	
Module No. 14
DRUGS AFFECTING THE RENAL SYSTEM


	
LESSON OVERVIEW:
Diuretic agents are commonly thought of simply as drugs that increase the amount of urine produced by the kidneys. Most diuretics do increase the volume of urine produced to some extent, but the greater clinical signiﬁcance of diuretics is their ability to increase sodium excretion. 

Most diuretics prevent the cells lining the renal tubules from reabsorbing an excessive proportion of the sodium ions in the glomerular ﬁltrate. As a result, sodium and other ions (and the water in which they are dissolved) are lost in the urine instead of being returned to the blood, where they would cause increased intravascular volume and therefore increased hydrostatic pressure, which could result in leaking of ﬂuids at the capillary level. 

Diuretics are indicated for the treatment of edema associated with heart failure (HF), acute pulmonary edema, liver disease (including cirrhosis), and renal disease and for the treatment of hypertension. They are also used to decrease ﬂuid pressure in the eye (intraocular pressure), which is useful in treating glaucoma. Diuretics that decrease potassium levels may also be indicated in the treatment of conditions that cause hyperkalemia. 

HF can cause edema as a result of several factors. The failing heart muscle does not pump sufﬁcient blood to the kidneys, causing activation of the renin–angiotensin system and resulting in increases in blood volume and sodium retention. Because the failing heart muscle cannot respond to the usual reﬂex stimulation, the increased volume is slowly pushed out into the capillary level as venous pressure increases because the blood is not being pumped effectively. 

Pulmonary edema, or left-sided HF, develops when the increased volume of ﬂuids backs up into the lungs. The ﬂuid pushed out into the capillaries in the lungs interferes with gas exchange. If this condition develops rapidly, it can be lifethreatening. 

Patients with liver failure and cirrhosis often present with edema and ascites. This is caused by (1) reduced plasma protein production, which results in less oncotic pull in the vascular system and ﬂuid loss at the capillary level, and (2) obstructed blood ﬂow through the portal system, which is caused by increased pressure from congested hepatic vessels. 

Renal disease produces edema because of the loss of plasma proteins into the urine when there is damage to the glomerular basement membrane. Other types of renal disease produce edema because of activation of the renin–angiotensin system as a result of decreasing volume (associated with the loss of ﬂuid into the urine), which causes a drop in blood pressure,or because of failure of the renal tubules to regulate electrolytes effectively. 

Hypertension is predominantly an idiopathic disorder; in other words,the underlying pathology is not known. Treatment of hypertension is aimed at reducing the higher-than-normal blood pressure, which can damage end organs and lead to serious cardiovascular disorders. Diuretics were once the key element in antihypertensive therapy, the goal of which was to decrease volume and sodium, which would then decrease pressure in the system. Now several other classes of drugs, including angiotensin-converting-enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), beta-blockers, and calcium channel blockers, are also used for the initial treatment of hypertension. However,some studies have found that the use of diuretics is still the most effective way of treating initial hypertension. Diuretics are also often used as an adjunct to improve the effectiveness of these other drugs.

Conditions affecting the urinary tract and bladder are common problems. These conditions include acute urinary tract infections (UTIs), bladder spasms,bladder pain,and benign prostatic hyperplasia (BPH). Acute UTIs occur second in frequency only to respiratory tract infections in the U.S. population. Females, with shorter urethras, are particularly vulnerable to repeated urinary tract, bladder, and even kidney infections. Children also may have frequent urinary tract problems. Patients with indwelling catheters or intermittent catheterizations often develop bladder infections or cystitis, which can result from bacteria introduced into the bladder by these devices. Blockage anywhere in the urinary tract can lead to backﬂow problems and the spread of bladder infections into the kidney (pyelonephritis). The signs and symptoms of a UTI are uncomfortable and include urinary frequency, urgency, burning on urination (associated with cystitis), and chills, fever, ﬂank pain, and tenderness (associated with acute pyelonephritis). To treat these infections, clinicians use speciﬁc urinary tract antiinfectives, which include antibiotics, as well as speciﬁc agents that reach antibacterial levels only in the kidney and bladder and are thought to sterilize the urinary tract.

Drugs also are available to block spasms of the urinary tract muscles, decrease urinary tract pain, protect the cells of the bladder from irritation, and treat enlargement of the prostate gland in men. 


	
LEARNING OUTCOMES:
Upon completion of this module, you will be able to:
1. Deﬁne the term diuretic and list the ﬁve classes of diuretics. 
2. Describe four common problems associated with the urinary tract, including the clinical manifestations of these problems.
3. Describe the therapeutic actions, indications, pharmacokinetics, contraindications and cautions, most common adverse reactions, and important drug–drug interactions associated with the various classes of diuretic drugs, urinary tract anti-infectives, antispasmodics, and analgesics, bladder protectants, and drugs used to treat benign prostatic hyperplasia (BPH).
4. Outline the nursing considerations, including important teaching points, for patients receiving diuretic agents.
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	DISCUSSION
1. Diuretic agents
a. Thiazide
b. Potassium-sparing
c. Potassium-losing
d. Osmotic diuretics
e. Carbonic anhydrase inhibitors
2. Drugs affecting the urinary tract and bladder
3. Parenteral fluids – hypotonic, hypertonic, isotonic, electrolytes (sodium, potassium, chloride)

DIURETICS
There are ﬁve classes of diuretics, each working at a slightly different site in the nephron or using a different mechanism. Diuretic classes include the thiazide and thiazide-like diuretics, loop diuretics, carbonic anhydrase inhibitors, potassium-sparing diuretics,and osmotic diuretics. For the most part, the overall nursing care of a patient receiving any diuretic is similar, although there are speciﬁc differences. Adverse effects associated with diuretics are also speciﬁc to the particular class used. The most common adverse effects seen with diuretics include gastrointestinal (GI) upset, ﬂuid and electrolyte imbalances, hypotension, and electrolyte disturbances.

I. LOOP DIURETICS
A. furosemide (Lasix), eumetanide (Bumex), ethacrynic acid (Edecrin), torsemide (Demadex)

Mechanism of Action
· Act on the ascending limb of the loop of Henle to block the reabsorption of sodium, chloride, and water. 
· Excretion of potassium is increased

Indications 
· Acute congestive heart failure
· Acute pulmonary edema
· Used to reduce the edema associated with heart failure, hepatic cirrhosis, or chronic renal failure

Contraindications
· Allergy
· Electrolyte depletion
· Anuria
· Severe renal failure
· Hepatic coma and pregnancy 
· Lactation

Adverse Effects
· hypocalcemia & tetany
· alkalosis
· postural hypotension and dizziness
· dehydration
· serious hypokalemia
· blood dyscrasias
· ototoxicity
· circulatory collapse
· hyperglycemia

II. THIAZIDE DIURETICS
· Short- Acting: chlorothiazide (Diuril), hydrochlorothiazide (HydroDIURIL, HCTZ)
· Intermediate- Acting: bendroflumethiazide (Naturetin), benzthiazide (Aquatag, Exna, Hydrex), hydroflumethiazide (Diucardin, Saluron), metolazone (Zaroxolyn, Mykrox), quinethazone (Hydromox)
· Long acting: chlorthalidone (Hygroton), polythiazide (Renese)

Mechanism of Action
· Block the chloride pump

Indications
· Treatment of mild to moderate hypertension
· Indicated for edema due to mild to moderate heart failure, liver failure and renal failure

Contraindications
· Alllergy to thiazides or sulfonamides
· Fluid or electrolyte imbalance
· Renal and liver disease

Adverse Effects
· serious hypokalemia: weakness, muscle cramps and arrhythmias
· hypercalcemia
· urine excretion is decreased
· gout 
· electrolyte depletion: hyponatremia
· dehydration, hypotension, 
· hyperglycemia
· Coma
· blood dyscrasias
· alkalinized urine

III. POTASSIUM SPARING DIURETICS
· eplerenone (Inspra), amiloride hydrochloride (Midamor), spironolactone (Aldactone) triamterene (Dyrenium)

Mechanism of Action 
· Act on the late distal tubule and collecting ducts to block the reabsorption of sodium and reduce excretion of K (sodium- potassium exchange) blocking exchange of sodium for K and hydrogen ions in the distal tubule, increasing sodium and chloride excretion without increasing K excretion

Indication
· Primary use is in combination with thiazide or loop diuretics to minimize potassium loss, hyperaldosteronism a condition seen in cirrhosis of the liver and nephritic syndrome

Contraindication
· Allergy to the drug, hyperkalemia, renal disease or anuria; patients taking amiloride or triamterene

Adverse Effects
· Hyperkalemia: lethargy, confusion, ataxia, muscle cramps and cardiac arrhythmias, dehydration, hyponatremia, agranulocytosis, and other blood dyscrasias

IV. OSMOTIC DIURETICS
· mannitol (Osmitrol), urea (Ureaphil), glycerin (Osmoglyn)

Mechanism of Action 
· Act on the proximal tubule and the loop of Henle, to create an osmotic force that pulls water into the nephron and increases the excretion of nearly all electrolytes 

Indications
· Prevention of acute renal failure
· Reduce intracranial pressure
· Decrease introaocular pressure 
· To prevent the oliguric phase of renal failure
· To promote the movement of toxic substances through the kidney

Contraindications
· Renal disease and anuria from several renal disease
· Pulmonary congestion
· Intracranial bleeding
· Dehydration and CHF

Adverse Effects
· Hypotension, hypovolemia, heart failure, pulmonary congestion,
· Phlebitis at site of administration 
· Headache, blurred vision, dizziness, disorientation, convulsions.
·  Nausea and vomiting

V. CARBONIC ANHYDRASE INHIBITORS
· acetazolamide (Diamox), dichlorphenamide (Daramide, Oratrol), methazolamide (Neptazane) 

Mechanism of Action
· Inhibits carbonic anhydrase, an enzyme that affects acid-base balance by its ability to form carbonic acid from water and carbon dioxide.

Indications
· Used to decrease intraocular fluid pressure in open angle glaucoma
· Reversing severe renal hypoperfusion

Contraindications
· Allergy to the drug or antibacterial sulfonamides or thiazides
· Chronic noncongestive angle closure glaucoma

Adverse Effects
· Metabolic acidosis
· Hypokalemia, paresthesias, confusion
· Dehydration
· Blood dyscrasias, pancytopenia, hemolytic anemia, aplastic anemia
· Flaccid paralysis

NURSING RESPONSIBILITIES: DIURETICS
· Administer with food or milk 
· Administer IV drug slowly
· Protect the drug from light
· Discard diluted drug after 24 hours
· Continuously monitor urine output, cardiac response, and HR of pxs receiving intravenous diuretics
· Switch to oral form as soon as possible
· Measuring Intake & Output and daily weights.
· Administer early in the day
· Monitor the patient response to the drug
·  Monitor Na and K values, BP, K intake
·  Observe for changes in LOC, dizziness, fatigue and postural hypotension
· Observe for signs of hypersensitivity reaction
·  Monitor hearing and vision

URINARY TRACT ANTI-INFECTIVES
· norfloxacin (Noroxin), nalidixic acid (NegGram), nitrofurantoin (Furadantin)

Mechanism of Action
· Act specifically in the urinary tract to destroy bacteria either through acidification of the urine or direct antibiotic effect

Indication
· Chronic utis, adjunctive therapy in acute cystitis and pyelonephritis
· Prophylaxis with urinary tract anatomical abnormalities and residual urine disorders.

Contraindication
· Allergy

Adverse Effects
· Nausae and vomiting, diarrhea, anorexia
· Bladder irritation, dysuria, pruritus, urticaria
· Headache, dizziness, nervousness and confusion

Nursing Considerations
· Ensure that C&S are performed before therapy begins and repeated if the response is not as expected.
· Administer the drug with food.
· Institute safety precautions if the patient experiences CNS effects.
· Advise patients to continue the full course of the drug ordered.
· Encourage the patient to drink lots of fluids.
· Educate patients with chronic UTI.
· Avoid food that cause an alkaline ash and produce an alkaline urine (citrus juices, fruits and antacids).
· Drink high-acid cranberry juice
· Void immediately after sexual intercourse
· Women  should avoid baths if possible, especially bubble baths 
· Wipe front to back and never back to front which introduces E. coli and other agents to the urethra.


URINARY TRACT ANTISPASMODICS
· oxybutynin (Ditropan), tolterodine (Detrol, Detrol LA)

Mechanism of Action 
· Relieve spasms by blocking parasympathetic activity and relaxing the detrusor and other urinary tract muscles

Indication
· Spasms (cystitis, prostatitis, urethritis, neurogenic bladder)

Contraindications
· Allergy, pyloric or duodenal obstruction or recent surgery 
· Obstructive urinary tract problems
· Glaucoma, myasthenia gravis or acute hemorrhage 

Adverse Reactions
· Nausea, vomiting, dry mouth
· Nervousness, tachycardia 
· Vision changes

Nursing Considerations
· Arrange for appropriate treatment of any underlying UTI 
· Arrange for an ophthalmological examination
· Institute safety precautions if the patient experiences CNS effects 
· Encourage the px to continue ttt for the underlying cause of the spasm 

URINARY TRACT ANALGESIC
· phenazopyridine (Azo-Standard)

Mechanism of Action 
· Exerts a direct topical analgesic effect on the urinary tract mucosa

Indication
· Relieve symptoms such as burning, urgency, frequency, pain, discomfort 

Contraindication
· Allergy and serious renal dysfunction

Adverse Reactions
· GI upset
· Headache
· Rash
· A reddish-orange coloring of the urine, renal or hepatic toxicity. 

Nursing Considerations
· Arrange for appropriate treatment of any underlying UTI
· Caution the px that urine may be reddish brown and may stain fabrics
· Administer the drug with food

BLADDER PROTECTANT
· pentosan polysulfate sodium (Elmiron)

Mechanism of Action 
· A heparin like compound that has anticoagulant and fibrinolytic effects
· Adheres to the bladder wall mucosal membrane and acts as a buffer to control cell permeability

Indication
· Decrease the pain and discomfort associated with interstitial cystitis

Contraindications
· Increased risk of bleeding 
· History of heparin-induced thrombocytopenia

Adverse Reactions
· Bleeding

Nursing Considerations
· Establish the presence of interstitial cystitis by biopsy or cystoscopy before beginning therapy
· Administer the drug on an empty stomach
· Monitor bleeding times periodically during therapy

DRUGS FOR TREATING BENIGN PROSTATIC HYPERPLASIA
·  alfuzosin (Xatral), finasteride (Proscar), tamsulosin (Flomax), terazosin (Hytrin)

Mechanism of Action
· Alpha adrenergic blockers (tamsulosin, alfuzosin, terazosin) block post synaptic alpha1 adrenergic receptors
· Androgen hormone inhibitor (finasteride and dutasteride) inhibit the intracellular enzyme that converts testosterone to a potent androgen dihydrotestosterone (DHT), 

Indication
· BPH

Contraindication
· Allergy

Adverse Reaction
· Headache, fatigue, dizziness, postural dizziness, lethargy, tachycardia, hypotension, GI upset, sexual dysfunction, 
· Finasteride and dutasteride: decreased libido, impotence and sexual dysfunction

Nursing Considerations
· Determine the presence of BPH
· Administer the drug without regard to meals.
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