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From “Heart and Reins” to Clinical Syndromes



The Heart & Kidneys in Antiquity

Ancient Egypt: Heart & kidneys were the only organs preserved 
during mummification.

Book of the Dead (1600–1240 BC): “Homage to thee, O my heart! 
Homage to you, O my kidneys!”

Archaeological data: Mummies show cardiovascular (CV) and renal 
disease.

Bible: >30 references to the “reins” (kidneys) alongside the heart → 
organs of judgment & emotions.

Salam AM, Carr AS. Heart Views. 2021



Historical Perspectives: China - Middle Ages - Modern Era

Traditional Chinese Medicine:

• Heart = “Fire” (yang), Kidneys = “Water” (yin).

• Term: “Heart and kidney failing to link” → edema, palpitations, dyspnea, 
dizziness, oliguria.

Middle Ages:

• Gentilis de Fulgineo (1272-1348) observed link between fast pulse rate & 
urine output and the importance of heart disease on modulating the 
colour and output of urine→ first “cardionephrologist.”

• Andreas Vesalius (1514–1564) and his work Plate 3 (Tabula iii, 
1538, Tabula Anatomicae Sex) depicts only the heart and kidneys, 
illustrating the early concept of the cardiorenal connection.

Young JB, Eknoyan G Circ Heart Fail. 2024; Salam AM, Carr AS. Heart Views. 2021



Modern Era
• 1914: Alfred Stengel (1868-1939) introduced the term “cardio-renal disease”; described coexistence 

of heart & kidney failure. 

“…….cardiac weakness and other circulatory disturbances, such as high pressure, are associated with signs of failure of renal function or 
urinary indications of renal disease….. The term comprises cases of combined cardiovascular and renal disease without such manifest 
predominance of either as to justify a prompt determination of the one element as primary and important and the other as secondary and 
unimportant.”

• Modern Era

Young JB, Eknoyan G Circ Heart Fail. 2024; Salam AM, Carr AS. Heart Views. 2021



Co-existence of Heart Failure and Chronic Kidney Disease
How common is it?



The emergence of Heart Failure (HF) in CKD populations
The occurrence of HF varies depending on the degree of CKD and the type of renal replacement therapy, 
including transplantation.

Collins AJ et al. Am J Kidney Dis. 2008; Bansal N. et a. J Am Coll Cardiol 2019 



Prevalence of CKD in HF

57 studies (1 076 104 patients) that investigated CKD and 28 studies (49 890 patients) that investigated WRF

The prevalence of CKD was 32% and of WRF 23%

In multivariate analysis, moderate renal impairment (HR 1.59, 95% CI 1.49–1.69, P < 0.001), severe renal impairment (HR 2.17, 95% CI 1.95–2.40, P < 0.001), and WRF, (HR 
1.95, 95% CI 1.45–2.62, P < 0.001) were all independent predictors of mortality

Renal dysfunction is one of the most important risk factors predicting mortality and poor 

outcomes in HF patients, with more than double risk of death if CKD is present



Among HF comorbidities, CKD carries the greatest prognostic burden

The prognosis of HF is often 
determined not only by the heart 
itself, but by the kidney’s response 
to cardiac dysfunction

Fletcher RA et al. The Lancet Public Health 2024





Beyond the Traditional CRS Model

Hatamizadeh P. Trends Cardiovasc Med. 2024

• CRS is not solely driven by low cardiac output

• Venous congestion plays a central role

• Neurohormonal and inflammatory pathways 

contribute significantly



The Ronco Cardiorenal Syndrome Model

Ronco C et al. JACC 2008; Bedo D et al. , Diagnostics (Basel). 2024

“Any acute or chronic problem in the heart or kidneys that could result in an acute or chronic problem of the 
other” Chronology-based and directional



Why the CRS framework still matters in clinical practice
The Ronco classification is more than a taxonomy. It provides a practical framework that explains, predicts and 
guides our daily clinical decisions



CRS type 1

Acute HF is followed by or associated with AKI

Rangaswami J et al. Circulation. 2019 Apr; Damman K et al. J Card Fail. 2007

Key Clinical Points

• Occurs in ~25-30% of ADHF admissions

• Congestion is a major driver of AKI

• AKI strongly worsens prognosis (mortality 

RF) 



Three main mechanisms of renal hypoperfusion in the context of 
an ADHF

▪ Renal Tamponade Hypothesis

The kidney is encapsulated and lacks 
elasticity, so glomerular and renal 
interstitial congestion is problematic

Interstitial fluid overload ↑ intrarenal 
pressure →

Compression of tubules, glomeruli & 
intrarenal veins →

Necrosis & progressive renal impairment

Martens P et al. JACC Heart Fail. 2023

Renal Perfusion Pressure: MAP - CVP



The primary driver of the outcome is not the kidney dysfunction but the congestion

Metra M et al. Circ Heart Fail 2012

Residual congestion predicts prognosis better than creatinine rise.





Evaluation of CRS type 1



Role of biomarkers questionable

N=277 Pt

Improvement in Renal Function (IRF) associated with 
worse outcomes than WRF

Natov PS et al. Circ Heart Fail. 2023 Mar

Decrease in SCr in ADHF undergoing Aggressive diuresis –
results from ROSE-AHF trial

Only plasma Gal3 discriminated high risk 
patients with WRF



Diagnosis of renal congestion
Biomarkers

Dimitriadis K, Damianaki A et al. Cardiol Rev. 2024



Ultrasound assessment of renal congestion

Dimitriadis K, Damianaki A et al. Cardiol Rev. 2024





Diuretics - Diuretic Resistance

• Definition: inadequate natriuresis despite 
appropriate diuretic regimen.

• Mechanisms: 

• reduced renal perfusion

• venous congestion

• tubular sodium reabsorption

• RAAS activation

• Clinical marker

• Spot urine sodium <50-70 
mmol/L predicts worsening 
kidney function, HF, and adverse 
events.

Tran P et al. J Clin Med. 2025 Apr; Felker GM et al. J Am Coll Cardiol. 2020 Mar



Tran P et al. J Clin Med. 2025 Apr

Caution with Pt with already ATN 
e.g., in the context of sepsis, 
infection etc. or pt already 

received ivc as proximal tubule is 
not working properly to 
correctly evaluate UNa+ 

DR – Natriuresis guided treatment



CRS type 2 – Chronic cardiorenal syndrome

Key mechanisms
• chronic hypoperfusion
• venous congestion
• neurohormonal activation

Ronco C et al. Adv Chronic Kidney Dis. 2018; Cruz DN, Bagshaw SM.. Int J Nephrol. 2010



Pharmacological Therapy in Heart Failure & CKD: Significant overlap in 
treatments for HF and CKD.



Beldhuis IE et al. Circulation. 2022 Mar

Renal function changes during HF therapy may be hemodynamic



CRS type 3

Occurs when AKI contributes and/or precipitates to the development of acute cardiac injury.

Ronco C et al. Adv Chronic Kidney Dis. 2018

AKI may directly or indirectly produce an 
acute cardiac event through multiple 
mechanisms:
• Fluid overload → pulmonary edema
• Hyperkalemia → arrhythmias/cardiac 

arrest
• Uremia → myocardial depression & 

pericarditis
• Acidemia → pulmonary vasoconstriction 

& reduced contractility
• Renal ischemia → inflammation & 

cardiac apoptosis

Special Clinical Setting
Bilateral renal artery stenosis
May precipitate acute/decompensated HF 
through



CRS type 4
CKD → chronic cardiac dysfunction

Ronco C et al. Adv Chronic Kidney Dis. 2018 .Go AS et al, N Engl J Med. 2004



CRS type 5



Is CRS classification still enough?

Ndumele CE et al, Circulation 2023



Limitation of CKM

CKM adds important context – but does not replace the need for understanding the 
cross talk in day-to-day clinical practice



Cardiorenal Syndrome vs CKM Syndrome
Which model better reflects real-world cardiorenal disease?

Lam CSP et al. JACC Heart Fail. 2026

Ronco CRS Classification AHA CKM Syndrome

Organ interaction model Multisystem metabolic continuum

Heart ↔ Kidney directionality
Heart - Kidney - Metabolic 
integration

Acute & chronic phenotypes
Chronic cardiometabolic risk 
framework

Hemodynamic & neurohormonal 
focus

Obesity, diabetes & inflammation 
focus


