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Characteristics of loop diuretics

• LD inhibit Na, K e Cl 
reabsorption in the THAL

• They are secreted into the PT (S2
segment) lumen through organic 
acid transporters

• They are effective only if present 
on the luminal side

• Dose-dependent efficacy. A 
response threshold dose exists

• The natriuretic effect tends to 
plateau at a urinary diuretic 
excretion rate achieving 
complete saturation of the Na-K-
2Cl co-transporter



Characteristic dose-response curve of diuretics

Ellison DH, Cardiology 2001; 96: 132-43



Conditions to be satisfied for an 
optimal response to LD

• Achieving threshold dose and maintaining 
plateau effect (i.e., eliminating pharmacokinetic
sources of resistance)

• Maintaining drug effect beyond site of 
molecular interaction site (i.e., eliminating 
pharmacodynamic sources of resistance)



Rightward shift of the dose-
response curve (increased 
threshold for  diuretic effect)

� diuretic concentration in 
the tubular fluid is reduced

Causes
-Slower intestinal absorption
-Decreased renal perfusion
-Increased distribution volume
-Altered tubular secretion

Pharmacokinetic mechanisms of diuretic resistance
(lower drug availability at site of action) 

• Increase dose
• Oral � IV
• Boluses (at least x 2/day) 
• Continuous IV infusion. 

Actions



Optimization of diuretic treatment 
in severe heart failure:
Practical aspects (1)

• Dose: 
�is there really a maximum dose beyond 

which we should deem a patient “diuretic 
resistant”?



Shankar SS & Brater DC , Am J Physiol 2003;284:F11-F21

Effective IV doses of loop diuretics in CHF and CRF



• Mode of iv administration of loop 
diuretics: 
�boluses or continuous infusion?

Optimization of diuretic treatment 
in severe heart failure:
Practical aspects (2)



8-h IV infusion

single IV bolus



8-h IV infusion

single IV bolus



IV administration of loop diuretics: low or high doses? 
Bolus or continuous infusion?



Intermittent boluses (every 12 h) 
or continuous infusion?



At least 25% of the patients in the continuous 
infusion arm received daily doses of loop diuretic 
likely insufficient to reach the pharmacokinetic 
threshold  



The median total dose of LD received by the 
patients in the bolus arm was marginally higher 
compared to that in the continuous infusion arm



A greater number of patients in the bolus arm 
needed the addition of a new thiazide diuretic  



Decreased maximum effect  
(“plateau”) despite appropriate 
diuretic concentration in the tubular 
fluid

Causes 

- Post-diuretic rebound (increased 
Na+ reabsorption  in the PT)

- Late braking (hypertrophy of DT 
cells)

- Renal failure

- repeated doses over 24 hours
- sequential nephron blockade

Actions

Pharmacodynamic mechanisms of diuretic resistance
(Impaired tubular response)



Resistance to loop diuretics in heart failure
Pharmacodynamic mechanisms

1. Post-diuretic rebound (early braking)
2. Late braking phenomenon

Wilcox et al, Kidney Int 1987;31:135-42

Na+ Reaccumulation Between Furosemide Doses

Na+ Intake

Na+ Excretion



The late braking phenomenon: increased NaCl 
reabsorption capacity in the distal nephron 

following exposure to a chronic sodium load

Mechanisms

� Hypertrophy of DT 
cells

� Increased activity of 
the basolateral Na +/K+-
ATPase

� Increased number of 
thiazide-sensitive NaCl 
transporters
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• Why? (Rationale)

• How? (Which types of diuretics should be combined?)

� Open question:
• When? (On top of maximum doses of LD, or start with 

multidrug low-dose combination?)

Optimization of diuretic treatment 
in severe heart failure:
Practical aspects (3)

• Sequential nephron blockade: 
�an important opportunity frequently 

overlooked





Effects of the combination of a loop diuretic 
and a thiazide on urine output, weight loss and 

NaCl excretion in pts with HF

Sigurd B et al , Am Heart J 1975;89:163-70





Van Vliet AA et al , Am J  Cardiol 1993;71:21A-27A

Effects of the combination of a loop diuretic 
and spironolactone on Na + excretion and weight 
loss in HF pts unresponsive to ordinary therapy
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Inhibition of proximal Na+ reabsorption with acetazolamide 
breaks resistance to loop diuretics and thiazides in heart failure

Knauf H & Mutschler E, J Cardiovasc Pharmacol 1997;  29:367-72



Sequential nephron blockade in advanced HF: 
adequate doses of thiazides, acetazolamide and 

K-sparing agents



Take home messages

• Diuretic treatment is still a therapeutic mainstay in 
advanced HF. A major cause of diuretic resistance is in 
fact the incorrect use of diuretics, due to inadequate 
consideration of both pharmacokinetic and 
pharmacodynamic principles. 

• Sequential nephron blockade with at least a loop diuretic 
and a thiazide, plus an antialdosteronic agent except in pts 
with severe renal dysfunction, is mandatory to achieve 
negative fluid and sodium balance. 

• Acetazolamide may be useful to circumvent excess 
proximal Na+ reabsorption, especially with concomitant 
metabolic alkalosis. 


