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Most accepted pharmacologic treatments for heart failure 
are supported by evidence from large clinical trials. In contrast, evidence 
from large, well-controlled clinical trials to guide the use of diuretics, 

among the most frequently used drugs in heart failure, is generally lacking. Fluid 
retention and congestion are hallmarks of heart failure, and they are associated 
with both severe symptoms and poor outcomes.1 Given the centrality of congestion 
to both symptoms and outcomes, diuretics remain cornerstones of management 
of heart failure.2 Although routine diuretic treatment of heart failure may appear 
to be uncomplicated, questions abound about how best to use diuretics, particularly 
in patients with acute decompensated heart failure and diuretic resistance. In this 
review, we discuss current pharmacologic principles of diuretic therapy, integrate 
data from recent research, and suggest evidence-based approaches to diuretic 
treatment of heart failure.

Ph a r m acol o gic Ch a r ac ter is tics of L o op Diur e tics

Furosemide, bumetanide, and torsemide are prototypical loop diuretics; these agents 
bind to the translocation pocket at the extracellular surface of sodium–potassium–
chloride cotransporters (NKCCs), blocking ion transport directly3 (Fig. 1). Loop 
diuretics inhibit the NKCC2 at the apical surface of thick ascending limb cells 
along the loop of Henle (the gene that encodes this transporter is SLC12A1). This 
transporter reabsorbs (directly and indirectly) up to 25% of filtered sodium and 
chloride; its blockade is responsible for most natriuretic effects of loop diuretics.

Loop diuretics also inhibit the same symporter at the apical membrane of 
macula densa cells, stimulating renin secretion4 and inhibiting tubuloglomerular 
feedback, which normally suppresses glomerular filtration when salt delivery to 
the macula densa increases (Fig. 1).5 These two additional effects may be both 
salutary and harmful because elevated plasma renin activity increases the level of 
angiotensin II, whereas blocking tubuloglomerular feedback helps to maintain the 
glomerular filtration rate.

These agents also inhibit a second sodium–potassium–chloride symporter iso-
form, NKCC1 (gene SLC12A2), which is widely expressed throughout the body, 
including in the ear; this probably explains the ototoxicity of loop diuretics.6 When 
administered intravenously, loop diuretics cause vasodilation, in part by inhibiting 
the NKCC1 in vascular smooth-muscle cells.7 NKCC1 is also expressed by cells of the 
afferent arteriole and in the extraglomerular mesangium (cells near the macula 
densa), where it suppresses basal renin secretion8; thus, NKCC1 blockade may also 
contribute to elevation of renin secretion and generation of angiotensin II.

Loop diuretics have complex effects on renal and systemic hemodynamics, 
which are influenced by the dose and route of administration, concomitant disease 
and treatment, and long-term use. These diuretics activate the renin–angiotensin–
aldosterone system and dilate blood vessels directly, but they also increase the 
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level of vasodilatory prostaglandins and the 
pressure within the proximal tubule.7 Some of 
these effects counteract each other; accordingly, 
high-dose intravenous loop diuretics can decrease 
or increase arterial pressure, increase or de-
crease stroke volume,9 and decrease renal blood 
flow. It is difficult to predict which effects will 
predominate in a given patient.

Loop diuretics are organic anions that circu-
late bound to proteins (>90%), limiting their 
volumes of distribution. Thus, loop diuretics do 
not enter tubular fluid by means of glomerular 
filtration but, rather, require secretion across 
proximal tubular cells, through organic anion 
transporters and the multidrug resistance–
associated protein 4 (Fig. 1).10 Genetic deletion 
of organic anion transporters in mice leads to 
diuretic resistance,11,12 a phenomenon mimicked 
in humans, when nonsteroidal antiinflammato-
ry drugs or endogenous uremic anions compete 
for loop diuretic secretion through transporters 
(Table 1).

Ph a r m acok ine tic 
Ch a r ac ter is tics of L o op 

Diur e tics

Loop diuretics have steep dose–response curves, 
with plateaus often reached at commonly used 
doses (Fig. 2A). These agents are often called 
threshold drugs, suggesting that increasing doses 
beyond a “ceiling” will not increase their effect. 
Although this is true of natriuretic efficiency, 
Figure 2B shows that increasing the dose above 
this nominal “ceiling” can cause additional natri-
uresis by increasing the time during which the 
plasma diuretic concentration exceeds the natri-
uretic threshold, which makes it appear as if a 
ceiling does not exist. When administered orally, 
furosemide has limited and highly variable bio-
availability (mean, approximately 50%; range, 10 to 
90).14 Food intake delays furosemide absorption,15 
reducing its peak concentration. Since the half-
life of furosemide excretion is shorter than its 
gastrointestinal rate of absorption, the drug has 
absorption-limited pharmacokinetic features,15 
meaning that the apparent half-life after oral use 
is longer than the excretion half-life. In patients 
with preserved kidney function, intravenous doses 
of furosemide are approximately twice as potent 
on a per-milligram basis as oral doses. In con-
trast, when sodium retention is more avid, as in 
acute decompensated heart failure, a higher peak 
level may be required and an intravenous dose 
may become even more effective than an oral 
dose (Fig.  2B). Although gut edema and low 
duodenal blood flow do not typically affect oral 
bioavailability (the amount absorbed relative to 
the amount ingested), they slow absorption, there-
by reducing peak plasma levels and contributing to 
diuretic resistance (Fig. 2B).16

Bumetanide and torsemide, two other loop 
diuretics, have higher and more consistent oral 
bioavailability than furosemide (>90%), and they 
do not have absorption-limited kinetics, making 
oral and intravenous doses similar. Although 
bumetanide and torsemide are both well ab-
sorbed, torsemide has a longer half-life in patients 
with heart failure (6 hours) than furosemide (2.7 
hours, although this half-life is prolonged in 
patients with chronic kidney disease17) or bu-
metanide (1.3 hours).18 Since a longer half-life 
reduces the time during which a diuretic level is 
below the natriuretic threshold (Fig.  2C), one 
might expect that torsemide should be more ef-

Inadequate dose of diuretic

Nonadherence

Not taking drug

High sodium intake

Pharmacokinetic factors

Slow absorption of diuretic because of gut edema

Impaired secretion of diuretic into the tubule lumen

Chronic kidney disease

Aging

Drugs

Nonsteroidal antiinflammatory drugs*

Probenecid

Hypoproteinemia

Hypotension

Nephrotic syndrome

Antinatriuretic drugs

Nonsteroidal antiinflammatory drugs*

Antihypertensive agents

Low renal blood flow

Nephron remodeling

Neurohormonal activation

*	�These drugs inhibit the efficacy of loop diuretics through 
several mechanisms.

Table 1. Causes of Diuretic Resistance.
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Figure 3. Nephron Remodeling as a Mechanism of Diuretic Resistance.

When high doses of loop diuretics are used on a long-term basis, the distal nephron undergoes remodeling, with 
hypertrophy and hyperplasia of distal convoluted tubule cells, principal cells, and intercalated cells. This remodeling 
increases the reabsorptive capacity of the distal nephron by activating the thiazide-sensitive sodium chloride co-
transporter, the epithelial sodium channel, and the chloride–bicarbonate exchanger pendrin.
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Despite the long-standing clinical experience 
with loop diuretics, ongoing research in both 
fundamental and clinical trials is providing in-
sights into more effective diuretic use, with the 

goal of improving the care of patients with heart 
failure.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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