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I.  MECHANISM OF ACTION 


	A. FILTERED AT GLOMERULUS 


		MANNITOL (OSMOTIC DIURETICS) 


 


	Acts as osmotic agent preventing reabsorption of a  


	corresponding amount of free water. 


 


	PHARMACOLOGY: 


	Duration: 4�6 hours, onset of diuresis 1 � 3 hours; 


			     affect on increased ICP within 15 mins. 


	Dose: diuretic (in acute renal failure) 12.5 � 25 Gm once. 	For elevated ICP: 1.5 � 2.0 Gm/Kg with maintenance  


	infusion and PRN boluses.	 


 


	Uses: 


	Prevention of Acute renal failure requires prior and ongoing  	volume 	expansion, and administration prior to insult. 


	To decrease elevated ICP after trauma or surgery 


 


	Specific side effects: 


	Acute renal failure in high doses, due to toxic effect � not  	just volume depletion; 


	Skin necrosis (hate when that happens!); 


	hyponatremia (patient will actually be hyperosmolar); 


	Pulmonary edema. 


 


	B. PROXIMAL TUBULE 


 


	Diuretics which have an effect in the proximal tubule block  	the reabsorption of filtrate, and this is how they increase  	urine output.  


	However, most proximally acting diuretics are weak, due to  	the modification of the urine by the distal nephron.  


	Both of the classes of agents which work here do so by  


	inhibition of 	the lumenal carbonic anhydrase � the CA  


	inhibitors and Thiazides. 


	CA inhibition results in trapping of bicarbonate, and 	sodium,  	in the 	tubular fluid.	 


 


	1) CARBONIC ANHYDRASE INHIBITORS 


 


	Secreted via the organic acid transporter in the prox.  


	tubule. 


	Therefore secretion con be inhibited by probenecid or other  	organic acids. 


	Although main site of action is proximal tubule, carbonic  


	anhydrase is also inhibited in the thick ascending limb of  	the loop of Henle, and 	the distal tubule. 


	Onset of action is slow, requiring days to achieve maximal  	effect. 


	Dose range is 250 � 500 every 8 hours. 


	 


	Indications: 


	Glaucoma � Unknown action in decreasing production (by the  	ciliary body) of aqueous humor; however it appears to be  


	independent of the  


	diuretic effect, and does not diminish even if the acidosis  	is corrected. 


	 


	Acute Mountain Sickness � shown to prevent development of  


	symptoms as well as improve objective measures of minute  


	ventilation and PO2. 


 


	Treatment of metabolic alkalosis � especially if in  


	association with CHF or volume overload. 


		 


	Urinary alkalinization for the treatment of cystinuria,  


	uricosuria, or 	intoxications such as salicylate 	toxicity. 


 


	Specific side effects: 


	Fatigue, weight loss, neuropathy, calcium phosphate  


	nephrolithiasis. 


 


	2) THIAZIDES 


 


	Pharmacology: 


	Also secreted by the organic acid transporter of the prox.  


	tubule. 


	Onset of diuresis is 2 hours. 


	HCTZ � duration 6�8 hours; dose 25 � 100 mg/day 


	Metolazone � duration 24�36 hours, dose 1�4 mg/day. 


 


	Indications: 


	Multiple: hypertension largest use 


		  prevention of calcium nephrolithiasis 


		  treatment of Diabetes insipidus 


		  additive effect with loop diuretics in patients  


			with CHF 


		  treatment of menniere's disease 


 


	Specific side effects: 


	Pancreatitis, hyponatremia, thrombocytopenia, worsened  


	glycemic control, hyperuricemia. 


**** SEE ALSO UNDER DISTAL TUBULE WHICH IS MAIN SITE OF ACTION******	 


 


	C. LOOP OF HENLE 


		1) THICK ASCENDING LIMB PHYSIOLOGY 


 


	Remember that this is the area of the "single effect", the  


	most metabolically active part of the nephron: the TAL is  


	responsible for generation of the medullary interstitial  


	hypertonicity necessary for maximal concentration of the  


	urine; by the same effect, it is 	responsible for net 	removal  	of sodium from the tubular fluid which 	results in  	very dilute fluid leaving the TAL for the distal  


	tubule. Then, depending on the absence or presence of ADH,  	the urine can pass unmolested in its dilute form or have  


	water removed and become maximally concentrated � all due to  	the action of the thick ascending 	limb.  


	The mechanism of the "single effect" is a pump which links  	the active pumping of sodium from the basolateral side of 	the tubule to removal of sodium and chloride from the lumen. 


	Test points: 


	Lasix and the other loop diuretics bind to the 	Co�transporter  	protein and by so doing : 


	a) block the maximal concentration of the urine (so 		medullary interstitium will be less hypertonic) 


	b) block the maximal DILUTION of urine by inhibiting removal  		of sodium from the tubular fluid; 


	c) neutralize the normal lumen positivity of the Thick  


		Ascending Limb. 


	You can see why there has been controversy regarding the  


	presence of a 	"chloride pump" in the TAL, as  


	stoichiometrically more chloride is  


	removed from the lumen in experimental preparations.  


 


	2. LASIX 


 


	Site of action: loop of Henle co�transport of Na+/K+/2Cl. 


 


	How it gets there: Organic acid transporter of proximal  


		tubule 


 


	Pharmacology: Onset � 30 min, duration � 4�6 hours, usual  


		dose 20 � 200 	mg/d. 


 


	Specific side effects: hearing loss which is usually  


	reversible, sulfamoyl group can cross react with sulfa  


	allergy, rarely associated with interstitial nephritis,  


	thrombocytopenia, jaundice, pancreatitis. 


	 


	Indications: good over a wide range of renal function,  


	specifically for hypercalcemia, CHF, volume overload of  


	chronic renal failure, other edematous disorders,  


	hypertension � especially needed in conjunction  


	with agents which predispose to water retention (i.e.  


	vasodilators hydralazine and minoxidil)  


 


	3. ETHACRYNIC ACID 


 


	Loop diuretic secreted by the organic acid pathway of the  


	prox. tubule. 


 


	Onset and duration similar to lasix, usual dose 50 � 200  


	mg/d. 


 


	Advantage is lack of sufamoyl group, so safe for use in  


	patients with known hypersensitivity to sulfa drugs. 


	Also may be effective in obtaining diuresis when lasix has  	failed. 


 


	Side effect profile and indications the same as lasix. 


 


	4. BUMEX 


 


	Bumex can be considered to be identical to lasix in  


	pharmacology except for dose. 


	Usual dose: 0.5 � 2.0 mg/d. 


 


	Side effect profile the same as lasix; in addition myalgias  	have been reported when large doses used. Also has sulfamoyl  	group and risk of allergy to sulfa. 


 


	Indications the same as lasix, some patients may respond to  	Bumex after failing to diurese with appropriate doses of  


	lasix. 


 


	D. DISTAL TUBULE 


 


	Tonicity of fluid is not affected in the distal tubule, but  	the relative concentrations of cations changes. 


	Specifically, this is the site of Na+/K+ exchange mediated 	by aldosterone which favors reabsorption of sodium. 


	Also the site of Na+/H+ exchange which can produce the  


	so�called "contraction alkalosis" induced by diuretic volume  	depletion.  





	1. AMILORIDE/TRIAMTERINE 


 


	Both agents act in the distal tubule, and they get there by  	proximal tubular secretion via the organic BASE transporter.  	This can be inhibited by Cimetidine or Zantac. 


 


	Pharmacology: 


	onset 2�4 hours, duration 2�4 hours 


	usual dose Amiloride 5�20 mg/d, triamterine 100�300 mg/d. 


 


	Specific side effects: 


	metabolic acidosis, hyperkalemia, megaloblastic anemia,  


	nephrolithiasis due both to alterations in urine pH and  


	deposition of triamterine crystals in urine � entire stone  	may be composed of triamterine 	(radiolucent). 


 


	Indications:  


	Metabolic alkalosis, edematous disorder refractory to loop  	diuretics, potassium sparing effect. 


 


	2. SPIRONOLACTONE 


  


	Only diuretic which does not act in the lumen of the 	nephron: rather, it exerts its effect in the cells of the 	distal tubule, where the receptors for Aldosterone are 	located. It gets there via renal blood flow independent of 	GFR. 


 


	Pharmacology: 


	Onset of action 2�3 days, duration 12�24 hours, usual dose  		20 � 400 mg/d. 





	Specific side effects are carcinogenicity, hyperkalemia,  


	gynecomastia. 


	Specific uses are in patients with gout (no effect on serum  	urate level), and cirrhosis, where high aldosterone is the  	rule and prerenal states need to be avoided. Also effective  	in prophylaxis of Acute Mountain Sickness, due to its action  	on distal tubular acid handling 	(induces metabolic 	acidosis and stimulates ventilatory centers � see below) 


 


	3. THIAZIDES 


 


	Main site of action of thiazide diuretics is the distal  


	tubule, secreted by organic acid transporter in the prox.  


	tubule. 


	 


	Pharmacology: 


	HCTZ onset 1�2 hours diuresis, 2�3 days antihypertensive and  	other effects, duration 6�12 hours, dose 25 � 100	mg/day. 		Metolazone onset 2 hours, duration 24�36 hours, 	


	dose 1�4 mg/day. 


 


	Specific side effects: 


	thrombocytopenia, pancreatitis, hypercalcemia 


 


	Specific uses: 


	prevention of calcium nephrolithiasis, hypertension,  


	edematous disorders refractory to loop diuretics alone (as  	the distal reabsorption of sodium is blocked to enhance  


	natriuresis induced by 	loop diuretics). 


 


II. NONTRADITIONAL DIURETICS 


	1. ACE INHIBITORS 


	Act via afterload reduction, improving cardiac output which  	increases GFR. 


	Can see the same effect with digitalis or other vasodilators  	which improve cardiac output and renal plasma flow. 


 


	2. AMINOPHYLLINE 


	Acts via inhibition of tubulo�glomerular feedback (one arm 	of renal autoregulation). Does this presumably by inhibiting  	adenylate cyclase; adenosine is possibly the mediator of 	TGF. 


 


	3. DIGITALIS 


	Acts by a two pronged mechanism: 


		1) improved cardiac output in susceptible patients, 


		2) inhibition of Na+/K+ pump of TAL, which decreases  


			sodium 	resorption By cotransporter. 


 


III. CLINICAL USES 


	A. HYPERTENSION 


 


	1)PATHOPHYSIOLOGY 


	multifactorial, but almost always some degree of impaired  


	salt excretion which responds to diuretic. 


 


	2) DRUGS OF CHOICE 


	Thiazides, loop agents. 


 


	B. CONGESTIVE HEART FAILURE 


 


	Pathophys: 


	�Increased salt and water retention due to increased  


	 filtration fraction. 


	�Nonosmotic release of ADH 


 


	Drugs of choice  


	�Loop diuretics (with afterload reduction) 


	�Add thiazide such  as metolazone to overcome distal  


	reabsorption of sodium in refractory cases. 


 


	C. CIRRHOSIS 


 


	Pathophys: 


	Increased Aldosterone 


	Increased Filtration Fraction 


 


	Drugs of Choice: 


	spironolactone up to 400 mg/day 


	Add lasix as tolerated, target rate of diuresis as outlined  	under 	side effects. 


 


	D. PREGNANCY 


 


	Pathophysiology of Edema 


	�increased blood volume by increase salt and water retention 	�pre�ecclampsia 


 


	Drugs of Choice 


	Diuretics should probably be AVOIDED, edema responds to  


	bedrest and elevation. 


	For pre�ecclampsia use MgSO4, Hydralazine, Aldomet,  


	Labetolol, Diazoxide. 


 


	E. NEPHROTIC SYNDROME 


 


	Pathophysiology 


	Intrinsic renal disease with inability to excrete salt loads 	Decreased oncotic factors appears to play little role in the  		development of edema. 


 


	Drugs of Choice 


	Loop diuretics, due to ability to titrate dose. 


	Important to avoid over�diuresis which can worsen an already  	damaged	unit. 


 


	F. ACUTE RENAL FAILURE 


 


	Pathophysiology 


	Multifactorial usually 


 


	Drugs of Choice 


	Prevention: Mannitol and lasix infusion beginning just prior  	to contrast load or ischemia (vasc surg or transplant), 


	assuring adequate volume repletion before and during  


	procedure and infusion. 


	After the Fact: still worthwhile to try lasix in incremental  	doses (possibly with dopamine) as non�oliguric state 	makes 	management easier.  


 


	G. PROPHYLAXIS BEFORE CONTRAST 


	See above. 


 


	H. STONES 


	Pathophysiology 


	if due to hypercalciuria, can see improvement with HCTZ at  	low dose, which induces mild volume depletion and increased  	reabsorption of calcium by the proximal tubule (via 	increased filt. frac.) 


 


	I. CORRECTION OF FREE WATER EXCESS (HYPONATREMIA) 


 


	Pathophysiology: 


	1) need to get volume of water off (then replace sodium  


		losses) 


	2) loop diuretics poison concentrating ability of nephron by  		blocking the "single effect" 


	 


	Drugs of Choice  


	Lasix,    Avoid Thiazides which can aggravate hyponatremia. 


 


	J. TREATMENT OF HYPERCALCEMIA 


 


	Pathophysiology 


	usually a marked component of volume depletion, so use of  


	diuretics must be applied cautiously. 


	Drug of choice 


	after volume repletion, lasix can induce a mild calciuresis. 


 


	K. OTHER USES 


 


	1. GLAUCOMA: see acetazolamide (carbonic anhydrase 		inhibitor) 


	2. INCREASED ICP/CEREBRAL EDEMA: see mannitol 


 


	3. ACUTE MOUNTAIN SICKNESS: acetazolamide and spironolactone  	   are both useful agents in the treatment and prevention of  	   this disorder. 


 


	4. DIABETES INSIPIDUS: don't forget that loop diuretics also  	poison the diluting capability of the TAL, setting a lower  	limit on free water loss; also by inducing a mild volume  


	depletion, Filt Frac goes up and more solute ant water will  	be reabsorbed PROXIMALLY. 


 


	5. POISONINGS 





	 Most drugs are weak acids or bases, and the nonionized  


	particles are 	usually lipid soluble and diffuse across  


	lipid membranes by nonionic diffusion.  Excretion of a drug  	by the kidney involves three processes: 


 


		1. Glomerular filtration 


		2. Tubular secretion � with separate transport  


			systems for  acidic and basic drugs. 


		3. Tubular reabsorption � this is where forced  


			diuresis has its   effect.  The concentration  


			gradient for a drug in the 		tubular lumen  


			normally drives its reabsorption 		back into  			the   blood. This is a passive process and  


			is limited to drugs in their nonionized form.  


			The ratio of ionized to nonionized  


			drug is determined by the pH of the tubular  


			fluid.  The  effect of forced diuresis on  


			"ion trapping" in the tubular  lumen can be  


			demonstrated using the Henderson�Hasselbalch  


			equation and the pKa for salicylate: 


			at urine pH = 3.0, ratio i/n =      1/1 


			at urine pH = 7.0, ratio i/n = 10,000/1 


			at urine pH = 7.4, ratio i/n = 25,000/1. 


	 


	GUIDELINES 


		1. Close monitoring of blood pH, K+, urinary pH,  


		   volume status,  blood level of drug. 


		2. Consider Arterial line 


		3. Foley catheter 


		4. Contraindicated if patient unstable or volume  


			overloaded. 


 


	TECHNIQUE 


		Alkaline diuresis: 


			* use bicarb drip after volume repletion with  


				NS 


			* good for: Salicylate, Phenobarbital,  


				Barbital 


		Acid diuresis: 


			* use D5NS with arginine or lysine HCl (10 gm  


			IV over  30 mins), then ammonium  


			chloride 4 gm PO q2h or 1�2%  


			solution in NS IV adjusted to urinary pH 5.5  


			� 6.5. 


			  Ascorbic acid 1 gm PO q6h also works. 


			* good for: amphetamines, PCP, quinine, and  


			  fenfluramine. 


 


IV. SIDE EFFECTS (GENERAL) 


 


	Besides the specific problems outlined with each agent, 	there are predictable adverse effects of diuretics anytime 	they are  used: 





	1) Volume depletion with worsened pre�renal azotemia 


	2) Interstitial nephritis or hypersensitivity reactions;  


	   which have been reported with any of these drugs 


	3) Electrolyte disturbances, which can be predicted 		according to site of action. 


 


	Cirrhotic patients face additional complications of therapy: 


	1) acute renal failure from hepatorenal syndrome, 


	2) worsened mental status 


	3) hyperkalemia or hyponatremia from any agent 


	* these can be avoided by avoiding over�diuresis; the 	current recommendations are no more than 0.75 Kg/day in the  	non�edematous patient with ascites, or up to 2 L/day in the  	patient with edema and 	ascites. 


 


V. RESISTANCE TO DIURETIC ACTION 


 


	Defined by progressive decrease in response to an agent.  


	Although this may indicate advancement of the underlying  


	disorder which lead to use of diuretic, one must consider 	the	following etiologies: 


	1) decrease in renal function, as that induced by thiazides  		or mannitol 


	2) concomitant use of NSAIDS 


	3) intravascular volume depletion (overdiuresis) 


	4) Interstitial nephritis secondary to the diuretic (look at  		the urine) 


	5) proteinuria (which may decrease availability of agent in  		urine) 


 


 


 


 


 


�
VI. CLINICAL APPLICATIONS OF POTASSIUM�SPARING DIURETICS 


 


	1) Renal potassium wasting syndromes: 


		a. Hypertensive disorders 


			� hyperaldosteronism (such as adrenal  


				adenoma) 


			� Congenital adrenal Hyperplasia (low aldo) 


			� Liddle's syndrome 


		b. Essential hypertension 


			Prevention of diuretic induced hypokalemia 


		c. Edematous disorders: 


			� CHF 


			� Cirrhosis 


			� Nephrotic syndrome 


		d. Non�edematous Disorders: 


			� Bartter's Syndrome 


			� Proximal RTA 


			� Antibiotic�induced K+ wasting 


	2) Non�potassium wasting Disorders 


		a. Lithium�induced D.I. 


		b. Androgen dependent states: 


			1. Female Hirsuitism 


			2. Poly�cystic Ovary Syndrome 


			3. Acne Vulgaris 


			4. Benign prostatic Hypertrophy 


		c. Calcium Nephrolithiasis 
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