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Abstract: Diuretics are a class of pharmacological agents that promote the renal excretion
of water and electrolytes, increasing urine output and reducing fluid retention. They
play a critical role in the management of edematous syndromes, irrespective of their eti-
ology (cardiac, renal, or hepatic), as well as in the treatment of hypertension (HTA). The
mechanism of action of diuretics can be classified as either renal, as seen with saluretic
diuretics that inhibit sodium and water reabsorption at various segments of the nephron,
or extrarenal, involving alterations in the glomerular filtration pressure or osmotic mecha-
nisms. Based on their site of action and mechanism, diuretics are categorized into multiple
classes, including loop diuretics, thiazide and thiazide-like diuretics, potassium-sparing
diuretics, carbonic anhydrase inhibitors, and osmotic diuretics. These agents are frequently
used in combination with other antihypertensive or heart failure medications to optimize
therapeutic efficacy. By reducing the blood volume and peripheral vascular resistance,
diuretics improve cardiac function, lower blood pressure, and enhance exercise tolerance.
Additionally, they are employed in managing chronic kidney disease (CKD), electrolyte
imbalances, and specific metabolic disorders. Given the potential for adverse effects such as
electrolyte disturbances and renal dysfunction, diuretic therapy should be individualized,
with the careful monitoring of the dosage, patient response, and comorbid conditions.
Patient education on adherence, lifestyle modifications, and the recognition of side effects
is essential for optimizing the therapeutic outcomes and minimizing the risks associated
with diuretic therapy.

Keywords: diuretics; electrolyte imbalance; chronic kidney disease; hyponatremia; hyper-
tension; loop diuretics; osmotic diuretics; thiazide diuretics; potassium-sparing diuretics

1. Introduction
Diuretics are widely used as first-line therapy for hypertension, as they effectively

lower blood volume and normalize blood pressure, even in small doses. In cases of
refractory hypertension, they are often combined with other antihypertensive agents to
enhance the therapeutic efficacy [1].

Beyond hypertension, diuretics play a crucial role in the management of edematous
syndromes associated with heart failure (HF), liver cirrhosis, nephrotic syndrome, and other
renal pathologies. Their primary mechanism of action involves reducing blood volume
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and decreasing vascular resistance, which leads to improved cardiac function, lower blood
pressure, and an enhanced exercise tolerance. The most commonly used diuretics include
thiazide and thiazide-like diuretics, often in combination with potassium-sparing diuretics
or loop diuretics for optimal fluid and electrolyte balance [2,3].

Diuretics are also employed in the treatment of renal failure (RF) and electrolyte im-
balances. Certain diuretics help lower urinary calcium excretion, preventing kidney stone
formation, while others increase calcium excretion to manage hypercalcemia. Addition-
ally, osmotic diuretics and loop diuretics are used to maintain urinary flow and manage
conditions associated with impaired kidney function [4,5].

Apart from their primary cardiovascular and renal applications, thiazide diuretics
have also been explored in the treatment of osteoporosis in postmenopausal women, al-
though this use is not Food and Drug Administration (FDA)-approved. They may be
administered alone or in combination with calcium or estrogen supplementation. Further-
more, hydrochlorothiazide has been shown to be beneficial in pituitary and nephrogenic
diabetes insipidus [6].

The stimulation of diuresis is essential in conditions involving fluid overload, where
excess water is abnormally retained in the body, leading to edema. Heart failure represents
the quintessential edematous syndrome, as impaired cardiac pump function activates
the renin–angiotensin–aldosterone system (RAAS) and causes prolonged venous stasis,
ultimately resulting in fluid extravasation into the interstitial space. These mechanisms
contribute to symptoms such as weight gain, dyspnea, and peripheral or splanchnic
edema [1–5].

2. Classification of Diuretics
Diuretics are classified based on their mechanism of action and the site of their effect

within the nephron. The major classes include the following (Figure 1):

• Carbonic anhydrase inhibitors (acetazolamide, metazolamide): these diuretics act on
the proximal convoluted tubule, inhibiting the enzyme carbonic anhydrase, which
decreases the formation of hydrogen ions (H+). This results in reduced H+ secretion
and the decreased reabsorption of sodium (Na+) and bicarbonate (HCO3

−), leading to
mild diuresis.

• Loop diuretics (furosemide, bumetanide, piretanide, ethacrynic acid, indacrinone):
these potent diuretics act on the ascending limb of the Henle loop, where they inhibit
sodium (Na+) reabsorption. Due to their high efficacy, they remain effective even
in cases of low glomerular filtration rates (GFRs) and are often used in conditions
requiring aggressive diuresis [7–9].

• Thiazide and thiazide-like diuretics (hydrochlorothiazide, butizide, cyclopenthiazide,
methiclothiazide, cyclothiazide, polythiazide, clopamide, chlorthalidone, xipamide,
indapamide): these diuretics act on the distal convoluted tubule by inhibiting sodium
(Na+) reabsorption, primarily at the cortical segment of the Henle loop. They are
widely used for the long-term management of hypertension and edema [10].

• Potassium-sparing diuretics: these drugs inhibit sodium (Na+) reabsorption in the
distal convoluted tubule while preventing potassium (K+) loss. They work through
two mechanisms:

(a) Competitive aldosterone antagonists (spironolactone, canrenone);
(b) Effect antagonists of aldosterone (triamteren, amiloride).

• Osmotic Diuretics (mannitol, sorbitol): these act on the proximal tubule by inhibiting
water reabsorption. Unlike other diuretics, they do not interfere with electrolyte reab-
sorption. Because human cells lack transport mechanisms for these substances, they
are not absorbed via the gastrointestinal tract and must be administered intravenously
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(i.v.). Their primary mechanism involves creating an osmotic gradient, drawing water
into the urine, and promoting diuresis [2–4].
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• Classification of diuretic drugs by their main mechanism of action:

(a) Diuretics with an extrarenal mechanism—substances with an osmotic mech-
anism or that modify glomerular filtration pressure: drugs that increase the
colloid osmotic pressure of the blood when it is reduced: dextrins, gelatin,
albumin; drugs that cause the vasodilation of renal arterioles and increase renal
blood flow: theophylline, theobromine, caffeine; and positive inotropic drugs
(increase renal blood flow in heart failure): digoxin.

(b) Diuretics with a renal mechanism, also called saluretic diuretics—act on the
tubes and inhibit the reabsorption of Na+ and H2O.

• Classification of saluretic diuretics by the duration and intensity of their diuretic effect:

(a) Diuretics with a long duration (12–24 h) and a moderate diuretic effect: spirono-
lactone, eplerenone, clopamide, chlorthalidone, indapamide, xipamide;

(b) Diuretics with a medium duration (6–12 h): hydrochlorothiazide (moderate
diuretic effect), triamteren, amiloride (weak diuretic effect);

(c) Short-term diuretics (4–6 h): furosemide, bumetanide, ethacrinic acid, torasemide
(intense-effect diuretic).

• Classification of saluretic diuretics by their effect on the K+ ion:

(a) Diuretics that remove the K+ ion:

• Those with an intense effect: thiazide diuretics and loop diuretics (hy-
drochlorothiazide, furosemide, bumetanide, ethacrinic acid, torasemide);

• Those with little effect: thiazide-related substances and carbonic anhy-
drase inhibitors (clopamide, chlorthalidone, indapamide, xipamide, aceta-
zolamide) [11];

(b) Diuretics that retain the K+ ion: algosterone antagonists (spironolactone,
eplerenone, triamterene, amiloride).

The action of diuretics is influenced by several factors: marked hydrosaline retention
increases the effectiveness of diuretics; hypoproteinemia reduces the GFR and decreases
the effectiveness of diuretics; high blood pressure reduces renal blood flow due to the
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vasoconstriction of the arteries and decreases the intensity of the diuretic effect; and
electrolyte imbalances reduce the effects of diuretics and the self-limitation of the diuretic
effect occurs [1,12–14].

3. Mechanisms of Action of Diuretics
Diuretics exert their effects by targeting different segments of the nephron, altering

the sodium, water, and electrolyte balance to promote diuresis. Each class of diuretics has a
distinct mechanism of action:

3.1. Carbonic Anhydrase Inhibitors

Carbonic anhydrase inhibitors, such as acetazolamide and metazolamide, act on the
proximal convoluted tubule, inhibiting the enzyme carbonic anhydrase. This leads to
reduced sodium (Na+) and bicarbonate (HCO3

−) reabsorption, resulting in the increased
urinary excretion of these ions along with water. The loss of bicarbonate causes metabolic
acidosis, which the body compensates for by lowering CO2 levels, inducing respiratory
alkalosis through hyperventilation. A notable side effect of this class is potassium loss due
to an altered electrolyte balance. Additionally, by lowering the blood volume, carbonic
anhydrase inhibitors contribute to a reduction in blood pressure, intracranial pressure, and
intraocular pressure [8,9].

3.2. Loop Diuretics

Loop diuretics, including furosemide, bumetanide, ethacrynic acid, indacrinone, and
torasemide, act on the ascending limb of the Henle loop by inhibiting the Na+/K+/2Cl−

cotransporter, thereby preventing sodium reabsorption and promoting water excretion.
These are the most potent diuretics, effective even in conditions of a low GFR [11]. How-
ever, acute tolerance may develop shortly after the treatment initiation, leading to the
‘braking phenomenon,’ where sodium retention occurs due to compensatory mechanisms.
This can often be managed by adjusting the dosage, frequency, or dietary sodium intake,
or by combining loop diuretics with thiazide-related diuretics to achieve a sequential
nephron blockade. Additionally, the combination of acetazolamide and loop diuretics has
been shown to help overcome diuretic resistance by reducing sodium reabsorption in the
proximal tubule [8,9].

3.3. Thiazide and Thiazide-like Diuretics

Thiazide diuretics, such as hydrochlorothiazide, clopamide, chlorthalidone, inda-
pamide, and xipamide, act primarily on the distal convoluted tubule, where they inhibit
sodium reabsorption, leading to increased sodium and water excretion. Thiazide-related
diuretics differ slightly from thiazides in chemical structure, but share a similar mechanism
of action. These agents are commonly used in the treatment of hypertension and edema, as
they provide a moderate diuretic efficacy with fewer metabolic and electrolyte disturbances
compared to loop diuretics [2–4].

3.4. Potassium-Sparing Diuretics

Potassium-sparing diuretics act on the distal convoluted tubule and collecting ducts,
where they inhibit sodium reabsorption while preventing potassium excretion. They
function via two mechanisms:

• Aldosterone antagonists (spironolactone, canrenone, canrenoic acid, eplerenone) block
aldosterone receptors, reducing sodium retention and potassium loss.

• Sodium channel blockers (triamterene, amiloride) directly inhibit sodium channels in
the distal tubule, reducing sodium reabsorption and preserving potassium.
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These agents are particularly useful in conditions of excess aldosterone, such as
hyperaldosteronism and heart failure. Amiloride and triamterene are commonly used
to counteract potassium loss caused by other diuretics. Additionally, spironolactone
has anti-androgenic properties, making it useful in the treatment of conditions such as
hirsutism [2–4].

3.5. Osmotic Diuretics

Mannitol and sorbitol act primarily in the proximal tubule, inhibiting water reabsorp-
tion by creating an osmotic gradient. Mannitol increases the serum osmolarity, drawing
water from tissues into the bloodstream and ultimately into the urine. Since mannitol does
not cross the blood–brain barrier, it is particularly effective at reducing cerebral edema and
intracranial pressure [15]. Osmotic diuretics are also used in the management of acute RF,
glaucoma crises, and hypovolemic conditions.

3.6. Vasopressin Receptor Antagonists

Conivaptan and tolvaptan selectively antagonize vasopressin receptors, leading to
increased water excretion without significant sodium loss. Conivaptan, available only
in intravenous form, acts non-selectively on vasopressin receptors, while tolvaptan, an
oral agent, is a selective vasopressin V2 receptor antagonist. These agents are primarily
used in hyponatremia and the syndrome of inappropriate antidiuretic hormone secretion
(SIADH) [1].

3.7. Sodium–Glucose Cotransporter 2 (SGLT2) Inhibitors

SGLT2 inhibitors, a class of oral antidiabetic drugs, inhibit SGLT2 receptors in the
proximal tubule, increasing glucose and sodium excretion. This results in an osmotic
diuretic effect, reducing the extracellular fluid volume. However, this diuretic effect is
transient, as the kidneys eventually compensate to restore fluid balance [2–5].

3.8. Angiotensin-Converting Enzyme (ACE) Inhibitors

While primarily used as antihypertensive agents, ACE inhibitors exhibit mild natri-
uretic and diuretic effects by reducing angiotensin II-mediated sodium retention. Although
this secondary effect contributes to lowering blood pressure, it is not potent enough for
primary diuretic therapy. Clinicians widely prescribe ACE inhibitors for hypertension,
heart failure, and chronic kidney disease. The regular monitoring of renal function and
electrolyte levels is essential.

Hyperkalemia may occur due to decreased aldosterone secretion, particularly in
patients with renal impairment or those taking potassium-retaining drugs such as
sulfamethoxazole-trimethoprim, aldosterone antagonists, or aliskiren. Renal function
and potassium levels should be closely monitored.

A slight reduction in the GFR at therapy initiation may lead to increased bilirubin and
creatinine levels. This effect is more pronounced in patients with heart failure or bilateral
renal artery stenosis, where poor renal perfusion further reduces the GFR. Hypotension is
more common in patients with elevated baseline renin levels or hypovolemia. Caution is
advised in those with salt depletion or volume depletion.

It is recommended to discontinue diuretics 2 to 3 days before initiating ACE inhibitor
therapy. If discontinuation is not possible, treatment should begin with the lowest ACE
inhibitor dose [16,17].

3.9. Alcohol as a Diuretic

Alcoholic beverages with an alcohol content exceeding 13.5% can transiently inhibit
the antidiuretic hormone (ADH), promoting water excretion without significant electrolyte
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loss. However, in dehydrated individuals, alcohol does not exhibit diuretic effects due to
compensatory mechanisms that prevent further fluid loss [18].

4. Indications for Diuretics
According to the TRANSFORM-HF study and the guidelines of the New York Heart

Association (NYHA) and the European Society of Cardiology (ESC), cardiogenic pulmonary
edema is an indication for emergency diuretic therapy. Loop diuretics, known for their
rapid onset and efficacy, are the preferred choice for symptomatic HF, with furosemide
being the most commonly used agent. These diuretics are initially administered in low
doses, with gradual dose escalation based on diuresis monitoring and a body weight
assessment [1,6,19].

When loop diuretics alone are insufficient for HF management, the addition of thiazide
diuretics (such as metolazone or hydrochlorothiazide) enhances their diuretic effect, further
alleviating symptoms [2].

Additionally, aldosterone antagonists have been shown to reduce the mortality and
morbidity in patients with advanced systolic HF and those with a left ventricular ejection
fraction (LVEF) below 35% [5].

Diuretics, alongside dietary sodium restrictions, are also the first-line treatment for
ascites in decompensated liver cirrhosis. In this setting, spironolactone is the preferred
agent due to its targeted action on the underlying pathophysiology and its antiandrogenic
properties. A loop diuretic may be added if spironolactone alone proves insufficient or
can be included as part of a combination therapy from the outset. In both HF and liver
cirrhosis, renal dysfunction exacerbates fluid retention through the activation of the renin-
angiotensin–aldosterone system (RAAS) [1,6].

Hyperhydration, a common consequence of RF and various nephropathies, is associ-
ated with increased mortality. Loop diuretics are the preferred initial treatment, though
in advanced CKD with refractory hyperhydration, extrarenal replacement therapy may
be necessary for long-term management. In nephrotic syndrome—characterized by pro-
teinuria exceeding 3.5 g/24 h, hypoalbuminemia leading to reduced oncotic pressure and
secondary fluid extravasation, and hyperlipidemia—diuretic therapy is essential. The
combination of albumin with furosemide or furosemide with triamterene has demonstrated
efficacy in patients with renal disease and hypoalbuminemia [2–5].

Thiazide and thiazide-like diuretics are among the first-line treatments for hyperten-
sion. A Cochrane study, along with the European Society of Hypertension (ESH) guidelines,
suggests switching to a loop diuretic when the estimated glomerular filtration rate (eGFR)
falls between 30 and 45 mL/min. If the eGFR drops below 30 mL/min, chlorthalidone may
be combined with a loop diuretic, as recommended by the American College of Cardiology
(ACC) and the ESH 2024 guidelines [1,19].

Low-dose, long-acting chlorthalidone has demonstrated a significant reduction in the
risk of cardiovascular events when compared to other antihypertensive medications. Inda-
pamide, with fewer metabolic side effects than chlorthalidone, does not interfere with lipid
or glucose metabolism, making it a safer choice for hypertensive patients with diabetes.
Thiazide diuretics also have a direct vasodilatory effect that contributes to long-term blood
pressure reduction. However, loop diuretics remain the preferred choice when hyperten-
sion coexists with CKD, especially when the GFR is ≤30 mL/min. Potassium-sparing
diuretics are also utilized in hypertensive patients with potassium (K+) or magnesium
(Mg2+) deficiencies [1].

Thiazide diuretics can be advantageous in patients with nephrolithiasis and hypercal-
ciuria, as they promote calcium reabsorption. In contrast, loop diuretics like furosemide
increase calciuria, which may be beneficial in patients with symptomatic hypercalciuria.
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In diabetes insipidus, a condition marked by polyuria and the production of dilute
urine with a low solute concentration, thiazide diuretics paradoxically help by promoting
sodium (Na+) excretion at the proximal tubules, thereby reducing the kidneys’ maximal
dilution capacity.

Acetazolamide, a sulfonamide lacking antibacterial activity, induces metabolic acidosis
by promoting bicarbonate excretion. It is used prophylactically for high-altitude sickness
to counteract hypoxia-induced respiratory alkalosis. Acetazolamide is also effective at
reducing intraocular pressure and is commonly employed in the short-term treatment of
open-angle glaucoma when other treatments are unsuitable. Additionally, it has been used
in epilepsy management, as it can decrease seizure duration and severity [2–4].

Osmotic diuretics, such as mannitol, primarily enhance water excretion rather than
sodium elimination, making them unsuitable for conditions associated with sodium reten-
tion. However, mannitol effectively reduces intracranial pressure within an hour, though
an initial transient increase in pressure may occur. It is also used to stimulate diuresis in
acute kidney injury (AKI) and to facilitate the excretion of toxic metabolic substances [1].

Diuretics are further employed in the elimination of toxins through forced diuresis,
increasing the urinary output per unit time. Clinical pharmacists utilize loop diuretics and
urinary alkalization in cases of poisoning with substances such as salicylates, phenobarbital,
or lithium [1].

5. How to Administer Diuretics
Diuretics are typically administered orally, but in cases requiring maximum potency—

such as advanced heart failure (HF), acute pulmonary edema, cerebral edema, or barbiturate
intoxication—they are given intravenously in hospital settings or emergencies. In such
scenarios, continuous infusion is preferred over bolus injections. The choice of diuretic,
the dosage, and the route of administration should be carefully considered based on the
patient’s comorbidities to anticipate and minimize adverse effects [1,2].

5.1. Loop Diuretics

Loop diuretics are rapidly absorbed, reaching peak concentrations within 30 min to
2 h. Their oral bioavailability varies, with bumetanide and torasemide exceeding 80%,
while furosemide has the lowest bioavailability at 61%. These diuretics are available in
both oral and i.v. forms. Furosemide is primarily excreted unchanged in urine (66%)
or metabolized by the kidneys, whereas bumetanide and torasemide undergo hepatic
metabolism. Torasemide has the longest half-life (3 to 4 h) and the longest duration of action
(12 h), allowing for once-daily dosing. Unlike furosemide and bumetanide, torasemide’s
absorption is not affected by food intake [1].

Since furosemide is the most commonly used loop diuretic, dose conversions between
different agents should be approached with caution. Generally, for oral administration,
the equivalent doses are 80 mg furosemide = 20 mg torsemide = 1 mg bumetanide. For
intravenous administration, the conversion is 40 mg furosemide = 20 mg torsemide = 1 mg
bumetanide [1,20].

The frequency of administration is crucial, as shorter-acting loop diuretics may lead to
post-diuretic sodium retention once their effect wears off. For this reason, they are usually
prescribed twice daily.

5.2. Thiazide Diuretics

Thiazide diuretics, which contain a sulfonamide structure, are well absorbed from
the gastrointestinal (GI) tract when taken orally. Their bioavailability ranges from 50% to
95%, with hydrochlorothiazide and chlorthalidone having bioavailabilities of 71% and 65%,
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respectively. Hydrochlorothiazide is prescribed at doses of 25–100 mg (oral) and should be
taken in the morning or at noon, but never in the evening [1].

Indapamide, a thiazide-like diuretic with a high bioavailability of 93%, is typically
prescribed at a dose of 2.5 mg/day (or 1.5 mg/day in sustained-release form) for the
treatment of essential hypertension. For edematous conditions, the recommended dosage
ranges from 2.5 to 5 mg/day [2,3].

5.3. Potassium-Sparing Diuretics

Amiloride is not metabolized and is excreted unchanged, with approximately 50%
eliminated through the urine and the remainder via feces. In contrast, triamterene is
metabolized in the liver into active metabolites. Due to its lack of hepatic metabolism,
amiloride is preferred in patients with liver disease. However, it should be avoided in cases
of renal dysfunction because of the risk of drug accumulation and hyperkalemia. While
amiloride allows for once-daily dosing, triamterene requires twice-daily administration.
Both drugs have an oral bioavailability of approximately 50% [2]. Eplerenone undergoes
hepatic metabolism, but does not produce any active metabolites. It has a serum protein
binding level of approximately 50% to albumin. About 67% of the drug is excreted via the
urine, while the remaining 32% is eliminated through the feces [9].

Food intake does not affect the absorption of these medications; in fact, taking them
with food may help minimize gastric irritation and reduce related adverse effects [2,3].
Spironolactone, a synthetic compound and a structural analogue of aldosterone, has a
low bioavailability p.o. (25%) due to the strong effect of the first hepatic passage, causing
intense biotransformation in the liver that results in two active metabolites: canrenone
and canrenone acid. The substance is eliminated slowly through the urine and has a weak
diuretic effect and a long latency of over 24 h; it reaches maximum effect in 2–3 days and
has a duration of 2–3 days after discontinuation of treatment. Eplerenone has an oral
bioavailability of approximately 69% and undergoes hepatic metabolism without forming
active metabolites. It binds to serum albumin at about 50%, with around 67% of the drug
excreted in the urine and 32% eliminated via the feces. Food does not interfere with its
absorption; in fact, taking eplerenone with food may help reduce gastric irritation and asso-
ciated adverse effects [2,3]. Eplerenone is more selective than spironolactone, but it is also
a weaker mineralocorticoid receptor antagonist and has a shorter half-life. Consequently,
eplerenone must be administered twice daily to exert its full effect [21]. A newer class of
mineralocorticoid receptor antagonists, which includes finerenone and hexaxenone, is now
available, but these drugs are not used as diuretics. Finerenone, for example, is approved
for reducing IR progression, HF, myocardial infarctions, and cardiovascular death in people
with type 2 diabetes and CKD, but not for high blood pressure. Of note, although it is
associated with a small, but significant, risk of hyperkalemia, hexaxerone is approved for
the treatment of hypertension in Japan [22].

5.4. Carbonic Anhydrase Inhibitors and Osmotic Diuretics

Acetazolamide, which is rarely used in clinical practice, is well absorbed by the GI
tract, is not metabolized, and has a plasma protein binding level of 93%. It has an onset of
action within 1 to 1.5 h, with nearly 100% oral bioavailability and a plasma half-life of 13 h.
It should be taken twice daily. Approximately 90% of acetazolamide is excreted unchanged
in the urine through tubular secretion. As a result, it is ineffective in patients with renal
insufficiency [1].

Mannitol is poorly absorbed orally, and is therefore administered only via a slow i.v.
infusion at 1–1.5 g/kg/day. Effective osmotic diuresis requires 0.5–2 L of 10% mannitol.
Once in the bloodstream, it exerts an osmotic effect, drawing water from the extravascular
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space into the circulation and reducing blood viscosity. More than 90% of mannitol is
excreted unchanged via glomerular filtration, with no tubular reabsorption [1]. Due to
the risk of exacerbating cerebral edema, mannitol should be administered cautiously at
intervals of every 6 to 8 h. Excessive dosing may overwhelm the heart and circulatory
system, potentially resulting in hyperperfusion syndrome [2–5].

5.5. Drugs Used in Hyponatremia

Vasopressin antagonists, such as tolvaptan, satavaptan, and leachaptan, are used to
treat hyponatremia caused by inappropriate antidiuretic hormone (ADH) secretion. Tolvap-
tan selectively blocks vasopressin V2 receptors, promoting water excretion while increasing
sodium concentration and decreasing urine osmolality. It is indicated for adults with
hyponatremia due to the syndrome of inappropriate ADH secretion (SIADH) and is admin-
istered in divided doses, typically starting at 45 mg + 15 mg, followed by 60 mg + 30 mg,
and up to 90 mg + 30 mg, taken twice daily [23].

Diabetes insipidus can be classified into pituitary diabetes (90% of cases) primary/
hereditary or secondary to other diseases; circulatory disorders, tumors, or inflammations;
and nephrogenic diabetes (10% of cases) due to the presence of mutations in the structure
of aquaporin 2 (AQP2), a protein involved in water reabsorption, or genetic disorders [24].

The active drugs used for diabetes insipidus can be classified into natural substances
and synthetic analogues to which substances are added, and synthetic substances.

1. Natural substances and synthetic analogues: vasopressin, desmopressin, lypressin;
2. Synthetic substances: thiazide diuretics and substances structurally related to thi-

azides (hydrochlorothiazide; oral antidiabetics (chlorpropramide); antiepileptics (car-
bamazepine)).

Vasopressin is quickly absorbed by injection or through the nasal mucosa. It activates
V2 receptors in the renal tubes (increases cAMP), which stimulates passive water reab-
sorption in the distal tubes, decreases diuresis, and concentrates urine; this increases the
permeability of the renal tubes to water [25].

Its other actions include activating V1 receptors in smooth muscles, stimulating phos-
pholipase C (PLC), increasing the intracellular concentration of Ca2+, and causing vaso-
constriction, coronary constriction, bronchoconstriction, and contractions of the uterine
muscle. Its side effects include HTA; angina pectoris attacks; abortion in pregnancy; and an
increase in intraocular pressure. It is administered in the form of a nasal spray [26].

Desmopressin, an analogue of ADH, has a more intense and long-lasting antidiuretic
effect (24 h). It is administered in the form of nasal instillations or p.o. [1,19].

6. Side Effects of Diuretics
The most common adverse effect of diuretics is mild hypovolemia, which can lead to

transient dehydration and increased thirst. In cases of prolonged diuretic therapy, severe
hypovolemia may occur, resulting in hypotension, dizziness, and syncope. The general
side effects associated with diuretic use include headaches, frequent urination, restlessness,
weakness, fatigue, and lethargy. Gastrointestinal disturbances—such as nausea, vomiting,
constipation, diarrhea, anorexia, and abdominal pain—are more frequently observed with
loop diuretics than with other classes of diuretics [2–6].

Electrolyte imbalances are common with all diuretic agents. Hypokalemia (serum
potassium < 3.5 mmol/L) occurs with most diuretics except those acting on the con-
voluted nephron collecting tubule, which instead can cause hyperkalemia (serum
potassium > 5.5 mmol/L). Acid–base disturbances often accompany electrolyte abnor-
malities due to their interrelated reabsorption mechanisms in the renal tubules [4,7]. Hyper-
kalemia and metabolic acidosis are particularly associated with aldosterone receptor antag-
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onists (ARAs) such as triamterene, amiloride, spironolactone, and eplerenone. Notably, the
combination of mineralocorticoid receptor antagonists (MRAs) with sodium–glucose co-
transporter 2 (SGLT2) inhibitors has been suggested to reduce the risk of hyperkalemia [27].

Diuretics may also induce metabolic disturbances affecting serum glucose, uric acid,
and lipid levels. Less-common side effects include impotence, hyperglycemia, skin re-
actions, aplastic anemia, thrombocytopenia, agranulocytosis, hemolytic anemia, muscle
cramps, and myalgia. In general, adverse effects are dose-dependent and most pronounced
with loop diuretics, which have the strongest diuretic effect. These imbalances can include
hyponatremia, hypokalemia, metabolic alkalosis, hypocalcemia, hypomagnesemia, hype-
ruricemia, hyperglycemia, and elevations in blood urea nitrogen (BUN) and creatinine.
However, controlled formulations with lower doses have substantially reduced these side
effects, particularly with thiazide diuretics [1].

Sodium is essential for regulating extracellular fluid concentration and volume, main-
taining osmotic balance, supporting acid–base homeostasis, facilitating transmembrane
transport, and ensuring proper neuromuscular excitability. The daily sodium requirement
for the body ranges from 150 to 250 mEq/day (equivalent to 9–15 g of NaCl), with dietary
intake being the primary source. Sodium is actively absorbed in the intestines, a process
enhanced by hormones such as aldosterone and deoxycorticosterone. The elimination of
sodium occurs through sweat, digestive secretions, and urinary excretion [28].

The symptoms of hyponatremia primarily affect the central nervous system (CNS),
especially when sodium levels decrease significantly and rapidly. Neurological symptoms
generally do not manifest until serum sodium falls below 120–125 mEq/L, while levels
below 115 mEq/L can result in a coma and neurological dysfunction. Patients at high
risk include children, premenopausal women, psychiatric patients with polydipsia, and
elderly individuals, particularly those on thiazide diuretics or suffering from hypoxia. As
the sodium concentration drops, intracellular water influx leads to increased intracranial
pressure [29].

Hyponatremia is a potential complication of thiazide diuretics, steroidal MRAs, and
finerenone. A 2024 study found that, in adults aged 40 and older, thiazide diuretics
were associated with a significantly higher risk of hyponatremia over a two-year period
compared to non-thiazide antihypertensive agents, with the highest risk occurring within
the first 60 days of treatment [30]. The use of thiazide diuretics alongside spironolactone or
loop diuretics more than doubles the risk of hospitalization due to hyponatremia [31].

Hypomagnesemia is a common complication of both loop and thiazide diuretics [32].
Loop diuretics, while useful in the management of severe hypercalcemia, require careful
volume management to avoid dehydration. Initial hypercalcemia treatment involves
saline replenishment, followed by loop diuretics to promote calciuresis. While some studies
question their precise role in hypercalcemia management [33], the natriuretic and calciuretic
effects of loop diuretics remain beneficial in specific cases [34].

Diuretic resistance is the failure to achieve adequate sodium excretion, despite an
appropriate dose of a loop diuretic relative to renal function. Conditions such as edematous
states (e.g., associated with dihydropyridine calcium channel blockers, hypothyroidism,
lymphedema, or venous stasis) may mimic diuretic resistance, but typically do not respond
to diuretic therapy.

The chronic use of loop diuretics can lead to diuretic resistance, as demonstrated in an
experimental study in which rats implanted with infusion pumps delivering a continuous
furosemide dose developed resistance over time [35]. In cases of diuretic resistance, op-
timizing therapy may involve doubling the dose, switching to a more bioavailable loop
diuretic such as torsemide or bumetanide, or utilizing a continuous i.v. infusion instead of
a bolus administration to enhance the pharmacokinetic efficacy.
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Amiloride may serve as an adjunct therapy for hypomagnesemia. Studies in rodents
treated with furosemide demonstrated that amiloride reduced urinary magnesium losses
in a dose-dependent manner, likely through direct renal effects [35].

Loop diuretics can cause ototoxicity, which manifests as sensorineural hearing loss
or tinnitus. This effect is particularly pronounced when loop diuretics are combined with
aminoglycoside antibiotics, but the symptoms generally resolve upon discontinuation of
the medication [2–6,36]. To minimize the risk, hearing tests should be conducted before
initiating high-dose bolus or rapid infusions, allowing for an individual assessment of
the loop diuretics’ impact on auditory function. Periodic monitoring of hearing function
is also recommended during prolonged treatment. If adverse effects arise, switching
to an alternative diuretic therapy should be considered to prevent permanent auditory
damage. Ototoxicity is most frequently observed with the high-dose bolus administration
of furosemide in AKI due to elevated serum drug concentrations. Among loop diuretics,
ethacrynic acid is the most ototoxic [35–39].

Several diuretics, including hydrochlorothiazide, furosemide, spironolactone, and
triamterene, have been associated with hepatotoxicity. In elderly patients, diuretic-induced
renal impairment can be exacerbated by a reduced thirst sensitivity, leading to excessive
dehydration [1].

Diuretics may also increase the risk of AKI under conditions where renal perfusion
is compromised, such as congestive heart failure, liver cirrhosis, and nephrotic syndrome.
Additionally, higher diuretic doses are linked to glomerular basement membrane damage,
tubular epithelial cell degeneration, and an increased susceptibility to nephrotoxicity,
particularly when combined with other nephrotoxic drugs. As a result, the use of diuretics
in conjunction with nephrotoxic agents should be carefully evaluated or avoided when
possible [1,34–40]. Figure 2 summarizes the main side effects of diuretics.
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Drug interactions can be distinct:

(a) Useful interactions in therapy: an association between diuretics that eliminate the
K+ ion and diuretics that retain K+ (furosemide + spironolactone; hydrochloroth-
iazide + amiloride/triamterene) or the combination of diuretics and other classes of
antihypertensive drugs (ACE, BRA, BCC).

(b) Unwanted interactions: non-steroidal anti-inflammatory drugs (NSAIDs) and
steroidal anti-inflammatory drugs (AIS), which antagonize the effect of diuretics,
as they cause hydrosaline retention. NSAIDs inhibit cyclooxygenase (COX) and
decrease the synthesis of renal vasodilator prostaglandins, and AIS inhibits phospholi-
pase A2 and decreases the release of arachidonic acid from membrane phospholipids
(thereby reducing the synthesis of vasodilator renal prostaglandins). Thiazide diuret-
ics antagonize the effect of hypoglycemic medicinal products and uricosuric drugs;
they can cause thiazidic diabetes or severe hyperuricemia. Diuretics that eliminate
potassium ions potentiate the toxicity of cardiotonic glycosides and lithium [41].

Table 1 summarizes the diuretic classes, their effects on electrolytes, common adverse
reactions, their mechanisms of action, and drug interactions.

Table 1. Diuretic classes: effects and interactions.

Class
Greater

Fluid–Electrolyte
Changes

Common or Major
Non-Fluid–

Electrolyte Adverse
Effects

Mechanism of
Action Interactions

Thiazide and
thiazide-like
diuretics

Hyponatremia,
hypokalemia,
hypomagnesemia,
hypercalcemia,
hyperuricemia, taste,
metabolic alkalosis

Glucose intolerance,
hypercholes-
terolemia,
hypertriglyc-
eridemia, impotence,
photosensitivity,
thrombocytopenia,
pancreatitis

Weak diuretics;
excellent choice for
the treatment of
hypertension

Hypokalemia
potentiates digitalis
toxicity.
Non-steroidal
anti-inflammatory
drugs reduce the
diuretic efficacy.
Beta-blockers
potentiate
hyperglycemia and
hyperlipidemia.
Corticosteroids
intensify hypokalemia.

Loop diuretics

Volume depletion,
hyponatremia,
hypokalemia,
hypomagnesemia,
hypercalciuria,
hyperuricemia,
metabolic alkalosis

Impotence,
ototoxicity
(especially when
used in high doses
and in combination
with
aminoglycosides)

Most potent
‘high-ceiling’
diuretics. Effective
even for advanced
CKD, and therefore
effective for treating
acute volume
overload

Hypokalemia
potentiates digitalis
toxicity.
Non-steroidal
anti-inflammatory
drugs reduce the
diuretic efficacy.
Corticosteroids
intensify hypokalemia.
Aminoglycosides
increase ototoxicity
and nephrotoxicity.

Carbonic
anhydrase
inhibitors

Metabolic acidosis,
hypokalemia

Malaise, fatigue,
anorexia, impotence - -
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Table 1. Cont.

Class
Greater

Fluid–Electrolyte
Changes

Common or Major
Non-Fluid–

Electrolyte Adverse
Effects

Mechanism of
Action Interactions

Osmotic diuretics

Hyponatremia,
pulmonary oedema,
increased osmolal
gap in those with
impaired kidney
function

AKI (mannitol
concentration can be
estimated by plasma
osmolal gap, which
should be kept)

- -

Potassium-sparing
diuretics 1

Hyperkalemia,
hypermagnesemia,
metabolic acidosis

Anti-androgenic side
effects common with
spironolactone
triamterene can
cause kidney stones

-

ACE inhibitors
potentiate
hyperkalemia.
Nonsteroidal
anti-inflammatory
drugs reduce the
diuretic efficacy.

AKI, acute kidney injury; CKD, chronic kidney disease; KRT, kidney replacement therapy. 1 Includes mineralocor-
ticoid receptor MRA antagonists.

7. Management of Diuretic Therapy
Diuretic therapy necessitates the close monitoring of extracellular fluid volume, urine

output, plasma and urine electrolyte levels, body weight, serum glucose, and blood pres-
sure. Regular evaluations are especially important for patients with cardiovascular, hepatic,
renal, or metabolic conditions, as well as for the elderly. Hypovolemia caused by diuretics
can result in extrarenal azotemia, highlighting the need to monitor the BUN and creatinine
levels closely [1].

Ototoxicity is a known risk associated with loop diuretics, and appropriate precautions
are essential. Baseline hearing assessments are recommended, particularly when high doses,
bolus injections, or rapid infusions are planned. These tests help evaluate the potential
impact of loop diuretics on auditory function and allow for individualized monitoring over
the course of treatment [36–39]. The periodic, sequential monitoring of auditory function is
also advised during loop diuretic therapy. If signs of ototoxicity or other adverse effects
emerge, switching to an alternative diuretic regimen should be considered to minimize
further risk and preserve hearing function [37,40].

In cardiac patients receiving diuretic therapy, the close evaluation of their hemody-
namic status is crucial, as these individuals are at risk of heart failure due to sudden shifts
in the fluid balance between compartments. If a diuretic fails to induce diuresis, the treat-
ment should be discontinued, and a potential undiagnosed renal pathology should be
investigated [36–38].

8. Conclusions
The effective management of diuretic therapy requires a thorough understanding of

potential adverse effects, as well as necessary dietary and lifestyle modifications during
treatment. Regular check-ups with a cardiologist and nephrologist are essential for monitor-
ing disease progression and adjusting the treatment accordingly. In CKD, diuretic therapy
should be individualized, with the careful selection of the type, dosage, and schedule to
meet each patient’s specific needs. The close monitoring of electrolytes, renal function,
and blood pressure is crucial to ensure both safety and efficacy [40,42]. Optimizing blood
pressure control while minimizing diuretic-related side effects can be achieved through a
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combination of diuretics with other antihypertensive agents and dietary sodium restriction.
In cases of diuretic resistance, combining loop and thiazide diuretics may be beneficial
when monotherapy is insufficient [9,43]. Patients, particularly those receiving outpatient
treatment, should be encouraged to report any adverse effects promptly. Strict adherence
to treatment protocols and avoiding overdoses can significantly improve both the clinical
outcomes and the effectiveness of diuretic therapy. In outpatient settings, pharmacists play
a critical role in ensuring proper medication use, identifying potential drug interactions,
and verifying the correct dosing of prescriptions. Their vigilance contributes to the overall
safety and success of diuretic therapy.
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