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CHAPTER 63 

Aldosterone Antagonists, Amiloride, 
and Triamterene
Chopra Tushar and Mark Douglas Okusa

OBJECTIVES
This chapter will:
1.	 Review the structure, mechanism of action, and biologic 

effects of aldosterone antagonists, amiloride, and triam-
terene (the potassium-sparing diuretics).

2.	 Contrast the properties of the potassium-sparing diuretics 
with other diuretic drugs.

3.	 Discuss the renal and extrarenal effects of aldosterone 
antagonism.

4.	 Review the use of aldosterone antagonists, amiloride, and 
triamterene in clinical practice.

A class of diuretic drugs that act primarily in the cortical 
collecting tubule is referred to as potassium-sparing diuretics 
and comprises three pharmacologically distinct groups: 
aldosterone antagonists (spironolactone), pteridines (triam-
terene), and pyrazinoylguanidines (amiloride, Table 63.1). 
They are different from the thiazides and loop diuretics, 
which cause kaliuresis. As a group, the potassium-sparing 
diuretics are relatively weak diuretics, but their distinctly 
different site and mechanism of action may result in an 
increase in serum potassium and mild metabolic acidosis. 
Diuretic activity is weak because of the late distal location 
of the cortical collecting tubule, in which fractional sodium 
reabsorption usually does not exceed 3% of the filtered 
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load. They often are used in combination with thiazide or 
loop diuretics to enhance natriuresis yet restrict potassium 
loss (Box 63.1). They are also first-line drugs in the treatment 
of edema from cirrhosis as well as familial hypertension 
syndromes (see Box 63.1).

ALDOSTERONE ANTAGONISTS

Aldosterone is a steroid hormone secreted by the zona 
glomerulosa of the adrenal cortex. It binds to the miner-
alocorticoid receptor within the cytoplasm of tubular 
epithelium. The ligand-receptor complex translocates into 
the cell nucleus, where it modulates the expression of a 
variety of genes (aldosterone-induced proteins, or AIPs). 

TABLE 63.1

Comparisons of the Potassium-Sparing Diuretics

PROPERTY SPIRONOLACTONE EPLERENONE AMILORIDE TRIAMTERENE

Class/action Mineralocorticoid and 
androgen receptor 
antagonist

Selective 
mineralocorticoid 
receptor antagonist

Inhibition of amiloride-
sensitive sodium channels in 
the distal convoluted tubule 
(DCT) and collecting ducts

Inhibition of Na+-K+-
2Cl− cotransporter in 
the DCT and 
collecting ducts

Absorption Readily absorbed; 
absorption increased 
with food

Probably well 
absorbed

Readily absorbed Readily absorbed

Onset and duration 
of effect

Days Days Hours Hours

Protein binding (%) 90 50 23 67
Metabolism Liver Liver Not metabolized Liver
Active metabolites? Yes No No Yes
Route of excretion (in 
order of importance)

Renal Renal Renal Renal

Bile-feces Bile-feces Bile-feces Bile-feces
Usual starting dose 25 mg twice daily 25 mg daily 2.5–5.0 mg twice daily 50 mg daily
Usual maintenance 
dose

25–100 mg twice daily 50 mg daily 5–10 mg twice daily 50–100 mg twice 
daily

Data from Wishart DS, Knox C, Guo AC, et al. DrugBank: A comprehensive resource for in silico drug discovery and exploration. Nucleic Acids Res. 
2006;34:D668–D672; Caswell A, Harvey A, Bellantonio J, eds. eMIMS. Available at http://mims.hcn.net.au/; Barnes BJ, Howard PA. Eplerenone: A 
selective aldosterone receptor antagonist for patients with heart failure. Ann Pharmacother. 2005;39:68–76.

BOX 63.1

Indications for Collecting Duct Diuretics

	A.	 Ascites secondary to cirrhosis (MR antagonist)
	B.	 Lithium-induced diabetes insipidus (amiloride with 

thiazide)
	C.	 Prevention of hypokalemia (owing to potassium-wasting 

diuretics)
	D.	 Prevention of hypomagnesemia (owing to potassium-

wasting diuretics)
	E.	 Diuretic resistance (used in combination with other 

diuretics)
	F.	 Familial hypertension syndromes

1.	 Familial hyperaldosteronism type II (MR antagonist)
2.	 Glucocorticoid resistance, primary cortisol resistance 

(MR antagonist)
3.	 Liddle syndrome (amiloride/triamterene)
4.	 Apparent mineralocorticoid excess, 

11β-hydroxysteroid dehydrogenase type II deficiency 
(MR antagonist)

5.	 Activating MR mutation, Geller syndrome, MRL810 
(amiloride)

MR, Mineralocorticoid receptor.

Aldosterone regulates expression of the apical membrane 
Na+ channel (ENaC), apical membrane K+ channel (ROMK), 
basolateral Na+,K+-ATPase and Na+/H+ exchange (NHE) 
isoforms of the late distal convoluted tubule, connecting 
tubule, and collecting duct. These effects are mediated in 
part by the aldosterone-stimulated transcription of the gene 
encoding the serum/glucocorticoid-induced kinase-1 (SGK-1). 
The kinase then becomes activated in the cell by phos-
phorylation and mediates increased transporter activity by 
direct and indirect mechanisms. For example, the activity 
of ENaC is increased by SGK-1–mediated phosphorylation 
of Nedd4-2, a protein that promotes recycling of ENaC from 
the plasma membrane. Phosphorylated Nedd4-2 has 
impaired interactions with ENaC leading to increased 
number of these channels in the membrane and increased 
Na reabsorption. There are also long-term changes in cell 
morphology caused by aldosterone, an increase in area of 
the basolateral membrane.1,2 In the distal convoluted tubule, 
SGK-1 phosphorylates WNK4 and Nedd4-2, which dimin-
ishes their inhibitory effects on sodium-chloride cotrans-
porter (NCC).3 This results in active sodium (and hence 
water) reabsorption from, and potassium excretion into, 
the urine. Net effects of aldosterone therefore include sodium 
retention, potassium excretion, and an overall expansion 
of the extracellular fluid volume.

Nonrenal sites of aldosterone-mediated sodium and 
potassium exchange are of minor clinical significance but 
include other epithelialized tissues, such as the salivary 
glands and gastrointestinal tract. Aldosterone synthesis in 
the adrenal cortex is regulated mainly by angiotensin II, 
serum potassium, and, to a lesser extent, serum sodium 
and adrenocorticotrophic hormone. Circulating plasma 
concentrations of aldosterone are elevated markedly through 
neurohormonal processes associated with congestive heart 
failure and contribute to the perpetuation of cardiovascular 
injury.1 It is also increasingly appreciated that aldosterone 
has important actions beyond the kidney and ion transport, 
including increasing reactive oxygen species and inflam-
matory process, which leads to fibrosis in heart, vasculature, 
kidney tubulointerstitium, and glomerulus.3–6 The known 
pathologic effects attributable to aldosterone excess continue 
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inhibits production of Na+,K+-ATPase, effectively reducing 
the number of Na+ pumps present on the interstitial side 
of target tubular epithelial cells. Impeding the action of 
aldosterone thus causes renal retention of potassium, 
excretion of sodium (natriuresis), and modestly increased 
urine volume (diuresis). Secondarily, there is a tendency 
to increased urinary chloride and calcium excretion and 
for retained magnesium and hydrogen ions. Although 
mineralocorticoid antagonism has been shown to produce 
sustained increases in plasma renin and serum aldosterone 
levels that are consistent with interference with the negative 
regulatory feedback of aldosterone on renin secretion, these 
changes do not overcome the effects of spironolactone on 
the kidney. Spironolactone also has moderate antiandro-
genic effects owing to its antagonistic binding at peripheral 
androgen receptors and inhibition of ovarian testosterone  
synthesis.9

Spironolactone is well absorbed from the gastrointestinal 
tract, especially when coadministered with food, and 
undergoes rapid and extensive metabolism. Its mainly 
sulfur-containing active metabolites are bound to plasma 
proteins and undergo predominantly renal excretion. 
Approximately a quarter of the administered dose is 
metabolized to canrenone, which also exerts significant 
mineralocorticoid receptor blockade and antiandrogenic 
effects. Adverse effects attributable to spironolactone can 
be predicted largely from its mode of action. Hyperkalemia 
is a potentially serious problem that is especially likely 
to occur in patients who have impaired renal function or 
are receiving other drugs that can raise serum potassium 
levels. Although spironolactone would be expected to 
accumulate in patients with significant hepatic dysfunction, 
dose reduction is not generally necessary in such patients. 

to accumulate; currently they include atherosclerosis, cardiac 
fibrosis, endothelial dysfunction, arrhythmias, and cardiac 
hypertrophy.3,7

Although the renin-angiotensin-aldosterone system has 
been previously regarded as a salt-, blood pressure–, and 
fluid-regulating system centered on the kidney, it is increas-
ingly appreciated that some or all of the constituents of 
the system are synthesized in vascular structures such as 
the heart and in vessel walls, where concentrations can 
greatly exceed circulating levels.8 In addition, the miner-
alocorticoid receptor sites have been identified in nonepi-
thelial cells such as cardiomyocytes, endothelial cells, 
vascular smooth muscles, adipocytes, and monocytes.3,7 
Mineralocorticoid receptor–independent effects of aldoste-
rone occur via angiotensin-II receptors as well as G protein-
coupled receptor 30.3 This situation, in part, explains why 
the full effects of aldosterone blockade on the cardiovascular 
system cannot be completely explained solely through its 
effect on the renal tubule. The renal effects of aldosterone 
antagonists may not manifest for several days, and full 
cardiovascular effects may take weeks. Several drugs of 
varying specificity have been developed to interfere with 
aldosterone’s binding at the mineralocorticoid receptor 
within renal tissue and at other sites.

Spironolactone
Spironolactone, a synthetic 17-lactone steroid aldoste-
rone antagonist introduced in 1959, enters the target cell 
from the peritubular side and competitively binds at the 
mineralocorticoid receptor (Fig. 63.1). The spironolactone-
mineralocorticoid complex is excluded from the nucleus and 
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FIGURE 63.1  Structure of potassium-sparing 
diuretics. 
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impairment, especially diabetic nephropathy), coadminis-
tered drugs (particularly ACE inhibitors, angiotensin II 
blockers, nonsteroidal antiinflammatory drugs, and potas-
sium supplements), and drug dosing is readily apparent. 
Recommended doses vary from 50 to 200 mg per day, along 
with regular monitoring of serum electrolyte values. The 
level of renal dysfunction at which the risks of dangerous 
hyperkalemia outweigh the cardioprotective benefits of 
spironolactone is not clear. Avoiding spironolactone therapy 
in patients with serum creatinine values greater than 
221 µmol/L is prudent, because patients with poorer renal 
function were excluded by the major study in which benefit 
was demonstrated.14 Such an approach cannot completely 
prevent hyperkalemia, however, which can still occur in 
patients with more normal renal function.16 Baseline potas-
sium measurement should be undertaken in all patients; 
a serum potassium concentration greater than 5 mmol/L is 
a contraindication to the use of spironolactone. Vigilant 
monitoring and downward dose adjustment are advised 
for the use of this agent in patients with serum potassium 
levels exceeding 5.5 mmol/L.

Renin angiotensin system blockade, through the use of 
angiotensin-converting enzyme inhibitors (ACEI) and/or 
angiotensin receptor blockers (ARB) has been shown to 
delay the progression of kidney disease. Not surprisingly, in 
preclinical studies, aldosterone antagonists have shown to 
be effective in the treatment of progressive kidney disease. 
However, despite the beneficial effects in animal studies, 
large long-term studies of their use in patients with renal 
disease are lacking. Most short-term studies using surrogate 
endpoints have shown that aldosterone antagonists reduce 
blood pressure and proteinuria. The role of aldosterone 
antagonists as an add-on therapy to preexisting ACEI and/
or ARB has been studied in several clinical trials in the 
past decade. A recent Cochrane database and systematic 
review identified 27 studies with 1549 patients that 
studied the effect of aldosterone antagonists alone or in 
combination with renin-angiotensin system blockade in 
patients with CKD. There was no information on major 
cardiovascular events, mortality, and progression to end-stage 
renal disease as patient level outcomes. Spironolactone 
combined with ACEI or ARB (or both) significantly reduced 
proteinuria. Systolic and diastolic blood pressure were 
reduced significantly at the end of treatment with spi-
ronolactone. However, spironolactone increased the risk of  
hyperkalemia.17

The role of aldosterone antagonists in treating resistant 
hypertension is established. The Pathway-2 trial aimed to 
test the hypothesis that resistant hypertension is caused 
most often by excessive sodium retention and that spirono-
lactone would be superior to nondiuretic add-on drugs. In 
this double-blinded, placebo-controlled, crossover trial of 
335 patients with resistant hypertension, patients received 
spironolactone, bisoprolol, or doxazosin. Spironolactone 
was more effective in lowering blood pressure in those 
with lower baseline renin levels.18

Aldosterone antagonism has been studied in ESRD 
patients, but most studies are limited by a small power 
and do not address patient-related outcomes such as major 
cardiovascular events, mortality, and progression to end-stage 
renal disease.

Ito et al. assessed left ventricular mass index in an 
open-labeled prospective randomized trial of 158 patients 
on peritoneal dialysis treated with spironolactone as an 
add-on therapy to ACE-inhibitor or ARB for 2 years. There 
was a significant improvement in the rate of change of left 
ventricular mass index in patients taking spironolactone 
compared with the control group. Adverse events such as 

The antiandrogenic properties of spironolactone, although 
exploited in the treatment of conditions involving androgen 
excess, also can have undesirable effects, particularly in men, 
who may experience gynecomastia and sexual dysfunction.

An obvious clinical role for spironolactone is primary 
hyperaldosteronism (Conn syndrome), in which unregulated 
aldosterone excess results in potassium depletion, hyper-
tension, and expansion of the extracellular fluid volume. 
Consistent with its mechanism of action, spironolactone 
appears effective and well tolerated for this disorder and 
can be used as preoperative therapy for the patient with a 
secreting adenoma or as medical therapy for such a patient 
in whom surgery is inappropriate.10 Another long-standing 
use for spironolactone is in medical management of patients 
with ascites because of chronic liver disease. In this clinical 
situation, spironolactone as a single agent or in combina-
tion with loop diuretics has been demonstrated to be more 
effective and better tolerated than other regimens.11 The 
antiandrogenic properties of spironolactone have been 
used as first-line treatment for hirsutism, in which it is as 
effective as cyproterone acetate and flutamide.12 Combina-
tion therapy incorporating spironolactone and another of 
these hormonal therapies is common practice for idiopathic  
hirsutism.

The most common use for spironolactone, however, is 
in treatment of cardiac failure, for which it has become 
established therapy as an adjunct to other agents, such as 
angiotensin-converting enzyme (ACE) inhibitors, loop 
diuretics, and beta blockers. Spironolactone’s major use 
previously had been to counteract the kaliuretic action of 
loop and thiazide diuretics, which are frequently used as 
first-line therapy for cardiac failure and hypertension. The 
widespread use of ACE inhibitors as standard therapy for 
cardiac failure also contributed to past low use of aldosterone 
antagonists, which was based on concerns (that subsequently 
have been validated) about the potential for serious hyper-
kalemia. Cumulative evidence for the cardiovascular benefits 
of mineralocorticoid receptor blockade, however, has 
resulted in a significant resurgence in the use of spirono-
lactone.13 The administration of relatively low doses of 
spironolactone (25 mg daily) has been demonstrated to 
improve symptoms and reduce mortality for patients with 
severe left ventricular systolic dysfunction who are already 
receiving loop diuretics and ACE inhibitors.14 It is likely 
that several mechanisms contribute to these cardioprotective 
effects. Although predicted effects mediated through renal 
mechanisms include improved blood pressure control and 
resolution of edema, significant natriuresis is not achieved 
universally. The evidence that the nonrenal actions of 
spironolactone are extremely important is compelling. 
Through extrarenal mineralocorticoid receptor antagonism, 
spironolactone appears to halt and reverse cardiac fibrosis 
and remodeling as well as possibly exerting direct and 
indirect antiarrhythmic effects.14,15

Although spironolactone therapy is associated with 
considerable cardioprotective benefit, it is clear that close 
monitoring to detect and prevent serious complications is 
extremely important. The significant rise in spironolactone 
use in patients with heart disease has been followed closely 
by major increases in morbidity and mortality secondary 
to hyperkalemia.13 The impact of this problem, although 
perhaps foreseeable given the drug’s mechanism of action, 
was not predicted by the results of preceding studies and 
reflects a number of crucial differences between patients 
receiving drug therapy in the context of a clinical trial and 
those managed in the broader context of day-to-day clinical 
practice. Therefore the importance of giving careful con-
sideration to comorbid medical conditions (such as renal 
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Finerenone
Finerenone is a third-generation nonsteroidal mineralocor-
ticoid receptor antagonist with stronger mineralocorticoid 
receptor-binding potential compared with spironolactone 
and eplerenone. It is cleared predominantly by CYP3A4 
(90%) and CYP2C8 (10%) compared with renal clearance. 
Heinig et al. evaluated PK parameters for finerenone in 32 
patients divided into normal renal function (CrCl > 80), 
mild (CrCl 50–80), moderate (30–50), and severe (CrCl < 
30) renal impairment. The absorption time was similar in 
all groups of approximately 30 to 60 min. The renal function 
had no consistent effect on maximum serum concentration 
(Cmax) but mean exposure (AUC) to finerenone was similar 
for normal and mild renal impairment but higher in severe 
renal impairment. The terminal elimination half-life (t 1

2) 
was 2.23 hours in normal renal function, 2.34 in mild, 2.88 
in moderate, and 3 hours for severe renal function. The 
unbound fraction was unchanged at 10.6% across all four 
renal function groups. Protein binding is moderate to high 
and therefore with changes in serum albumin may increase 
the exposure to total and unbound finerenone. Renal excre-
tion played a greater role in the elimination of metabolites, 
but because these metabolites are inactive they are not 
anticipated to have any clinical implications.23

Finerenone has been used in Phase III clinical trials for 
the treatment of patients with diabetic kidney disease and 
for reducing the risk of cardiovascular events in patients 
with diabetic kidney disease. The safety and efficacy of 
different doses of finerenone were tested in a randomized 
controlled trial in patients with diabetes and albuminuria. 
Finerenone demonstrated a dose-dependent reduction in 
urine albumin to creatinine ratio (UACR) and low rates of 
hyperkalemia.25

In a randomized controlled study comparing finerenone 
to eplerenone in patients with congestive heart failure and 
type 2 DM and CKD (eGFR > 30 in type 2 DM and 30–60 
in a patient without type 2 DM). Overall, patients in the 
finerenone 10- to 20-mg dose had the greatest reduction of 
composite outcome, including death from any cause, 
cardiovascular hospitalization, or emergency presentation 
to hospital compared with eplerenone.25

NONALDOSTERONE ANTAGONIST 
POTASSIUM-SPARING DIURETICS

Nonaldosterone antagonist potassium-sparing diuretics have 
net effects on renal electrolyte handling very similar to 
those of the mineralocorticoid antagonists, but their mecha-
nisms of action are distinct. Epithelial sodium channel 
(ENaC) blockers are a class of diuretics called amiloride 
and triamterene.

Amiloride
Amiloride hydrochloride, a pyrazine-carbonyl-guanidine, 
is chemically unrelated to other known diuretics (see Fig. 
63.1). By binding to sodium channels in the distal convo-
luted tubule and collecting ducts, amiloride inhibits sodium 
reabsorption, producing a mild natriuresis and diuresis. 
Sodium channel blockade also leads to a decrease in the 
net negative potential of the tubular lumen, reducing the 
secretion of potassium and hydrogen ions into the urine.26 

hyperkalemia were noted in three patients.19 A large scaled, 
multicenter, double-blinded randomized controlled trials 
such as the ALCHEMIST (aldosterone antagonist chronic 
hemodialysis intervention no survival trial) is underway 
to recruit 825 patients.35

In summary, the use of aldosterone antagonists reduced 
blood pressure as well as proteinuria in patients with CKD, 
but whether they attenuate the risk of progression to ESRD 
or risk of serious cardiovascular events is not known.17 
Because of the potential for serious toxicity and the lack 
of definitive data in patients with CKD or ESRD, these 
agents should not be used routinely in this population.

EPLERENONE

The incidence of undesirable effects relating to spironolac-
tone’s antiandrogenic properties leads to discontinuation 
of this agent in a significant number of patients. Painful 
breast enlargement and erectile dysfunction in men are 
particularly common complaints, even with relatively 
low doses. Eplerenone is substantially more specific to 
the mineralocorticoid receptor than spironolactone, with 
a chemical structure that differs by replacement of the 17-α 
thioacetyl group with a carboxymethoxy group (see Fig. 
63.1). Although it is a competitive antagonist of the min-
eralocorticoid receptor, eplerenone binds only very weakly 
to androgen, glucocorticoid, and progesterone receptors 
and is therefore essentially devoid of the feminizing side 
effects characteristic of spironolactone.20 Other important 
differences of eplerenone from spironolactone are a lack of 
active metabolites, only modest protein binding, and a lack 
of change in bioavailability when administered with food.

Because eplerenone is metabolized via the hepatic 
CYP3A4 pathway, its potential for drug interactions is 
increased. Demonstrable beneficial effects of eplerenone 
in patients with cardiac failure after myocardial infarction 
are similar to those of spironolactone, including significantly 
better mortality and hospitalization outcomes.21 To date, 
no study comparing the effectiveness of eplerenone and 
spironolactone has been conducted. Given that the mode 
of action of eplerenone is essentially identical to that of 
spironolactone (aside from antiandrogenic effects), the same 
mechanisms leading to benefit would be expected. The 
side effects associated with androgen blockade, however, 
are substantially lower in patients taking eplerenone, and 
rates of discontinuation of therapy resulting from such side 
effects are the same as those for placebo. As with spirono-
lactone, the tendency to hyperkalemia in patients taking 
eplerenone is a serious problem mandating close supervision 
as long as therapy continues. Dosing recommendations 
suggest commencing at a dose of 25 mg daily, increasing 
to a maximal target dose of 50 mg daily (if tolerated) within 
4 weeks. Baseline evaluation of renal function is useful to 
assess the potential for hazardous hyperkalemia. Patients 
with baseline serum creatinine concentrations greater than 
221 mmol/L were excluded from the largest clinical trial 
of eplerenone, and a creatinine clearance less than 50 mL/
min was found to confer a significant risk of elevated serum 
potassium concentration.21 Regular monitoring is important 
with eplerenone therapy, even in patients with apparently 
preserved renal function, and dose reduction should occur 
with serum potassium levels exceeding 5.5 mmol/L. Also, 
eplerenone treatment reduces combined end point of death 
and hospitalization in patients with systolic dysfunction 
and mild symptoms.22
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renal insufficiency, increased potassium intake, and con-
comitant use of renin-angiotensin system blockers.

CONCLUSION

Aldosterone antagonists, amiloride, and triamterene have 
a distinctive niche role in clinical practice because of their 
specific effects on electrolyte handling. Their potassium-
sparing properties make them useful adjunct therapies to 
more potent diuretic drugs given for edema and hyperten-
sion. The aldosterone antagonists spironolactone and 
eplerenone also have an important role as components of 
cardiac failure management, partly by virtue of their 
extrarenal beneficial cardiovascular effects. The safe use 
of these agents, however, requires consideration of factors 
that may contribute to hyperkalemia and careful monitoring 
of serum electrolyte values.

Key Points

1.	 The potassium-sparing diuretics act via mechanisms 
in the renal tubule that are distinct from those of 
other diuretic agents.

2.	 These unique properties result in biologic effects 
specific to drugs within the class that can be 
complementary to other diuretics, especially kali-
uretic agents such as loop diuretics and thiazides.

3.	 These agents may be useful therapies for hyperten-
sion and clinical disorders causing edema.

4.	 The aldosterone antagonists have clinically 
important cardioprotective effects in patients with 
cardiac failure mediated via renal and nonrenal 
mechanisms.

5.	 Consistent with their effect on renal tubule elec-
trolyte handling, the potassium-sparing diuretics 
can cause hyperkalemia, especially in patients with 
renal impairment or during coadministration of 
other agents that can lead to elevations in serum 
potassium concentration (e.g., ACE inhibitors, 
angiotensin II blockers).
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Compared with thiazides and loop diuretics, amiloride is 
therefore potassium sparing and may be used to offset 
potential kaliuresis in patients taking these more potent 
potassium-wasting diuretics. Improved adherence to therapy 
may be achieved through fixed-dose combination prepara-
tions, which incorporate thiazide diuretics, as treatment 
for conditions leading to edema and for ascites and hyperten-
sion. Amiloride is absorbed readily from the gastrointestinal 
tract and is excreted predominantly unchanged by the 
kidneys. It does not undergo any hepatic metabolism. 
Recommended dose ranges from 2.5 to 5.0 mg daily. Monitor-
ing of serum electrolyte values and careful assessment for 
additional factors that could potentiate hyperkalemia are 
important.

Triamterene
Triamterene is a potassium-sparing, weak diuretic with 
a mode of action similar to that of amiloride. Through 
inhibition of the Na+-K+-2Cl− cotransporter, triamterene 
reduces sodium reabsorption from the tubule, creating 
an electrical potential difference unfavorable to passive 
excretion of potassium by the distal tubule. This agent often 
is used in combination with thiazides and loop diuretics 
to reduce urinary potassium and magnesium losses and so 
obviates the need for supplementation of these electrolytes.27 
Triamterene is metabolized mainly to the sulfate conjugate 
hydroxy-triamterene, which possesses activity similar to that 
of the parent drug. Patients with significant liver dysfunc-
tion are at risk for drug accumulation owing to increased 
bioavailability from alterations in first-pass metabolism and 
decreased clearance. Apart from hyperkalemia, adverse 
effects relating to triamterene include triamterene-containing 
renal calculi.28 Recommended dosing for triamterene ranges 
from 50 to 100 mg up to twice daily. Triamterene is much 
less potent and more toxic. It is associated with kidney 
stone, crystalluria, or cylinduria.29

Clinical Use and Implications of  
Potassium-Sparing Diuretics
ENaC are highly Na+ selective channels that are blocked 
by the diuretics amiloride and triamterene. ENaC is com-
posed of three structurally related subunits, referred to 
as α, β, and γ. The gain of function mutations is seen in 
Liddle syndrome, and loss of function mutation is seen in 
pseudohypoaldosteronism.

Aldosterone and urine flow activate ENaC and renal K+ 
secretion.30 Proteases and sheer stress also have a funda-
mental role in regulating ENaC. Proteases activate ENaC 
by cleaving the α or γ subunits at defined sites.31 Proteases 
activate sodium channels by removing the inhibitory frag-
ments.32 The extent of ENaC proteolysis is a major deter-
minant of channel activity.

There is evidence that nephrotic urine (containing 
plasmin, a serine protease) activates ENaC expressed in 
mouse collecting ducts. Plasminogen filtered in nephrotic 
urine is activated to plasmin by the renal tubular urokinase-
type plasminogen activator.33 These experiments suggest a 
hypothesis that renal ENaC is aberrantly activated in 
nephrotic rats, thus providing a rationale for the use of an 
ENaC inhibitor to enhance renal sodium excretion.33

Drugs that can inhibit ENaC include trimethoprim.34 
Trimethoprim at higher doses of 320 mg/day would result 
in hyperkalemia. The risk is amplified in patients with 



Chapter 63 / Aldosterone Antagonists, Amiloride, and Triamterene    373.e1

optimal treatment for drug-resistant hypertension (PATHWAY-
2): a randomised, double-blind, crossover trial. Lancet. 
2015;386:2059.

19.	 Ito Y, Mizuno M, Suzuki Y, et al. Long-term effects of spi-
ronolactone in peritoneal dialysis patients. J Am Soc Nephrol. 
2014;25:1094.

20.	 Zillich AJ, Carter BL. Eplerenone–a novel selective aldosterone 
blocker. Ann Pharmacother. 2002;36:1567.

21.	 Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective 
aldosterone blocker, in patients with left ventricular dysfunction 
after myocardial infarction. N Engl J Med. 2003;348:1309.

22.	 Zannad F, McMurray JJ, Krum H, et al. Eplerenone in patients 
with systolic heart failure and mild symptoms. N Engl J Med. 
2011;364:11.

23.	 Heinig R, Kimmeskamp-Kirschbaum N, Halabi A, et al. 
Pharmacokinetics of the Novel Nonsteroidal Mineralocor-
ticoid Receptor Antagonist Finerenone (BAY 94-8862) in 
Individuals With Renal Impairment. Clin Pharmacol Drug Dev.  
2016.

24.	 Bakris GL, Agarwal R, Chan JC, et al. Effect of Finerenone 
on Albuminuria in Patients With Diabetic Nephropathy: A 
Randomized Clinical Trial. JAMA. 2015;314:884-894.

25.	 Filippatos G, Anker SD, Bohm M, et al. A randomized controlled 
study of finerenone vs. eplerenone in patients with worsening 
chronic heart failure and diabetes mellitus and/or chronic 
kidney disease. Eur Heart J. 2016;37:2105-2114.

26.	 Wishart DS, Knox C, Guo AC, et al. DrugBank: a comprehensive 
resource for in silico drug discovery and exploration. Nucleic 
Acids Res. 2006;34:D668-D672.

27.	 Levinson B, Shenouda M, Stypinski D. Attenuation of the 
kaluretic properties of furosemide by triamterene (Dyrenium) in 
healthy volunteers. Int J Clin Pharmacol Ther. 2005;43:92-100.

28.	 Matlaga BR, Shah OD, Assimos DG. Drug-induced urinary 
calculi. Rev Urol. 2003;5:227.

29.	 Perazella MA. Crystal-induced acute renal failure. Am J Med. 
1999;106:459.

30.	 Satlin LM, Sheng S, Woda CB, et al. Epithelial Na(+) channels are 
regulated by flow. Am J Physiol Renal Physiol. 2001;280:F1010.

31.	 Hughey RP, Bruns JB, Kinlough CL, et al. Epithelial sodium 
channels are activated by furin-dependent proteolysis. J Biol 
Chem. 2004;279:1811.

32.	 Kleyman TR, Carattino MD, Hughey RP. ENaC at the cutting 
edge: regulation of epithelial sodium channels by proteases. 
J Biol Chem. 2009;284:20447-20451.

33.	 Svenningsen P, Bistrup C, Friis UG, et al. Plasmin in nephrotic 
urine activates the epithelial sodium channel. J Am Soc Nephrol. 
2009;20:299-310.

34.	 Choi MJ, Fernandez PC, Patnaik A, et al. Brief report: 
trimethoprim-induced hyperkalemia in a patient with AIDS. 
N Engl J Med. 1993;328:703-706.

35.	 ht tps://cl inical tr ials .gov/ct2/show/NCT01848639, 
A.A.C.H.I.S.T.A.a.

References
1.	 Laragh JH. Hormones and the pathogenesis of congestive 

heart failure: vasopressin, aldosterone, and angiotensin II. 
Further evidence for renal-adrenal interaction from studies 
in hypertension and in cirrhosis. Circulation. 1962;25:1015.

2.	 Kamynina E, Staub O. Concerted action of ENaC, Nedd4-2, and 
Sgk1 in transepithelial Na(+) transport. Am J Physiol Renal 
Physiol. 2002;283:F377.

3.	 Brown NJ. Contribution of aldosterone to cardiovascular and 
renal inflammation and fibrosis. Nat Rev Nephrol. 2013;9:459.

4.	 Williams JS, Williams GH. 50th anniversary of aldosterone. J 
Clin Endocrinol Metab. 2003;88:2364-2372.

5.	 Weber KT, Brilla CG. Pathological hypertrophy and cardiac 
interstitium. Fibrosis and renin-angiotensin-aldosterone system. 
Circulation. 1991;83:1849.

6.	 Sica DA. Pharmacokinetics and pharmacodynamics of min-
eralocorticoid blocking agents and their effects on potassium 
homeostasis. Heart Fail Rev. 2005;10:23.

7.	 Chai W, Danser AH. Why are mineralocorticoid receptor 
antagonists cardioprotective? Naunyn Schmiedebergs Arch 
Pharmacol. 2006;374:153.

8.	 Silvestre JS, Robert V, Heymes C, et al. Myocardial production 
of aldosterone and corticosterone in the rat. Physiological 
regulation. J Biol Chem. 1998;273:4883.

9.	 Eil C, Edelson SK. The use of human skin fibroblasts to obtain 
potency estimates of drug binding to androgen receptors. J 
Clin Endocrinol Metab. 1984;59:51.

10.	 Lim PO, Young WF, MacDonald TM. A review of the medical 
treatment of primary aldosteronism. J Hypertens. 2001;19:353.

11.	 Fogel MR, Sawhney VK, Neal EA, et al. Diuresis in the ascitic 
patient: a randomized controlled trial of three regimens. J Clin 
Gastroenterol. 1981;3(suppl 1):73.

12.	 Lumachi F, Rondinone R. Use of cyproterone acetate, finasteride, 
and spironolactone to treat idiopathic hirsutism. Fertil and 
steril. 2003;79:942.

13.	 Juurlink DN, Mamdani MM, Lee DS, et al. Rates of hyperkalemia 
after publication of the Randomized Aldactone Evaluation 
Study. N Engl J Med. 2004;351:543.

14.	 Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone 
on morbidity and mortality in patients with severe heart failure. 
Randomized Aldactone Evaluation Study Investigators. N Engl 
J Med. 1999;341:709.

15.	 Weber KT. Aldosterone in congestive heart failure. N Engl J 
Med. 2001;345:1689-1697.

16.	 Svensson M, Gustafsson F, Galatius S, et al. How prevalent 
is hyperkalemia and renal dysfunction during treatment with 
spironolactone in patients with congestive heart failure? J Card 
Fail. 2004;10:297.

17.	 Bolignano D, Palmer SC, Navaneethan SD, et al. Aldosterone 
antagonists for preventing the progression of chronic kidney 
disease. Cochrane Database Syst Rev. 2014;(4):CD007004.

18.	 Williams B, MacDonald TM, Morant S, et al. Spironolactone 
versus placebo, bisoprolol, and doxazosin to determine the 


	Chapter 000 - Cover.pdf
	a.pdf
	b.pdf
	c.pdf
	d.pdf
	e.pdf

	Chapter 001 - The Critically Ill Patient.pdf
	Chapter 002 - The Pathophysiologic Foundations of Critical Care.pdf
	Chapter 003 - Mechanical Ventilation.pdf
	Chapter 004 - Hemodynamic Support in the Critically Ill Patient.pdf
	Chapter 005 - Monitoring Organ Dysfunction in Critical Care.pdf
	Chapter 006 - Kidney-Specific Severity Scores.pdf
	Chapter 007 - The Physiology of the Glomerulus.pdf
	Chapter 008 - The Physiology of the Loop of Henle.pdf
	Chapter 009 - Glomerular Filtration Rate, Renal Functional Reserve, and Kidney Stress Testing.pdf
	Chapter 010 - Renal Energy Consumption and Metabolism.pdf
	Chapter 011 - Acute Kidney Injury_ From Clinical to Molecular Diagnosis.pdf
	Chapter 012 - Community- and Hospital-Acquired Acute Kidney Injury.pdf
	Chapter 013 - Epidemiology of Acute Kidney Injury in Critically Ill Patients.pdf
	Chapter 014 - Acute Kidney Injury in Patients With Chronic Kidney Disease.pdf
	Chapter 015 - Genetic Predisposition for Acute Kidney Injury (AKI).pdf
	Chapter 016 - Risk Factors and Risk Assessment in Acute Kidney Injury.pdf
	Chapter 017 - Experimental Models of Acute Kidney Injury.pdf
	Chapter 018 - Renal Blood Flow and Perfusion Pressure.pdf
	Chapter 019 - Humoral Mediators in Sepsis.pdf
	Chapter 020 - Cell Death Pathways_ Apoptosis and Regulated Necrosis.pdf
	Chapter 021 - Pathogen-Associated Molecular Patterns, Damage-Associated Molecular Patterns, and Their Receptors in Acute Kidney Injury.pdf
	Chapter 022 - Acute Kidney Disease.pdf
	Chapter 023 - Acute Kidney Disease, Renal Recovery, and Post–Acute Kidney Injury Care.pdf
	Chapter 024 - The Role of Biomarkers in the Diagnosis and Management of Acute Kidney Injury.pdf
	Chapter 025 - Functional Biomarkers.pdf
	Chapter 026 - Damage Biomarkers.pdf
	Chapter 027 - Kidney Stress Biomarkers.pdf
	Chapter 028 - Renal Repair and Recovery.pdf
	Chapter 029 - Maladaptive Repair and Progression to CKD.pdf
	Chapter 030 - Biomarkers of Recovery and_or Repair Following Acute Kidney Injury.pdf
	Chapter 031 - Practical Considerations of Renal Biopsies in Critical Care Patients.pdf
	Chapter 032 - Localization of Injury and Repair Pathways.pdf
	Chapter 033 - Ultrasonography and Doppler Techniques.pdf
	Chapter 034 - Contrast-Enhanced Renal Ultrasound.pdf
	Chapter 035 - Traditional Radiology, Computed Tomography, and Magnetic Resonance Imaging in Critical Care Nephrology.pdf
	Chapter 036 - Radionuclides Diagnostic Techniques.pdf
	Chapter 037 - Multiple Organ Dysfunction.pdf
	Chapter 038 - Acute Kidney Injury in Burns and Trauma.pdf
	Chapter 039 - Drug-Induced Acute Kidney Injury.pdf
	Chapter 040 - Acute Kidney Injury in Pregnancy.pdf
	Chapter 041 - Acute Kidney Injury in Oncology and Tumor Lysis Syndrome.pdf
	Chapter 042 - Acute Kidney Injury in Cardiac Surgery.pdf
	Chapter 043 - Acute Kidney Injury in Major Surgery.pdf
	Chapter 044 - Acute Kidney Injury in Heart Failure.pdf
	Chapter 045 - Acute Kidney Injury in Cirrhosis.pdf
	Chapter 046 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 047 - Acute Glomerulonephritis.pdf
	Chapter 048 - Contrast-Induced Acute Kidney Injury.pdf
	Chapter 049 - Abdominal Compartment Syndrome.pdf
	Chapter 050 - Hemolytic Uremic Syndrome.pdf
	Chapter 051 - Nonpharmacologic Management of Acute Renal Injury.pdf
	Chapter 052 - Novel Drugs for Acute Kidney Injury.pdf
	Chapter 053 - Remote Ischemic Preconditioning.pdf
	Chapter 054 - Blood Biochemistry_ Measuring Major Plasma Electrolytes.pdf
	Chapter 055 - Assessment of Urine Biochemistry.pdf
	Chapter 056 - Disorders of Sodium and Water Balance.pdf
	Chapter 057 - Disorders of Potassium and Magnesium.pdf
	Chapter 058 - Calcium and Phosphate Physiology.pdf
	Chapter 059 - Principles of Fluid Therapy.pdf
	Chapter 060 - Blood Transfusion Therapy.pdf
	Chapter 061 - Loop and Thiazide Diuretics.pdf
	Chapter 062 - Vaptans and the Treatment of Hyponatremia.pdf
	Chapter 063 - Aldosterone Antagonists, Amiloride, and Triamterene.pdf
	Chapter 064 - Laboratory Tests_ Blood Gases, Anion Gap, and Strong Ion Gap.pdf
	Chapter 065 - Acid-Base Physiology and Diagnosis of Disorders.pdf
	Chapter 066 - Metabolic Acidosis.pdf
	Chapter 067 - Hyperlactatemia and Lactic Acidosis.pdf
	Chapter 068 - Renal Tubular Acidosis.pdf
	Chapter 069 - Metabolic Alkalosis.pdf
	Chapter 070 - Respiratory Acid-Base Disorders.pdf
	Chapter 071 - Iatrogenic and Poison-Derived Acid Base Disorders.pdf
	Chapter 072 - Energy Requirement and Consumption in the Critically Ill Patient.pdf
	Chapter 073 - Impact of Renal Replacement Therapy on Metabolism and Nutrient Requirements in the Critically Ill Patient.pdf
	Chapter 074 - Amino Acid Turnover, Protein Metabolism, and Nitrogen Balance in Acute Kidney Injury.pdf
	Chapter 075 - Carbohydrates and Lipids.pdf
	Chapter 076 - Endocrinology of the Stress Response During Critical Illness.pdf
	Chapter 077 - Anemia of Critical Illness.pdf
	Chapter 078 - Management of Nutrition in Acute Kidney Injury and Renal Replacement Therapy.pdf
	Chapter 079 - Blood Glucose Control in Critical Care.pdf
	Chapter 080 - Enteral Nutrition.pdf
	Chapter 081 - Microbiologic Considerations in the Intensive Care Patient.pdf
	Chapter 082 - Innate Immunity and the Kidney.pdf
	Chapter 083 - Adaptive Immunity and Critical Illness.pdf
	Chapter 084 - Spontaneous Bacterial Peritonitis and Hepatorenal Syndrome.pdf
	Chapter 085 - Tropical Infections Causing Acute Kidney Injury.pdf
	Chapter 086 - Sepsis and Septic Shock.pdf
	Chapter 087 - Complement and Its Consequences in Sepsis.pdf
	Chapter 088 - Coagulation Abnormalities in Sepsis.pdf
	Chapter 089 - Endothelial Dysfunction of the Kidney in Sepsis.pdf
	Chapter 090 - Sepsis-Induced Acute Kidney Injury.pdf
	Chapter 091 - Recommendations for Sepsis Management.pdf
	Chapter 092 - Principles of Antimicrobial Prescription in Intensive Care Unit Patients With Acute Kidney Injury.pdf
	Chapter 093 - Renal Replacement Therapy for Septic Acute Kidney Injury.pdf
	Chapter 094 - Blood Purification for Sepsis.pdf
	Chapter 095 - Management of Infection in Patients With Kidney Transplant.pdf
	Chapter 096 - Critical Care Viral Infections.pdf
	Chapter 097 - Principles of Antibiotic Prescription in Intensive Care Unit Patients and Patients With Acute Renal Failure.pdf
	Chapter 098 - Drugs and Antidotes in Acute Intoxication.pdf
	Chapter 099 - Extracorporeal Therapies in Acute Intoxication and Poisoning.pdf
	Chapter 100 - Plasmapheresis in Acute Intoxication and Poisoning.pdf
	Chapter 101 - Poisoning_ Kinetics to Therapeutics.pdf
	Chapter 102 - Bleeding and Hemostasis in Acute Renal Failure.pdf
	Chapter 103 - Gastrointestinal Problems in Acute Kidney Injury.pdf
	Chapter 104 - Cardiovascular Problems in Acute Kidney Injury.pdf
	Chapter 105 - Water and Electrolyte Disturbances in Acute Renal Failure.pdf
	Chapter 106 - Neurologic Problems in Acute Renal Failure.pdf
	Chapter 107 - Immunologic and Infectious Complications of Acute Kidney Injury.pdf
	Chapter 108 - Cellular Response to Acute Kidney Injury.pdf
	Chapter 109 - Heart-Kidney Cross-Talk.pdf
	Chapter 110 - Classification of Cardiorenal Syndrome.pdf
	Chapter 111 - Cardiorenal Syndrome Type 1.pdf
	Chapter 112 - Cardiorenal Syndrome Type 2.pdf
	Chapter 113 - Cardiorenal Syndrome Type 3.pdf
	Chapter 114 - Cardiorenal Syndrome Type 4.pdf
	Chapter 115 - Cardiorenal Syndrome Type 5.pdf
	Chapter 116 - Renal Function During Cardiac Mechanical Support and Artificial Heart.pdf
	Chapter 117 - The Kidney in Diastolic Dysfunction.pdf
	Chapter 118 - Principles of Diuretic Management in Heart Failure.pdf
	Chapter 119 - Management of Overhydration in Heart Failure Patients.pdf
	Chapter 120 - Recent Advances for Stroke Prevention in Patients With Atrial Fibrillation and Advanced Kidney Disease.pdf
	Chapter 121 - Lung-Kidney Cross-Talk.pdf
	Chapter 122 - The Kidney During Mechanical Ventilation.pdf
	Chapter 123 - Extracorporeal Membrane Oxygenation and Renal Function.pdf
	Chapter 124 - Extracorporeal Carbon Dioxide Removal.pdf
	Chapter 125 - Extracorporeal Membrane Oxygenation and Continuous Renal Replacement Therapy in Adults and Children.pdf
	Chapter 126 - Pulmonary-Renal Syndrome.pdf
	Chapter 127 - Liver-Kidney Interaction.pdf
	Chapter 128 - Pathophysiology and Management of the Hepatorenal Syndrome.pdf
	Chapter 129 - Kidney Dysfunction After Liver Transplantation.pdf
	Chapter 130 - Extracorporeal Liver Support Devices.pdf
	Chapter 131 - Treatment of Combined Acute Renal Failure and Cerebral Edema.pdf
	Chapter 132 - Renal Protection in the Organ Donor.pdf
	Chapter 133 - Effect of Extracorporeal Therapies on the Brain.pdf
	Chapter 134 - Components of Fluid Balance and Monitoring.pdf
	Chapter 135 - Noninvasive Methods of Fluid Status Assessment in Critically Ill Patients.pdf
	Chapter 136 - Management of Fluid Overload in Cardiorenal Patients_ The Five B Approach.pdf
	Chapter 137 - Mechanical Fluid Removal.pdf
	Chapter 138 - Indications for Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 139 - Principles of Extracorporeal Circulation and Transport Phenomena.pdf
	Chapter 140 - Membranes and Filters for Use in Acute Renal Failure.pdf
	Chapter 141 - Continuous Renal Replacement Therapy Machine Technology.pdf
	Chapter 142 - Principles of Anticoagulation in Extracorporeal Circuits.pdf
	Chapter 143 - Dialysis Solutions and Replacement Fluids.pdf
	Chapter 144 - Starting and Stopping Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 145 - The Concept of Renal Replacement Therapy Dose and Efficiency.pdf
	Chapter 146 - Quantification of Acute Renal Replacement Therapy.pdf
	Chapter 147 - Principles of Pharmacodynamics and Pharmacokinetics of Drugs Used in Extracorporeal Therapies.pdf
	Chapter 148 - Ethical Considerations in Acute Renal Replacement Therapy.pdf
	Chapter 149 - Intermittent Techniques for Acute Dialysis.pdf
	Chapter 150 - Solute and Water Transport in Hemodialysis_ Dialyzers, Flow Distribution, and Cross-Filtration.pdf
	Chapter 151 - Biocompatibility of the Dialysis System.pdf
	Chapter 152 - Composition of Hemodialysis Fluid.pdf
	Chapter 153 - Indications for and Contraindications to Intermittent Hemodialysis in Critically Ill Patients.pdf
	Chapter 154 - Technical and Clinical Complications of Intermittent Hemodialysis in the Intensive Care Unit.pdf
	Chapter 155 - Correction of Water, Electrolyte, and Acid-Base Derangements by Hemodialysis and Derived Techniques.pdf
	Chapter 156 - Urea Kinetics, Efficiency, and Adequacy of Hemodialysis and Other Intermittent Treatments.pdf
	Chapter 157 - Assessment of Fluid Status and Body Composition and Control of Fluid Balance With Intermittent Hemodialysis in the Critically Ill Patient.pdf
	Chapter 158 - Outcomes of Intermittent Hemodialysis in Critically Ill Patients With Acute Kidney Injury.pdf
	Chapter 159 - Hybrid Dialysis Techniques in the Intensive Care Unit.pdf
	Chapter 160 - The Role of Plasmapheresis in Critical Illness.pdf
	Chapter 161 - Cascade Filtration for ABO Incompatible Transplant.pdf
	Chapter 162 - Nursing Issues and Procedures in Continuous Renal Replacement Therapy.pdf
	Chapter 163 - Indications for Continuous Renal Replacement Therapy_ Renal Replacement Versus Renal Support.pdf
	Chapter 164 - Beginning and Ending Continuous Renal Replacement Therapy in the Intensive Care Unit.pdf
	Chapter 165 - Solute and Water Kinetics in Continuous Therapies.pdf
	Chapter 166 - Continuous Renal Replacement Therapy_ Modalities and Their Selection.pdf
	Chapter 167 - Vascular Access for Acute Renal Replacement Therapy.pdf
	Chapter 168 - Anticoagulation Strategies for Continuous Renal Replacement Therapy.pdf
	Chapter 169 - Nursing Strategies to Prevent Coagulation of the Extracorporeal Circuit.pdf
	Chapter 170 - Adequacy of Continuous Renal Replacement Therapy_ Prescription and Delivery.pdf
	Chapter 171 - High-Volume Hemofiltration in the Intensive Care Unit.pdf
	Chapter 172 - Pulse High-Volume Hemofiltration in Management of Critically Ill Patients With Severe Sepsis or Septic Shock.pdf
	Chapter 173 - High Cutoff Membranes for Mediators Removal.pdf
	Chapter 174 - Clinical Effects of Continuous Renal Replacement Therapies.pdf
	Chapter 175 - Antibiotic Adjustment in Continuous Renal Replacement Therapy.pdf
	Chapter 176 - Nomenclature_ Basic Principles.pdf
	Chapter 177 - Nomenclature_ Techniques.pdf
	Chapter 178 - Peritoneal Dialysis System.pdf
	Chapter 179 - Indications, Contraindications, and Complications of Peritoneal Dialysis in Acute Renal Failure.pdf
	Chapter 180 - Solute and Water Transport Across the Peritoneal Barrier.pdf
	Chapter 181 - Choice of Peritoneal Dialysis Technique_ Intermittent or Continuous.pdf
	Chapter 182 - Correction of Fluid, Electrolyte, and Acid-Base Derangements by Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 183 - Feasibility, Efficiency, and Adequacy of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 184 - Clinical Results and Complications of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 185 - Treatment of Peritonitis and Other Clinical Complications of Peritoneal Dialysis in the Critically Ill Patient.pdf
	Chapter 186 - Comparison of Peritoneal Dialysis With Other Treatments for Acute Kidney Injury.pdf
	Chapter 187 - Continuous-Flow Peritoneal Dialysis as Acute Therapy.pdf
	Chapter 188 - Nursing and Procedure Issues in Peritoneal Dialysis.pdf
	Chapter 189 - Sorbents_ From Basic Structure to Clinical Application.pdf
	Chapter 190 - Therapeutic Apheresis in Critically Ill Patients_ Indications, Modalities and Techniques, Clinical Results.pdf
	Chapter 191 - Extracorporeal Blood Purification Techniques Beyond Dialysis_ Coupled Plasmafiltration-Adsorption.pdf
	Chapter 192 - Prometheus System.pdf
	Chapter 193 - Toraymyxin and Other Endotoxin Adsorption Systems.pdf
	Chapter 194 - Plasmafiltration-Adsorption-Dialysis System.pdf
	Chapter 195 - Extracorporeal Membrane Oxygenation for Cardiac Support.pdf
	Chapter 196 - Extracorporeal Membrane Oxygenation for Pulmonary Support.pdf
	Chapter 197 - Cell-Based Therapies.pdf
	Chapter 198 - Cellular and Molecular Mechanisms of Acute Kidney Injury.pdf
	Chapter 199 - Epidemiology of Pediatric Acute Kidney Injury.pdf
	Chapter 200 - Treatment of Acute Kidney Injury in Children_ Conservative Management to Renal Replacement Therapy.pdf
	Chapter 201 - Technical Aspects of Pediatric Continuous Renal Replacement Therapy.pdf
	Chapter 202 - Multiple Organ Dysfunction in the Pediatric Intensive Care Unit.pdf
	Chapter 203 - Drug Dosing in Pediatric Acute Kidney Insufficiency and Renal Replacement Therapy.pdf
	Chapter 204 - Nutrition of Critically Ill Children With Acute Renal Failure.pdf
	Chapter 205 - Outcome of Pediatric Acute Kidney Injury.pdf
	Chapter 206 - Renal Replacement Therapy for the Critically Ill Infant.pdf
	Chapter 207 - Neonatal Hyperammonemia and Continuous Renal Replacement Therapy.pdf
	Chapter 208 - Modified Ultrafiltration in Pediatric Heart Surgery.pdf
	Chapter 209 - Techniques and Machines for Pediatric Renal Replacement Therapy.pdf
	Chapter 210 - Antibiotics in Critically Ill Newborns and Children_ Nephrotoxicity and Management During Renal Replacement Therapy.pdf
	Chapter 211 - Patient Selection and Pretransplantation Care for Kidney Transplant Recipients.pdf
	Chapter 212 - Kidney Support and Perioperative Care in Kidney Transplantation.pdf
	Chapter 213 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 214 - Management of Chronic Kidney Disease and End-Stage Kidney Disease Patients in the Intensive Care Unit.pdf
	Chapter 215 - Management of Patients with Diabetes in the Intensive Care Unit.pdf
	Chapter 216 - Diagnosis and Management of Acute Kidney Injury in the Emergency Department.pdf
	Chapter 217 - Anticancer Drugs and the Kidney.pdf
	Chapter 218 - Antiinflammatory Drugs and the Kidney.pdf
	Chapter 219 - Calcineurin Inhibitors and Other Immunosuppressive Drugs and the Kidney.pdf
	Chapter 220 - Alternative Medicine and Chinese Herbs and the Kidney.pdf
	Chapter 221 - Environment, Smoking, Obesity, and the Kidney.pdf
	Chapter 222 - Lead and Heavy Metals and the Kidney.pdf
	Chapter 223 - Statins and the Kidney.pdf
	Chapter 224 - Erythropoietin Therapy in Critically Ill and Acute Kidney Injury Patients.pdf
	Chapter 225 - Vasoactive Drugs, Renal Function, and Acute Kidney Injury.pdf
	Chapter 226 - End Points for Clinical Trials in Acute Kidney Injury.pdf
	Chapter 227 - Hypothermia and the Kidney.pdf
	Chapter 228 - Renin-Angiotensin System Blockers and Acute Kidney Injury.pdf

