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Class side effects of loop diuretics:
1. Sulfonamide sensitivity: Ethacrynic acid (Edecrin) is the only non·sulfonamide diuretic and is used only in patients allergic to other diuretics.

2. Metabolic changes: such as an increased plasma cholesterol, glucose  and uric acid. Mainly seen with thiazide diuretics.

3. Hypokalemia: May be mild, moderate or severe. Nonetheless, it does make sense to combine a loop diuretic with a potassium-retaining agent or with an ACE inhibitor or ARBs unless these are contraindicated

4. Hyperglycemia:  Diuretic-induced glucose intolerance is likely related to hypokalemia, and/or to total body potassium depletion. An interesting proposal is that the transient postprandial fall of potassium impairs the effect of insulin at that time and hence leads to intermittent hyperglycemia.

To avoid metabolic changes: A sensible start is addition of an ACE inhibitor or ARB.

Thiazide diuretics:
Thiazide diuretics remain the most widely recommended first-line therapy for hypertension in humans.

Thiazides are also standard therapy for chronic CHF, when edema is modest, either alone or in combination with loop diuretics.

Action: 
· Thiazide diuretics act to inhibit the reabsorption of sodium and chloride in the more distal part of the nephron
· This co-transporter is insensitive to the loop diuretics
· More sodium reaches the distal tubules to stimulate the exchange with potassium, particularly in the presence of an activated renin-angiotensin-aldosterone system. 
· Thiazides may also increase the active excretion of potassium in the distal renal tubule
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Thiazides are rapidly absorbed from the GITt to produce a diuresis within 1 to 2 hours, which lasts for 16 to 24 hours

Some major differences from the loop diuretics are:
(1) the longer duration of action
(2) the different site of action
(3) the fact that thiazides are low ceiling diuretics because the maximal response is reached at a relatively low dosage
(4) the much decreased capacity of thiazides to work in the presence of renal failure (serum creatinine >2.0mgJdL or about 180umol/L;GFR below 15 to20ml/min).

The fact that thiazides, loop diuretics, and potassium sparing agents all act at different tubular sites explains their additive effects (sequential nephron block).

Uses:
 hypertension, CHF

Side effects:
· hypokalemia, hyponatremia, increased insulin resistance, hyperuricemia, alkalosis and increased blood triglyceride and cholesterol levels
· Precipitation of gout and diabetes
· The thiazides are more likely to provoke diabetes if combined with a beta blocker 
· Hypercalcemia Thiazide diuretics tend to retain calcium by increasing proximal tubular reabsorption (along with sodium).
·  rarely cause sulfonamide-type immune side effects including intrahepatic jaundice, pancreatitis, blood dyscrasias, angiitis, pneumonitis, and interstitial nephritis.
· Diuretic-induced hypokalemia can contribute to torsades de pointes and hence to sudden death, especially when there is cotherapy with agents prolonging the QT-interval


Side effect reduction: 
· combination therapy, for example, with an ACE inhibitor or ARB becomes preferable rather than increasing the dose
· to avoid hypokalemia, use a potassium sparing agent or combine with an ACE inhibitor or ARB

Thiazide Drug Interactions: 
· Steroids may cause salt retention to antagonize the action of thiazide diuretics.
· NSAlDs blunt may the response to thiazide diuretics. 
·  Antiarrhythmics that prolong the QT-interval such as class IA or III agents including sotalol, may precipitate torsades de pointes in the presence of diuretic-induced hypokalemia. 
· The nephrotoxic effect of certain antibiotics, such as the aminoglycosides, may be potentiated by diuretics.
· Probenecid (for the therapy of gout) and lithium may block thiazide effects by interfering with thiazide excretion into the urine. Thiazide diuretics also interact with lithium by impairing renal clearance with risk of lithium toxicity.
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Contraindications These include severe renal insufficiency, hypokalemia, ventricular arrhythmias, and cotherapy with proarrhythmic drugs. In mild renal impairment, the GFR may fall further as thiazides decrease the blood volume.

Potassium sparing agents:
Amiloride and triamterene inhibit the $Odium-proton exchanger, which is concerned with sodium reabsorption in the distal tubules and collecting tubules. Potassium loss is thereby indirectly decreased.

Relatively weak diuretics on their own, they are almost always used in combination with thiazides. 

Advantages:
(I) the loss of sodium is achieved without a major loss of potassium or magnesium
(2) there is an action independent of the activity of aldosterone.

Side effects are few: 
hyperkalemia (a contraindication) and acidosis may seldom occur, and then mostly in those with renal disease. 
The thiazide-related risks of diabetes mellitus and gout have not been reported with these agents.

There are suggestions that amiloride may be preferable to triamterene (the latter is excreted by the kidneys with risks of renal casts on standard doses and occasional renal dysfunction)

Spironolactone and Eplerenone
· Action: Spironolactone and eplerenone are both aldosterone antagonists and potassium sparers. 
· In patients with severe CHF spironolactone has increasingly been chosen for its blocking effects on aldosterone· mediated damage in the heart, kidneys, and vasculature.
·  More recently, eplerenone, a more specific blocker of the aldosterone receptor has been marketed.

ACE Inhibitors and ARBs
· Because these agents ultimately exert an anti-aldosterone effect, they too act as mild potassium retaining diuretics. 
· Combination therapy with other potassium retainers should be avoided in the presence of renal impairment. 
· Hyperkalemia-A Specific Risk Amiloride, triamterene, spironolactone and eplerenone may all cause hyperkalemia  especially in the presence of pre-existing renal disease, diabetes, in elderly patients during cotherapy with ACE inhibitors or ARBs, or in patients receiving possible nephrotoxic agents.

MINOR DIURETICS
1. Carbonic anhydrase inhibitors:
· such as acetazolamide (Diamox) are weak diuretics. 
· They decrease the secretion of hydrogen ions by the proximal renal tubule, with increased loss of bicarbonate and hence of sodium. 
· In salicylale poisoning, the alkalinizing effect of carbonic anhydrase inhibitors increases the renal excretion of lipid-soluble weak organic acids.

2. Cacium channel blockers:
· of the dihydropyridine group have a direct diuretic effect that contributes to the long-term antihypenensive effect. For example, nifedipine increases urine volume and sodium excretion and may inhibit aldosterone release by angiotensin.

3. Dopamine: 
·  has a diuretic action span from the improvement in cardiac function and indirect diuresis that it induces. 
· The mechanism of the diuresis, found only in conditions of fluid retention, appears to involve DA1-receptors on the renal tubular cells where dopamine stimulation opposes the effects of antidiuretic hormone.

4. A1 Adenosine receptor antagonists:
· Action: increase urine flow and natriuresis.
· They may act by afferent arteriolar dilation, thereby increasing glomerular filtration.




Problems with diuretic use:

Over diuresis: over vigorous diuresis is common and may reduce intravascular volume and ventricular filling so that the cardiac output drops and tissues become underperfused. The renin-angiotensin axis is further activated.

Diuretic resistance:
Repetitive diuretic administration leads a leveling off of the diuretic effect, because (in the face of a shrunken intravascular volume) the part of the tubular system not affected reacts by reabsorbing more sodium. 
Such decreased sodium diuresis is associated with hypertrophy of distal nephron cells, thought to be the result of aldosterone-induced growth.

Of therapeutic interest the thiazides block the nephron sites at which the hypertrophy occurs, thereby providing another argument for combined thiazide-loop therapy.

Additional mechanisms for diuretic resistance are an abnormally low cardiac output in patients with heart failure; prominent activation of the renin-angiotensin axis: or an electrolyte- induced resistance.

Apparent resistance can also develop during incorrect use of diuretics, or when there is concomitant therapy with indomethacin or with other NSAlDs or with probenecid. 

The thiazide diuretics will not work well if the CFR is below 20 to 30ml/minute: metolazone is an exception.
When potassium depletion is severe, all diuretics work poorly for complex reasons.
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Hyponatremia:

In heart failure, hyponatremia may occur in patients severely ill with CHF.
Predominant water retention is caused by
 (I) the inappropriate release of arginine vasopressin-antidiuretic hormone and 
 (2) increased activity of angiotensin.II. 

The best treatment seems to be the combination of furosemide and an ACE inhibitor
Restriction of water intake is also critical.

Less common indications are:
1. IV furosemide in malignant hypertension, especially if there is associated CHF and fluid retention.
2.  High-dose furosemide for acute or chronic renal failure when it is hoped that the drug may initiate diuresis.
3.  In hypercalcemia, high dose loop diuretics increase urinary excretion of calcium; intravenous furosemide plus saline is used in the emergency treatment of severe hypercalcemia.
4. Thiazides for the nephrogenic form of diabetes insipidus-the mechanism of action is not clear, but there is a diminution in free water clearance.
5. Thiazide diuretics decrease the urinary calcium output by promoting proximal reabsorption, so that they are used in idiopathic hypercalciuria to decrease the formation of renal stones (in contrast, loop diuretics increase urinary excretion of calcium).

Step care in CHF:
Step-care diuretic therapy in symptomatic heart failure  with fluid retention is not clearly delineated by adequate trials,but could be: 
(1) thiazide diuretics with ACE inhibitors; 
(2) low dose furosemide with ACE inhibitors 
(3) thiazides together with low-dose furosemide with ACE inhibitors
(4) spironolactone or eplerenone added to the others, that is, four agents

ACE inhibition should offset the deleterious renin-angiotensin activation induced by diuretics

ACE inhibitors or ARBs are now standard agents for all stages of heart failure.
In CHF the action of diuretics may be inhibited by poor renal perfusion and vasoconstrictive formation of renin, with a low GFR lessening sodium excretion. Hence ACE inhibitors are logical additions to diuretics. They have an indirect diuretic effect ultimately by inhibiting aldosterone release. They also help to maintain normal cell potassium and magnesium concentrations.

Questions:
1. How and where do thiazide diuretics work?
2. List 4 differences of thiazide diuretics from loop diuretics
3. What are 4 class side effects of loop diuretics ?
4. How and where do thiazide diuretics work?
5. Explain why it is a “logical” choice to add and ACE inhibitor or ARB with the use of a diuretic. 
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