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Diuretic use in HF. When? How? What? 
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• Will (try to) explain what you should do in case of diuretic resistance and/or WRF….

which is mostly reflecting ‘normal’ physiological response to HF



1. Renal function ≠ GFR

2. CKD is very prevalent and related to adverse outcomes

3. Certain agents delay the progression of CKD

4. Diuretic resistance / WRF is a normal physiological response

5. Do NOT stop decongestion / GDMT if WRF occurs

Conclusions



Verbrugge F. Eur J Heart Fail. 2014;16:133-42

Mullens W, Eur J Heart Fail 2020; 22:584-603

Benzing T et al, N Engl J Med 2021;384:1437-46



Mullens W, Eur J Heart Fail 2020; 22:584-603

Mullens W, Eur J Heart Fail 2022; 24:603-619.

CKD (eGFR < 60) affects > 50 % of HF patients + stronger predictor than LVEF



Mullens W, Martens P. Eur J Heart Fail 2022;24:603-619. 

GDMT in relation to CKD

GLP1 (Semaglutide) in FLOW RCT (CKD + DM), 24% RR in progression CKD / CV death



McDonagh T et al. Eur Heart J 2021

Underappreciated risk for hospitalization / death  

associated with residual congestion in HF



What will make you pee faster ?



Mullens W, Damman K, Dhondt S et al. Eur J Heart Fail 2024.

‘more difficult to loose sodium than water’



GI absorption of sodium is 100% in everybody (even without HF)

Increased RAAS activity

Mullens W, Damman K, Dhondt S et al. Eur J Heart Fail 2024.



Bonventre LI. J Clin Invest 2011

Mullens W et al. J Am Coll Card 2009;53:589-96.

Kidney: a remarkable vascular organ susceptible to congestion

Renal Plasma flow = 600 ml /min

Renal blood flow = 1000 ml/min



Mullens W et al. Eur Heart J, 2017;38:1872-1882

1. Glomerulus

2. Proximal tubules (60-70%)

3. Loop of Henle (25%)

4. Macula densa

5. Distal / collecting tubules (5%)

Renal sodium reabsorption occurs mostly in proximal tubules 

(and is increased in HF)

⇑ in HF with congestion

⇑ in chronic high-dose LD



McDonagh T et al. Eur Heart J 2021



’Diuretic resistance’ is omnipresent in HF patients

Normal 
diuretic 
response

Testani J et al. Circ Heart Fail 2014.



Urinary Composition during Decongestion

Progressive decrease in Urinary Na and Cl but NOT in urine output 

(even after correction for diuretic dose)

Verbrugge F, Mullens W, et al. Circ Heart Fail 2014.



Mullens W, Eur J Heart Fail 2019; 21:137-155.

Citations: > 600

Downloads: > 500.000



Five most important rules

1) Door to diuretic time

2) Early evaluation (within HOURS) of the diuretic effect

3) Appropriate dosing according to natriuresis/diuresis

4) Only stop when the patient is ‘dry’

5) Continue guideline-directed medical therapy

Mullens W, Eur J Heart Fail 2019; 21:137-155.

Incorporated

(590 citations)



Primary endpoint: natriuresis after 24 hours

Dauw J, Mullens W et al. Circ Heart Fail, in press 2024

Ter Maaten J et al. Nat Med 2023;29:2625-2632

ENACT-HF Study

Natriuresis
180-day all-cause mortality or adjudicated heart 

failure rehospitalization

PUSH-AHF trial

Desalination RCTs

Ongoing:
DECONGEST (NCT05411991)

ESCALATE (NCT04481919)



Nurse-Led Diuretic Titration via POC Urinary Sodium Sensor in ADHF 
EASY-HF trial

P = 0.027
Absolute difference
163 (19 to 306)

820.0 ± 279.0

657.4 ± 272.7

P = 0.220

P = 0.009

Nurse-led natriuresis-guided
SOC

Meekers E, Mullens W. Eur J Heart Fail. 2024 In press.



Beldhuis E, Damman K et al. J Card Fail 2019;25:866-874. 

Worsening renal function during Acute HF



Dupont M. Eur J Heart Fail 2012;14:597-604. 

WRF during AHF does NOT lead to permanent renal damage

True AKI



Worsening renal function during Acute HF

Mullens W, Eur J Heart Fail 2020; 22:584-603.

1% 99% 



Guyton and Hall Textbook of Medical Physiology, Chapter 14

Pathophysiology: blood pressure ≠ flow



Vasodilators only work in failing HFrEF

Law of Laplace

Wall tension = (pressure x radius) / (2x wall thickness)

LV afterload ≠ SVR



Pathophysiology: failing HFrEF

Nitroprusside for Advanced Decompensated HFrEF

Mullens W et al. J Am Coll Card 2008;52:200-7.

• Start Nitroprusside protocol through a continuous infusion at 
a dose of 10-400 mcg/min (without bolus) 

• Titrate to MAP 60-70 mmHg

• Well trained nursing staff – dose adjusted / 15 minutes

• BP measured non-invasively

• Optimal hemodynamic response 

– decrease in PCWP to ≤ 18 mmHg, 

– decrease in right atrial pressure to ≤ 8 mmHg 

– improvement in cardiac index to ≥2.2 l/min/m2

• Continue ACE-I, BB and spironolactone as tolerated



High dose spiro for advanced decompensated heart failure

ATHENA trial

Butler J et al. JAMA Cardiol. 2017;2:950-958



Trullas JC et al. Eur Heart J 2023;44:411-421

P for interactionDifferenceResults for HCTZResults for placebo

Primary endpoint. Change in weight (kg) at 72 hours

0.001-0.8 [-1.4  to -0.2]-2.4 [-2.7 to -1.8]-1.6 [-2.1 to 1.1]Overall

0.246

-0.1 [-1.3 to 0.4]-1.9 [-2.4 to -1.7]-1.8 [-2.3  to -0.9]< 45 ml/min/1.73m2

-1.3 [-2.3 to 0.2]-2.5 [-3.3 to -0.9]-1.2 [-2.1 to -0.7]45 to 59 ml/min/1.73m2

-2.1 [-3.0 to -0.5]-3.7 [-4.8 to -2.7]-1.6 [-2.9 to -1.2]> 60 ml/min/1.73m2

Secondary endpoint. Change in weight (kg) at 96 hours

<0.001-1.2 [-2.0 to -0.3]-2.6 [-3.3 to -2.1]-1.5 [-1.9 to -1.1]Overall

0.163

-0.5 [-1.3 to -0.1]-2.1 [-2.5 to -1.8]-1.6 [-1.9 to -0.9]< 45 ml/min/1.73m2

-1.4 [-2.6 to 0.3]-2.7 [-3.8 to -1.4]-1.4 [-2.1 to -0.6]45 to 59 ml/min/1.73m2

-1.8 [-3.0 to -0.3]-3.8 [-4.7 to -3.3]-2.0 [-4.5 to -1.1]> 60 ml/min/1.73m2

Trullas JC et al. Eur J Heart Fail 2023;25:1784-1793

Subanalysis CLOROTIC trial: less effect if eGFR was lower !

CLOROTIC



Hypokalemia loop diuretics +/- acetazolamide vs thiazides 

D’Hondt S, Mullens W et al. Eur J Heart Fail 2023; 25:1310-1319



HF induces a state of 

increased proximal renal 

sodium reabsorption, 

but loop diuretics, thiazides, 

MRA work distal at loop of 

Henle

Mullens W et al. J Am Coll Card 2009;53:589-96. 

Mullens W et al. Eur J Heart Fail 2019; 21:137-155



↑ FeGluc  but = FeNa

Renal Preservation: SGLT2i (EMPA-RESPONSE-AHF)

Boorsma E et al. Eur J Heart Fail, 2021;23:68-78



Acetazolamide might improve loop diuretic efficiency

Mullens W et al. Eur Heart J 2017
Verbrugge F et al. Acta Cardiol 2015  + Eur J Heart Fail 2019



Results: successful decongestion

Mullens W et al. N Engl J Med 2022;387:1185-1195

After 3 days (prim endpoint) Discharge



Mullens W et al. N Engl J Med 2022;387:1185-1195
Martens P, Mullens W et al Eur Heart J 2023; 44:1995-2005.

Acetazolamide prevents loop diuretic resistance



Adapted from Mullens W et al. Eur Heart J 2023;44:2159-2169

Misinterpretation of WRF leads to

• Ineffective decongestion in AHF

• Insufficient dosing of GDMT in CHF



Water and sodium recommendations ?

Mullens W, Damman K, Dhondt S et al. Eur J Heart Fail 2024.

HFA: avoid > 5 g NaCl / day

(2 g Na)
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