RENAL 

SYSTEM

ORGANS OF 
THE URINARY SYSTEM

1.  Kidneys

2.  Ureters

3.  Urinary Bladder

4.  Urethra

5.  Internal Urethral Sphincter

6.  External Urethral Sphincter

URINARY SYSTEM

FUNCTIONS OF 
THE KIDNEY

· Elimination of Metabolic Wastes

· Blood Pressure Regulation

· Red Blood Cell Production

· Vitamin D Synthesis 

· Prostaglandins Synthesis 

· Electrolyte & Fluid Balances

· Acid-Base Balances

· Gluconeogenesis

INTERNAL ANATOMY OF 
THE KIDNEY

A frontal sections of a kidney reveals 3 regions:

1.  Renal Cortex

2.  Renal Medulla

3.  Renal Pelvis

KIDNEY PHYSIOLOGY

Urine formation and the Simultaneous adjustment of Blood composition involves 

Three Major Processes:

1.  Glomerular filtration

2.  Tubular Reabsorption

3.  Secretion
KIDNEY PHYSIOLOGY

Filtration is the movement of substances from the glomerulus into the lumen of bowman’s capsule. This Forms filtrate.

Reabsorption is the movement of substances, solutes and water, across the walls of nephron into the capillaries associated with the nephron.

Secretion is the movement of substances from the capillaries, associated with the nephron, across the walls of nephron into the filtrate with the nephron.

GLOMERULAR FILTRATION

GFR is held relatively constant by three important mechanisms that regulate renal blood flow.

1.  Renal Autoregulation

2.  Neural Controls

3.  Hormonal Controls

TUBULAR REABSORPTION

· The proximal convoluted tubules are the most active in tubular reabsorption.

· All glucose, lactate, and amino acids are reabsorbed in this area.  

· About 65% of sodium, 70% of water, are also reabsorbed  90% of bicarbonate ions, 50% of chloride ions, and 55% of potassium are reabsorbed in the proximal convoluted tubules.

TUBULAR SECRETION

This process is important for:

1.   Disposing of substances which were not filtered & not reabsorbed.

2.   Removal of excess k+ .

3.   Controlling blood pH.

4.   Most secretion occurs within the PCT.  substances such as:

· Neurotransmitters, bile pigment, uric acid, penicillin, atropine, morphine, H+ ions, and ammonia are secreted.

5.   The DCT receives mainly K and Hydrogen ions from the blood.

KIDNEY PHYSIOLOGY

· One of the most important hormones in the control of urine concentration and volume is Antidiuretic Hormone, ADH.

· Amount Filtered       = 
  Amount Reabsorbed  +  Amount Excreted

ANTIDURETIC HORMONE

The results of ADH:

1.  A decrease in osmolality

2.  A increase in blood volume

3. A decrease in urine output

ANTIDURETIC HORMONE

ANTIDURETIC HORMONE

Pathology

· Hypersecretion can produce SIADH.

· Hyposecretion can produce Diabetes Insipidus.

ALDOSTERONE

Other Hormones

· Estrogen is a female sex hormone produced by the ovaries. 

· Cortisol is a hormone produced by the cortex of the adrenal gland. It helps in the conversion of lipids and proteins to form glucose (gluconeogensis).

· Calcitonin is a hormone produced by the thyroid  gland in response to high levels of ca2+  ions in the blood.

· Parathyroid Hormone: Reabsorption of ca2+ ions from the DCT.

THYROID HORMONE

PARATHYROID HORMONE

ACID-BASE BALANCE

Blood pH Drops to 7.3
How does the body compensate?

Breath faster to get rid of carbon dioxide  Eliminates Acid

Blood pH Increases to 7.45
How does the body compensate?

Breath slower to retain more carbon dioxide

· Retains More Acid

ACID-BASE IMBALANCE

· Respiratory Acidosis: Any condition that impairs breathing can cause respiratory acidosis. This can result in an increase in the amount of carbon dioxide in the blood and   a reduction in the pH.

· Respiratory Alkalosis: any condition that leads to hyperventilation can cause respiratory alkalosis. this can result in an decrease in the amount of carbon dioxide in the blood and a increase in the pH.

ACID-BASE IMBALANCE

· Metabolic Acidosis: is caused by excess acids in the blood.  this can be the result of; 

· Renal disease (Acute & Chronic Renal Failure),  

· Diabetes mellitus, or 

· A decrease in the number of bicarbonate ions in the blood.

· Metabolic Alkalosis: is caused by a reduction in the amount of acid in the blood. this can be the result of;

· Vomiting, diarrhea  

· Diuretics, or 

· Excessive bicarbonate ions in the blood.

RBC Production 

RBC Production

· Erythropoietin is a hormone that controls RBC (erythrocyte) production in bone marrow.

· Secreted in response to decreased amount of oxygen delivered to kidneys.

· Anemia or hypoxia 

Vitamin D & Prostaglandin Synthesis

· Vitamin D from food sources must be converted into its active form by the kidneys.

· Active Vitamin D is needed for absorption of calcium by the renal tubules and the intestines

· Promoting bone and teeth metabolism

· Prostaglandins

· Primarily locally-acting, vasodilating substances

· Counter the effects of RAAS and the SNS on the kidneys

· Vasodilatation (( renal blood flow.
· Promoting Na+ excretion.

· N.B.: ( prostaglandin in renal failure (( blood pressure.
Renal Assessment and Diagnostic Procedures

Renal Failure

Is a severe impairment or a total lack of renal function which leads to disturbances in all body systems.

· Classification according to onset:

· Acute: Developing within hours to days with little time to adjust to the biochemical changes, but is potentially reversible. (sudden, rapid onset, reversible)

· Chronic: Insidious & progressive development over a period of several years; allows for some adjustment to biochemical changes, but is irreversible and always necessitates some form of dialysis or transplantation for long-term survival. (gradual, progressive, irreversible)

General Symptoms

Weakness

Fatigue

Dyspnea

Peripheral edema

Nocturia

Nausea

Metallic taste in mouth

Loss of appetite

Rapid weight gains

Pruritus

Dry, scaly skin

Health History

The nurse elicits information regarding:

· Past medical and familial medical history

· Recent Changes: 

· Urinary patterns

· General: nausea & vomiting, fatigue, lethargy or changes in mentation

· Personal habits: sleep or work 

· Recent weight gains or losses need to be explored

· Medications (current & recent)

· Over-the-counter and prescribed medications (NSAIDs e.g., ibuprofen) Antibiotics e.g., Aminoglycosides)

· Recent events:

· Trauma (presence of pain), infection, illicit drug use or expose to nephrotoxic substances

Physical Assessment

Inspection:

· Bleeding

· Flank or posterior thorax

· Grey-Turner sign for renal trauma & purplish discoloration

· Volume Depletion / Overload {Box- 19-1}

· Neck and hand veins (> 5 seconds in dep. suggests hypovolaemia in elevation suggests hypervolaemia )

· Skin Turgor

· Oral Mucosa

· Edema

· Lower extremities, orbital or sacral area

 Physical Assessment Cont.,

Auscultation:

· Volume

· Heart Sounds  (S3 & S4)

· Blood pressure

· Orthostatic Hypotension

· Lungs: Dyspnea / added breath sounds (shallow gasping breathing with periods of apnea may reflect acidosis) 

Physical Assessment Cont.,

Percussion:

Kidney;

· A dull painless thud is normal,

· Pain may indicate infection or trauma

Abdomen;  

· Ascites 

Additional Assessment Parameters

· Mentation 

· I&O and Daily Weights (ARF less than 30 ml/hour or 400 ml/day)

· Hemodynamic Monitoring {table 19 - 1}

· CVP (NL: 2-6 mmHg) / 

· PAOP (NL: 5-12 mmHg)

· CI

· MAP
Laboratory Assessment

Serum Studies

· BUN (9-20mg/dl)

· Creatinine (0.7-1.5 mg/dl)

NB: the ratio of BUN to Creat. = 10:1 

· Hgb (hemoglobin) & Hct (hematocrit)

· Albumin 

· Electrolytes

· K+, Na+, Ca+, Magnesium & Phosphate

Urine Studies:

· Urine Analysis (UA)

· Color, appearance, pH, specific gravity, glucose, protein, WBC, RBC and casts.

· Culture & Sensitivity (C&S)

· Bacteria 

· Urinary Collection:

· 24 Hour Urine

· i.e. creatinine or electrolytes

· Spot / Random Urine

· First a.m. void preferred 
Combination Studies:

· Creatinine Clearance (110-120 ml/min)

· 24 hour urine and a serum sample 

· Equivalent to GFR; best overall indicator of renal function
Diagnostic Studies

Renal Radiological Examinations:

· Kidney-ureter-bladder (KUB)

· An X-ray; which identifies the position, size and shape of the kidneys and the urinary tract

· Assist in identifying renal masses

· i.e. renal calculi, tumors or cysts

· Intravenous pyelogram (IVP)

· A series of x-rays following injection of radiopaque-contrast dye.

· Allows visualization of the internal renal tissue.

· Check Allergies; watch contrast !!

· If there is evidence of renal impairment, it is contraindicated. 

Other (Non-invasive) Renal Studies:

· Renal Ultrasound

· Size and shape of kidneys and urinary tract; may reveal fluid accumulation, obstructions from masses (solid or fluid )

· Renal Computed Tomography (CT)

· I.V. radiopaque-contrast dye; can be done without

· Cross-sectional view of the kidneys and urinary tract

· Can assess renal perfusion and identify masses (fluid or solid), tissue necrosis or hemorrhage

· Renal Magnetic Resonance Imaging (MRI)

· High-energy radiofrequency waves provide three-dimensional views; clearer images

· Can assess: trauma, lesions, malformations of vessels or tubules and necrosis

         More-Invasive Renal Studies:

· Renal Angiography

· Interventional radiology procedure

· Visualize renal blood flow

· Can also, detect stenosis, clots, cysts or necrosis

· Renal Biopsy

· Gold standard to diagnosis specific renal disease; Last resort in critically-ill client

· Percutaneous: U/S guided / fluoroscopy

· Open

· Cautiously bleeding tendency 

