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INRODUCTION

        Renal failure can lead to multiple medical and    physical problems requiring physiotherapy treatment. The purpose of the article is to provide an understanding of the medical treatment and the complication of renal failure. Providing the proper physical therapy programme for patients with renal failure is often a challenge because of such complication as congestive heart failure and peripheral neuropathies

                    Physiotherapy is a necessary part of the rehabilitation of the patient with renal failure. 

                     Rehabilitation is a process which results in the restoration of an individual to maximum possible level of function, physical performance, and emotional stability, social adjustment and work capacity. The success of rehabilitation depends upon many factors including the stability of medical condition, motivation and emotional wellbeing.

                      Our rehabilitation programme is design to improve everyday life of people suffering with renal failure.

 Over 6th week period and give them the base to continue rehabilitation after the programme, either at active body physiotherapy (or) in their home environment. However, many people with renal failure are living proof that fears can overcome. Many dialysis and transplant patients are fully rehabilitated with physically active and interesting lives which often include jobs, sport and varied social activities.

RENAL FAILURE:

            Healthy kidneys, clean blood by removing excess fluid, minerals and wastes. They also produce hormone that keeps bones strong and blood healthy but if the kidneys are damaged they could not work properly, harmful waste can build up in body and blood pressure may rise.

            Blood may retain excess fluid and could not produce enough red blood cells. This is called renal failure.

INCIDENCE:
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ANATOMY AND PHYSIOLOGY OF KIDNEY FAILURE
Kidneys are retroperitoneal, paired organs. Kidneys are situated at posterior abdominal wall, largely under cover of costal margin. Kidneys is the key organ of urinary system. They are helps in filtration\concentration of urine. It also helps in biochemical balance, hormone production.                                         
STUCTURE:  

Kidneys are enclosed with a strong fibrous capsule which passes over the lips of the sinus and becomes continuous with the walls of the calices.

Kidney+ capsule are surrounded by pararenal fat.

 Each kidney has superior and inferior poles, medial and lateral borders\ margins and anterior and posterior surfaces. 

PARTS OF KIDNEY: 
Hilum

Renal pelvis

Cortex 

HILUM: 
At the concave part of each kidney

Renal vein exits (anteriorly)

Renal artery enters (posterior to renal vein)

Renal pelvis exists (posterior to artery) 

RENAL PELVIS:
Funnel shaped 

Lined with transitional epithelium with a smooth muscle and connective tissue wall.

Continues inferiorly with ureter.

Divides into major and minor calves.


URINE

Collecting tubule


Minor calyx


Major calyx

Renal failure

                                     Bladder     

CORTEX:                                                                                               

Beneath capsule, extends towards the pelvis as renal columns lying between pyramids of medulla.

Apices of several pyramids open together into renal papilla, each of which projects into a renal calyx.
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NEPHRONS:

 Functional and histological subunit

 ~ 106 per kidney.

 = glomerulus + tubules.

 Glomerulus.

Tuft of capillaries surrounded by podocytes.

Projects into bowman’s capsule.

Tubule system

Epithelium continues with bowman’s capsule.

Proximal convoluted tubule.

                                        Loop of henle

 Distal convoluted tubule

  Collecting tubule

 Collecting duct

 Glomeruli and convoluted tubules are in cortex.

Ducts lie in the medulla.

Glomerular capillaries supplied by afferent arteriole and drained by efferent arteriole.

ARTERIAL SUPPLY:
Renal arteries 

Branches of aorta at L1 – L2 lie behind pancreas and renal veins.

Enter at hilum, giving raise to anteriorly – apical, upper, medial and lower segments.

Posteriorly- posterior segments.

VENOUS DRAINAGE:
Renal veins

Communicate widely.

Eventually from 56 vessels that unit at the hilum.

Drain into IVC

LYMPHATIC DRAINAGE:
 Para aortic nodes at L1/L2.
 Surface of upper kidney drains through diaphragm into nodes in the posterior mediastinum.

PHYSIOLOGY:

 Regulation of the water and electrolyte control of the body.

 Retention of substances vital to the body such as protein and glucose. 

 Maintance of acid-base balance.

Excretion of waste products, water soluble toxic substances and drugs.

 Endocrine functions.

WATER AND ELECTROLYTE REGULATION:

 Renal blood supply is approximately 20% of cardiac out put.
99% to cortex
1% to medulla
 2 capillary beds, arranged in series.
Glomerular high pressure for filtering
Peritubular – low pressure for absorption.
Urine formation 3 phases.
Simple filtration
Selective and passive resorption
 Renin – increases production of angiotensin II

Aldosterone – stimulates water and sodium ion resorption in distal tubule.

Atrial natriuretic hormone { ANP }

Produced when atrial pressure increase { eg: heart failure }

Promote Na+, Cl- and water loss.

 Antidiuretic hormone – increases permeability of distal tubule to water and to increase water resorption.

1,25 dihydoxy vit-D3
Promotes calcium absorption from gut erythropoietin.

Stimulates marrow to produce red blood cells.

PATHOLOGY POLYCYSTIS KIDNEY DISEASE{PKD}:
Hereditary disease
Caused by a mutation in the PKD { pkd1,pkd2} gene causing defects in the uptake of Ca++, leads to formation of cysts
Kidney enlarges due to the presence of hundreds / thousands of renal cysts that can be up to 20cms in diameter.
Causes uremia, i.e kidney failure.
KIDNEY STONES: {renal calculi}

Urine becomes saturated with salts of calcium, phosphate, oxalate, urate and other salts so its PH changes.

Changes in PH favours precipitation of salts and hence formation of stones.

Blood may be seen in urine – hematuria.

URINARY TRACT CANCER:
 Invades fats that surround the kidney.

Symptoms: haematuria, pain.

Surgical removal of kidney as treatment.

NEPHRPOTIC SYNDROME:

 Loss of podocytes structure

 Large protiens can enter the renal corpuscle.

 Increase proteinuria in urinary protein.

Secretions

ALPORT’S SYNDROME:

 Inflammation of glomerular capillaries – glomerulonephritis.

 Basement membrane becomes irregular in thickness and fails to serve as an effective filtration barrier to blood cells and proteins.

INCONTIENCE:

Caused by inability to control voluntary micturition ( releasing urine from the bladder )

Causes : age, emotional disorders pregnancy, damage to the nervous system, stress, excessive laughing and coughing.

Leads to wetting of clotting, discomfort and embarrassment.

TYPES OF RENAL FAILURE:
           (a)  Acute renal failure

           (b)  Chronic renal failure

ACUTE RENAL FAILURE:

It is also called acute kidney failure or acute kidney injury.

It develops rapidly over a few days or even a few hours.

Acute renal failure is irreversible. if the patient is in good health condition and may recover normal kidney function.

CHRONIC RENAL FAILURE:

Chronic renal failure is a gradual loss of kidney function.

When the chronic renal failure reaches an advanced stage, dangerous levels of fluid electrolytes and waste would accumulate in the body.

CAUSES OF RENAL FAILURE:
                       They are a variety of causes of renal failure. They are:

Glomerular lesions 

Tubular intestial lesions

 Renal vascular disease

 Hereditary renal disease    

 1. GLOMERULAR LESIONS:

                       It is one common cause of renal failure.it includes _ primary and secondary glomerular nephritis such as IgA nephropathy, diabetic nephropathy, hypertensive renal atherosclerosis, lupus nephritis, pupura nephritis.

2. TUBULAR INTESTITIAL LESIONS:
                      It belongs renal tubular disease including chronic pyelonephritis, chronic puric acid nephropathy, obstructive nephropathy and renal damaged due intake of medicines and drugs that have renal toxicity such as pain killers, heavy metals antibiotics, some inflammatory agents, anti-tumour drugs.

3. RENAL VASCULAR DISEASE:
                     Renal damages can be roughly classified into renal parenchymal impairment and renal vascular impairment according to the location of renal damage. Common renal vascular lesions include hypertensive nephropathy, Reno vascular hypertensive, small artery sclerosis.

4. HEREDITARY RENAL DISEASE:
                      It can be due to hereditary nephropathy and alport syndrome.

Classification of chronic kidney disease

Kidney function should be assessed using a combination of GFR and albumin:creatinine ratio (ACR) categories. Increased ACR and decreased GFR are associated with increased risk of adverse outcomes. Increased ACR and decreased GFR in combination multiply the risk of adverse outcomes.:[1]
Stage 1: normal - eGFR >90 ml/minute/1.73 m2 with other evidence of chronic kidney damage (see below).

Stage 2: mild impairment - eGFR 60-89 ml/minute/1.73 m2 with other evidence of chronic kidney damage.

Stage 3a: moderate impairment - eGFR 45-59 ml/minute/1.73 m2.

Stage 3b: moderate impairment - eGFR 30-44 ml/minute/1.73 m2.

Stage 4: severe impairment - eGFR 15-29 ml/minute/1.73 m2.

Stage 5: established renal failure (ERF) - eGFR less than 15 ml/minute/1.73 m2or on dialysis.

Use the suffix (p) to denote the presence of proteinuria when staging CKD.

NB: patients with a GFR of >60 ml/minute/1.73 m2 without evidence of chronic kidney damage should NOT be considered to have CKD and do not necessarily need further investigation.

The other evidence of chronic kidney damage may be one of the following:

Persistent microalbuminuria.

Persistent proteinuria.

Persistent haematuria (after exclusion of other causes - eg, urological disease).

Structural abnormalities of the kidneys, demonstrated on ultrasound scanning or other radiological tests - eg, polycystic kidney disease, reflux nephropathy.

SIGNS:

Biopsy-proven chronic glomerulonephritis.

The physical examination is often not very helpful but may reveal findings characteristic of the underlying cause (eg, SLE, severe arteriosclerosis, hypertension) or complications of CKD (eg, anaemia, bleeding diathesis, pericarditis).

Signs of CKD include increased skin pigmentation or excoriation, pallor, hypertension, postural hypotension, peripheral oedema, left ventricular hypertrophy, peripheral vascular disease, pleural effusions, peripheral neuropathy and restless legs syndrome.

SYMPTOMS:
                 People with renal failure may remain asymptomatic for many years.

 Symptoms may not appear until severe toxicity in the blood has developed.

The early symptoms are:- 

Swelling { fluid retention causes swelling in legs, ankle or foot }

Increased heart rate as the body built more waste products in the blood the HR increases attempting to send more blood to the kidneys for filtration.

Nausea and extreme thrust.

Pain in the posterior area near the sides is the most prominent symptoms.

Lethargy weakness, generalised swelling.

Shortness of breath_ the inability to get rid off excess fluids may lead to fluid accumulation in the lungs there by causing shortness of breath. The O2 carrying capacity of blood reduces due to increased blood toxicity leading to heavy breathing.

Fatigue becomes more obvious

Loss of appetites.                                                    

COMPLICATIONS OF REANL FAILURE:
 Reduced erythropoietin which cause anaemia.

Reduction of blood clotting factors which leads to bleeding tendency.

Acute pulmonary oedema.

Severe cardiovascular lesions.

Hyperkalaemia.

Insuffient blood volume.

Gastrointestinal bleeding.

Respiratory failure.

Multiple organ dysfunction.

ACOMPAINED PROBLEMS RELATED TPO CONDITION AND IMMUNITY:
                        This include

Immune dysfunction

Reduced concentration capacity

Memory deficit

Decreased attention spasm

Reduced verbal fluency 

Food to take and to avoid
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Investigations

Investigations are focused on assessment of renal function and therefore stage of CKD, identification of the underlying cause and assessment of complications of CKD.[2]
Assessment of renal function:

Serum urea is a poor marker of renal function, because it varies significantly with hydration and diet, is not produced constantly and is reabsorbed by the kidney.

Serum creatinine also has significant limitations. The level can remain within the normal range despite the loss of over 50% of renal function.

A gold-standard measurement is an isotopic GFR, but this is expensive and not widely available.

For most purposes in primary care, the best assessment or screening tool is the eGFR - see separate Assessing Renal Function article. Most laboratories now provide an eGFR when requesting serum creatinine, which should be used in preference to the calculator above.

Biochemistry:

Plasma glucose: to detect undiagnosed diabetes or assess control of diabetes.

Serum sodium: usually normal, but may be low.

Serum potassium: raised.

Serum bicarbonate: low.

Serum albumin: hypoalbuminaemia in patients who are nephrotic and/or malnourished (low levels at the start of dialysis are associated with a poor prognosis).

Serum calcium: may be normal, low or high.

Serum phosphate: usually high.

Serum alkaline phosphatase: raised when bone disease develops.

Serum parathyroid hormone: rises progressively with declining renal function.

Serum cholesterol and triglycerides: dyslipidaemia is common.

Haematology:

Normochromic normocytic anaemia; haemoglobin falls with progressive CKD.

White cells and platelets are usually normal.

Serology:

Autoantibodies, particularly antinuclear antibodies, classical antineutrophil cytoplasmic antibodies (c-ANCA), protoplasmic-staining antineutrophil cytoplasmic antibodies (p-ANCA), antiglomerular basement membrane (anti-GBM) antibodies (very suggestive of underlying Goodpasture's syndrome) and serum complement.

Hepatitis serology: ensure not infected and vaccinate against hepatitis B.

HIV serology: performed before dialysis or transplantation.

Urine:

Urinalysis: dipstick proteinuria may suggest glomerular or tubulointerstitial disease. Urine sediment with red blood cells and red blood cell casts suggests proliferative glomerulonephritis.

Pyuria and/or white cell casts suggest interstitial nephritis (especially if eosinophils are present in the urine) or urinary tract infection (UTI).

Spot urine collection for total protein:creatinine ratio allows reliable estimation of total 24-hour urinary protein excretion. The degree of proteinuria correlates with the rate of progression of the underlying kidney disease and is the most reliable prognostic factor in CKD.

24-hour urine collection for total protein and creatinine clearance. To detect and identify proteinuria, use urine ACR in preference, as it has greater sensitivity than protein:creatinine ratio (PCR) for low levels of proteinuria. For quantification and monitoring of proteinuria, PCR can be used as an alternative. ACR is the recommended method for people with diabetes.

Patients in whom initial urinalysis reveals microscopic haematuria should have a urine culture performed to exclude a UTI. If a UTI is excluded, two further tests should be performed to confirm the presence of persistent microscopic haematuria.[4]
Patients over 40 years of age with persistent non-visible/microscopic haematuria in the absence of significant proteinuria or a reduced GFR should be referred to a urology department for further investigation.[4]
Serum and urine protein electrophoresis: to screen for a monoclonal protein possibly representing multiple myeloma.

ECG and echocardiography: to detect left ventricular hypertrophy and ischaemia, and to assess cardiac function.

Imaging of the renal tract:

Plain abdominal X-ray: may show radio-opaque stones or nephrocalcinosis.

Intravenous (IV) pyelogram: not often used because of potential for contrast nephropathy.

Renal ultrasound:

Small echogenic kidneys are seen in advanced CKD.

Kidneys are usually initially large and then become normal in size in advanced diabetic nephropathy.

Structural abnormalities may be seen - eg, polycystic kidneys.

It is also used to screen for hydronephrosis caused by urinary tract obstruction, or involvement of the retroperitoneum with fibrosis, tumour or diffuse adenopathy.

Offer a renal ultrasound scan to all people with CKD who:[1]
Have accelerated progression of CKD.

Have visible or persistent invisible haematuria.

Have symptoms of urinary tract obstruction.

Have a family history of polycystic kidney disease and are aged over 20 years.

Have a GFR of less than 30 ml/minute/1.73 m2.

Are considered by a nephrologist to require a renal biopsy.

Retrograde pyelogram: may be indicated if there is clinical suspicion of obstruction despite a negative ultrasound study finding.

Renal radionuclide scan:

Useful to screen for renal artery stenosis when performed with captopril administration but is unreliable for GFR of less than 30 ml/minute.

Also quantifies differential renal contribution to total GFR.

CT scan: to define renal masses and cysts, seen on ultrasound, better; this is the most sensitive test for identifying renal stones.

MRI:

For patients who require a CT scan but who cannot receive IV contrast.

Like CT scan and renal venography, it is reliable in the diagnosis of renal vein thrombosis.

Magnetic resonance angiography is also useful for diagnosis of renal artery stenosis, although renal arteriography remains the investigation of choice.

Micturating cystourethrogram: for diagnosis of vesicoureteric reflux.

Renal biopsy.

Differential diagnosis

Acute kidney injury (AKI)

Making the distinction between AKI and CKD can be very difficult. A history of chronic symptoms of fatigue, weight loss, anorexia, nocturia, and pruritus all suggest CKD.

The history and examination will provide clues, but renal ultrasound will provide the most important information. Renal abnormalities on ultrasound, such as small kidneys in chronic glomerulonephritis or large cystic kidneys in adult polycystic kidney disease, will almost always be present in patients with CKD.

Acute on chronic kidney disease

Acute on chronic kidney disease may have features indicating CKD but also features suggesting a cause of an acute deterioration of renal function - eg, infection.

Management:-

DRUG TREATMENT: 
                       Very effective to relieve pain in difficult conditions such as renal calculi.

                       ROWATINEX, a common drug found in the pharmacy relaxes urinary tract spasm and allows the easy passage of kidney stones into urine.

General issues[5]
Many patients equate kidney disease with renal dialysis. It is important to explain that CKD is a spectrum of disease. Mild CKD is common and rarely progresses to a more severe form later.

Explain eGFR and that this will need to be monitored on a regular basis to ensure that the condition is not deteriorating.

If relevant, discuss the link between hypertension and CKD and that maintaining tight blood pressure control can limit the damage to the kidneys.

Discuss the link between CKD and an increased risk of developing CVD.

Encourage people with CKD to take exercise, achieve a healthy weight and stop smoking.[1]
Patients with diabetes mellitus and CKD should achieve good glycaemic control.

Review all prescribed medication regularly to ensure appropriate doses.

Avoidance of nephrotoxins - eg, IV radiocontrast agents, NSAIDs, aminoglycosides.

Immunise against influenza and pneumococcus.

In those newly diagnosed with eGFR less than 60 ml/minute/1.73 m2
Review all previous measurements of serum creatinine to estimate GFR and assess the rate of deterioration.

Review all medication including over-the-counter drugs; particularly consider recent additions (eg, diuretics, NSAIDs, or any drug capable of causing interstitial nephritis, such as penicillins, cephalosporins, mesalazine).

Urinalysis: haematuria and proteinuria suggest glomerulonephritis, which may progress rapidly.

Clinical assessment: eg, look for sepsis, heart failure, hypovolaemia, palpable bladder.

Repeat serum creatinine measurement within five days to exclude rapid progression.

Check criteria for referral (above). If referral is not indicated, ensure entry into a chronic disease management register and programme.

Monitoring[4]
The eGFR should be monitored regularly. The frequency will depend on the severity of kidney impairment.

Patients with CKD should have the level of proteinuria assessed at least annually.

Proteinuria should be assessed by measurement either of the PCR or ACR, ideally on an early-morning urine specimen.

Detection of an initial abnormal eGFR result should prompt clinical assessment and a repeat test within two weeks to assess the rate of change in GFR. If the GFR is stable, a further test should be performed after 90 days to confirm the diagnosis of CKD.

If the diagnosis of CKD is confirmed, at least three assessments of eGFR should be made over not less than 90 days, to evaluate the rate of change in GFR.

Detection of an initial level of proteinuria equivalent to <0.5 g/day of total protein (including levels compatible with microalbuminuria) should be confirmed with a repeat test performed on an early-morning urine specimen. For the diagnosis of microalbuminuria, two abnormal results from three specimens are required.

CVD prevention[6]
See also the separate article on Prevention of Cardiovascular Disease.

Patients with CKD should have an annual formal assessment of their cardiovascular risk factors including lipid profile, BMI, exercise, alcohol and smoking habits, as well as a review of interventions to reduce cardiovascular risk.

Statins:

Statins lower death and major cardiovascular events by 20% in people with CKD not requiring dialysis.[7]
Offer atorvastatin 20 mg for the primary or secondary prevention of CVD to people with CKD. Increase the dose if a greater than 40% reduction in non-HDL cholesterol is not achieved and eGFR is 30 ml/minute/1.73 m2 or more. Agree the use of higher doses with a renal specialist if eGFR is less than 30 ml/minute/1.73 m2.[8]
Folic acid and B vitamin supplements should be offered to all renal patients considered nutritionally at risk from deficiency of folic acid or vitamin B. B12 levels and, serum and red cell folate should be above the lower limit of the reference range in all CKD patients. Red cell folate levels should be checked if MCV remains high despite normal or high serum folate. Serum folate levels and B12 should be checked six-monthly in CKD4/5 and three-monthly in dialysis patients, or more frequently if patients remain anaemic or deficient.

Oral antiplatelets and anticoagulants:[1]
Offer antiplatelet drugs to people with CKD for the secondary prevention of CVD, but be aware of the increased risk of bleeding.

Consider apixaban in preference to warfarin in people with a confirmed eGFR of 30-50 ml/minute/1.73 m2 and non-valvular atrial fibrillation who have one or more of the following risk factors: prior stroke or transient ischaemic attack, age 75 years or older, hypertension, diabetes mellitus, symptomatic heart failure.

Blood pressure control[1]
Aim to keep the systolic blood pressure below 140 mm Hg (target range 120-139 mm Hg) and the diastolic blood pressure below 90 mm Hg.

In people with CKD and diabetes, and also in people with an ACR of 70 mg/mmol or more, aim to keep the systolic blood pressure below 130 mm Hg (target range 120-129 mm Hg) and the diastolic blood pressure below 80 mm Hg.

A low-cost renin angiotensin system antagonist - eg, angiotensin-converting enzyme (ACE) inhibitor or angiotensin-II receptor antagonist (AIIRA) should be used for people with CKD and:

Diabetes and an ACR of 3 mg/mmol or more.

Hypertension and an ACR of 30 mg/mmol or more.

An ACR of 70 mg/mmol or more (irrespective of hypertension or cardiovascular disease).

A combination of renin-angiotensin system antagonists should not be offered to people with CKD.

The National Institute for Health and Care Excellence (NICE) hypertension recommendations (see the separate article on Management of Hypertension) should be used for people with CKD, hypertension and an ACR of less than 30 mg/mmol if they do not have diabetes.

In people with CKD, measure serum potassium concentrations and estimate the GFR before starting renin-angiotensin system antagonists. Repeat these measurements between one and two weeks after starting renin-angiotensin system antagonists and after each dose increase.

Do not routinely offer a renin-angiotensin system antagonist to people with CKD if their pre-treatment serum potassium concentration is greater than 5.0 mmol/L. Stop renin-angiotensin system antagonists if the serum potassium concentration increases to 6.0 mmol/L or more and other drugs known to promote hyperkalaemia have been discontinued.

Hypertension in dialysis patients: dialysis patients should be on a restricted sodium (<5 g/day) diet. Hypertension on dialysis should initially be managed by ultrafiltration.[6]
Nutrition and physical exercise[9]
All patients with stage 4-5 CKD should have the following parameters measured as a minimum in order to identify undernutrition:

Actual body weight (ABW) <85% of ideal body weight (IBW).

Reduction in oedema-free body weight (of 5% or more in three months or 10% or more in six months).

BMI <20 kg/m2.

Recommended daily energy intake: a prescribed energy intake of 30-35 kcal/kg IBW/day is recommended for all patients, depending upon age and physical activity.

Oral nutritional supplements should be used if oral intake is below the levels indicated above and food intake cannot be improved.

Enteral feeding via nasogastric (NG) tube or percutaneous endoscopic gastrostomy (PEG) may be required if nutrient intake is suboptimal despite oral supplements. Intradialytic parenteral nutrition (IDPN) or intraperitoneal amino acids may be considered for selected cases if tube feeding is declined or clinically inappropriate.

Anabolic agents such as androgens, growth hormone or IGF-1 are not indicated in the treatment of undernutrition in adults. Androgens and growth hormone have shown improvement in serum albumin levels and lean body mass but not mortality, and they have significant side-effects.

Minimum daily dietary protein intake: a prescribed protein intake of 0.75 g/kg IBW/day for patients with stage 4-5 CKD not on dialysis; 1.2 g/kg IBW/day for patients treated with dialysis.

Patients should receive dietary advice to restrict their sodium intake to <2.4 g/day (100 mmol/day or <6 g/day of salt).

Patients who develop hyperkalaemia or hyperphosphataemia should receive dietary advice to assist dietary restriction of potassium and phosphate.

Deficiencies of fat-soluble vitamins, trace elements and carnitine are prevalent in patients with CKD but current evidence does not support preventative or therapeutic supplementation. However, supplementation of oral vitamin D (either colecalciferol or ergocalciferol) may be beneficial.

Patients should receive advice to perform regular moderate exercise.

Mineral and bone disorders[1, 10]
It is recommended that therapeutic decisions should be based on trends, rather than a single laboratory value.

Do not routinely measure calcium, phosphate, parathyroid hormone (PTH) and vitamin D levels in people with a GFR of 30 ml/minute/1.73 m2 or more. 

Measure serum calcium, phosphate and PTH concentrations in people with a GFR of less than 30 ml/minute/1.73 m2. Determine the subsequent frequency of testing by the measured values and the clinical circumstances. Where doubt exists, seek specialist opinion.

Offer bisphosphonates if indicated for the prevention and treatment of osteoporosis in people with a GFR of 30 ml/minute/1.73 m2 or more.

Vitamin D supplements in the management of CKD mineral and bone disorders

Do not routinely offer vitamin D supplementation to manage or prevent CKD mineral and bone disorders.

Offer colecalciferol or ergocalciferol to treat vitamin D deficiency in people with CKD and vitamin D deficiency.

If vitamin D deficiency has been corrected and symptoms of CKD-mineral and bone disorders persist, offer alfacalcidol (1-alpha-hydroxycolecalciferol) or calcitriol (1-25-dihydroxycolecalciferol) to people with a GFR of less than 30 ml/minute/1.73 m2.

Monitor serum calcium and phosphate concentrations in people receiving alfacalcidol or calcitriol supplements.

Dialysis patients: serum calcium, adjusted for albumin concentration, should be maintained within the normal reference range, measured before a 'short-gap' dialysis session in haemodialysis patients. Ideally, adjusted serum calcium should be maintained between 2.2 and 2.5 mmol/L, with avoidance of hypercalcaemic episodes.

Hyperphosphataemia

Hyperphosphataemia occurs because of insufficient filtering of phosphate from the blood by poorly functioning kidneys. High serum phosphate levels can directly and indirectly increase PTH secretion, leading to the development of secondary hyperparathyroidism. Left untreated, secondary hyperparathyroidism increases morbidity and mortality and may lead to renal bone disease with bone and muscular pain, increased incidence of fracture, bone and joint abnormalities and vascular and soft tissue calcification.

NICE have provided the following guidance:[11]
Dietary management
A specialist renal dietitian should carry out a dietary assessment and give individualised information and advice on dietary phosphate management. Advice on dietary phosphate management should be tailored to the individual patient. If a nutritional supplement is needed to maintain protein intake in children and young people with hyperphosphataemia, offer a supplement with a lower phosphate content.

Phosphate binders - children and young people
Offer a calcium-based phosphate binder as the first-line phosphate binder to control serum phosphate in addition to dietary management.

If a series of serum calcium measurements shows a trend towards the age-adjusted upper limit of normal, consider a calcium-based binder in combination with sevelamer hydrochloride.

For children and young people who remain hyperphosphataemic despite adherence to a calcium-based phosphate binder, and whose serum calcium goes above the age-adjusted upper limit of normal, consider either combining with, or switching to, sevelamer hydrochloride.

Phosphate binders - adults
Offer calcium acetate as the first-line phosphate binder to control serum phosphate in addition to dietary management. Consider calcium carbonate if calcium acetate is not tolerated or patients find it unpalatable.

For adults with stage 4 or 5 CKD who are not on dialysis and who are taking a calcium-based binder:

Consider switching to a non-calcium-based binder if calcium-based phosphate binders are not tolerated

Consider either combining with, or switching to, a non-calcium-based binder if hypercalcaemia develops, or if serum PTH levels are low.

For adults with stage 5 CKD who are on dialysis and remain hyperphosphataemic despite adherence to the maximum recommended or tolerated dose of calcium-based phosphate binder, consider either combining with, or switching to, a non-calcium-based binder.

For adults with stage 5 CKD who are on dialysis and who are taking a calcium-based binder, if serum phosphate is controlled by the current diet and phosphate binder regimen but serum calcium goes above the upper limit of normal, or serum PTH levels are low, consider either combining with, or switching to sevelamer hydrochloride or lanthanum carbonate.

Phosphate binders - children, young people and adults
If a combination of phosphate binders is used, titrate the dosage to achieve control of serum phosphate while taking into account the effect of any calcium-based binders used on serum calcium levels.

Advise that it is necessary to take phosphate binders with food to control serum phosphate.

At every routine clinical review, assess the patient's serum phosphate control, taking into account: dietary phosphate management, phosphate binder regimen and adherence to diet and medication.

Renal replacement therapy

Renal replacement therapy includes haemodialysis, peritoneal dialysis, chronic ambulatory peritoneal dialysis and renal transplantation. See separate article Renal Replacement Therapy and Transplantation.

DIALYSIS THERAPY:
                        Dialysis is a process that artificially removes metabolic wastes from blood in order to compensate for kidney renal failure. Most common type is haemodialysis.

                                   Haemodialysis 

                    Patients’ blood is transported through a         semipermeable tube into an apparatus which contains dialysis fluid 

                    The dialysis fluid creates a diffusion gradient

                     Allows abnormal substances to diffuse out of blood by cleaning it.

DIALYSIS:
                    It is the process of removing by artificial means excess water, solutes and toxins from the blood perform those functions. This is referred to as renal replacement therapy.

                    Dialysis is used as a temporary measure in either acute kidney injury (or) in those awaiting kidney transplant and as a permanent measure in those for whom a transplant is not indicated (or) not possible.

PRINCIPLE:
                   Dialysis works on the principle of the osmosis of solutes and ultra filtration of fluid across a semipermeable membrane.

                    Diffusion is a property of substances in a water, substances in water tend to move from an area of high concentration to an area of low concentration. Blood flows by one side of a semipermeable membrane and a dialysate, or special dialysis fluid flows by the opposite side.

                   A semipermeable membrane is a thin layer of material that contains holes of various sixes or pores smaller solutes and fluids passes through the membrane but the membrane blocks the passage of larger substances. This replicates the filtrating process that takes place in the kidney’s when the blood enters the kidneys and the larger substances are separated from smaller ones in the glomerulus. 

TYPES OF DIALYSIS:
Haemodialysis:
           It removes water and water by circulating blood outside the body through an external filters called a dialysis that contain a semipermeable membrane. The blood flows in one direction and the dialysate flows in the opposite direction. The counter current flow of the blood and dialysate maximise the concentration gradient of solutes between the blood and dialysate which help to remove more urea and creatine from the blood.

           The concentration of solutes are undesirably high in the blood but or absent in the dialysis solution and constant replacement of the dialysate ensures the concentration of undesired solutes is kept low on this side of the membrane. The dialysis solution has levels of minerals like potassium and calcium that are similar to there natural concentration in healthy blood.

Peritoneal dialysis:
           Waste and water are removed from the blood inside the body using the peritoneum as a natural semipermeable membrane. Wastes and excess water move from the blood across the peritoneal membrane and into a special dialysis solutions called dialysate in the abdominal cavity.

INDICATIONS:
           The decision to initiate dialysis are hemofiltration in patients with kidney failure depends on several factors. These can be divided into acute and chronic indications.

Acute indications:

Acidiemia from metabolic acidosis

Electrolyte abnormality

Intoxication

Over load of fluid not expected respond to treatment diuretics.

Chronic indications:
When a patient has symptomatic kidney failure and low glomerular filtration rate 

Difficulty in medically controlling fluid over load or serum potassium.

If a patient has intractable kidney failure 

                         Haemodialysis _ it is the method for removing waste products such as creatinine and urea as well as free waste from the blood. When the kidney are in renal failure to clear the blood and returning in to veins. Haemodialysis is performed at a dialysis centre several times a week.

TYPES OF HEMODIALYSIS ACCORDING TO TIME:
            “3” types of haemodialysis

CONVENTIONAL HEMODIALYSIS:
                     This is usually carried out thrice a week for sessions lasting 3 to 4 hours each time. In this process blood is drawn from patient at rate of 3 to 4 cc/min. 

                     The tube is then linked to a needle which feeds the dialysis machine. That filtered blood is later introduced back in to the blood stream.

DAILY HAEMODIALYSIS:
           The haemodialysis done at home by patients themselves. This method is less traumatic but requires more vigilant monitoring. If catheters are used then it is simple but its get troublesome in the care fistula’s and grafts 

NOCTURNAL HEMODIALYSIS:

            This kind of haemodialysis is more or less the same as conventional haemodialysis. The main difference is that which is done during the night while the patient sleeps.

KIDNEY TRANSPLANT: 

             It is produced in which a kidney from an organ donor placed into a person whose kidneys no longer function properly. Kidney transplant may be a better treatment than dialysis because survival rates are higher after transplant a successful transplant takes a coordinated effort on whole health.                                            

Side effects of dialysis

         Functional capacity of  Hd patients=tipicallyb more than 50% bnelow the age and gender prediected norm.

         Reduced exercise tolerance.

Increased risk for infection

Malnutroition,anemia,loss of lean body mass.

Decreased blood pressure.

Muscle cramps

Role of Physiotherapy in Renal Rehabilitation 

Physiotherapy assessment



Examination
Subjective: 

Patient presents with complaints of generalized weakness, impaired B LE sensation, decreased balance, and decreased mobility secondary to dialysis treatment 3 days per week. 

Patient reports that he has difficulty with walking, stair negotiation, and getting in and out of his vehicle. 

Physical Performance Measures

6 minute walk test: 550 meters 

Berg Balance Scale: 40/56 

Timed Up and Go: 24 seconds 

Gait Speed: 0.86 m/s

Objective: 

Vitals: 

HR - 82 bpm 

BP - 124/80 mmHg 

RR - 18 breaths/min

Reflexes: 

Dermatomes

L4: 1
L5: 1+ B 

S1: 1+ B
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Sensation: 

Light touch - peripheral neuropathy; decreased in bilateral LE

AROM: 

UE: WNL except: R shoulder flexion and abduction, R elbow flexion 50% 

LE: Decreased 25%

PROM: 

Positive Thomas Test (B) 

Positive Ober’s Test (B) 

Positive 90/90 (B)

MMT: 

4-/5 (B) hip ext/abd/ER 

⅘ (B) knee flexion and extension 

⅘ (B) ankle dorsiflexion

Special Tests: 

Diabetic Foot Screen: 2 with redness and dryness - indicates loss of protective sensation with poor circulation.

Clinical Impression

Our impression of the problem: 

1) The patient’s end stage renal disease is incurable, but is being treated through the use of dialysis which causes secondary functional deficits including decreased endurance, decreased strength of upper and lower extremities, impaired balance and coordination, decreased sensation, diminished reflexes, and decreased flexibility. 

2) The patient has the following risk factors that may impede physical therapy intervention: advancing age, diabetes mellitus, hypertension, and chronic urinary tract infections. The physical therapist will need to be aware of these complications during each treatment session. 

3) Patient has LE weakness, decreased balance, decreased sensation, and fear of falling which may contribute to his increased risk of falling. 

Type of exercises that patient should do:-

   Most people enjoy walking. Walking is one of the least strenuous exercises we can do, but it’s also one of the healthiest. Walking helps with many bodily functions all at the same time.

Exercise:

helps with digestion

increases your energy level

reduces cholesterol levels

helps control your blood sugar and blood pressure

lowers the risk of heart disease

helps you to sleep better

helps to decrease stress

Start

Many people on dialysis say they are too tired to exercise. They think that if they exercise they will be even more tired. The fact is, even a little bit of exercise, 15-20 minutes a day, will help you feel LESS tired. This means that by not exercising will have lower energy and feel more tired. The longer you wait to exercise, the more tired and weak you will become.

A very common side effect of kidney failure is muscle wasting. This means that people with kidney disease are more prone to losing the muscle in their bodies.  If exercise, however,  can help keep muscles from shrinking.we can even get back the muscle that  lost if exercise regularly.

S-t-r-e-t-c-h

     Another reason why many dialysis patients feel they cannot exercise is because they feel they are simply too weak to do anything. It is easier to start exercising if you stretch first. Stretching is something almost all dialysis patients can do, and is a way to get the blood to the body parts that work when you are exercising. It is also helpful to stretch your legs, arms and back before walking or starting any other form of exercise. Proper stretching reduces the chance of cramping and helps you to exercise more comfortably. It also helps you to unwind when you are done exercising.

Start slowly

Don’t think that you will need to become a runner or an athlete to exercise effectively. Exercise at your own pace and you can build up over time. It is best if you can do at least 15-20 minutes a day, at least three to four days every week.  Remember to start slowly and ask your doctor before you do any type of exercise program. If you can start to exercise at least three times a week and keep it up for two weeks, you will be able to maintain a regular exercise program more easily.

Summary

Remember, nearly every dialysis patient can do some type of exercise. 

Always ask your doctor before you start any type of exercise program.  Your doctor can help you decide what is best for you and give you ideas on what kind of exercises you can enjoy.

Start slowly with stretching and always stretch before and after you exercise.

Exercise will help build energy and reduce risk for other illnesses. 

Exercise can help you to feel, eat, think and sleep better

LIMITATIONS

Increase limations with increased aged

Exercise limitation compromise the rehab potential

Physically active prior = better functional status

Patient adherence and motivation

Decrease quality of life

WHEN IS THE BEST TIME TO TREAT?

When exercise is performed after dialaysis, blood chemistry levels will be at their optimum but fatigue may be a factor.

Exercise during dialysis may improve efficiency of dialysis but may not be an option for everyone due to decreased blood pressure and cramps.

PT GOALS FOR HD PATIENTS IN ACUTE CARE SETTING:

SHORT TERM GOALS:                                                          

Prevent                                                             

Contracture                                             

Disuse atrophy

Skin breakdown

Increase

Strength

Mobility

Endurance

LONG TERM GOALS:

Increase the mobility of patient for efficient completion of ADL’s 

EXRECISE PRESCITION:

Low to moderate intensity can increase exercise capacity
Patients with CKD benefit from stationary bicycle exercise protocols requiring exercises 3 times a week at intensities 40-70 % THR.

Progression is variable and dependent on individual patient. 

 Regular exercise also helps in reducing the cardiovascular risks, improving the haematocrit and better controlling the blood pressure. With regular exercise, most patients experience sense of increased energy, feeling of well-being and improvement in psychological profiles such as anxiety, hostility and depression. The quality of life is, as a result, improved. According to the Life Option on Advisory Committee, a well-designed exercise regime with multidisciplinary contribution is ideal for the rehabilitation of dialysis patients. Planning of Exercise Planning of exercise program depends on the patients' medical condition and ambulatory status. For those patients with satisfactory ambulatory ability, independent exercise with regular follow-up is appropriate. Home exercise or community-based programs are all possible choices. Education is an important component for an effective program. It should include information on how to start, the expected progress and the signs and symptoms of discomfort during exercise. An effective communicating channel must be established with the medical team. Follow-up on the progress, response and symptoms should be included in any independent exercise program. The exercise program for the non-ambulatory patients must be planned and designed carefully according to the change in efforts and physical ability. Exercise is not recommended for patients immediately after dialysis. It is because fluid lost may produce extra stress to the cardiovascular system and upset the stability of blood pressure. Excessive exercise may produce undesirable effects on the cardiovascular system. 
Types of exercises:-

Types of Exercise Several types of exercise are suitable for dialysis patients, including flexibility, strengthening, and cardiovascular exercise

Flexibility Exercise Gentle muscle stretching improves the range of motion of the body and major joints. Increased flexibility improves functional performance and prevents musculo-skeletal injury. The combination of flexibility and strengthening exercises improve patients' ability to perform activities of daily living, such as reaching, fending and carrying.

 Strengthening Exercises Specific muscle groups strengthening exercise increases muscle mass and muscle strength. Muscle strength is increased or maintained with two to three sessions of exercise per week. Cuff weights, sandbags or elastic bands can be used to train the muscle. Exercise with low resistance but high number of repetition is recommended but not for high resistance. Simple and easily available equipment is more appropriate for patient training.

 Cardiovascular Exercise Training Cardiovascular activities require the movement of large muscle groups in rhythmic manner. The goal of cardiovascular exercise training is to achieve and sustain an activity of increased energy requirements (approximately 40% to 85% of peak capacity) for increasing periods of time. Cardiovascular benefits can also be obtained from short periods of sustained aerobic activity (10 minutes) several times a day. For optimal cardiovascular conditioning, it is recommended to build up the sustained activity gradually with close monitoring by the physiotherapist. Unaccustomed exercise type and unsupervised progress may be more harmful and should be avoided. Careful screening and evaluation of risk factors by the physician is essential prior implementation of any exercise program. Patients should always be advised to start slowly and proceed gradually.
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Exercise apparatus for hemodialysis patients
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Dumbles sets for strengthening exercise
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Dumbles for progressive resistance exercise
Phase I (Week 0-2)

Initiate aerobic program 

Warm-up 5-10 minutes, RPE “Very Light” (rating of 8-9 on the Borg Scale)

15 min of activity, RPE “Fairy Light” (rating of 10-11 on the Borg Scale) 

Cool-down 5-10 minutes, RPE “Very Light” (rating of 8-9 on the Borg Scale)

Patient education 

Physical activity 

Foot care 

Manage water intake 

Fall risk assessment 

Caregiver education 

Dialysis support groups

Flexibility 

LE- 3 LE stretches 

UE- 3 UE stretches

Strength 

LE- 4 exercises, 2x10, body weight 

UE- 4 exercise, 2x10, body weight

Balance 

3 exercises on stable surface
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Phase II (Week 2-6) 

Hamstring Stretch.pngProgress aerobic program to 20 minutes of aerobic activity, RPE “Somewhat Hard” (rating of 12-13 on the Borg Scale)

Patient education 

Reinforce topics covered in phase I 

Community exercise groups

Strength 

Progress phase I exercises to light weight

Flexibility 

Progress phase I stretches to further ROM

Balance 

3 exercises on unstable surface
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Phase III (Week 6-10) Progress aerobic program to 30 min of aerobic activity at RPE “Somewhat Hard to Hard” (rating of 13-15 on the Borg Scale)
Patient Education 

Reinforce topics covered in phase II

Strength 

Progress phase II exercises to moderate weight

Flexibility 

Progress phase II stretches to further ROM

Balance 

3 dynamic exercises on stable and unstable surfaces
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Rationale for Progression

   Our goal was to progressively challenge our patient’s endurance by progressing both the duration of the activity and exercise intensity. We chose to utilize the Borg Rating of Perceived Exertion Scale to correlate with intensity level rather than heart rate max due to our patient being on hypertension medications that would blunt her heart rate response to exercise. We utilized ACSM guidelines for resistance training to prescribe sets and reps for our patient.We progressed his strength training exercises based on his response to activity. 

Co-Interventions

Dialysis 3 days/week 

   PLANNING AN EXERCISE PROGRAMME:
  For people with renal disease regular exercise extremely beneficial. An exercise programme be designed to fit own physical capabilities.

 Before beginning an exercise programme medical examination and cardiac examination is necessary.

THE EXERCISE PROGRAMME:

             There are no general instructions for exercises that apply to all people with renal disease. Since each person’s health and fitness level, motivation and time constrains are different.

             The most effective exercises for cardiac fitness are those that use large muscle groups in a rhythmic manner.

TYPES OF EXERCISES:

              Such as walking, swimming, bicycling, aerobic dancing.

FREQUENCY:

              A minimum of three and no more than five days per week.

DURATION:

             5 minutes per session and gradually build up. The duration of each session by adding 1 or 2 minutes each week.

INTENSITY:
             It is difficult to give general advise on exercise intensity as this depends, so much on individual capacity. Each session should began with slow warm up rise to a comfortable level of effort and then slow down again before the finish.

            It is now know that physiological changes brought on by regular exercises are beneficial and exercise may be just as important for renal patients.

            People with end stage renal failure may feel tied and weak due to anaemia but exercise increase the red cell count significantly providing more energy for an exercise programme and for activities of daily living

Cycling on dialysis 

  Cycling on dialysis is achieved by using a modified exercise bike that can be attached to the end of the patient’s couch. Exercise is considered to be safe during the first hour or two of dialysis and is particularly attractive to patients as it does not require additional hospital visits.

After exercises results of  patients:-

Pt. improved aerobic endurance as indicated by significant change in score (MDC = 58 meters) from 550 meters to 635 meters on  6 minute walk test following 12 week physical therapy program.

Pt. also increased their perceived physical function as indicated by a change of 30/100 to 58/100 on the SF-36 (MDC = 28).

Pt. increased their balance as indicated by a change of 40/56 to 46/56 on the Berg Balance Scale (MDC = 4.9).

 Pt. improved gait speed from 0.86 m/s to 1.09 m/s (MDIC = .13 m/s). This classifies the patient as a community ambulator (>.8 m/s)

Pt also improve TUG score from 24 seconds to 14 seconds, demonstrating increased functional lower extremity strength and decreasing his fall risk. The MDIC for the TUG is not established, however >15 seconds places a patient at an increased fall risk.

MMT: 4/5 hip ext/abd/ER, 4+/5 knee ext/flex, 4+/5 ankle dorsiflexion.

Home based exercises:-

      Home Based Exercise Program It is a continuum of the department-based training program. Without succession of home exercise regime, the benefits of physical training will decrease soon. In order to have an effective home based program, encouragement and support from both the therapist and family members are essential. Patient's motivation is also a vital successful factor. Utilization of simple exercise equipment such as sand bag, cuff weight, light resistance rubber band or cycle exerciser enhances the training effect and maintain the patient's motivation. Home based program shall include a warm-up component, both strengthening and aerobic training and cool down exercise as in the department based program. Clear instructions on self-monitoring the exercise intensity and regular follow-up on the changes in physical parameters by the physiotherapist will make the program a success. The use of exercise log book can facilitate the monitoring of exercise effect both by the physiotherapist and patient.

BENIFITS OF EXERCISE:

There is an evidence that a physical exercises programme integrated into total treatment plan has positive benefits for general health, including weight loss, improved muscle strength, lower level of cholesterol and blood fats increased cardiac output and greater physical exercises capacity. Many of these benefits will also lower the risk of heart disease.

                         The psychological benefits of exercises are also important. Routine exercises can enhance feeling of self-esteem and create a sense of independence and may help control feelings of depression and anxiety.

Additional benefits of exercising during dialysis

Exercising during dialysis = more effective dialysis Exercise is as important for your treatment as your medication. It can improve the efficiency of your dialysis by aiding the removal of toxins from the blood. It also helps to remove substances such as urea and creatinine, which are waste products from the liver and muscles. This is especially important when you are on dialysis because your kidneys are unable to remove these effectively on their own. Kidney disease makes muscles weak so it is important to maintain muscle strength and exercise tolerance. Exercise will help you carry out your everyday activities such as walking and housework, and stay as independent as possible. We recommend that you exercise for at least 30 minutes, at moderate intensity, five times a week. Exercising during your dialysis treatment is a good use of your time to achieve this. Ways to enjoy your exercise The main type of exercise we promote in the dialysis units is cycling – you can do this while you are receiving dialysis. Studies have shown this is the most effective form of exercise to help improve your dialysis and exercise tolerance. If you wish to start exercising on the unit, please speak to your nurse or doctor who can bring this to the attention of the physiotherapy team. In each dialysis unit there are bikes that can be attached to the dialysis chairs, as well as dumbbells and ankle weights that you can use individually while you are receiving your treatment. The physiotherapist can visit you on the unit to assess and start you on an exercise programme, and to review your progress. Nursing staff in the dialysis units are fully trained to assist you with any equipment and help you may need. Motivation is the key. Your physiotherapist will help you find an exercise programme that you like and together you can set a goal you would like to achieve. 

OTHER EXERCISE OPTIONS:

Implementing any form of exercise is beneficial for hemodialysis patients

Incorporating an exercise prescription according to patient characteristics and needs should be a standard of care 

Walking program

Water exercise 

Yoga

Thai chi

Low level strengthening

 Conclusion

The role of physiotherapist and physiotherapy and effectiveness of exercise programs is clear in hemodialysis patients. However, it is imperative to select correct patients and to re-evaluate their suitability to exercise at each session with a multidisciplinary team. Although patients with lower capacity make more benefit from due to the nature of exercise training, we should make sure that exercise is not contraindicated in patients with poor clinic. In fact exercise is an approach that is harmful for homeostasis; it might not create sequelae in healthy or other clinical patients. On the other hand, in renal patients with difficult clinical compensation internally it might cause irreversible damage.

Addition to above statement, positive impact of medical treatment on survival in hemodialysis patients helps long term maintenance of physiotherapy with the treatment and protection of physical gains. Follow up of patients during hemodialysis and through programs increasing clinical effectiveness by home-based programs can only be realized by patient follow-up record and electronic or face-to-face feedback from the patient and families the fact that the patients were young adults might require diversification or intensification of programs of the patients by the physiotherapist as much as clinical status allows in case they need more active life style in terms of work and social status.
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