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Congestion in heart failure

Congestion in heart failure is defined as
signs and symptoms of extracellular fluid accumulation that result in 

increased cardiac filling pressures. 

Filling pressures are the integrated result of the cardiac systolic and 
diastolic function, plasma volume, and venous  capacitance/compliance.

Increased sympathetic output leads to splanchnic arterial and venous constriction resulting in blood 

redistribution from the splanchnic capacitance vasculature to the circulatory volume. 

This increases the effective circulating volume by redistribution, in a 
state where volume expansion is already present. 



Venous capacitance function becomes compromised during 
states of longstanding venous congestion and/or increased 
sympathetic activation in acute heart failure 

Evaluation Study of Congestive Heart Failure and Pulmonary

Artery Catheterization Effectiveness (ESCAPE) study in 

comparison to serial clinical assessment, despite signifcantly improving 

haemodynamics. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
The diagnostic accuracy of non-invasive clinical and technical assessments of 
congestion has been validated against invasive haemodynamic evaluation and 
shown a variable sensitivity and specifcity (Table 1 )













Mechanisms of action of diuretics in heart failure





Figure 3. Kaplan–Meier Curves for the Clinical Composite End Point 
of Death, Rehospitalization, or Emergency Department Visit.Kaplan–
Meier curves are shown for death, rehospitalization, or emergency 
department visit during the 60-day follow-up period in the group 
that received boluses every 12 hours as compared with the group 
that received a continuous infusion (Panel A) and in the group that 
received a low dose of the diuretic (equivalent to the patients' 
previous oral dose) as compared with the group that received a high 
dose (2.5 times the previous oral dose) (Panel B).
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• In DAPA-HF, dapagliflozin improved outcomes in patients with 

heart failure and a reduced ejection fraction (with or without 

diabetes), largely those mild-to-moderate LV systolic dysfunction 

and increases in natriuretic peptides.  

• In the EMPEROR-Reduced trial, we evaluated the effects of 

empagliflozin in a broad population of patients with chronic heart 

failure and a reduced ejection fraction (with and without diabetes) 

that was enriched for patients with more severe left ventricular 

systolic dysfunction and marked increases in natriuretic peptides. 

• Our goal was to enroll a patient population that was particularly 

enriched for those with an ejection fraction ≤ 30%.  If the ejection 

fraction was > 30%, eligible patients were required to show very 

high levels of NTproBNP or a hospitalization for heart failure within 

12 months.  

• Eligible patients were randomized double-blind (1:1 ratio) to 

empagliflozin 10 mg once daily or placebo, in addition to their 

usual therapy. 



EMPEROR-Reduced Achieved All Three

Hierarchically Specified Endpoints at P < 0.001



EMPEROR-Reduced: Time to Cardiovascular Death or 

Hospitalization for Heart Failure (Primary Endpoint)



EMPEROR-Reduced: Slope of Decline in Glomerular 

Filtration Rate — Hierarchical Endpoint 



Diuretic response and resistance in heart failure

Urinary sodium content has recently experienced a 

renewed interest as an indicator for diuretic response 

In addition to measuring sodium in a  Continuous urinary 
collection, a spot urine sample 1–2 h following loop diuretic 
administration has recently demonstrated an excellent 
correlation with total urine sodium output in a 6 h urine 
collection. 

Despite persistent increased urinary volume output (diuresis), renal sodium 
output (natriuresis) diminishes over time. Therefore, increasingly hypotonic urine 
is produced during consecutive days of loop diuretic therapy, which might relate 
to numerous factors including altered renal haemodynamics, differential substrate 
delivery (sodium and/or diuretics), neurohormonal factors and structural kidney 
alterations. 



The pathophysiology of diuretic resistance is multi-factorial and involves 

sympathetic nervous system activation, renin– angiotensin–aldosterone system (RAAS) 
activation, nephron remodelling, pre-existing renal function alterations, disrupted
pharmacokinetics and dynamics of diuretics and intravascular fluid depletion due to slow 
plasma refilling 



Schematic of a Dose-response Curve of Loop Diuretics in Heart 
Failure Patients Compared with Controls





Flowchart to diuretic use in 
acute heart failure. (A) 
Congestion with volume 
overload. (B) Treatment 
algorithm after 24 h. Total
loop diuretic dose can be 
administered either as 
continuous infusion or bolus 
infusion. Higher dose should 
be considered in patients with 
reduced glomerular fltration
rate. *Consider other reasons 
for dyspnoea given the quick 
resolution of congestion. ∘The 
maximal dose for IV loop 
diuretics is generally 
considered furosemide 400–
600 mg or 10–15 mg 
bumetanide. #In patients with 
good diuresis following a 
single loop diuretic 
administration, once a day 
dosing can be considered. 






