Renal system
Substances that are toxic to the ears are also toxic to the kidneys and vise versa:
· Aminoglycoside antibiotics  vancomycin can cause severe ototoxicity and can lead to deafness.
· Nephrotoxicity due to a medication usually occurs in a location in the kidney where kidney cells can regenerate  medulla. There is less worry about the long term effects on the kidney than what can happen to hearing 
· Know what the patients creatinine and BUN levels are before administering drugs
· Example: increased creatinine and BUN indicates less kidney function and filtration  radiocontrast dye for CT scan, the dye will settle in the toes and fingers and rot them out (necrosis)
Kidneys:
·  Protected by a layer of fat. This is important because the outer layer of the kidneys cannot regenerate (cortex)
· Made from 1.5 million nephrons all pushed together
· Cortex is the outer layer  doesn’t regenerate itself
· This is a shock resisting system 
· Example: the femoral artery is punctured  the body realizes there is a pressure difference  pressure is low. We then release renin  angiotensin I  ACE  angiotensin II which causes vasoconstriction of the blood vessels (great for blood loss). Angiotensin II also causes an immediate growth of the heart  which immediately increases our cardiac output. It also stimulates the release of ADH and aldosterone which will make us retain water (keep fluids to maintain BP)
· Professional eater --- intake of too much sodium  elevated glucose and abdominal distension. The intake of all of this food increases glucose levels to around 400. And to get rid of this, you will have to urinate it out. This elevated glucose causes an acidotic state which causes an increase in respirations and urination. We also increased prostaglandin release at the afferent arteriole  causing vasodilation, which increases the amount of blood flow that will be filtered. When the afferent arteriole dilates, the pressure receptors recognize a drop in the pressure  increase angiotensin II production  leading to vasoconstriction of the efferent arteriole, which increases the BP leading to greater cardiac pumping and more filtration of blood --- great for the professional eater (full circle). THE PROBLEM: overeating will cause the patient to always be in this “panicked state” to remove the toxins from food. With constant increased pressure at the glomerulus (semipermeable membrane)  results in the scaring of the glomeruli and the filtration of the kidneys decreases  increasing the buildup of toxins in the blood. ***Once the glomerulus is scared, it cannot heal itself and this decreases the filtration of the kidney.


 Is the pressure too high at the kidneys? (Microalbumin) 
· High pressure at the kidney  Going to see microalbumin in the urine. The glomeruli is not suppose to be semipermeable to protein --- if the pressure at the kidney is really high, small particles of albumin are being forced through the membrane and when we see albumin in the urine, it indicates there is high pressure at the glomerulus and the person is at risk for filtration problems. Testing  Get a clean catch urine specimen (in the morning). 
· Nocturia --- getting up 3 or more times to urinate at night (frequency? How long has this gone on?). When you lay down, blood pools in the center of the body  bringing the pressure up at the center of the body. If the person is already hypertensive, they are going to be making lots of urine and they are not going to concentrate that urine. ***If their bladder is full every time they get up to pee, that indicates their BP is not controlled (too high). If the pressure is too high around the medulla (reabsorption and secretion) they are not going to reabsorb from the kidneys  keep getting up and urinating.  *** ACE inhibitors is what we use (angiotensin II blockers)  reducing the effects of angiotensin II (no vasoconstriction) --- this will lower the pressure on the kidneys
Cortex:
· Primary function is filtration ---we have a higher pressure in the alveoli which is bringing blood to the glomerulus (where filtration occurs  semipermeable membrane), and the higher pressure pushes to the lower pressure on the other side (DIFFUSION)
· Cortex (glomerulus)  cannot be regenerated. 
· a semipermeable membrane is similar to a cheese cloth  when the body cannot repair itself we end up with a scar. Scars are not semipermeable.
· If scars are present on the membrane  not as semipermeable 
Medulla:
· Site of reabsorption and secretion 
· With osmosis we reabsorb fluid from the kidneys. Our blood has more solutes and “solutes suck” --- through the process of osmosis, we reabsorb fluid from the kidneys and put the fluid back into the blood stream. 
· Main function is to concentrate the urine  we will retain keytones, lactic acids, and other wastes that we do not want in the blood stream and the kidneys will excrete it out
· Site of drug induced toxicity: ACE, NSAIDs, Aminoglycosides (vacomycin), and Radiocontrast dye

Pelvis: 
· Makes a reservoir of urine between the kidney and the rest of the urologic system that blocks the entry of pathogens to the kidneys (urine storage)
· Pyelonephritis  kidney infection. Pain in back, flu like symptoms, burning with urination 

Glomerulus:
· Semipermeable membrane 
· Glomeruli filter blood from the afferent arteriole (dilated blood vessel that brings blood in). The efferent arterioles return filtered blood to general circulation 
· Prostaglandins (Vasodilators) work at the afferent arteriole, they buffer acid when you eat or take medication to help move the toxic waste of the food/drug through the kidneys to be eliminated 
· Pressure receptors are going to recognize when the pressure is low in the afferent arterioles  secrete renin which leads to the development to angiotensin II  angiotensin II vasoconstricts the efferent arteriole which then raises the blood pressure  maintaining perfusion to the kidney 
· ****In people who have kidney disease --- ACE inhibitors are being used to block the creation of angiotensin II and help lower the pressure at the kidneys (low pressure = less damage)
Things that affect pressure at the kidneys:
1. Diabetes half of diabetic patients (type 1 & 2) will develop renal failure 
· Type II diabetes is the bigger concern for the development of renal failure
2. Hypertension 
3. Non-diabetic overeater  take up too much sodium (always in “panicked state”)
Beer blocks anti-diuretic hormone  so it doesn’t work and that’s why when you drink beer, you have to urinate more
We filter 180 liters daily
We reabsorb 178 liters daily
Normal urine output: 
· 1000 – 1500 mL / 24 hours 
Oliguria: urine flow has decreased  acute renal failure
· 50-400 cc/24 hours
· Most likely sign of acute renal failure is oliguria 
Anuria: the person is really not making much urine at all  end stage renal failure 
· Less than 50 cc/24 hours
· More serious and more critical 
Monitoring urine output per hour:
· Patients need to be urinating at least 30 cc/hour
Creatinine clearance: seen in the urine
· Checked by assessing a 24-hour urine sample
· 80% of creatinine leaves through the glomerulus --- therefore, a decrease of creatinine in the urine indicates a decrease of kidney filtration 
Serum Creatinine: seen in the blood 
· With end-stage renal failure, there will be elevated creatinine levels in the blood 
· Normal levels: 0.6 – 1.2 mEq/L
Urinary tract infections:
· Involve the urethra, bladder, and ureters --- does not involve the kidneys
· Presents with painful urination, frequent urination, and strong urine odor 
· Patients can drink more fluids (cranberry juice) and take antibiotics 
· Diagnosis: 
· Indicators for a positive UTI when assessing urine specimen: leukocytes (WBC), nitrites, and possible blood (blood can indicate a kidney infection or an advancing UTI)
· Obtain a culture  E-coli  
· UTIs are more dangerous in newborns and elderly patients 
· UTIs are more common in late adolescent females and pregnancy (more alkaline environment)
Pyelonephritis  kidney infection 
· Will happen on one side --- usually does not occur in both kidneys (so, CVA tenderness will be on one side). If discomfort is on both sides  this could be more an inflammation issue 
· Causes: ascending infections from the bladder, history of kidney stones, anything that causes urinary obstruction, Sexual Transmitted Infections and enlarged prostate for males.  
· Signs and symptoms: fever, CVA tenderness, and flu like symptoms
· Treatment: antibiotics for 14 days, increase water intake, and avoid alcohol and caffeine intake. Alcohol is a diuretic so the patient will urinate more and then become dehydrated (delay healing)
Kidney stones (renal caliculi)
· More common in males
· Most causes there are idiopathic (no known cause)
· Signs and symptoms: colic  abdominal cramping; can be extremely painful 
· Causes:
· Too much calcium in the blood. There is an absorption problem such as with the thyroid and parathyroid (hyperparathyroidism)
· Calcium and vitamin D levels are too low that the person is taking calcium from their bones  leading to uric acid kidney stones. *** To prevent kidney stones: make sure that calcium and vitamin D levels are adequate 

· Evaluation and treatment of kidney stones:
· Obtain history and pain assessment
· ***Obtain a clean catch mid-stream urine sample (we need urine that is in the bladder --- have the patient pee, stop, and then pee into a cup)
· Check vitals. Signs that a patient has obstruction --- elevated BP or elevated respirations 
· Tests --- abdominal x-ray, 24 hr urine, IVP dye contrast
· Removal of stones: small stones can be passes (need to be strained). Larger stones are broken down by lithotripsy or removed by surgery
· Preventing kidney stones:
· Adequate fluid intake (2-3 liters daily)
· Minimize intake of tea  has tannin in it that increases the likelihood of kidney stones
· Increase dietary fiber  decreases the absorption of oxalate 
· active lifestyle
· Report changes in urination 
· Patient should continue to eat or supplement calcium 
Hematuria --- most common sign of kidney cancer
· Unexplained blood in the urine 
Glomerulonephritis: inflammation of the glomeruli
· There will be scarring and inflammation of the glomeruli  cannot be repaired; less filtration and the accumulation of wastes
· Can present with signs and symptoms similar to Pyelonephritis
· With glomerulonephritis: patient is going to present with BILATERAL CVA TENDERNESS 
· there will be no leukocytes or bacteria in the urine because either of those are not involved 
· more common in males and middle eastern decent 
· acute glomerulonephritis
· streptococcal infection
· chronic glomerulonephritis
· history of proteiuria and hematuria (blood in urine)
***A person with obstructive renal failure --- has faster onset of pain and they become uncomfortable  this discomfort leads to faster treatment and fixing the problem before it progresses 
*** Scenario:  a patient with renal artery stenosis is given an ACE inhibitor and about an hour later, the person’s BP was elevated. What happened  the BP initially dropped that the kidneys did not perfuse enough, resulting in the kidneys retaining fluids to maintain perfusion, and this caused an increase in BP. This is a problem with the renal artery. Giving an ACE inhibitor will cause vasodilation/ decreased pressure  blood flow cannot get around the clot
· Plavix is given to the patient to keep the stent open and then they can go back on their ACE inhibitor 
Acute renal failure: rapid decline of function, resulting in an inability to maintain fluid and electrolyte balance and to excrete nitrogenous wastes. 
The most common indicator of ARF is azotemia --- an accumulation of nitrogenous wastes (urea nitrogen, uric acid, and creatinine) in the blood and decreased glomerular filtration rate. A major concern in the treatment of ARF is identifying the underlying cause  --- improving renal perfusion, discontinuing nephrotoxic drugs (aminoglycosides, NSAIDs) 
Types of ARF:
1. Pre-renal failure --- most common form, characterized by decreased renal blood flow. Causes include depletion of vascular volume, impaired perfusion due to heart failure, vasoconstriction of renal arteries or renal artery stenosis. Pre-renal failure is manifested by a sharp decrease in urine output and increased levels of BUN and Creatinine. Oliguria develops due to the decreased renal perfusion (the nephrons respond appropriately by decreasing the excretion of filtered sodium in an attempt to preserve vascular volume)
2. Intra-renal failure --- results from injuries to structures inside the kidneys such as pyelonephritis, glomerulonephritis and acute tubular necrosis. Acute tubular necrosis is characterized by destruction of tubular epithelial cells with acute suppression of renal function. Tubular necrosis can be caused by ischemia, sepsis, nephrotoxic drugs, tubular obstruction, and toxins from a massive infection. This can occur in patients who have major surgery, burns, trauma, and overwhelming sepsis.
3. Post-renal failure --- results from obstruction of urine outflow from the kidneys. This can be caused by calculi in the ureter, bladder tumors, or prostatic hyperplasia. 
Chronic renal failure --- the patient will only have 10% of kidney function is left 
· Progressive, irreversible loss of kidney function due to the permanent loss of nephrons
· Can result from diabetes, HTN, glomerulonephritis, and other kidney diseases. 
· Uremia  uric acid and bilirubin is deposited in the skin  UREMIC FROST (smell like urine and skin will be gray/pale color)
· ***Glomerular filtration rate is considered the best measure of kidney function
Incontinence:
· Total --- no control of the bladder (newborns and elderly and people with neurologic conditions)
· Overflow --- bladder is constantly full (they have nerve damage that they don’t know their bladder is full until urine leaks out)
· Urge --- the person has to go right now in a hurry and are not able to make it to a toilet in time (some irritant or infection)
· Precipitate --- unexplained periods of incontinence (common in children)
· Stress --- laughing, coughing, sneezing (more common after pregnancy. Most common type of incontinence  Do kegal exercises
· Paradoxic --- neurologic problem, no muscle control, urine just flows out

Hypospadias --- urethra opening is on the underside of the penis 
Epispadias --- urethra opening is on top of the penis 
Exstrophy of the bladder --- bladder is outside the body 
Hypoplastic kidneys --- small kidneys and huge adrenal glands 

Nepthrotic syndrome: 
· Characterized by massive proteinuria 
· Autoimmune reaction --- could be from insect bits (bee sting)
· Problem of the tubular system (medulla)
· There is an increased permeability with glomerular filtrate allowing proteins to escape from the plasma and end up in the filtrate. The low albumin levels results in decreased osmotic pressure, which allows fluid to leak out of the vascular compartment  leading to edema.  
· Other manifestations: hypoproteinemia, hyperlipidemia, and edema
· The patients will present with increased urination, very high protein urea, and edema
· In little children the swelling will be in their face and neck  periorbital edema 
· In bigger children swelling will be in their hands, feet, and ankles
· Treatment --- decrease inflammation with anti-inflammatory drug, keep the kidneys running, we need to pull the fluid back into the blood vessels so they will be getting protein, and they will be getting continuous fluids as well
Hemolytic uremic syndrome:
· Hemolytic anemia  anemia due to the breakdown of blood vessels that results in a problem with the microcirculatory system in the kidney
· Patient can end up with acute renal failure and thrombocytopenia  not able to clot (low platelets
· They will need new kidneys  kidney transplant 
Enuresis:
· Childhood incontinence (bed-wetting)
· Primary:
· Child has never been continent
· Secondary:
· 3-6 months of complete training 
· Can be caused by a major life style change in their environment, UTIs, and type I diabetics (polyurea)
Hyperglycemia effects on kidneys:
Diabetic nephropathy is a major cause of chronic kidney disease and the most common cause of kidney failure. The lesions of diabetic nephropathy most commonly involve the glomeruli and are associated with 3 glomerular syndromes: non-nephropathy proteinuria, nepthrotic syndrome, and chronic renal failure 

Renal Drugs
Diuretics: 
· Effects:
· Increase the output of urine
· Blocks sodium and chloride reabsorption 
· Diuretics that work at the earliest part of the nephron produce a stronger effect 
· Uses:
· Hypertension
· Reducing edematous fluid
· Prevent renal failure 
· Adverse effects:
· Hypovolemia 
· Acid-base imbalance --- sodium plays important roles in buffering 
· Electrolyte imbalance:
· Hyponatremia  risk for neurological problems (seizures)
· ***if sodium is depleted patient can get Lithium toxicity 
· Hypokalemia  risk for dsrhythmias and digoxin toxicity 
Classification of diuretics: 
· Loop diuretics:
·  Lasix  works early at the loop of henle (fast acting)
· Thaizide:
· Hydrochlorothiazide --- works at the distal tubule (not as strong)
· Osmotic:
· Large glucose molecules that draw in water 
· These diuretics are good for patients who have sudden changes in their fluid and electrolyte balance (head injury, MVA, trauma, burns, and nephritic syndrome)
· Potassium-sparing diuretics:
·  Eplerenone (Inspra) and Spironolactone (Aldactone)  work later in the distal tubule (slower onset)






Furosemide (Lasix) 
· Loop diuretic 
· Mechanism of action: promotes increased excretion of sodium, chloride, potassium and water 
· Works early at the Loop of Henle 
· Pharmacokinetics: 
· Given IV: peaks in 15 minutes (30-60 minute duration)
· Given orally: peaks in 1 hour (2-4 hour duration)
· Therapeutic uses:
· Edema
· Heart failure
· Respiratory issues from pulmonary edema
· Adverse effects:
· Hyponatremia  risk for neurological problems (seizures)
· ***if sodium is depleted patient can get Lithium toxicity 
· Hypokalemia  risk for dsrhythmias and digoxin toxicity  (watch potassium levels)
· Drug interactions: 
· Digoxin  risk of toxicity if there is a low potassium level
· Ototoxic drugs  increased chance of hearing loss
· Lasix may be used with a potassium-sparing diuretic to retain K+
· NSAIDs  aspirin, will blunt the effects of diuretics (block prostaglandins)
· ***may consider inserting foley catheter 

Hydrochlorothiazide (HCTZ)
· Thiazide diuretic
· Works at the distal tubule 
· Mechanism of action: promotes increased excretion of sodium, chloride, potassium and water 
· Pharmacokinetics:
· Dieresis in 2 hours after oral intake 
· Peak 4-6 hours (12 hour duration)
· Therapeutic uses:
· Primary hypertension (no known cause)
· Edema
· Diabetes insipidus 
· Adverse effects:
· Hyponatremia  risk for neurological problems (seizures)
· ***if sodium is depleted patient can get Lithium toxicity 
· Hypokalemia  risk for dsrhythmias and digoxin toxicity  (watch potassium levels)
· May increase glucose and uric acid levels  Gout
· NO ototoxicity 
Mannitol (Osmitrol)
· Osmotic diuretics 
· Large glucose molecules that draw in water 
· Pharmacokinetics:
· Given IV --- works in 30-60 minutes (8 hours duration). 
· IV rate  get urine flow of at least 30-50 mL/hour. Stop if no urine output 
· Therapeutic uses:
· Prophylaxis of renal failure
· Reduction of intracranial pressure
· Reduction of intraocular pressure 
· Adverse effects:
· Can leave vascular system at capillary beds except the brain. Caution with heart disease, headache, nausea/vomiting, and fluid-electrolyte imbalance 
Potassium sparing diuretics --- aldosterone antagonists
· Mechanism of action:
· Blocks action of aldosterone to increase the retention of potassium and excretion of sodium (may take 48 hours to work --- works later in the distal tubule)
· ***Aldosterone --- causes the reabsoption of sodium, chloride, and water and the excretion of potassium
· Therapeutic uses:
· Hypertension and edema in combination with a loop or thiazide 
· Adverse effects:
· Hyperkalemia (ACE inhibitors also block aldosterone  be careful if administering with an ACE inhibitor)
· Males might have feminalization. Females might have masculinization
· Drug interactions:
· Thiazide and loop diuretics are used to counteract the potassium loss
· ***caution when given with drugs that cause also increase potassium (ACE Inhibitors and angiotensin II blockers)
· Eplerenone (Inspra)
· Only blocks effects of aldosterone 
· Spironololactone (Aldactone) --- prodrug
· Block aldosterone, estrogen,  testosterone 
· Therapeutic use: hypertension and treatment of heart failure 
· Adverse effects: males might have feminalization. Females might have masculinization. Hyperkalemia  
ACE inhibitors: --- end with ‘pril’
Captopril (prodrug) 
· Only ACE inhibitor given IV and has a shorter duration of action. (Lisinopril is the longer acting drug the patients will be on when they go home)
· ***given on an empty stomach (1 hour before food) 
· If we block production of ACE (a bronchodilator) then we might end up with bronchoconstriction, leading to coughing  most common complaint of ACE inhibitors is coughing 
· Mechanism of action:
· Inhibition of ACE, which inhibits the production of angiotensin II causing vasodilation in the arterioles and decreasing blood pressure
·  Therapeutic uses:
· HTN
· Prevention of heart failure
· Given IV during acute MI to decrease heart work load
· Left ventricular dysfunction  when the left ventricle has become enlarged and the ejection fraction has went down --- this is due to an overload of angiotensin II. By giving the patient an ACE inhibitor, we are reducing the influence angiotensin II (vasoconstrictor) on the patients left ventricle 
· Diabetic and nondiabetic nephropathy
· Prevent MI, stroke, death in patients at high risk for cardiovascular events (who’s at high risk  patients that are overweight, HTN, high stress levels, diabetic, high cholesterol, and who smoke, and those who have had a 1st degree family member die or have a life-threatening heart attack before the age of 60)
· Adverse effects of Captopril: (ACE inhibitor)
· First dose hypotension (stops angiotensin II) watch for BP falls 
· Cough --- most common side effect and is rarely dangerous. A chromalin inhaler can reduce the cough 
· Hyperkalemia --- anytime you block the effects of aldosterone, Potassium will be retained. The increase of potassium is greater during the first dose of the drug
· Renal failure --- if the patient has renal artery stenosis, meaning the artery that is providing oxygenated blood to the kidney has some blockage  Captopril may reduce the pressure in that artery causing a loss of profusion to the kidney  acute renal failure
· Fetal injury --- causes the fetus to stop growing in the 2nd and 3rd trimester 
· Angioedema --- swelling of the tongue and lips, SOB, high risk of aspiration. – discontinue the ACE inhibitor 

Angiotensin II receptor Blockers
Losartan (Cozarr) --- prodrug
Diovan 
· Mechanism of action:
· Blocks the effects of angiotensin II at receptors in blood vessels and other tissues  resulting in vasodilation 
· For patients who did not tolerate ACE inhibitors because they were having persistent blood pressure levels that were too low or because they could not remedy their cough
· Pharmacokinetics:
· Rapidly absorbed, significant first pass effect, 99% bound to proteins, eliminated via bile
· Therapeutic uses:
·  HTN, heart failure, and diabetic nephropathy 
· NO First dose hypotension, cough, or hyperkalemia
· Adverse effects: 
· renal failure for the patient has renal artery stenosis 
· fetal harm in 2nd and 3rd trimester 
· dizziness
Epoetin alfa (Epogen)
· treatment of anemia of chronic disease due to end stage renal failure 
· Stimulates erythropoietin  hormone made in the kidney that tells our bone marrow to make more RBCs to carry oxygen (with kidney disease there may be less production of erythropoietin, which will result in anemia) 
· Administration: 
· obtain baseline BP
· given Sub-Q or IV bolus (3 times weekly or once weekly)
· ***avoid agitation of vial --- use vial only once
· DO NOT mix with other medications
· Lactated Ringers has calcium in the solution. Calcium is notorious for causing precipitates  solid particles / crystals. Do Not give with L.R. 
· Monitor iron, Hgb, and Hct twice weekly until goal is reached 
· Adverse effects:
· Hypertension
· Cardiovascular event
· DVT

