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Diuretics are a group of compounds that cause increased excretion of salt and water. 

While the primary clinical indication for the use of diuretics is to decrease extracellular 

fluid volume, they, however, have had other important roles that do not strictly take 

advantage of their diuretic properties. This presentation will be structured in such a way 

that the initial part will be devoted to the understanding of the nephrological sites of effect 

as well as to the description of the molecular mechanism of action of the various diuretics. 

The second component of the hand-out will discuss the use and complications of the five 

major specific diuretic families. The rmal section of the hand-out will cover clinical 

circumstances in which diuretics are used. Emphasis will be given to those clinical 

conditions which are of interest to the internist. These include volume expanded states 

associated with congestive heart failure, cirrhosis with ascites, nephrotic syndrome, and 

during radiocontrast infusions as prophylaxis to prevent nephrotoxicity. Brief cataloging 

of their use in other clinical circumstances will be given, such as use with renal failure 

(both acute and chronic); cardiac and pulmonary bronchoconstriction; acute mountain 

sickness; and glaucoma. It is beyond the scope of this presentation to discuss the use of 

diuretics in the treatment of salt sensitive hypertension. 

SITES AND MOLECULAR MECHANISM OF DIURETIC ACTION 

Figure 1 shows the schematics of the various segments of the mammalian nephron 

and summarizes the principal transport mechanisms existing across these sites. The figure 

also contains an inset of the various families of diuretics with associated numbers that 

indicate those nephron segments where these diuretics exert their major effect. The 

following subsections discuss sequentially the function of the various nephron segments. 
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FIGURE 1 

Major transport processes along the various segments of the mammalian nephron. See text 

for discussion of these transport processes. The numbers in parentheses within the nephron 

segments, or within the papillary interstitium, refer to the respect site of action of the 

various diuretics. 
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Proximal Convoluted Tubule 

The proximal convoluted tubule reabsorbs some two thirds of the glomerular nitrate 

(1). Since it is highly permeable to water (2-7), it therefore follows that the net fluid 

reabsorption across this segment occurs by isoosmotic processes (8-13). The net fluid 

reabsorption across this segment is quite complicated and occurs by a number of active as 

well as passive transport mechanisms. It is well known that the proximal convoluted tubule 

reabsorbs most of the mtered glucose (14-18), amino acids (19-24), and other organic 

constituents that are mtered. This segment also reabsorbs most of the bicarbonate (14, 25-

31). With the reabsorption of the organic solutes and sodium bicarbonate by the early 

proximal convoluted tubule, the remaining intraluminal constituents are changed in such 

a manner that passive transport processes can then contribute in a major way to net fluid 

reabsorption (32). 

One of the primary active transport processes contributing to the net fluid 

reabsorption across the proximal convoluted tubule is that of reabsorption of sodium 

bicarbonate by carbonic anhydrase dependent mechanisms (33-37). It therefore is not 

surprising that many in vitro and in vivo studies have demonstrated that net reabsorption 

of salt and fluid can be inhibited to a major extent across the segments of the proximal 

convoluted tubule by carbonic anhydrase inhibitors (34,36). Thus, this is the primary site 

where acetazolamide (Diamox) and other carbonic anhydrase inhibitors exert their major 

effect. Similarly, since this segment is highly permeable to water and not permeable to 

solutes such as mannitol, it also is the primary site of action where tubular fluid 

reabsorption is inhibited by osmotic diuretics such as mannitol. It should be appreciated, 
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however, that inhibition of proximal fluid tubule reabsorption has relatively small effect on 

net fluid homeostasis since nephron segments distal to the proximal tubule have tremendous 

unused capacity to reabsorb more salt and water if greater amounts of solute and fluid are 

delivered to these distal sites. Indeed, studies have shown that diuretics which have their 

major effect across the proximal tubule are weak diuretics. 

Pars Recta 

The pars recta is the straight component of the proximal tubule and also highly 

permeable to water (38,39). Thus, net fluid reabsorption across this segment also occurs 

by isoosmotic processes. However, its capacity to reabsorb salt and water is roughly a third 

of that of the proximal convoluted tubule (40,41). Inhibition of net salt and fluid 

reabsorption of the pars recta has no significant clinical consequences. However, an 

important function of the pars recta with respect to function of diuretics is the organic 

anion transport mechanism which exists across this segment. It is this segment that secretes 

many of the organic anions and cations including diuretics (42-44). This is an important 

observation since diuretics are not filtered to a significant degree but rather are carried in 

the plasma by various non-filterable plasma carrier proteins. Since all diuretics except 

spironolactone have their major effect from the urinary side of the tubule, it therefore 

becomes important to have a mechanism by which these compounds are secreted into the 

urinary side. The pars recta serves this function. The exact molecular mechanism of 

diuretic secretion has not been established but membrane interactive processes on luminal 

as well as basolateral membranes do play a role. Since organic anions and cations compete 

respectively with diuretics that are organic acids (thiazides, loop diuretics, acetozolamide) 
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or organic bases (amiloride and triamterene) for secretory sites, it is not surprising that in 

clinical circumstances such as uremia and organic acidosis there is a lower concentration 

of organic acid diuretic in the urine for any given concentration of diuretic in the blood (45-

47). This point will be covered later in more detail but suffice it to say here that the 

urinary concentration of diuretics correlates more closely to the degree of induced 

natriuresis than do the blood concentrations of the diuretics (48). Thus the pars recta has 

a pivotal role in function of diuretics since this is the major segment that is responsible for 

secretion of the diuretics to the luminal side. 

Descending Limb of Henle 

There are various types of descending limbs of Henle (DLH) that descend towards 

the papillary tip into an environment which under normal circumstances is progressively 

hypertonic, Figure 1. Since this segment is highly permeable to water (49-51), it therefore 

is self-evident that a significant amount of the fluid that is delivered to the DLH from the 

proximal tubule is reabsorbed across this segment as a consequence of osmotic equilibration 

with its ambient milieu (49). This segment does not possess any active transport processes 

and therefore it is self-evident that diuretics cannot affect a non-existent transport process 

(49). However, if diuretics such as the loop diuretics obliterate the normally existing 

hypertonicity of the papillary interstitium by inhibiting active transport in segments 

responsible for the generation of papillary hypertonicity, then it stands to reason that net 

water reabsorption will decrease significantly across this segment. Indeed, a significant 

component of the increased water diuresis caused by diuretics is the result of decreased 

water reabsorption across the thin descending limb of Henle. 
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Thin Ascending Limb of Henle 

While the thin ascending limb of Henle has enjoyed central attention in the operation 

of the countercurrent multiplication system, this segment does not have a major role with 

respect to action of diuretics since it is water impermeable and does not transport solutes 

transepitheliaUy by active transport mechanisms (52-55). 

Thick Ascending Limb of Henle 

Both the cortical as well as the medullary thick ascending limb of Henle have an an 

important role with respect to the function of diuretics. The basic function of the cortical 

thick ascending limb of Henle is to form dilute urine while the function of the medullary 

thick ascending limb is to generate surroundings allowing formation of concentrated urine. 

Since loop diuretics affect net transport across both segments and since the principal 

mechanism of salt transport out of these two segments is similar, these two subsegments 

therefore will be covered together. Figure 2 summarizes the schematics of a secondary 

active chloride transport mechanism that exists across these segments. In both of these 

segments, chloride is transported across epithelium against an electrochemical gradient 

(56,57) but its transport is dependent on the energy generated by the sodium potassium 

A TPase which is located on the blood side. It is for these reasons that active chloride 

transport is considered secondary since it is coupled to the active energy derived from the 

sodium potassium ATPase (58). In this model, the lumen positive potential difference 

(which is largely created by back diffusion of potassium into the lumen) (59) creates a 

favorable electrochemical driving force for passive reabsorption of sodium through 

paraceUular routes (56,57). Thus, sodium is reabsorbed both through transceUular as weD 
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as paracellular routes while all of chloride transport appears to be transcellular (60). 

FIGURE 2 

Cellular model of secondary active chloride transport across the thick ascending limb of 

Henle. The left side of the figure represents the luminal side with lumen positive + 5 mv 

potential, the middle section is intracellular cytoplasm with -50 mv potential, while the right 

side of the figure is blood side at 0 mv potential. There are four ionic binding sites on the 

cotransport protein existing on the luminal surface. These binding sites must be occupied 

by sodium, potassium, and 2-chloride ions before translocation of these ions can take place 

from the luminal side into the intracellular space. The lumen positive potential occurs in 

a large part by potassium back diffusing into the lumen and it is this lumen positive 

potential difference which is responsible for a significant amount of passive sodium 

transport by paracellular routes. The loop diuretics compete for occupancy and therefore 

act like a pseudosubstrate for one of the chloride transport sites, thus preventing the 

normal transport of chloride across this segment. 

+5 mv + L--------J 0 mv 

·50 mv 

(CI.z 12 mEq/L( 
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All of the loop diuretics exert their effects from the lumen side (61-67). Once they 

have gained access to the Na-K-2Cl co-transporter, then transport is inhibited immediately 

(63) and the lumen positive potential difference is decreased towards zero (61-67). The 

mechanism of this inhibition appears to be a competitive occupancy of the co-transporter 

chloride binding sites by the loop diuretic as a pseudosubstrate (68,69). This prevents the 

translocation of the electrolytes from the urinary side into the cell. Since this co-transport 

pump exists only on the luminal surface, it is not surprising that the loop diuretics have no 

effect from the blood side. 

Not only does the thick ascending limb of Henle transport significant amounts of 

sodium and chloride by co-transporter, the segment also transports significant amounts of 

cations as a consequence of diffusion down a favorable electrochemical gradient. While 

active transport mechanisms may exist across these segments for calcium and magnesium, 

significant amounts of calcium and magnesium are reabsorbed across this segment as a 

consequence of lumen positive potential differences (70). Thus, the loop diuretics that 

inhibit the lumen positive potential difference cause increased urinary loss of magnesium 

(71) as well as calcium (72). 

Distal Convoluted Tubule 

While the distal convoluted tubule is composed of four different cell types, the 

primary importance of this segment with respect to diuretic action is the existence of a 

neutral sodium chloride transport mechanism on the luminal surface (73,74). It is this 

pump that the thiazides affect (73-77). 
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The process by which salt transport occurs out of the distal convoluted tubule is 

depicted in Figure 1. Since this segment is impermeable to osmotic flow of water in the 

presence and absence of anti-diuretic hormone (78), it follows that this segment is also a 

diluting segment. Thus, thiazide diuretics inhibit the formation of dilute urine. It is this 

observation that is the basis of a tendency towards hyponatremia with thiazides (79). While 

some hydrogen and potassium secretion occurs across this segment, the capacity for 

transport of these ions is lower than that in the collecting duct and therefore will not be 

discussed further (80). 

The Collecting Duct 

The collecting duct traverses three major areas of the kidney: cortex, outer medulla, 

and papilla. Correspondingly, there are functional differences in the collecting duct 

segments traversing each of these areas. However, of these segments, the cortical collecting 

duct is by far the most important physiologically with respect to fmal urinary excretion of 

salt and acid-base that can be modified by the use of various potassium sparing diuretics. 

The cortical collecting tubule is composed of three primarily different types of cells that are 

depicted in Figure 3 (81). The principal cell is involved with salt transport while the alpha 

and beta intercalated cells are involved with acid-base transport. 
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F1GURE 3 

Schematics of the three cell types existing in the mammalian cortical collecting tubules. In 

each case the lumen is on the left side while the right side represents blood side. The top 

two cells represent the two types of intercalated cells that are responsible for bicarbonate 

secretion (beta cell) and acid secretion (alpha cell). The bottom cell summarizes the 

primary transport processes of the principal cell which is responsible for salt transport and 

one that is the target organ for aldosterone. It is this cell that is primarily affected by the 

potassium sparing diuretics. 
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Aldosterone is the main determinant of the net transport of sodium across the 

principal cell (78). In this cell, sodium gains access from lumen to intracellular space by 

traversing through sodium channels down electrochemical gradients (82-87). The primary 

movement of sodium from lumen to cell creates a luminal electronegativity. Once the 

sodium is in the cell, then it is pumped out by the peritubular sodium potassium A TPase 

whose activity is modulated by aldosterone levels (88-95). Thus, increasing the sodium 

potassium A TPase activity by aldosterone increases net transport of sodium across this cell 

and creates a more lumen negative potential difference that favors passive secretion of 

hydrogen and potassium. 

Since diuretics' main purpose is to cause excretion of salt and water, the primary 

effects of those diuretics having their effect across the collecting duct are expressed across 

the principal cell. There are three fundamentally different types of diuretics that have their 

effect across this segment. Amiloride decreaseS the conductance of the sodium channels and 

inhibits sodium reabsorption by that mechanism (87); triamterene also inhibits sodium 

chloride across the segment by inhibiting the conductance of sodium channels (96); 

spirolactones inhibit sodium reabsorption across this segment by competitive inhibition of 

the mineralocorticoid action at the level of the mineralocorticoid receptor (97). Each of 

these compounds not only inhibits sodium reabsorption but secondarily decreases the 

generation of lumen negative potential difference and therefore each of these compounds 

will be potassium sparing. 

These diuretics do not have clinically significant effects on salt and acid-base 

homeostasis across the more distal outer medullary or papillary collecting duct segments 
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and therefore the function of these segments will not be described further. The reader is 

referred to many standard textbooks of physiology to obtain an in-depth discussion of the 

function of. these segments. 

DIURETIC FAMILIES 

Each of the five major families of diuretics will be discussed in the same sequence: 

mechanism of action; complications; advantages; disadvantages; and recommended uses. 

Benzothiazides 

Mechanism of Action 

While the thiazide diuretics were initiaUy developed as inhibitors of carbonic 

anhydrase, clearance studies in animals and humans led to the conclusion that their 

primary effect of thiazides is to inhibit the function of the cortical diluting segment (98-

100). 

It should be noted however, that the cortical diluting segment includes epithelia of 

the cortical thick ascending limb of Henle, distal convoluted tubule, connecting tubule, and 

early segments of the cortical collecting duct. While there may be some species differences 

with respect to the exact site of action, it appears that thiazides inhibit the eleetroneutral 

sodium dependent chloride transport mechanism in the species that have been studied. In 

the rat, in vivo micropuncture studies localize the effect of thiazides to the early cortical 

diluting segment (76,101) while in the rabbit the studies have suggested that the effect of 

thiazides is on the connecting segment (74). In all of these studies, the thiazides have been 

noted to have their effect from the luminal and not the blood side. The exact molecular 

mechanism by which thiazides inhibit the electroneutral sodium chloride cotransport in the 
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luminal membrane has not been dermitively established. Thiazide diuretics do not affect 

sodium chloride transport in the medullary thick ascending limb of Henle and therefore 

thiazide diurectics inhibit only the diluting but not the concentrating mechanisms. The 

thiazide diuretics can be given orally and intravenously. However, one of the principal 

advantages of these diuretics is that they are effective orally. The choice of thiazides is 

based primarily on the cost and desired duration of effect. The various thiazide diuretics 

seem to be quite similar in their effect at their respective equivalent dose levels, Table 1. 

In general, these diuretics are relatively slow to have their desired effect but on the other 

hand, their duration of action is quite long. The onset of action of thiazides character

istically is within 30 minutes with a duration of action lasting up to 24 hours. 

Complications 

The complications of the benzothiazide group of diuretics can be classified as those 

that are idiosyncratic and those that are expeeted metabolic consequences. The reported 

hypersensitive reactions include purpura, urticaria, rash, photosensitivity, and pancreatitis. 

Except for photosensitivity, the remaining hypersensitive reactions associated with thiazide 

diuretics are exceedingly rare but clearly reactions that physicians should be on the alert 

for. The metabolic complications of thiazides include effects on potassium, calcium, 

glucose, and lipid abnormalities. These complications will be discussed sequentially in the 

following paragraphs. 

Hypokalemia 

The kaliuresis that is induced by thiazides is the result of increased delivery of 

sodium chloride to the potassium secretory segments of the nephron that are distal to the 
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TABLE 1: ORAL DIURETIC AGENTS 

' Usual Daily Onset of I Peak Duration of 
; Dosage Action Effect Action (hours) I 

Generic Name Trade Name(s) (mg) (hours) (hours) 
' 

I Thiazide and Related Diuretics 
I 
I Bendroflumethiazide Naturetin• 2.5-15 . 2 4 6-12 
I 

Benzthiazide Aquatagt', Exna•, Marazid~ 50-200 2 4-6 6-12 

Chlorothiazide Diuril•, Diachlo~. Diurigen• 500-2000 1-2 4 6-12 

I Chlorthalidone Hygroton•, Hylidonee 25-100 2 2-6 24-72 

I 
Cyclothiazide Anhydron• 2 within 6 7-12 18-24 

I Hydrochlorothiazide Esidr~. HydroDIURIL• 25-100 2 4-6 6-12 I 

I Hydroflumethiazide Diucardin•, Saluron• 50-200 2 4 6-12 
.. 

I lndapamide Lozol• 2.5-5 1-2 within 2 up to 36 

! 
Methylclothiazide Enduron•, Ethon• 2.5-5 2 4-6 24 

Metolazone Diulo•, Zaroxolyn• 2.5-5 1 2 12-24 
I 

! Polythiazide Renesee 2-4 2 6 24-48 

Quinethazone Hydromoxe 50-100 2 6 18-24 

Trichlormethiazide Metahydrin•, Naqua• 2-4 2 6 24 

Loop Diuretics 

Bumetanide Bumexe 0:5-2 0:5-1 1-2 4-6 

Ethacrynic Acid Edecrin• 50-100 within 0.5 2 6-8 

Furosemide Las~ 20-80 within 1 1-2 6-8 

Potassium Sparing Diuretics 

Amiloride Midamo~ 5-20 2 6-10 24 

Spironolactone Aldactone• 25-200 24-48 48-72 48-72 

Triamterene Dyrenium• 200-300 2-4 6-8 12-16 

Combination Diuretics 

Amiloride & Moduretice 5-10(A) See individual See individual See individual 
Hydrochlorothiazide 50-100(H) agents above agents above agents above 

Spironolactone & Aldactazidee, Alazidee 25-200(S) See individual See individual See individual 
Hydrochlorothiazide 25-200(H) agents above agents above agents above 

Triamtenene & Maxidee, Dyazidee 37.5-100(T) See individual See individual See individual 
I Hydrochlorothiazide 25-SO(H) agents above agents above agents above 
I 
I 
I 

Compiled by Clyde Buchanan from Facts and Comparisons Drug Information 1992 
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connecting segments. The resultant kaliuresis is highly dependent on the patient's 

aldosterone level. The higher the aldosterone level, the greater the degree of K secretion 

(102,103). While kaliuresis is an accepted consequence of thiazide therapy, and drops in 

serum K of 0.4 to 0.8 mEq/L are not uncommon, significant total body potassium 

deficiency (greater than 10%) is less common (104-109). Approximately 20-30 percent of 

patients receiving normal doses of thiazides become hypokalemic to levels below 3.5 mEq/L 

and total potassium deficient to amounts greater than 10 percent of total body potassium 

stores. It is interesting that the incidence of hypokalemia appears to be greater with 

thiazides than with loop diuretics, even though loop diuretics cause a higher fractional 

excretion of potassium during their diuretic effect (108). The reason for a higher incidence 

of hypokalemia with thiazides than with loop diuretics is based on the observation that 

thiazides have a more prolonged effect. The shorter acting loop diuretics will have a longer 

non-diuretic compensatory period when the kidney can readjust to potassium deficits by 

increasing potassium reabsorption. It appears that those patients at the highest risk for 

developing potassium deficiency are those with the highest aldosterone levels and especially 

if these levels are coupled with a decreased intake of potassium. 

Thiazide induced hypokalemia is causally associated with a number of untoward side 

effects, but the more common clinically significant complications include: decreased insulin 

release (abnormal carbohydrate tolerance) (110-112), increased incidence of arrhythmias 

(both with and without digitalis) (113-120), decreased blood pressure with increased 

incidence of postural hypotension (121-125), and potentiation of rhabdomyolysis (126-130). 

It is for these reasons that potassium repletion should be considered in patients receiving 
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thiazides but by no means should this be a routine practice (109,131). There seems to exist 

significant differences of opinion as to when to treat asymptomatic hypokalemia; however, 

it seems prudent that if patients are diabetic, have a tendency towards congestive heart 

failure, or are receiving digitalis, then these individuals should not be allowed to become 

total body potassium deficient and their serum potassium should be kept at levels above 3.5 

mEq/L. Furthermore, patients who are at risk for developing arrhythmias, whether on 

digitalis or not, should also receive therapy to prevent potassium from falling below 3.5 

mEq/L (109,131). It has also been suggested that patients who are hospitalized with acute 

myocardial infarction have a mortality which increases if their serum potassium levels fall 

below 3.5 mEq/L. 

Those patients who are symptomatic from a decreased potassium concentration 

should obviously be supplemented with potassium (109,131). There are numerous K 

supplements and these are preferable to K_.sparing diuretics since renal K regulatory 

processes are left unaltered with K supplementation (132). However, some patients refuse 

to take K supplements and with these patients it is necessary to utilize a combination of 

potassium sparing diuretics~with thiazides. 

Hyperglycemia 

It is now generally accepted that glucose intolerance and an altered glucose tolerance 

curve may be associated with thiazides. There have been a number of postulated 

mechanisms by which this can occur. However, both in vitro as well as in vivo studies now 

suggest that the major reason this occurs is due to decreased beta-cell sensitivity to glucose 

during thiazide-induced hypokalemia (110-112). Indeed if potassium deficiency is prevented 
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in carefully conducted balance studies, then glucose intolerance is not noted with thiazides 

(112). However, if potassium concentration is allowed to drop by roughly a mEq/L, then 

glucose tolerance becomes abnormal a5 a consequence of decreased beta-cell response to 

glucose. Thus it is to be expected that the correction of potassium deficiency can correct 

abnormalities in glucose intolerance. Indeed clinical studies have shown that potassium 

repletion can correct thiazide induced abnormalities in glucose tolerance (110-112). 

Hyperuricemia 

It is not at all uncommon to note hyperuricemia in patients treated with thiazide 

diuretics. The primary reason for the hyperuricemia is due to the circulatory volume 

contraction induced by diuretics (133,134). Volume contraction can cause proximal tubule 

reabsorption of all solutes including uric acid. However, the hyperuricemia seen with 

thiazides is usually mild (1-2 mg%) and is of no clinical significance except in those patients 

who have gout (132). In non-gouty patients the diuretic induced hyperuricemia requires 

no therapy if uric acid levels are below 15 mg% (135). The hyperuricemia is expected to 

respond rapidly to expansion of the effective arterial blood volume and discontinuation of 

thiazide diuretics. Also, probenecid can be given to lower uric acid if thiazides are needed 

and if side effects of hyperuricemia in gouty patients are to be expected. 

Hypercalcemia 

It has been well established that thiazides cause a 40-50% reduction in urine 

excretion of calcium (136-138). The hypocalciuria that is seen with thiazides is due to a 

direct thiazide effect to increase calcium reabsorption by the early portion of the distal 

tubule (73). The reciprocal result of hypocalciuria, however, is a mild degree of 
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hypercalcemia. Acutely the rise may be in the neighborhood 0.5-1.5 mg% but with chronic 

use the expected rise in total serum calcium is often less than 0.2 mg% (139,140). Clearly 

these changes are of no clinical signifieance unless they are superimposed on underlying 

hypercalcemia. 

Hyperlipidemia 

It has recently become evident that short term thiazide diuretics can increase total 

serum cholesterol by up to ten percent (141-147). Most of the abnormalities in lipid 

metabolism occur as a consequence of a rise in triglycerides and increases in VLDL and 

LDL cholesterol. There also seems to be variation in reported changes in HDL cholesterol 

levels but if there are changes, these are quite smaU or non-existent (148,149). Some have 

questioned whether diuretic increases in total cholesterol levels of the range that have been 

reported are of clinical importance in the pathogenesis of atherosclerosis, but others 

strongly feel that even modest increases in ch·otesterol concentration can increase the rate 

of progression of atherosclerosis. While a dermitive answer is not in yet, it seems prudent 

to choose those diuretics which are not associated with hypercholesterolemia when diuretics 

are needed in hyperlipidemic patients. The reason for the hyperlipidemia at the present 

time is not known. 

Advantages 

Thiazides enjoy numerous advantages. They are relatively inexpensive, can be 

administered oraUy, and have a prolonged effect. Thus the nature of the diuresis obtained 

with thiazide diuretics as contrasted to loop diuretics is steadier than with short acting 

diuretics. 
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Disadvantages 

The primary disadvantage of thiazides is due to their relatively frequent metabolic 

side effects. They also are not as effective in inducing net salt and water excretion as are 

the more powerful loop diuretics. 

Use 

Thiazides are indicated in those clinical states where mild diuresis is desired if no 

contraindications exist (150). Low doses of thiazides are especially useful if they are given 

for their anti-hypertensive effects. It appears that some of the anti-hypertensive effects can 

be obtained at such low doses that the expected adverse biochemical effects can be 

minimized (151). Thiazide diuretics are not that effective in chronic renal failure and often 

are contraindicated in this circumstance. 

Loop Diuretics 

The loop diuretics promote rapid diureSis by inhibiting the major transport process 

of the thick ascending limb of Henle. The three major diuretics in this group that have had 

the longest clinical experience include furosemide, ethacrynic acid, and bumetanide (Table 

1). There are a number of newer loop diuretics which are currently being developed but 

it appears that most of these diuretics will have similar effects when given in clinically 

equivalent doses. 

Mechanism of Action 

The technique whereby isolated segments of the thick ascending limb of Henle have 

been perfused in vitro as well as studies on cultured cell lines of the thick ascending limb 

of Henle have all shown that the primary mechanism of salt transport out of the thick 
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ascending limb of Henle is the Na-K-2CI cotransport mechanism which exists on the luminal 

membrane (Figure 2). Each of the cotransporter protein receptors have specific binding 

affmities for sodium, potassium, and chloride. The two chloride sites appear to differ in 

their affmity to chloride (152). The loop diuretics compete with chloride for occupancy of 

the transporter and thus inhibit the translocation of sodium chloride from the luminal side 

to intracellular space (152). While this may not be the only mechanism by which the loop 

diuretics work on the thick ascending limb of Henle, nevertheless all of the available data 

at the present time suggest that this is the major site of action of the loop diuretics. In the 

in vitro system, the inhibition of salt transport across this segment occurs almost 

instantaneously and once the diuretic is removed from the luminal fluid then the 

reabsorptive rate of chloride rapidly returns toward normal (62,64,66,68). -Since both the 

cortical as well as medullary thick ascending limbs of Henle are affected, it follows that 

both the diluting and concentrating capacities of the kidney are decreased. In the in vivo 

system, these diuretics generally have a very rapid onset of action within minutes when 

given intravenously and within 30 minutes when given orally. These diuretics as a group 

have a short duration of action which does not last more than four hours. The loop 

diuretics are secreted into the urine by the pars recta by mechanisms which compete with 

endogenous organic acids (45-47). Thus, under circumstances of organic acidosis, especially 

in the setting of chronic uremia, these diuretics have to be administered at higher than 

normal levels to achieve the same desired urinary concentration (Table 2). 
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Table 2: Titration to Derme a Single Effective Dose 

of Loop Diuretic in Patients With Chronic Renal Insufficiency 

Creatinine clearance 

(mL/min) 2(}..50 < 20 

Starting dose Furosemide 40 mg IV 80 mg IV 

Furosemide 80 mg PO 160 mg PO 

Bumetanide 1 mg IV or PO 4 mg IV or PO 

Ceiling dose Furosemide 126-160 mg IV 160-200 mg IV 

Furosemide 240-320 mg PO 320-400 mg PO 

Bumetanide 4-6 mg IV or PO 8-10 mg IV or PO 

FROM: 

Brater DC: Use of Diuret.ics in Chronic Renal Insufficiency and Nephrotic Syndrome. 

Semin Nephrol 1988;8:333-341. 
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Complications Of Loop Diuretic Therapy 

Loop diuretics as a group are quite well tolerated. Complications or adverse 

reactions to loop diuretics generally can be classified as those which are due to 

hypersensitivity reactions to the drugs or those as a consequence of inhibiting the Na-K-2Cl 

cotransport mechanism. The hypersensitivity reactions are unpredictable and primarily of 

the dermatological nature with rare episodes of necrotizing angiitis, photosensitivity, 

exfoliative dermatitis, and pruritis. Also occasionally hematologic reactions with 

thrombocytopenia and generalized suppression of the bone marrow have been reported. 

These latter two are very rare. The primary complications of loop diuretics are due to the 

inhibition of Na-K-2Cl cotransport mechanism. With inhibition of this transport 

mechanism, there is an increased delivery of sodium and fluid to the cortical collecting 

tubule where these factors increase the degree of kaliuresis. However, the fall in serum 

potassium concentration with loop diuretics is modest, being in the neighborhood of 0.3 to 

0.4 mEq/L (104,105,107,108,153). Only approximately ten percent of patients will develop 

hypokalemia to the degree where serum potassium concentration is less than 3.5 mEq/L 

(154,155). This degree or hypokalemia is less than that seen with thiazides where the 

reported incidence is somewhere between twenty to thirty percent. The lower incidence of 

hypokalemia with the loop diuretics in contrast to thiazide diuretics is due to their short 

duration of action as noted above. Thus if the loop diuretics are combined with a 

chlorathaladone or other diuretic with a longer duration of action, then the incidence of 

hypokalemia is increased significantly (156,157). 

Hypomagnesemia has also been reported with the loop diuretics since the 
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administration of all loop diuretics inhibits magnesium reabsorption across the thick 

ascending limb of Henle and therefore causes marked increase in urinary magnesium 

excretion (158-161). However, symptomatic hypomagnesemia is relatively rare but if it 

occurs it is usually in the setting of chronic alcoholism or if the diuretics have been taken 

for a long period of time. However, it is prudent to replete magnesium deficiencies in those 

rare patients who have increased ventricular ectopy as a consequence of decreased serum 

magnesium concentration (162,163). It also has been noted that in some patients it is 

difficult to correct potassium deficiency until magnesium deficiencies have been repleted. 

Metabolic alkalosis has occasionally been reported with loop diuretics but the degree 

of diuretic-induced metabolic acidosis is mild and usually of no clinical significance (132). 

Hyperuricemia and hypoglycemia have also been reported with loop diuretics but the 

incidence of this seems to be less than that with the longer acting thiazide diuretics where 

the degree of hypokalemia may be greater. However, the mechanism of these metabolic 

abnormalities is similar to those induced by the thiazide diuretics and are discussed more 

fully above. 

One of the unique complications of loop diuretics has been ototoxicity. Ototoxicity 

bas been reported with all the loop diuretics but was much more common in the past when 

very high doses were utilized (164-168). Indeed, if cochlear function is checked before and 

after loop diuretics by audiometry with the use of normal doses of loop diuretics, no 

adverse effects were noted in a small study (169). However, if the loop diuretics are given 

at high concentrations or if they are given with aminoglycosides or other ototoxic drugs, 

then it is prudent to decrease or discontinue the loop diuretics if patients start complaining 
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of buzzing in their ears or decreased hearing acuity. In most circumstances, this is 

sufficient to restore hearing back to baseline but some cases of irreversible ototoxicity have 

been reported. 

Advantages 

The advantages of the loop diuretics are that they are potent diuretics with a rapid 

onset of action. They also exert their effect in most clinical states with metabolic 

abnormalities. However, increased doses must be given during organic acidosis since 

organic acids compete for tubular secretion of loop diuretics. 

Disadvantages 

There are essentiaUy no disadvantages to the use of loop diuretics. Obviously, these 

drugs should be discontinued if idiosyncratic reactions should occur or if major metabolic 

consequences occur because of rapid diuresis or as a consequence of inhibition of the Na-K-

2Cl cotransport mechanism. 

Use 

The loop diuretics can be used alone in essentiaUy aU instances where diuresis is 

indicated. They also are indicated in the first line defense against hypercalcemia since these 

diuretics induce rapid calciuria (158,159,170,171). This effect is due to inhibition of 

calcium reabsorption by the thick ascending limb of Henle and thereby increasing urinary 

calcium excretion (172). 

Potassium Sparing Diuretics 

There are three basic groups of diuretics that are potassium sparing. These include 

the competitive inhibitors of mineralocorticoid receptor of which spironolactone is clinicaUy 
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the most often used (97); amiloride which has as its primary effect inhibition of sodium 

channels (87); and triampterine and its derivatives that also inhibit the entry of sodium 

from the urinary side into the cell via inhibiting the conductance of sodium channels (96). 

While each of these compounds may have various sites of action, their basic physiological 

action to cause natriuresis and anti-kaliuresis is through their effects across the cortical 

collecting tubule. As a group, these drugs induce a relatively mild natriuresis and often the 

primary indication for their use is potassium retention. Perhaps the principal reason, but 

not the sole one, for the anti-kaliuresis is due to the fact that these compounds inhibit the 

normally negative transepithelial potential difference that exists across the cortical collecting 

tubule that is the primary driving force for potassium secretion (82-87). In the absence of 

this negative potential difference, the driving forces for potassium secretion are decreased. 

Because of differing molecular mechanisms of action of these diuretics, it is not surprising 

that aldosterone inhibitors are without effect in animals or humans with previous adrenal

ectomies, whereas amiloride and triampterine are effective whether adrenal glands are 

present or absent. These diuretics have a relatively slow onset of action, especially the 

aldosterone receptor inhibitors. Both in vivo and in vitro studies have demonstrated that 

significant transepithelial effects are not expressed until three or four hours after 

administration and it is not unusual to see the maximal clinical effects of spirolactones until 

several days later. The effects of amiloride and triampterine are seen somewhat earlier and 

their duration of action is .in the intermediate range of eight to sixteen hours. 

Complications 

The principal complication of the potassium sparing diuretics is the potential of life-
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threatening hyperkalemia. In one study (173), hyperkalemia occurred in 8.6 percent of 

hospitalized patients receiving spironolactone but life-threatening hyperkalemia has been 

reported in patients who have received these diuretics in a setting of renal insufficiency and 

diabetes, especially when it occurs with the administration of potassium supplements (174-

178). It is for these reasons that physicians should be careful to follow the serum potassium 

concentration especially in the initial phases when potassium sparing diuretics are used and 

one should avoid the concurrent administration of potassium supplements, converting 

enzyme inhibitors, beta blockers, and non-inflammatory agents unless absolutely dictated 

by the clinical circumstances (179). 

Since the potassium sparing diuretics also inhibit hydrogen ion secretion, it would 

be reasonable to postulate that metabolic acidosis should be a common complication with 

the use of these diuretics. However, the clinical experience has demonstrated that 

metabolic acidosis is a relatively rare complication that is seen with potassium sparing 

diuretics (132). 

A unique complication of gynecomastia has been seen as a side effect of 

spironolactone (180,181). The role of altered androgenic metabolism in the pathogenesis 

of spironolactone-induced gynecomastia is not clear. This side effect has not been reported 

with sodium channel blockers. Various hypersensitivity reactions have been seen with the 

sodium channel blockers and in some patients, non-specific GI symptoms such as nausea 

and anorexia have been noted. 

Advantages 

The primary advantage of this group of diuretics is to conserve potassium in patients 
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where they either have an intolerance to potassium supplementation or where potassium 

supplementation is not practical. Spironolactone is especially useful in those clinical states, 

such as cirrhosis, that are characterized by high concentrations of circulating aldosterone 

values. 

Disadvantages 

The primary disadvantage of this group of diuretics is that none of them are potent 

in their own right. 

Use 

The primary use of potassium sparing diuretics is in the setting where potassium 

retention is desired. They also may be used as an adjunct to potentiate the diuresis of other 

diuretics. Spironolactone is often indicated in those patients with secondary aldosteronism 

especially in patients with cirrhosis and ascites. 

Carbonic Anhydrase Inhibitors 

Mechanism of Action 

The principle diuretic effect of these compounds is due to their inhibition of carbonic 

anhydrase mediated fluid reabsorption across the proximal convoluted tubule (31-36). They 

also affect carbonic anhydrase mediated processes in the distal tubule but the primary 

diuretic effect (in contrast to the effect on hydrogen secretion) is expressed through their 

effects on the proximal tubule. As a consequence, there is an increase in bicarbonate 

excretion as well as an increase in free water formation. Also because of a decrease in 

hydrogen ion excretion as well as an increase in delivery of bicarbonate to the collecting 

tubule, there is increased loss of potassium across the cortical collecting tubule. The onset 
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of effect of carbonic anhydrase is relatively rapid, occurring within minutes if given 

intravenously or within 30 minutes if given orally. The maximum effect is in terms of 

several hours and the duration of effect some eight to twelve hours. 

Complications 

Carbonic anhydrase diuretics are remarkably non-toxic agents in both animals and 

in man. H Diamox is given at doses greater than one gram per day, patients then may 

complain of drowsiness and occasional numbness and tingling of rmgers. However, at more 

physiological and clinically indicated doses, this group of diuretics is well-tolerated. 

Carbonic anhydrase inhibitors do have some predictable metabolic complications. 

Metabolic acidosis is a necessary side effect of these diu-retics since their primary effect is 

to increase excretion of bicarbonate. However, bicarbonate concentrations generally do not 

fall below 18-20 mEq/L (182,183) and if more severe acidosis is demonstrated, then other 

causes besides carbonic anhydrase inhibitors should be sought (184,185). Good incidence 

numbers for hypokalemia associated with Diamox are not available but since these diuretics 

increase distal delivery of non-reabsorbable bicarbonate, it is not surprising that kaliuresis 

is a common phenomenon and frank hypokalemia may occur, especially in the setting of 

increased aldosterone levels. Thus, patients who are on maintenance levels of high doses 

of carbonic anhydrase inhibitors should have their serum potassium monitored. 

Advantages 

Carbonic anhydras4: inhibitors generally are not used for their diuretic effects. In 

metabolic alkalosis they may have the advantage by promoting increased excretion of 

bicarbonate. 
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Disadvantages 

Carbonic anhydrase inhibitors as a group are relatively ineffective diuretics, and 

therefore are not effective diuretics in seriously edematous patients. 

Use 

The primary use of carbonic anhydrase inhibitors is to alkalinize urine. This is 

especially true if it is desirable to increase the excretion of those overdose drugs or toxins 

that are more soluble in alkaline urine. Carbonic anhydrase inhibitors may also increase 

excretion of endogenous compounds such as uric acid. Indeed in some centers it is a 

common practice to use carbonic anhydrase inhibitors and volume expansion in the course 

of treatment of hematopoietic disorders where high uric acid excretion rates may be 

anticipated. 

Osmotic Diuretics 

Mechanism of Action 

Mannitol is the prototype of the osmotic diuretics. Under nonnal physiological 

conditions, increased mannitol has beneficial effects both on renal plasma flow as weU as 

effects on tubules causing decreased absorption of nitrate. The increase in renal plasma 

flow may occur as a consequence of at least three factors: increase in plasma volume; 

increased release of atrial natriuretic peptide; and decreased resistance to renal plasma flow 

(186-191). With increased renal plasma flow and with a decrease in the glomerular oncotic 

pressure caused by ma~tol, there is a resultant increase in glomerular nitration rate 

(190). Once this glomerular nitrate reaches the proximal tubule, then there is a non

specific inhibition of the proximal tubule reabsorption due to the osmotic effects of mannitol 
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(186). The onset of action of mannitol is inunediate and its duration of action is only as 

long as the mannitol is still in circulation. 

Complications 

There are no specific complications associated with osmotic diuretics with the 

exception of the necessary expansion of the intravascular space attended with the 

administration of these compounds. 

Advantages 

Mannitol is the most effective diuretic in restoring glomerular r.Jtration rate during 

transient hypotension (191,192). 

Disadvantages 

Mannitol must be given intravenously. The other added disadvantage is that if in 

fact administered mannitol does not increase glomerular mtration rate, then there is a 

danger of over-expansion of the extracellular fluid compartment with resultant 

hyponatremia and complications associated with volume expansion. 

Use 

Osmotic diuretics have proven to be useful in those cases where decreased renal 

plasma flow may be anticipated. This may include those patients with severe hypotension 

whether secondary to hemorrhage or other causes. A decrease in renal plasma flow may 

also be anticipated during induction phases of anesthesia or during use of radiocontrast 

materials (191) in such procedures as cardiac catheterization. The appropriate dose of 

mannitol is 25-50 gm as a single IV bolus in a 20% solution. If the urine flow does not 

increase within 10 minutes, then further doses of mannitol are contraindicated. In those 
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patients who do respond favorably, then a continuous infusion of 10-15% solution may be 

started and continued as long as deemed necessary. 

USE OF DIURETICS IN SPECIFIC CIRCUMSTANCES 

Edema 

Congestive Heart Failure 

The primary reason for salt and water retention in acute congestive heart failure is 

the activation of the renin-angiotensin-aldosterone axis in a setting of low cardiac output 

to the kidney, Figure 4 (193). Not only does the decrease in effective arterial blood volume 

increase proximal tubule reabsorption of salt and water but sodium reabsorption is further 

increased by aldosterone dependent mechanisms across the cortical collecting tubule (88-95). 

Thus the therapeutic approaches to increasing natriuresis are four fold: use of diuretics 

to increase salt excretion; use of angiotensin converting enzyme (ACE) inhibitors to reduce 

afterload and increase renal blood flow; reduce salt and water intake; and increase cardiac 

output by inotropic agents. 

Generally speaking, the loop diuretics are the most effective diuretics in congestive 

heart failure. These diuretics have the advantage of being potent natriuretic agents and 

quite effective in a wide variety of electrolyte abnormalities. While it is self-evident that 

therapeutic doses should be individualized, satisfactory diuresis can be obtained in a setting 

of normal renal disease if furosemide is administered at doses of 40 mg intravenously twice 

a day, ethacrynic acid at ~oses of 50 mg intravenously twice a day, or bumetanide, 1 mg 

twice a day intravenously. If renal disease is present, then the maximum necessary 

intravenous doses should be increased as summarized in Table 1 (48). If adequate diuresis 
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FIGURE 4 

This figure demonstrates that in acute congestive heart failure, the renin angiotensin system 

is activated (left panel) and values return to normal (right panel) once stabilization of 

congestive heart failure occurs. 
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is not achieved by the loop diuretics, then a more proximaUy acting diuretic such as 

metalazone, or more distaUy acting diuretics such as potassium sparing diuretic, can be 

added. It should be realized that the combination of metalazone and loop diuretics can lead 

to life-threatening hypokalemia and therefore it is important to carefuUy monitor the serum 

potassium concentrations under these circumstances (156,157). 

One of the recent advances in the treatment of congestive heart failure is the 

appreciation of the importance of inhibiting the renin-angiotensin system (194-197). Many 

cardiologists are quite familiar with the observation that further forced decreases in 

effective arterial blood volume by diuretics in the setting of pre-renal azotemia can actuaUy 

worsen the degree of azotemia (194). This adverse outcome can often be prevented with 

the simultaneous use of ACE inhibitors (194). While the initial studies were conducted with 

captopril, similar beneficial effects on renal function in congestive heart failure have been 

seen with other ACE inhibitors (198). Not only have the studies shown acute beneficial 

effect by using a combination of ACE inhibitors and diuretics (Figure 5) (194), studies have 

also noted long lasting beneficial effects in cardiac and renal function when ACE inhibitors 

are used in conjunction with diuretics on a chronic basis (196,198,199). When ACE 

inhibitors are used in patients with congestive heart failure and therefore presumed high 

angiotensin levels, it is prudent that an initial low dose of captopril (6.25 mg PO) is rll'st 

used as a test dose to be certain that an untoward hypotensive episode is not seen (200). 

The potential for an inappropriate large decrease in the blood pressure is more likely 

observed in those patients who transiently have elevated angiotensin levels than in those 

patients who are in a steady state with elevated angiotensin levels - for example, those 
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FlGURE 5 

Studies in congestive heart failure patients that demonstrate the frequent fmding whereby 

BUN and creatinine increase without the use of captopril, whereas with the additional use 

of captopril with diuretics the BUN and creatinine can decrease with a reduction of edema 

and reduction of circulatory volume. 
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patients with high renin hypertension. Once the acute phase of congestive heart failure has 

been treated, the evidence now suggests that these patients can be cared for chronically on 

a combination of angiotensin converting enzyme inhibitors and diuretics (198). 

One of the key components of treatment of congestive heart failure with diuretics 

and captopril is salt restriction. Indeed, well controlled studies have demonstrated that if 

individuals are allowed to have a high sodium intake, loop diuretics given once a day do 

not achieve a negative sodium balance (201,202). The reason is that even though there is 

an impressive natriuresis for three hours after the furosemide administration, there is a 

compensatory increase in sodium reabsorption in the remaining 24 hour period that exactly 

matches the earlier losses that were seen with furosemide, Figure 6 (201). It is for this 

reason that it is essential to limit the sodium intake when negative sodium balances are 

desired. Carefully conducted balance studies on normal humans have demonstrated that 

significant negative sodium balance can be predictably obtained if in fact sodium intake is 

limited to 20 mEq/day. These studies demonstrated that 40 mg of furosemide increased 

sodium excretion by roughly 100 mEq during the nrst three hours after furosemide and 

after the initial three hours, patients retained sodium until the next furosemide dose (201). 

Thus, if furosemide is given once a day, it is prudent to decrease the dietary sodium intake 

to less than excreted. In practice, in a hospital setting it is easy to limit dietary sodium to 

2 gm (35 mEq) and to give furosemide at concentrations to cause effective natriuresis. 

Cirrhosis and Ascites 

Occasionally an internist will be requested to consult on a patient who has ascites 

and edema as a result of ci,rrhosis. The mechanism of ascites formation and edema is 
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FIGURE 6 

Mean six hour balance studies of six nonnal subjects given 40 mg of furosemide on sodium 

intakes of 20 mmol per day (low salt, lower panel) and 270 mmol per day (high salt, upper 

panel). The horizontal line in both panels represents balance of intake and excretion of 

sodium for that time period. Bars above the line show the magnitude of negative sodium 

balance for that six hours while the distance of a bar below the horizontal line represents 

positive retention of sodium. It should be noted that only during low salt intake do these 

individuals receive negative sodium balance for a 24 hour period. 
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multifactorial and may occur in association with an increased cardiac output (cirrhotic liver 

has functional A-V fiStulas). However, the effective arterial blood volume (EABV) is often 

decreased (203). With the combination of increased synthesis of aldosterone (as a 

consequence of increased angiotensin) (205,206) and decreased metabolism (as a 

consequence of hepatocellular injury), the aldosterone concentrations are increased (204-

206). Besides the increased reabsorption of salt by the proximal convoluted tubule as a 

consequence of decreased EABV, the increased concentration of aldosterone is another 

significant contributing factor to salt retention associated with ascites. 

Gastroenterologists have had significant disagreement concerning the role of large 

paracentesis versus diuretics in the treatment of patients with tense ascites (207-209). While 

there is no question that rapid and acute improvement can be obtained by paracentesis 

alone (210-212), the very act of paracentesis has long-term adverse hemodynamic and renal 

effects (213-216). However, while the initial benefits of paracentesis cannot be denied, the 

author of this presentation is in agreement with those studies (207 ,208) suggesting that 

diuretic sodium restriction, diuretics, and bed rest are safer and more efficacious if 

judiciously carried out. 

Since high aldosterone values are characteristic of ascites in a setting of cirrhosis, 

the fl.rst line diuretic should be spironolactone. If indeed the urinary fractional excretion 

of sodium is quite low before spironolactone, then this may not cause sufficient diuresis and 

furosemide or another loop diuretic should be added (217). This approach when coupled 

with sodium restriction usually mobilizes sufficient ascitic fluid to be of therapeutic benefit. 

It is of interest that diuretics also decrease the rate of formation of ascitic fluid by 



38 

mechanisms that have not yet been weU-dermed (218). 1n those rare patients where the 

ascites is so tense as to cause compromiSed respiratory function, then acute paracentesis of 

a liter or so can relieve the acute symptoms. Once diuresis is established, it is desirable to 

limit the rate of diuresis to no more than half a kilogram per day. Even this degree of 

diuresis sometimes can increase BUN and creatinine concentration, and then under those 

circumstances the patients should be considered for a trial of ACE inhibitors if the systolic 

and diastolic blood pressure aUow a decrease of 10 millimeters of mercury (217). 

Nephrotic Syndrome 

Nephrotic syndrome is a syndrome in which the degree of albuminuria is sufficient 

to cause hypoalbuminemia and this in turn leads to alteration of the Starling forces to cause 

edema. 1n most of these circumstances, the cardiac function is normal for the clinical 

situation but there is a decrease in effective arterial blood volume as far as the kidney is 

concerned. 

One of the unusual rmdings in the nephrotic syndrome is that these patients 

demonstrate altered pharmacodynamics in response to administered diuretics (219). It 

appears that the renal clearance of loop diuretics is normal but the effect on fraction 

excretion of sodium is less (Figure 7) (48,220,221). The reason for this blunted response 

to a given concentration of urinary diuretic is not known but it does indicate that loop 

diuretics should be given more frequently and combined with restricted sodium intake to 

obtain a clinicaUy significant degree of natriuresis (48). 
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FIGURE 7 

Fractional excretion of sodium ~a) of patients without renal disease as compared to 

patients with nephrotic syndrome. 
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Diuretics During Radiocontrast Infusion 

The incidence of acute renal failure following coronary angiography is not rare 

(191,222-230). There are a number of reasons why radiocontrast materials can induce 

acute renal failure and these include direct tubular toxicity (231), intra-renal tubular 

obstruction (232), and decrease in renal blood flow (191,233-235). The incidence of 

radiocontrast induced nephropathy is more common in individuals who have underlying 

renal disease and in those who have effective arterial blood volume contraction, such as in 

congestive heart failure (236,237). It bas been well established in animals that there exists 

a decrease in renal blood flow after infusion of radiocontrast material that may in a large 

part be due to increases in plasma and urinary endothelia (vasoconstrictor peptide) as 

induced by radiocontrast compounds (238-240). If animal models can be accepted as 

representative of human studies in this circumstance, then it is not surprising that humans 

with compromised renal function are at risk for acquired renal failure, Figure 8. 

In a recent study, twenty consecutive patients with chronic renal failure received 

mannitol for two hours before and during cardiac catheterization with diatrizoate (191). 

Direct measurements of renal blood flow were made with thermodilution catheters in the 

left renal vein. In this study, the expected decrease in renal blood flow was not seen and 

indeed renal blood flow increased in the diabetic sub-group of patients after receiving 

mannitol (191). While these studies did demonstrate that mannitol can prevent a decrease 

in renal plasma flow, they _nevertheless did note a mean rise in serum creatinine of 0.2 

mg/dl with mannitol, with a number of patients having a rise higher than 0.5 mg/dl. This 

study clearly is small and therefore cannot be used statistically as a study that can be 
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FIGURE 8 

Pathophysiology of radiocontrast induced decrease in glomerular flltration rate and the 

potential beneficial effect of mannitol. 
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interpreted in the context of the frequency of radiocontrast induced nephropathy but it is 

a weD-designed study that shows that renal vasoconstrictive effect of radiocontrast infusion 

is prevented by mannitol. It therefore would be prudent to suggest that patients be placed 

on mannitol diuresis prior to and during the cardiac catheterization. In the study by 

Kurnik and co-workers (191), patients were infused with 15% mannitol mixed in 75 mmol 

of sodium chloride at the rate of 100 mllhour for two hours before and during the cardiac 

catheterization. Use of other diuretics in the setting of expected acute renal failure in 

humans has not been as convincing as the results with mannitol. 

Diuretics in Other Soecific Circumstances 

Diuretics have found use in a number of other non-edematous states which, due to 

space constraints, will not be covered in this hand-out since it is directed towards a 

cardiology audience. However, a significant number of studies have recently shown that 

inhaled furosemide may prevent the expected bronchospasm as induced by a number of 

provocative maneuvers in sensitive asthmatic patients (241-245). Acetozolomide has also 

been shown to be of benefit in the prevention of acute mountain sickness in otherwise 

healthy individuals when placed in high altitudes (246). This potential benefit is not shared 

by other diuretics without carbonic anhydrase inhibitory potential. Similarly, 

acetozolomide and other carbonic anhydrase inhibitors both topically and systemically have 

been shown to be of benefit in patients with glaucoma (247,248). These drugs decrease the 

intraocular pressure by decreasing the rate of synthesis of aqueous humor. 
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SUMMARY 

In summary, diuretics are a heterogeneous group of compounds that increase 

urinary output of salt and water. They have been divided into five basic families due to 

similarities in either chemical structures or physiologic effects. Each family of diuretics has 

specific indications for its use and each has a reported series of complications. However, 

the more idiosyncratic complications are generally mild and controllable with judicious use. 

This presentation has reviewed those facets of diuretic use that are thought to be of benefit 

to the practicing internist. 
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