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Background

1500ml ~ 51 oz 



Heart Failure 

Savarese et al. Cardiovascular Research 2022



Heart Failure 
• Orthopnea
• Edema

→ Congestion: ‘fluid retention’



Patients educational advices……



From bedside to bench……..

How sure are you, 
that this sip will kill me..? 

We will look it up!

You better not drink 
 so much….



Studies

Author, year Type N Patients Intervention Control Follow-up

Albert, 2013 RCT, parallel 52 ADHF, hyponatremia 1 L Usual care 60 days

Holst, 2008 RCT, cross-over 74 CHF 1.5 L 30-35 ml/kg/day 32 weeks

Reilly, 2017 RCT, parallel, 
abstract

87 HF 1.5 / 2.5 L Liberal 3 months

Travers, 2007 RCT, parallel 67 Inpatient, NYHA IV 1 L Liberal Until clinical 
stability

No differences in mortality or hospitalization…

…….while physiology underscores the lack of harm….! 



Mc Donagh et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J 2021



Heidenreich et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure. J Am Coll Cardiol 2022



Crowdfunding



Crowdfunding



Fluid REStriction in Heart failure 
vs Liberal Fluid UPtake Study 

the FRESH-UP Study 

Randomized Open-label Multicenter Clinical Trial



Inclusion criteria

• Diagnosis of chronic HF according to the ESC guidelines 
• > 6 months prior to randomization
• NYHA class II/III

• Age  ≥ 18 years



Exclusion criteria

• Changes in HF medical therapy < 14 days prior to randomization
• HF hospital admission < 3 months of randomization
• PCI/CABG or PM/CRT/ICD implantation < 3 months prior to 

randomization

• Hyponatremia at baseline (sodium < 130 mmol/L)

• eGFR of < 30mL/min/1.73m2 at baseline



Primary Outcome
• Health status at 3 months as assessed by KCCQ-OSS

• With adjustment for baseline values with ANCOVA

Key Secondary Outcome
• Thirst distress  at 3 months 

• assessed by the Thirst Distress Scale for patients with HF (TDS-HF)



Recruitment : Between May 17 2021, and June 13, 2024 
Study Protocol



Flowchart



Liberal fluid intake (N = 254) Fluid restriction (N = 250)

Age,  years 69.4 ± 10.6 69.0 ± 10.8

Male 170 (66.9%) 169 (67.6%)

White 247 (97.2%) 245 (98.0%)

NYHA II 218 (85.8%) 221 (88.4%)

NYHA III 36 (14.2%) 29 (11.6%)

LVEF % 40.3 ± 10.9 40.2 ± 10.8

HFrEF 136 (53.5%) 124 (49.6%)

HFmrEF 60 (23.6%) 70 (28.0%)

HFpEF 58 (22.8%) 56 (22.4%)

Ischemic heart failure 108 (42.5%) 113 (45.2%)
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Male 170 (66.9%) 169 (67.6%)

White 247 (97.2%) 245 (98.0%)

NYHA II 218 (85.8%) 221 (88.4%)

NYHA III 36 (14.2%) 29 (11.6%)

LVEF % 40.3 ± 10.9 40.2 ± 10.8

HFrEF 136 (53.5%) 124 (49.6%)

HFmrEF 60 (23.6%) 70 (28.0%)

HFpEF 58 (22.8%) 56 (22.4%)

Ischemic heart failure 108 (42.5%) 113 (45.2%)

Liberal fluid intake pre study 124 (48.8%) 111 (44.4%)

Patient Characteristics



Liberal fluid intake (N = 254) Fluid restriction (N = 250)

RAASi 231 (90.9%) 241 (96.4%)

ARNI 149 (58.7%) 170 (68.0%)

β-blocker 228 (89.8%) 222 (88.8%)

MRA 199 (78.3%) 204 (81.6%)

SGLT2i 144 (56.7%) 162 (64.8%)

Loop diuretics 133 (52.4%) 125 (50.0%)

Furosemide equivalent  per day,   mg 40 [20 – 60] 40 [20 – 60]

Diabetes Mellitus 57 (22.4%) 54 (21.6%)

Sodium,  mmol/l 139.6 ± 2.4 139.7 ± 2.5

BUN,  mmol/l 8.0 ± 3.1 8.0 ± 3.6

eGFR,  ml/min/1.73m2 62.0 ± 17.2 62.6 ± 17.4

NT-proBNP,  ng/l 430.0 [194.9 – 1100.0] 507.4 [193.5 – 1300.0]

Patient Characteristics



Primary Outcome



Subgroup
analysis



Secondary Outcomes 

Liberal fluid intake  (N = 242) Fluid restriction (N = 233) P value

Key secondary outcome

Thirst Distress  Scale in HF  (TDS-HF) 16.9 (15.8 – 18.0) 18.6 (17.5 – 19.6) <0.001

Secondary outcomes

Reported fluid intake  (ml) 1764 [1488 – 2156] 1480 [1357 – 1561] <0.001

KCCQ-Clinical Summary Score 75.9 (73.4 – 78.4) 74.5 (71.9 – 77.1) 0.032

KCCQ-Total Summary Score 78.5 (75.9 – 81.1) 77.2 (74.5 – 79.9) 0.020

KCCQ-OSS (-5 to +5) 101 (41.7%) 96 (41.2%) 0.19 

KCCQ-OSS (-5 or less) 65 (26.9%) 78 (33.5%) 

KCCQ-OSS (+5 or more) 76 (31.4%) 59 (25.3%) 



Secondary Outcomes 

Liberal fluid intake  (N = 242) Fluid restriction (N = 233) P value

Death 1 (0.4%) 2 (0.8%) 0.62

All-cause hospitalization 20 (7.9%) 15 (6.0%) 0.42

Hospitalization for HF 4 (1.6%) 4 (1.6%) 1.00

IV loop diuretics usage 5 (2.0%) 7 (2.8%) 0.54

Acute kidney injury 3 (1.2%) 4 (1.6%) 0.72

Liberal fluid intake  (N = 242) Fluid restriction (N = 233) P value

Death 1 (0.4%) 2 (0.8%) 0.62

All-cause hospitalization 20 (7.9%) 15 (6.0%) 0.42

Hospitalization for HF 4 (1.6%) 4 (1.6%) 1.00

IV loop diuretics usage 5 (2.0%) 7 (2.8%) 0.54

Acute kidney injury 3 (1.2%) 4 (1.6%) 0.72

Δ NT-proBNP (ng/L)  Baseline – 3M -7.0 [-90.0 – 100.0] -1.5 [-98.3 – 133.8] 0.52

Δ Weight (kg)  Baseline – 3M 0.0 [-1.0 – 1.2] 0.0 [-1.1 – 1.0] 0.39

Loop diuretics dose increase/ initiation 10 (3.9%) 14 (5.6%) 0.38

Loop diuretics dose decrease/ termination 11 (4.3%) 9 (3.6%) 0.68

Any HF medication changes 48 (18.9%) 49 (19.7%) 0.82



Conclusion

• Difference in KCCQ-OSS after adjustment for baseline scores after three 

months was 2.17 (95%CI -0.06–4.39; P=0.06) 

• in favour of liberal fluid intake, but the primary outcome was not met

• Thirst distress was higher in the fluid restriction group
• No differences were observed for safety events between groups 

• The FRESH-UP study questions the benefit of fluid restriction in chronic 
heart failure 



Points to discuss

• Primary endpoint

• Physiology

• Background fluid management



Primary Endpoint

SOLVD (1991) DAPA-HF (2019)

The SOLVD investigators. N Engl J Med 1991
Mc Murray et al. N Engl J Med 2019



SOLVD (1991) DAPA-HF (2019)

The SOLVD investigators. N Engl J Med 1991
Mc Murray et al. N Engl J Med 2019



Primary Endpoint

Mc Donagh et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J 2021



Kraai et al. Eur J Heart Fail. 2013 (15):1113-1121



• Developed in 2000 

• 23 questions 

• Several domains

• Seven subscores
• Three summary scores
• Maximum 100 points

Kansas City Cardiomyopathy 
Questionnaire

Green et al. J Am Coll Cardiol 2000



Pokharel et al. JAMA Cardiol. 2017;2(12):1315-1321



Kansas City Cardiomyopathy 
Questionnaire



• DAPA-HF: 

2.3 points difference

• EMPEROR-Reduced: 

1.5 points difference

• PARADIGM-HF: 

1.3 points difference

Change in KCCQ: population level



FDA and KCCQ

www.FDA.gov

http://www.fda.gov/


www.FDA.gov

Liberal fluid intake  (N = 242) Fluid restriction (N = 233) P value

KCCQ-Clinical Summary Score 75.9 (73.4 – 78.4) 74.5 (71.9 – 77.1) 0.032

KCCQ-Total Summary Score 78.5 (75.9 – 81.1) 77.2 (74.5 – 79.9) 0.020

Would fluid restriction get FDA 
approval…? 

http://www.fda.gov/


Fluid distribution
• 2000ml free water

• 667ml extracellular
• 167 ml intravascular

• 70% in venous pool 

→ 50 ml in effective circulating volume

Fallick et al. Circ Heart Fail. 2011;4:669-675c

TBW= total body water
ICF=intracellular fluid
ECF=extracellular fluid
ISF= interstitual fluid
IVF=intravascular fluid



Venous (splanchic) reservoir

• More compliant

• 70% total blood volume

• Rapid fluid shifts  up till 800ml within minutes

Kraai et al. Eur J Heart Fail. 2013 (15):1113-1121



Sodium and free water

• Volumeregulation = sodium regulation

• Water regulation = osmol regulation

      → water follows sodium



Background Fluid Management 

• where patients ‘drilled’ to a fluid restriction regime ?

• Is 1764 ml [1488 – 2156] really liberal intake? 



Background Fluid Management 





Ferreira-Pêgo et al. Eur J Nutr (2015) 54 Suppl (2):S35–S43



Conclusion

• The FRESH-UP study questions the benefit of fluid restriction in chronic 
heart failure 

• Patient centered research is key in pragmatic trials



Conclusion

Yet never question this Einstein quote….

Roland van Kimmenade _ _
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