite appropriate antifungal therapy because of the development of biofilm. Consequently, many institutions have made a policy of removing the peritoneal dialysis catheter as soon as the diagnosis of fungal peritonitis is made. The third major source of peritonitis is intra-abdominal pathology that can occur due to processes such as a perforated diverticulum, ruptured appendix, ischemic bowel, incarcerated hernia, pancreatitis, or gynecologic pathology. The major diagnostic clue is the presence of polymicrobial enteric organisms on culture, particularly the presence of anaerobic organisms in the dialysate. An abdominal computed tomographic (CT) scan may help in identifying the anatomic site of the lesion. Although free air may be seen in asymptomatic patients undergoing peritoneal dialysis, the presence of free air should raise the possibility of a perforated viscus. The key is establishing the diagnosis rapidly and, if appropriate, moving directly to surgery. A number of antibiotic regimens have been found to be effective in the treatment of CAPD-related peritonitis. The current guidelines recommend vancomycin or a cephalosporin together with a third-generation cephalosporin with antipseudomonal activity (e.g., ceftazidime) or gentamicin intraperitoneally as initial empirical therapy. Once culture and sensitivities results are available, the antibiotic prescription should be tailored to avoid gentamicin, if possible, so as to preserve residual renal function.

Other Complications: Mechanical problems may occur, including catheter malfunction due to omental wraps and blood or fibrin clots in the catheter lumen; catheter migration; and abdominal hernias due to increased intra-abdominal pressure with large volumes of dialysate. A number of metabolic complications may also occur in patients undergoing peritoneal dialysis, including hyperglycemia and hypertriglyceridemia from high glucose loads; weight gain; and protein loss, especially during an episode of peritonitis.

.

