Renal Physiology Review
Kidney Function

· Urine formation

· Excretion of waste

· Fluid and electrolyte balance

· Blood pressure control

· Regulation of red blood cell production

· Synthesis of vitamin D to active form

· Secretion of prostaglandins

· Regulation of calcium and phosphorus

Urine Formation

· 3 step process

1. Glomerular filtration

· Wastes and fluids are filtered through the glomerulus and into the renal tubule
· Adequate blood flow is required to maintain consistent pressure for filtration

· Small molecules, electrolytes and fluid are filtered through

· Large molecules like blood, protein, and albumin typically cannot get through

· The process produces glomerular filtrate which is like plasma because it’s low in protein and lacks cells

· Renal clearance is the amount of filtrate left after filtration

· Glomerular Filtration Rate (GFR) is the amount of blood filtering through the kidney every minute

· GFR has an inverse relationship to creatinine.  The higher the GFR is, the lower the creatinine level is and vice versa

2. Tubular Reabsorption

· Occurs in the proximal tubules

· A molecule or fluid is pulled back inside for reabsorption instead of excretion

· Potassium, sodium, glucose, calcium, magnesium, proteins, vitamins and amino acids are reabsorbed

· Acid/base is regulated here

· This is where sodium bicarb is reabsorbed in times of acidosis

3. Tubular Secretion

· Occurs in the distal tubules

· Hydrogen ions, potassium, and uric acid are secreted

· Urea is a byproduct of protein metabolism

· Simply, the secretion of wastes and fluid from the tubule to the collecting ducts to make urine

Quick Facts
· 1.2 liters of fluid is filtered through the kidneys every minute

· 180 liters are filtered every day

· Most of the 180 liters is reabsorbed back into the body

· Average daily output for adults is 1500-2000 mL/day

· Output is affected by intake, exercise, health, diuretics, etc.

· Creatinine is a byproduct of protein metabolism and is the best indicator of renal function

Excretion of Wastes

· Urination is a complex process

· Urine is propelled by peristalsis

· As urine accumulates in the bladder, the parasympathetic nervous system sends a message to us that tells us we have to pee!

Urine

· Body’s waste

· Should excrete 30-50cc/hr
· Residual urine is the amount of urine left in the bladder AFTER voiding

· Residual is usually around 50-100cc

· Normal composition:

1. Bicarbonate

2. Uric Acid

3. Potassium

4. Sodium

5. WBC (small amounts only)

6. RBC (small amounts only)

· Abnormal composition

1. Proteins

· All proteins should be reabsorbed by the body in the form of amino acids (building blocks of cells)

· Protein in the urine signifies that tissue is breaking down

2. Glucose

· Should be completely reabsorbed by the healthy kidney

· BGL > 200 will cause glucose to spill into the urine

· Glucose can be detected by urinalysis or dipstick

· Always perform a corresponding finger stick blood sugar (FSBS)

· Question the patient to determine whether they are diabetic

· May also see this in pregnancy (gestational diabetes)

Urine Assessment

· Color

· Odor

· Voiding Pattern

· Urine composition (U/A, dipstick, or microscopy)

· Specific gravity



-tells us how dilute or concentrated the urine is



-measurement of the concentration of solute in the urine



-gives us an idea about hydration status



-normal is 1.010-1.025



-high results indicate dehydration, decreased kidney perfusion, SIADH



-low results can indicate renal failure, diabetes insipidus, pyelonephritis, 


 excess fluid intake 

Fluid Balance
· Kidney regulates the amount of water that is excreted based on the body’s requirements

Electrolyte Balance

· With normal kidneys, the amount of electrolytes excreted per day is about the same as the amount taken in, in the diet

Sodium

· Normal serum level is 135-145 mmol/L

· Primary ion of the extracellular fluid (ECF)
· Important in fluid and electrolyte balance

· Water is a sodium groupie, so wherever sodium goes, water follows

· If more sodium is excreted than ingested, dehydration results

· If less sodium is excreted than ingested, fluid retention results

· The amount of sodium we excrete is based on aldosterone, a hormone released by the adrenal cortex

· The presence of aldosterone tells the kidneys to reabsorb sodium, thus reabsorbing water as well ( increase in BP!)

· Aldosterone plays a role in the renin-angiotensin system (see separate document)

Potassium

· Normal serum level is 3.5-5 mmol/L

· Primary ion of the intracellular fluid (ICF)

· Kidneys excrete a major portion of the potassium we consume

· Opposite of sodium, the presence of aldosterone causes the kidneys to excrete potassium

· Hyperkalemia is the most life-threatening effect of renal failure

Acid/Base Balance

· Normal pH is 7.35-7.45

· The kidney works in two ways to maintain this balance

1. Reabsorption of bicarbonate

2. Excretion of hydrogen ions (acid) and sulfuric acids
Blood Pressure Control

· The kidney monitors the blood pressure in the body

· If the kidney senses low blood pressure, it stimulates the production of renin

· See renin-angiotensin document

· Once the blood pressure is back to normal, the production of renin is stopped

· Remember that decreased perfusion to the kidney leads to kidney damage, so the kidney is going to do what it needs to, to maintain good blood pressure and perfusion

Regulation of Red Blood Cell Production

· When the kidneys sense a decrease in the amount of oxygen delivered, it stimulates the adrenal glands (remember, they sit on top of the kidneys) to make erythropoietin

· The erythropoietin travels to the bone marrow and stimulates the production of red blood cells

· This is another defense mechanism by the kidney to avoid damage.  It’s going to attempt to bring more oxygen in by stimulating the production of RBCs

Vitamin D Synthesis

· Vitamin D is absorbed in the intestines

· To activate it, it must be converted  to its active form by the kidneys

· Vitamin D is important for maintaining calcium

Secretion of Prostaglandins

· Kidneys secrete these prostaglandins because they cause vasodilation

· When the kidneys aren’t getting enough blood flow, they secrete the prostaglandins to dilate the renal artery in an attempt to regulate blood flow and protect the kidney from damage

Calcium/Phosphorus
· Calcium is absorbed in the intestines
· Normal serum calcium is 9.0-10.5 mg/dL

· It’s need for bones, teeth, heart health, and blood clotting

· Calcium is regulated by the parathyroid

· Hypocalcemia (pins and needles feeling and diminished reflexes) occurs in renal failure because phosphate increases

· Calcium and phosphorus have an inverse (opposite) relationship

· Make sure to give patients their phosphate binders just before they eat

· The binders keep phosphate from getting to the gut

