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Cardiorenal syndrome (CRS) is defined as progressive, combined cardiac and renal dysfunction. Here, the

pathomechanisms and clinical hallmarks of both chronic heart failure and chronic kidney disease are presented, and an

updated classification of CRS is proposed.
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1. Clinical and Physiological Hallmarks of Cardiorenal Syndrome

Besides chronic heart failure (CHF), the activation of the sympathetic nervous system (SNS)  and chronically elevated

inflammatory serum parameters  have been identified as clinical hallmarks of chronic kidney disease (CKD). Both

sympathoactivation  and systemic inflammation  are considered to be key pathomechanisms in cardiorenal

syndrome (CRS) as well. Hemodynamic abnormalities in CRS include venous congestion due to increased right

ventricular filling pressure accompanied by a tricuspid annular dilatation with ensuing regurgitation . In the latter

pathomechanism, the centrally venous congestion impedes the renal venous blood flow and favors an intrarenal edema,

which may further impede the intrarenal arterial perfusion. As proof, kidney sonography may demonstrate an attenuated

arterial intrarenal perfusion being absent in the periphery of the kidneys. Clearly, in CRS, an arterial underfilling

mechanism due to renal hypoperfusion, e.g., in heart failure with reduced ejection fraction and/or during hypotension, may

represent an alternative explanation as to why renal function may cease in CRS. In fact, venous congestion due to

increased right ventricular filling pressures, e.g., in diastolic left ventricular hypertrophy with left ventricular diastolic

dysfunction, and renal hypoperfusion during hypotension or during periods of cardiac decompensation may lead to acute

kidney injury with or without a pre-existing chronic kidney disease in CRS. As a proof of concept, once renal venous

congestion alleviates—e.g., following the paracentesis of ascites—renal function improves readily . Likewise, when

renal venous congestion is diagnosed in clinical medicine, the use of loop diuretics regularly improves both venous

congestion and renal function. Point-of-care ultrasound of abdominal veins including portal-vein flow pattern and inferior

vena cava size , the sonographic detection of extravascular lung fluid , and the determination of Doppler-sonographic

intrarenal venous flow patterns  may help direct therapy to achieve less venous congestion and an augmented renal

function in hypervolemic CRS. Euvolemia, or a steady state with the least possible venous congestion, is to be maintained

by achieving a low maintenance dose of loop diuretics by adjusting the recommended daily intake of water and by

lowering salt intake to 2–3 g per day. Once renal dysfunction due to either venous congestion or renal arterial

hypoperfusion occurs, cardiac function may deteriorate. Conversely, once renal function resumes, cardiac tricuspid

annular dilatation may improve due to less right ventricular filling pressure. As a caveat, accidental hypovolemia due to

polyuria during renal recovery, hyperglycemia-related polyuria in diabetes mellitus, or a prolonged use of high-dose loop-

diuretics may lead to hypovolemic shock with attenuated renal perfusion and/or to acute cardiac failure. In CRS, due to

valvular heart disease, because of both signs and symptoms, hemodynamics and therapeutic implications may differ.

Therefore, a differentiation between valvular and nonvalvular CRS is needed, if therapy stratification is the goal. Besides

changes in hemodynamics, both anemia  and systemic inflammation  represent unifying final pathomechanisms in

CRS.

2. Signs and Symptoms of Underlying Chronic Kidney Disease and
Chronic Heart Failure

As outlined in Table 1, both CHF and advanced CKD share several signs, symptoms, and laboratory key findings. Based

on the clinical exam, it is a challenge to determine the underlying etiology of CRS—e.g., whether acute or chronic heart

failure preceded an acute or chronic kidney injury. Peripheral edema, pulmonary venous congestion, and interstitial

pulmonary edema are commonly detected in advanced CKD, in CHF, or in the combination thereof, CRS. As for the

pathomechanism, an activated SNS is regularly found both in advanced CKD  and in CHF . SNS activation is

governed by the afferent loop of cardiovascular reflexes and by the brain renin–angiotensin system . The renin–

[1]

[2]

[3][4] [5]

[6]

[7]

[8] [9]

[10]

[11] [5]

[1] [12]

[13]



angiotensin system in the brain, the renin–angiotensin–aldosterone system (RAAS) in the periphery, and the SNS are all

interrelated: plasma angiotensin 2 may contribute to hypothalamic SNS activation at anatomic loci where a tight brain–

blood barrier is lacking . Likewise, an activated SNS may lead to renin release from juxtaglomerular cells via the

sympathetic renal nerves . In CKD, renin activation leading to RAAS activation is a hallmark . In addition,

hyperkalemia independently leads to aldosterone activation in advanced CKD. Conversely, the treatment of hyperkalemia

using the potassium binder Patiromer has the potential to lower plasma aldosterone in advanced CKD . Underlying

sarcopenia or protein-energy wasting has been recognized for both CHF and ESRD. Hypoalbuminemia, which is regularly

found in both CHF  and end-stage renal disease (ESRD)  is associated with an increased mortality. As for ESRD,

nutritional efforts were unable to prevent the prevalent catabolism . The paradoxical association between low levels of

low-density lipoprotein cholesterol and mortality has been described both in CHF  and ESRD . Even though a

causality was not proven, the pathomechanism may relate to an impaired liver function comprising an impaired

biosynthesis of transport proteins both in CHF and in CRS, as 47% of ESRD patients included in this prospective

observational study had CHF comorbidity . Lastly, anemia has associations with both CHF  and CKD . While a

decreased erythropoietin production occurs in advanced CKD , both early stages of CHF  and advanced CKD 

are associated with iron deficiency due to increased hepcidin plasma levels down-regulating enteral iron absorption.

Systemic inflammation represents a candidate pathomechanism for hepcidin activation in both CHF  and advanced

CKD .

Table 1. Clinical characteristics of chronic kidney disease and chronic heart failure.

  Chronic Kidney Disease
(KDIGO G4-G5 ) Chronic Heart Failure (NYHA III-IV)

Peripheral edema + +

Pulmonary venous congestion (+) +

Interstital pulmonary edema (+) (+)

Sympathoactivation + +

Renin–angiotensin–aldosterone activation + +

Hypoalbuminemia (+) (+)

Cholesterol paradox + +

Anemia + +

Microinflammation + +

3. Updated Classification of Cardiorenal Syndrome

In retrospect, the older classification differentiating between severe and non-severe CRS  conveyed prognostic

information when CRS is coined “severe”. For clinicians, this differentiation implies that immediate action is needed to

avoid a vicious cycle towards progressive cardiac and renal failure and death. In contrast, the current consensus

classification of CRS  highlights the complexity of the underlying causes; however, it lacks therapeutic or prognostic

implications. Here, the proposed update of the consensus classification of CRS specifies whether CRS is acute or

chronic, whether a valvular or nonvalvular heart disease is present and whether CRS associates with hyper- or

hypovolemia (Figure 1). The first point, the descriptive information on an acute or chronic course of disease, rather

simplifies the current consensus classification. CRS types I, III, and V may be regarded as acute CRS and types II, IV, and

V as chronic CRS. Etiologic information on valvular and nonvalvular heart disease is necessary to direct therapeutic

decisions. Valvular heart disease may be subjected to a correctional cardiologic procedure or to cardiac surgery.

Conversely, nonvalvular heart disease as a component of CRS may be subjected to evidence-based medical therapies.

Lastly, if euvolemia is absent, information on a prevalent hyper- or hypovolemia needs to be provided to further direct

medical therapy.
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Figure 1. A proposed new classification of cardiorenal syndrome. An upgraded classification of CRS requires clinical

information that further specifies current consensus classification of CRS . Aside from etiology and time course of CRS,

clinical hallmarks such as the volemic state are considered.
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