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· RENAL SYSTEM FUNCTION:

· Filtration of blood – size dependent…anything 8,000 Daltons or less will pass through “like water”

· Elimination of waste

· Regulation of blood pH

· Reabsorption of cherished substances – these are constituents that the body needs that previously filtered out 

· Electrolyte balance
· Maintain local blood pressure
· Hemopoiesis/Hormone production – kidneys produce erythropoietin hormone, which stimulates RBC production in bone marrow

· BASIC KIDNEY INFO:

· Hilar (hilus) area of the kidney – this is the concave area of each kidney where renal vessels and ureters connect

· R kidney projects lower than the L kidney on film due to liver pushing it inferiorly 

· Superior border of each kidney is more vertical to enhance drainage of urine into ureters

· Kinks or bends in the ureters can lead to stone problems.  The ureters are mainly straight, but there are 2 areas where bends are found that potentially could be problematic…

· Bend at the sacral promontory – hyper/hypo lordosis can affect this

· Bend at the posterolateral border of bladder 

· Most frequent site of stone obstruction is at the base of the renal pelvis

· The path of urine production to drainage is as follows…

· Cortex ( Medullary Pyramid ( Minor Calyces ( Major Calyces ( Renal Pelvis ( Ureters

· Perihilar (around the Hilus) area is surrounded by fat deposits.  Sometimes this perihilar fat is dense enough to be seen on film

· CT, Myelogram and MRI’s are used to view kidney anatomy

· KIDNEY ANATOMY:  

· Cortex – all of the filtering components of the kidney are found in the cortical region.  These structures include the glomerulus, PCT, DCT, thin and thick loops of Henle

· Medullary Pyramids – here we find the tubular system…loops of Henle and DCT

· Glomerulus – 

· Primary function is filtration based on particle size (remember 8,000 Daltons or less)

· Most waste products are this size but so are some cherished items…these will be retrieved later in the system

· This is a mechanical filter

· The glomerulus is a specialized vascular structure that is designed to leak or filter substances according to size.  We say it is a “vascular” structure b/c it is at the end of the afferent arteriole that supplies it.

· Some diseases damage the glomerulus by creating larger holes so that greater number of larger substances can filter through.

· Bowman’s Capsule – 

· Functions as a funnel for the glomerular filtrate…therefore, anything that the glomerulus dumps into the B.C. will leave via the connecting tubular system

· This is the start of the tubular system

· Proximal Convoluted Tubule – 

· Most of the PCT is in the cortex of the kidney

· Main function is to reabsorb the cherished substances that previously filtered out of the glomerulus

· The PCT contains a lot of mitochondria…these are needed for energy production to power the Active Transport system that drives the cherished substances back into the blood.  Also, electrical and pressure gradients help to do this as well.

· PCT is lined w/ cuboidal cells w/ a brush border for bi-directional filtration

· Loops of Henle
· Thin Loop (concentrating segment) (descending loop)

· Concentrates urine by removing water.  This raises the osmotic pressure

· Sometimes this loop is only 1 cell layer thick to increase the filtration of water

· Thick Loop (diluting segment) (ascending loop)
· Distal Convoluted Tubule – divided in half by function NOT by anatomy
· Proximal portion of DCT – Functions just like the thick loop of Henle by water back into blood (dilution)
· Distal portion of DCT – Functions more like the collecting duct to which it is attached.  It functions to reabsorb Na+.  ADH influence occurs in this portion of the DCT.  This is the last chance to modify the urine content.
· Anything 8000 Daltons or smaller will pass through the glomerulus, 286 millimoles is the osmolarity of blood in the inner kidney (Bowman’s).  Glomerulus is the most common way to move products from urine to blood.

· HORMONES:

· Parathormone – 3 main functions

· Elevates serum Ca++ - 

· This occurs b/c PT acts on osteoclastic cells to break down bone and release Ca++

· PT functions to recover more Ca++ from the blood

· Stimulates 25-hydroxycholcalciferol release from the kidney

· 25-HCC changed to 1,25-dihydroxycholcalciferol in the liver – this helps regulate serum Ca++

· Aldosterone – acts on distal portion of DCT and Collecting Duct to retain Na+ and water.  Therefore, it functions to maintain fluid volume levels

· ADH – posterior pituitary hormone that functions to inhibit the loss of water.  This is a water conservative hormone that recovers water before it enters the ureters.  It also acts on the Collecting Duct

· Renin – functions to maintain tubular flow rates and local renal blood pressure

· Erythropoietin – hormone produced in the kidneys whose function is to stimulate RBC production.  In ESRD (end stage renal disease) 90% of kidney function is lost, including the production of this hormone.  This then leads to an Anemia of Underproduction.  This is when RBC production is not being stimulated and the patient can’t keep up w/ the need for new blood cells.

· PRESSURES WORKING ON THE GLOMERULUS:

· Hydrostatic Pressure in the Glomerulus

· This is the most important pressure acting on the kidney
· If hydrostatic pressure rises, then GFR also rises and vice versa
· The hydrostatic pressure in the glomerulus is much higher than the pressure in the Bowman’s Capsule so that fluid and substances can be pushed on through
· Hydrostatic Pressure in the Bowman’s Capsule

· The pressure in the BC is much lower than the pressure of the glomerulus so the BC can receive all of the glomerular volume
· Osmotic Pressure in the Glomerulus

· This pressure is also low so the glomerulus can let the water go into the BC
· All of these pressures affect patients w/ HTN.  When these pressures are increased, mechanical damage occurs to the tubular system in the form of larger holes being created in the walls of the glomeruli and BC by larger-than-normal particles being shoved through.

· RENAL WASTE PRODUCTS:
· Creatinine –
· Creatinine is produced in skeletal muscle as one of the end products of energy production

· (ADP + phosphate + creatine --> ATP + creatinine)

· Normal values of creatinine are .5 – 1.5 mg/dl

· Panic value of creatinine levels is around 10 mg/dl

· A test for creatinine levels is the Creatinine Clearance Test (part of a standard renal panel)
· Because we have 2 kidneys, we have a 100% reserve capacity for creatinine.  The downside to the CCTest is that an abnormal test is only seen in conditions of 50% or greater kidney failure.  This test is not good for identifying early kidney problems.

· Dialysis is required when both creatinine and urea levels are in their panic values

· Causes of INCREASED creatinine levels include…

· Gigantism, Acromegaly, impaired renal function and difficulty in waste elimination (Oliguria)

· The best example of DECREASED creatinine levels is Muscular Dystrophy

· Urea – 

· Urea is produced in the liver as a product of protein catabolism and is carried by the blood to the kidneys
· Normal values of urea are 10-20 mg/dl
· Panic value for urea is 100 mg/dl
· The gold standard test for urea concentration is the BUN (blood, urea, nitrogen)
· An elevated BUN is known as AZOTEMIA
· Liver damage leads to decreased urea production and therefore a decreased BUN
· Over-hydration also leads to a decreased BUN (ex. Kuhn running across room w/ Bertie’s water bottle – less time to leak before it reaches the bladder)
· Excessive amounts of water entering the renal system will increase the hydrostatic pressure in the Glomerulus and Bowman’s Capsule.  This leads to an increase in the tubular flow rates and therefore urea doesn’t have enough time to leak back into the blood in sufficient quantities to affect the BUN…that’s why the BUN is low in over-hydration
· Dehydration leads an elevated BUN or Azotemia (ex. Kuhn slowly walking across room w/ Bertie’s water bottle – more time to leak out sufficient quantities before reaching the bladder)
· Less fluid in the renal system means less hydrostatic pressure and a slower flow rate and therefore more time to leak out more urea into the blood.
· Once urea enters the tubular system leading to the bladder, it can filter (drip) back into the vascular system by destabilizing the vessel membranes and allowing its passage back into the blood.
· Creatinine on the other hand, cannot leak back into the blood once it has entered the tubular system
· CONDITIONS THAT INCREASE BUN:

· Renal Failure – 
· We see an increase in both BUN and creatinine but only BUN is affected by hydration. 
· We also see Oliguria or Anuria (this is where NO NET FLOW occurs due to urethral constriction – backing up the system causing failure)
· Dehydration – explained above
· Hypotension – 
· Reduced hydrostatic pressure in the Glomerulus leads to decreased GFR, flow rate and finally an increased BUN
· Renal Artery Stenosis –
· Creates a state of hypotension along w/ ischemia
· BUN/CREATININE RATIO:

· Normal ratio is 20:1 (remember it by 20x more urea than creatinine)
· Increased ratio is seen in the oliguric forms of renal failure.  These are forms of renal failure that employ obstructions, cardiovascular compromise and hypotension
· Increased flow rates will result in a decreased ratio

· RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM (RAA):

· Process goes like this…

· The kidneys monitor the concentration of Cl- ions in the system by way of the Macula Densa cells.  A high level of Cl- has no affect on the MD cells but a low level of Cl- causes the MD cells to stimulate the Juxtaglomerular cells to release Renin.  Renin floats along in the blood looking for Angiotensinogen.  Angiotensinogen is a precursor molecule produced in the liver.  Renin and Angiotensinogen bind in a cleavage rxn and are now known as Angiotensin 1.  Angiotensin 1 makes its way to the lungs and binds to ACE (Angiotensin Converting Enzyme).  This binding creates a new substance called Angiotensin 2.

· Angiotensin 2 is the most potent stimulant for the release of Aldosterone on the DCT.  It causes vessel constriction and retrieval of Na+ and water.

· RAA system in summary…

· Low Cl- --> MD cells act on JG cells --> Release of Renin --> Renin binds to Angiotensinogen --> Angiotensin 1 --> Angiotensin 1 goes to lungs --> Binds w/ ACE --> Angiotensin 2 --> Release of Aldosterone
· Angiotensin 2 is the final product or final active form of the RAA system.  It causes vessel constriction, increased hydrostatic pressure, increased Cl- concentration, and ultimately Angiotensin 2 feeds back to the kidneys to shut off the RAA system.

· Hyponatremia leads to a weak response and the release of Aldosterone to recover Na+ and water.  Aldosterone is a weak hormone in context of Na+ recovery.

· URINALYSIS TESTING:

· 
Observe:

· Color (Range: Pale yellow (straw) up to bright yellow-orange)

· Abnormal: Brown: blood; Bilirubin.  

· Normal Variant: Maybe greenish: Asparagus

· Clarity: Tested by use of clear cups on a white background with text.  

· Clear letters or ‘blurred’ numbers?

· Smell:

· Should not be pungent; should have to waft it!

· WBC's are never supposed to be in the blood.  If you find them, check for contamination and double check the collection technique.  Recollect the sample and if it’s still there … there may be a problem.  

· There should be no protein either!

· Proteinuria: Glomerular disease

· Always start w/ inspection of the urine.  Normal urine should be straw colored and you should be able to read print while looking through the sample.

· If sample is cloudy, ask the patient if they are taking any protein supplements (proteinuria).  Also ask if they have experienced any blood loss or anemic type symptoms (hematuria).  Finally, ask if they eat lots of fatty foods or have been in contact w/ anyone w/ an illness.  Excess fat can cause a spill over of fats into the urine and being around someone who is sick can cause you to have an immune response if you get infected and you may dump pus into the urine from fighting the infection.

· Hematuria is the most common finding in abnormal urine samples

· This can be a benign or malignant reason
· Bad: Tuberculosis, nephritis, malignancy, pyelonephritis, trauma, obstruction thus hydronephrosis, cystitis, and much more.
· Not so bad: Jogging (post exercise hematuria) 
· 3 or more RBC’s in a high-powered field is significant hematuria
· Where is the blood loss?
· Do the “just for men” triple catch specimen.  These are sterile-catch specimens.  
· Pee a little, stop then (Cup 1 … if abnormality, focus on cystitis or urethritis)
· Pee a little more, stop.  Get a prostate exam
· Pee again.  (Cup 3 … if abnormality, focus on prostate pathology)  
· If significant blood in both cups 1 and 2 … this is more malignant.
· Have a look at the hematuria algorithm.   

· Interpretation of renal f(x) tests (Library sheet).  Screening tests / Quantitative Assessment.
· Screening: Measurement of Glomerular nitration rate by following:

· BUN, plasma Creatinine, Creatinine clearance

· Urinalysis is considered a liquid biopsy.  Great way to evaluate renal function.  

· Types of urine specimen

· 1st morning

· random

· timed 

· double voided

· culture and sensitivity

· Collecting Methods

· Routine void

· Midstream

· 24 hour collection

· catheterization

· suprapubic aspiration

· pediatric collection

· Significant hematuria can be analyzed by microscopic exam or by dipstick exam.  An episode of painless gross hematuria has a 20% chance of kidney or bladder tumor

· History

· Easy bruisability or prolonged bleeding after a simple cut should direct efforts toward seeking a bleeding or coagulation disorder

· Hematuria associated with colicky pain radiating from loin to groin strongly suggests passage of a ureteral stone

· Hematuria developing after trauma involving the flank probability indicates a contusion or other injury.

· Hematuria accompanied by lower UTI symptoms and signs (such as frequency, Dysuria, and Pyuria) points to a diagnosis of cystitis (particularly common in females.)

· Sexually active young woman with hematuria

· A hx. of sore throat, HTN, and facial and peripheral edema in an adolescent suggests acute glomerulonephritis

· Male- Triple Catch- p. suspects that they have blood in urine, repeat test to isolate what the source of the blood is.  Give p. 3 cups, initiate urination in 1st cup, fill 2nd cup, dr. will then do a Digital Rectal Exam, finish urination in 3rd cup.  

· 1st cup with hematuria- very distal, urethritis and base of the bladder

· All three cups with hematuria- mostly a bladder problem (cystitis, bladder cancer, or upper UTI), pyelonephritis (tumor, kidney infection or tumor will leak into the bladder and show up in all three cups)

· 3rd cup with hematuria- prostate

· Female- Double Catch 

· 1st cup abnormal- urethra and base of bladder

· both cups abnormal- bladder problem (infection, tumor), kidney problem (infection, tumor)

· Microscopic exam findings of various cellular elements and casts suggest specific clinical conditions.  

· IVP- intravenous pyelography constitutes the logical next step in the work-up.  Any calcification in the collecting system noted on the plain abdominal film is correlated with films taken after the injection of contrast medium.  The contrast films outline the renal parenchyma, the caliceal system, the ureters and the bladder.

· Cystourethroscopy- when the IVP is normal, Cystourethroscopy may reveal the source of the bleeding.  

· CT- if the source of urinary tract bleeding remains  an enigma, CT scanning and arteriography facilitate renal parenchymal imaging.  Ct can disclose small masses; arteriogram may show neovascularity, pathognomonic of tumors.

· Retrograde – if pathology is not found in the bladder, Prostatic urethra or urethra particularly if blood tinged urine is noted at one of the urethral orifices- a retrograde may delineate an upper tract lesion better than the IVP does. Selective ureteral urine  specimens can give

· Renal biopsy- in some cases glomerular lesions requires biopsy.

· Sonogram- size of kidney, 

· Cast formation is the result of tubular or peritubular disease. 

· Screening Tests: UA, BUN, plasma creatinine or creatinine clearance

· Quantitative Assessment: Serum creatinine, creatinine clearance for GFR; concentrating ability or acid-base study, glucose reabsorption, special studies where indicated for tubular function.

· Tamm-Horsefall Protein- the normal protein loss that we see in urine.  Shedding of epithelial lining of the tubular cells. 

· Epithelial desquamation( proteinuria( precipitaiton in tubules( hyaline casts

· Epithelial desquamation( RBC cast( hemoglobin

· Loss of WBC’s into tubule(leukocyte (pus) casts

· Cellular casts( finely or coarsely granular casts( waxy cast

· GLOMERULAR FILTRATION RATE: (page 17 of library material)

· Normal GFR in an adult male is 125 ml/min…females, elderly and smaller people will have a lower GFR

· If a person loses glomerular function slowly over a long period of time (chronic), their body will accommodate to this reduction.  Sometimes it takes up to 2/3 of glomerular functional loss to be detected by urinalysis.
· In more acute situations of glomerular functional loss, only a 1/3 loss (30%) will show up abnormal w/ urinalysis. 
· When there is 90% glomerular functional loss we call this ESRD (End Stage Renal Ds).  These patients must be on dialysis or they will die
· The most practical test substance to determine GFR is CREATININE.  Some labs will use Inulin but it isn’t as good as creatinine b/c it isn’t a natural body substance.
· Ex. if a patient has elevated plasma creatinine and low urine creatinine, we can assume the filtering capacity of the glomerulus is in jeopardy.  (Normally, urine levels of creatinine will be higher than serum levels)
· Rationale of GFR Tests

· Requirements:

· A substance whose molecular weight is small enough that is passes the glomerular filter at the same rate as water, and which is not reabsorbed, secreted, or metabolically altered by the renal tubule.

· Measurement of the concentration of this substance in the plasma

· Measurement of the concentration in the urine 

· Measurement of the rate or urine flow per minute

· Calculations:

· Amount filtered = amount excreted

· P  x GFR = U x V

· GFR = U/P x V

· *substances used to test GFR include inulin, creatinine, and urea.  Creatinine is the most practical

· Assessments of the kidney’s concentration-dilution functions provide the most sensitive means of detecting early or mild impairment of renal physiology.  A patient with completely normal concentrating ability is unlikely to have serious kidney malfunction of any type. 

· Normal ability to concentrate urine requires:

· A copious GFR

· Proper amount and distribution of renal blood flow

· Adequate tubular mass

· Healthy tubular cells

· Possible causes of loss of concentrating ability

· Hypokalemia

· Hypercalcemia

· Absence of ADH

· Diminished GFR

· Amyloidosis

· Increases solute load

· Loop diuretics

· Disturbed medullary circulation plus any diseases resulting in chronic renal failure

· Countercurrent: multiplier mechanism in the LOH is responsible of the generation of a hypertonic urine.  The energy to operate this mechanism comes primarily form the reabsorption of salt without water in the thick ascending limb of LOH.

· Tubular Reabsorption- in the presence of ADH the walls of the collecting ducts become highly permeable to water, allowing osmotic equilibrium between the tubular urine and the adjacent interstitial fluid.  Because of the countercurrent multiplier the osmolarity of the interstitial fluid in the renal medulla rises progressively from the cortico-medullary unction to the tip of the papilla.  The max level at the latter defines the max urinary osmolarity

· Level of max osmolarity about 1200 mOsm/kg

· Schematic gradient of interstitial osmolarity in renal medulla

· Method:

· Nothing given by mouth after 6pm

· Dehydration

· 9/26/05
RENAL FAILURE:
· In most cases, any systemic condition that is acute can turn into a chronic problem if not treated.  This is NOT the case in renal failure…Acute Renal Failure (ARF) rarely becomes chronic
· Chronic: Diuretic renal failure
· Surprisingly, 90% of ARF patients recover w/ no real measurable deficits.  But, the other 10% may progress to a more chronic-like state and require dialysis or they will die. 

· Causes of ARF are lumped into categories labeled…Pre-Renal, Renal, Post-Renal
· Pre-Renal causes include heart ds, hypotension, renal artery stenosis, liver failure
· Renal causes include Acute Glomerulonephritis, Acute Tubular Necrosis, drugs
· Post-Renal causes include obstructive processes such as prostatic hypertrophy, renal stones, urinary bladder tumors 

· Signs/Symptoms of ARF…

· Highly concentrated urine

· Oliguric samples (low volumes of urine -- < 500 ml/day) – less than a normal sized water bottle

· Retention of fluid

· High BUN

· Dependent edema at ankles (while upright) or at lumbosacral/abdominal area (while lying down)

· Increased vitals including weight

· Tubular Flow Rate will be decreased (Duh)
· Signs/Symptoms of CRF…

· Diuretic signs…increased frequency and volumes

· Dehydration

· Increased elimination of waste products
· Low BUN

· Increased HR but decreased BP

· Similar S&S as Diabetes, HTN, Glomerulonephritis, Polycystic Ds.

· In summary, ARF is a RETENTION PROBLEM while CRF is a DIURETIC PROBLEM
· ACUTE GLOMERULAR NEPHRITIS: (AGN)

· 1. AGN targets the cortical area of the kidney

· 2. Boys/men are most commonly affected by AGN than females.  More

·     commonly an earlier than later onset. 

· 3. One of the main causes of AGN is a hypersensitivity reaction to the Strep bacteria. The person becomes over sensitized to Strep bacteria.  Normal response is for the body to make antibodies against the organisms but the person also becomes sensitive to the antibodies too.  This antibody/antigen complex is called the Precipitan.  The Precipitan flows through the blood and enters the glomeruli and plugs up the holes.  This leads to a WBC and IgG rxn that causes swelling in the glomeruli.  The swelling causes the pores of the glomeruli to become smaller and this leads to a dramatic decrease in the kidney’s ability to filter/leak fluids through them.

· 4. AGN is the cause of 1:200 hospital admissions

· Signs and Symptoms of AGN

· Past Strep infections w/ each infection becoming progressively worse.  This leads to a predisposition to AGN

· Flu-like symptoms.  The person will feel as though they are experiencing the flu but the main sign of possible AGN is that the person will mention that they haven’t urinated in quite a while.  Flu does not cause you to stop urinating but AGN will.

· Slow healing wounds/skin infections predispose person to group A Beta hemolytic Strep.

· There is often a latent period (1-4 wks) before these signs/symptoms appear.  Ask patient if they have had any wounds or skin infections in the past 4 wks.

· Oliguria, weight gain, dependant/pulmonary edema, orthopnea and increased vitals.

· Lab tests reveal…

· Azotemia (increased BUN), high creatinine, high BUN/Creatinine ratio (more urea leaks into vasculature due to decreased tubular flow rate), hemolysis, decreased erythropoietin production, and possible WBC/RBC casts and protein casts.

· Treatment of AGN

· In most instances, the body will heal itself.  To enhance this process the person must be well hydrated, take antibiotics and Loop Diuretics.  Often corticosteroids are prescribed to decrease the symptom time.  Instead of taking a week to allow the body to heal itself, corticosteroids will relieve most symptoms w/in a few days.

· Normally there is a 90% recovery rate for AGN w/ no residual symptoms

· ACUTE TUBULAR NECROSIS: (ATN).  Older onset, typically more common in men.  

· 2 categories of etiologies

· TOXINS

· mercury, CCl4 (carbon tetrachloride), and ethylene glycol (alcoholics)

· NSAIDS (Non-steroidal anti-inflammatory Drugs)

· aspirin, ibuprofen, naproxen, indomethacin, oxaprozin, nabumetone, and many other similar drugs.

· ISCHEMIA

· Ischemic causes of ATN are the most common but are also the most dangerous.  The ischemia is a product of atherosclerotic plaques that have embolized and plugged up vessels w/in kidneys.  The larger the vessels, the more serious the problems (aorta and renal arteries)

· hypotension of renal system (this leads to inadequate supply of fresh blood to tubular system) and eclampsia in females, which leads to HTN.

· -Early stage of ATN- stage of dis-ease, fever, elevation of WBC’s.  You are likely to see other symptoms involved.  (pancreas and liver).  BUN and Creatinine will be elevated.

· -Late stage of ATN- edema will show up in other areas, engorged bowel, true anorexia.  Nausea- directly related to the urea level increase and acidosis.  This patient may be to sick to come see you.  Major complications include: cardiovascular disease, tubular overflow rate (stimulates RAA system).  

· IVP (intravenous pyelogram) is a process where a radiographic contrast is injected into the blood in order to see the flow throughout the renal system.  Any blockages by plaques or other causes will inhibit the contrast flow.  Normally the contrast will make the kidneys appear white, but blocked areas will appear black (small infarcts or emboli).   

· Some other causes of ischemic ATN other than plaques include Toxic etiologies include 

· S/S for Ischemic Disease for Acute Tubular Necrosis:

· Looks like they’re in failure (edema, malaise, flu-like Hx, wt gain, inc. respiration, etc).  

· IVP is necessary.  This is injected contrast into vein.  Contrast passes thru and lights up the units.  Areas of “non-enhancement” in diseased kidney.  

· Atherosclerotic in nature.  You can have either “Spots” (small vessel occluded) or a large portion (large vessel occluded).

· Ischemic disease for ATN has a larger probability of irreversible damage.  

· Chronic Renal Failure:

· Causes include: DM, HTN, Glomerulonephritis
· Polycystic Disease
· Intra-renal pressure increases, causing more leakage (increased urine)
· S/S of CRF :

· Diuresis (DM: Glucose is spilled w/ urine and Glucose is hydrophilic thus it takes water with it) 

· High BP (Hydrostatic pressure in glomerulus is high.  Thus, we exceed tubular capacity.  More production of urine)

· Dehydration.  Electrolytes are low.  Water soluble vitamins low.  Fat soluble vitamins would be normal or low (because fat soluble can now get through the holes in the filter).  PTH will be increased and Ca++ will be low.  (Will need high doses of VIT D, Ca++, and relatively high doses of magnesium.  They will pee most of it out, that is why you need to increase dosage)

· Early CRF- (diuresis) for that dx, you would have had to do a 24 hr. urine collection, to get a good look at their total urinary output.  @ 2L, they are diuresing.  Polyuria, dilute urine.  The amount of water lost can put them into a dehydrated state, which will stimulate aldosterone.  Trigger is Hyponatremia.  They will have trouble handling potassium, a polyuric state.  We should recommend supplementation to this patient.  

· Late CRF- (Oliguria)- metabolic acidosis, azotemia, low tubular flow rates, RAA system will be activated.  Reduction in urinary output, edema, to much going on in vascular tree.  Persistency of the presentation we will more than likely have a weight loss, a form of Malabsorption. RBC’s are much more fragile due to metabolic acidosis, azotemia  (elevated BUN).  Cannot produce more RBC’s due to a loss of production of hemopoietin.   We need to worry about the heart, potassium levels, skeletal system.  

· Urinary Tract Infections:

· 2nd most common infection

· 10:1 female to male ratio (males are very antibacterial) the prostate can secrete antibacterial substances.  However there is an toddler spike due to a hygiene issue (18 mos – 30 mos).   

· 1-4% females below age of 60, 10-12 % over age 60

· infection works its way backwards and upwards (ascending infection)

· E Coli is the cause of 90% of UTI’s, advancing replication, and grows along the available surface area.  

· Urinary Stasis: male may have BPH, cancer will wrap around and constrict the urethra, the patient has to generate higher forces to get the bladder full.  An organisms that can survive when small amount of urine are left.  Men and women with diabetes, due to an immune compromise.  Glucosuria is an infinite energy supply for bacteria.  

· Instrumentation- catheter, neurologic dysfunction, makes women and men more susceptible to UTI’s.  

· Honeymoon Cystitis- age 18-34.  Persistent sexual activity.  Trauma to peri-urethral tissue.  Replication can occur in this obtained urine environment.  Also pregnant females from mid pregnancy until the end of their pregnancy.  The uterus gets larger and begins to push down on the bladder, and it is forced down on the pelvic floor and acts as a constricting agent and increases intra-abdominal pressure.  Honeymoon cystitis can be reduced by 70% by means of post-coitus micturition.  (pee after you have sex).  

· Neurogenic bladder, cord injury, congenital anomaly.  

Upper- kidney

· More are spread hematogenously spread

· S/S: high grade fever, shaking, chills.  Lab findings include: WBC’s and bacteria, some RBC’s, transitional epithelium, tubular epithelium. Casts on UA.  Treatment: referral to primary for antibiotic therapy, this type of infection can lead to permanent cell death.  

· This patient may not have urination symptoms.

· HPF (20 or more),  Culture count 100,000

· Lower- renal pelvis and below

· Not hematogenously spread- urethra, 

· S/S: Dysuria, low grade fever, - Murphy’s punch, pre-urination pain, pain during urination, post-urination pain.  Lab findings include: WBC’s, nitrates, culture will be positive.  Tx.: Conservative care measures for a time based on the progression of the patient.  

· Treatment: cranberry juice- 10% juice is just as effective as pure extract.  No direct bacterial content, has a content close to water, not consumed routinely, and coats the urinary system, making it slippery and the bio-film cannot adhere. Reduction in dose delivery.  
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