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Abstract

Introduction: The term “Cardiorenal Syndrome” [CRS] is widely used to make 
reference to the vast array of interrelated, bidirectional interactions between 
heart-kidney derangements.

Objective: In the present manuscript, a brief description of CRS-related 
operational defi nitions and physiopathological mechanisms will be made, in order 
to better describe the therapeutic benefi ts of the use of ECOS in CRS patients, 
including achieving euvolemic state via ultrafi ltration, infl ammatory pathways 
regulation via hemadsorption and ECMO-provided hemodynamic support.

Discussion: Even when there is a high heterogenicity among cardiorenal 
syndrome clinical scenarios, common physiopathological pathways have been 
described, including neurohormonal adaptations, and hemodynamic changes, 
right ventricle dysfunction, oxidative stress and proinfl ammatory pathways. 
Therapeutic benefi ts of the use of ECOS in CRS patients, include achieving euvolemic 
state via ultrafi ltration,  regulation of infl ammatory pathways via hemoadsorption 
and ECMO-provided hemodynamic support.

Conclusion: Extracorporeal organ support represents a valuable therapeutic 
strategy for patients with cardiorenal syndrome. In the years to come, the potential 
of ECOS as an infl ection point in the natural history of disease to prevent the 
development of organ failure, prevent single organ failure becoming a multiorgan 
failure, prevent chronic organ failure development and achieving full recovery will 
be among the most important subjects within the research agenda.

Graphical abstract: In order to understand the potential benefi t of ECOS 
within different CRS clinical scenarios, its role as an infl ection point in 
the natural history of disease must be adressed (i.e. CRRT sorbent use 
may represent the infl ection point for a patient with sepsis-associated 
CRS type 5). Yet, surogate markers of long term clinical, economical and 
enviromental benefi t remains to be described. Ideally, such surogate 
markers may serve as clinical road mark, goals and public health 
evaluation tools (i.e. number of HD years saved by preventing an AKI 
episode to become ESRD).

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jccm.1001211&domain=pdf&date_stamp=2025-05-12
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Introduction
The term “Cardiorenal Syndrome” [CRS] is used to refer 

to the vast array of interrelated, bidirectional interactions 
between heart-kidney derangements [1,2].

Given its wide clinical spectrum, a conceptual framework 
based on physiopathological mechanisms and chronological 
evolution is used to classify it: [1,2].

Type 1 – Acute cardiac failure results in Acute Kidney 
Injury [AKI]. 

Type 2 – Chronic cardiac dysfunction causes progressive 
Chronic Kidney Disease [CKD].

Type 3 – Abrupt and primary renal derangements cause 
acute cardiac dysfunction.

Type 4 – Primary CKD contributes to cardiac dysfunction 
[i.e., coronary disease).

Type 5 – [secondary] – Acute or chronic systemic disorders 
causes heart and kidney derangements. 

Given the complex nature of CRS, operational deϐinitions 
have been developed, allowing diagnostic-therapeutic 
approaches and clinical research standardizations. Such 
deϐinitions involve surrogate markers of physiological 
processes, and must be taken into account while solving clinical 
issues, or developing and interpreting clinical research, taking 
into account the advantages and biases regarding choosing 
different biomarkers and clinical outcomes. 

AKI refers to an abrupt decrease of renal function as per 
AKIN/KDIGO deϐinition, giving place to urea and nitrogenous 
waste product accumulation, dysregulation of extracellular 
volume, acid-base and electrolytes homeostasis derangements 
[3]. AKI is a dynamic process in terms of its severity and 
clinical progression: kidney function may improve, remain 
unchanged or get worse, giving place to renal recovery, 
transient or persistent AKI, Acute Kidney Disease [AKD] or 
CKD. 

Creatinine measurements are widely available, inexpensive 
and its interpretation is broadly known among health care 
professionals, making it a perfect biomarker to a world-wide 
operational deϐinition of AKI. However, creatinine may not be 
the ideal early biomarker to take into account in the natural 
history of AKI [4].

Biomarkers, including Neutrophil Gelatinase- Associated 
Lipocalin [NGAL], kidney injury molecule-1 [KIM-1], 
interleukin 18 [IL-18], liver-type fatty acid binding protein 
[L-FABP], and urinary calprotectin has been used in the 
clinical approach to kidney injury. Rather than replacing 
creatinine and oliguria criteria, kidney damage biomarkers 
will help creating a more comprehensive, earlier approach to 
AKI [3-6].

Subclinical AKI [SAKI] [3] represents a category of 
kidney damage, diagnosed by elevations of tubular damage 
biomarkers alone, which might or might not be accompanied 
by subsequent rise in serum creatinine levels and/or oliguria 
[3-5].

Heart Failure [HF] is a clinical syndrome resulting from any 
structural or functional derangement impairing the ventricle 
ability to ϐill with or eject blood, being the hemodynamic sine 
qua non condition the heart not being able pump enough 
blood to accomplish the body needs, or doing so at the cost of 
high ϐilling pressures, with or without accompanying physical 
signs and symptoms [7,8].

Also, HF may be classiϐied as acute [AHF], chronic [CHF], 
or Acutely Decompensated Heart Failure [ADHF] [9]. In the 
context of patients with decompensated HF, Worsening Renal 
Function [WRF] refers to an increase in serum creatinine of ≥ 
0.3 mg/dL within 72 hours [7,9].

The American College of Cardiology/American Heart 
Association [ACC/AHA] stages HF from A to D. HF is also 
subclassiϐied as left-sided [i.e., caused by left ventricle, aortic 
or mitral dysfunction] or right-sided [i.e. right ventricle, or 
tricuspid valve dysfunction). The two types of dysfunction 
may occur independently or concurrently, being the clinical 
overlap is of utmost importance; Left HF may lead to right HF, 
and most patients with right HF have some concurrent left 
HF [8].

HF caused by Left Ventricular [LV] dysfunction is divided 
according to LV Ejection Fraction [LVEF] into reduced [HFrEF], 
mid-range [HFmrEF], preserved ejection fraction [HFpEF] or 
recovered LV ejection fraction [10,11].

There is a high heterogenicity among the possible 
causes of acute, chronic or acute on chronic kidney and 
heart derangements. However, common phisyopathological 
pathways have been described, including neurohumoral 
adaptations, hemodynamic changes [including reduced 
renal perfusion, and increased renal venous pressure), Right 
Ventricular [RV] / Left Ventricular [LV] dysfunction, oxidative 
stress and proinϐlammatory pathways [2,8].

The complex physio pathological derangements that 
give place to the wide variety of clinical presentations 
of cardiorenal syndrome types are explained through a 
theoretical framework based on the existence of arterial 
underϐilling, venous congestion, and neurohormonal 
derangements, inϐlammation, endothelial dysfunction, and 
GFR changes [8-12].

Deranged LV function may lead to reduced stroke volume, 
low cardiac output and arterial underϐilling, accompanied 
by elevated atrial pressures, and venous congestion. These 
hemodynamic changes trigger compensatory neurohumoral 
responses [2,6,8]:
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Activation of the sympathetic nervous system, caused by 
impaired baroreceptor reϐlexes results in increased renin 
release from the juxtamedullary renal cells. Sympathetic 
activation patients with HF is aimed to maintain perfusion 
through an increase in contractility, lusitropy, and 
vasoconstriction, but also increases cardiac afterload, that 
may ultimately lead to reduced renal perfusion. Of note, 
compensatory changes in GFR may not initially reϐlect 
deranged renal function itself.

Renin synthesis is also inϐluenced by the hydrostatic 
pressure sensed at glomerular afferent arterioles, and the 
reduced quantity of chloride delivered to the macula densa.

As chloride is a primary modulator of tubular feedback; 
change in serum chloride is a primary determinant of changes 
in plasma volume and in activation of the renin-angiotensin-
aldosterone system. In HF patients under diuretic therapy 
hypochloremia is frequently accompanied by chloride 
depletion metabolic alkalosis, which can lead to premature 
discontinuation of diuretic even in the presence of volume 
overload. 

Adenosine is released in response to an increased sodium 
load in the distal tubule and via adenosine type 1 receptors 
gives place to constriction of afferent arterioles and reduction 
of renal blood ϐlow. Adenosine type 2 receptors gives place 
to rising renin liberation, increasing sodium reabsorption in 
proximal tubules.

Increased renin leads to increased angiotensin II [Ang 
II], that causes renal efferent arteriolar vasoconstriction 
and an increased fraction of renal plasma ϐlow ϐiltered at the 
glomerulus, with increase in peritubular oncotic pressure and 
reduced hydrostatic pressure causing enhanced reabsorption 
of sodium in the proximal tubules.

Ang II mediates the oxidative stress via reactive oxygen 
species [ROS] formation in cardiac and renal tissue leading to 
inϐlammation and hypertension, promotes the aldosterone-
mediated reabsorption of sodium in the distal tubules and 
induces renal expression of endothelin-1 [ET-1].

Increase in ET-1, promote salt and water retention and 
systemic vasoconstriction, a as it is, a proinϐlammatory and 
proϐibrotic peptide that promotes salt and water retention.

Increased Arginine vasopressin [AVP], antidiuretic 
hormone release in response to serum osmolality, increasing 
water retention in the collecting duct. AVP increases stimulate 
renin secretion via activation of V2 receptors or reduction in 
sodium concentration at the macula densa. 

The aforementioned neurohumoral changes lead to a 
change in urea: creatinine reabsorption ratio, being blood urea 
nitrogen a surrogate marker of neurohormonal activation 
in patients with HF. These derangements overwhelm effects 

of natriuretic peptides, nitric oxide, prostaglandins, and 
bradykinin systems on vasodilation and natriuresis [2,8-11].

Within this framework, ECOS interventions in CRS may 
be categorized in hemodynamic support (in patients with 
arterial underϐilling because of cardiac pump failure), volume 
optimization through UF/PD/HD in patients with venous 
congestion, sorbent use in patient with neurohumoral 
derangements, inϐlammation, or endothelial dysfunction [13], 
and RRT in patients with GFR below stablished therapeutic 
threshold. Of note, the different types of support are not 
mutually exclusive, and a single patient may receive or more 
of them at the same or different time points in their path to 
recovery [14-16].

Of note, the evaluation of Evidence Based Interventions 
(EBIs) directly aimed to CRS poses special challenges, since no 
experimental model or translational medicine approaches can 
be easily performed. Also, there are no “pure single CRS type” 
clinical scenarios, and the clinical outcomes used in large 
clinical trials rarely are aimed to the evaluation of cardiorenal 
interaction themselves. Within the following sections, a brief 
summary of the clinical trials aimed to evaluate the use of 
ECOS in CRS scenarios will be made (Table 1). 

Type 1 CRS, the role of ECOS as hemodynamic 
support

Being among one the most representative clinical scenarios 
of Type 1 CRS, cardiogenic shock may be a suitable model of 
the expected beneϐit of ECOS in other CRS type 1 scenarios, 
mainly providing hemodynamic support.

Among the possible scenarios of cardiogenic shock, clinical 
trials on trauma-related cardiac arrest assumes otherwise 
previously healthy population (thus, without bias related to 
the existence of acute-on-chronic failures). Still, the biases 
regarding the existence of concomitant kidney injury not 
related to cardiorenal interactions cannot be excluded, as 
hemorrhagic shock resulting from cardiac and vascular 
trauma is the principal mechanism of intractable shock and 
cardiac arrest in trauma patients [17].

In a systematic review and meta- analysis of ECMO in 
adult patients with severe trauma that involved 36 studies, 
26.7% of patients treated with ECMO were reported to have 
renal complications. Pooled survival rate was 65.9%, (39.0% 
for VA ECMO and 72.3%, for VV ECMO), as expected, patients 
receiving ECMO support tend to exhibit higher survival rates 
and lower rates of neurological complications the subgroup 
of patients with traumatic brain injury, and hemorrhage and 
bleeding complications accounted for an important limitation 
of ECMO [17].

In a nationwide observational cohort study comparing 
acute myocardial infarction-related cardiogenic shock 
(AMICS) patients treated with Impella (ABIOMED, Danvers, 
MA, USA) and/or VA-ECMO, AKI was described to occur in 
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44% vs. 53%, (p < 0.001) of patients, and acute liver failure 
7% vs. 12%, of patients (p < 0.001). Impella patients were 
directly discharged home more often, with shorter hospital 
stays and lower costs [18].

By taking into account clinical outcomes regarding multiple 
organs, the results of this study provides insight into the 
signiϐicance of multiorgan crosstalk in this patients as well as 
the impact that choosing over different ECOS technique may 
have over resource consumption and health related economic 
cost [18].

The ECMO-CS (Extracorporeal Membrane Oxygenation 
in the Therapy of Cardiogenic Shock) is a multicentric, 
randomized trial that comparing immediate implementation 
of VA-ECMO vs. initial conservative therapy in patients with 
rapidly deteriorating /severe cardiogenic shock [19].

In the ECMO-CS trial, no signiϐicant differences were found 
regarding the composite of death from any cause, resuscitated 
circulatory arrest, and implementation of another mechanical 
circulatory support at 30 days. Neither there were differences 
regarding points included all-cause mortality, neurological 
outcome, signiϐicant bleeding, leg ischemia, pneumonia, 
sepsis, and technical complications. Of note, the most common 
cause of cardiogenic shock was myocardial infarction, which 
implies underlying chronic heart failure in a proportion of 
patients [19].

Multiple clinical trials have assessed the use of ECMO in 
scenarios that involves CRS type 1, being the improve of micro 
and microcirculation the main mechanism by which ECMO 
contributes, but the inclusion of speciϐic perfusion related 
variables (i.e. capillaroscopy, lactate levels) are lacking since 
the evaluation of the risk/beneϐit and/or cost effectiveness 
evaluation of ECMO (as a resource consuming, increasingly 
used) option has been prioritize [20,21].

Type 2 CRS, the role of ultrafi ltration in preventing 
further cardiac derangements

Animal models of CRS type 2 have been developed (i.e. 
Coronary artery ligand / Unilateral nephrectomy); this model 
may be insightful in terms of tracking the neurohumoral 
cascade, hemodynamic changes and oxidative stress 
mediators [22].

However, animal models may not entirely predict clinical 
response in patients since they do not include crucial variables 
such as previous and/or concomitant organic derangements, 
(including cardiac preconditioning, collateral circulation, 
baseline comorbidities such as diabetes or cirrhosis, neural 
interactions) that contributed to de development of chronic 
heart failure on the ϐirst place [22-24].

Also to be taken into account, pharmacological interactions 
may not be represented in experimental models: this is a 
very important factor to take into account given that diuretic 
resistance is one of the clinical problems that leads to the need 
of ECOS (speciϐically UF methods to achieve euvolemia) in the 
setting of CRS type 2 [22,25].

Equally important, while implementing a standard 
deϐinition of worsening renal function may be made based on 
standardized AKI criteria, acute changes in GFR in the context 
of CHF may not always reϐlect the loss of kidney function itself, 
nor necessarily correlates with adverse clinical outcomes, 
such as minimal decrease of GFR after Starting ACE inhibitors 
[23-25].

Given the previously stated facts, it is clear that the 
development of large scale trials and politics focused on 
prevention of ESRD in patients with HF as suggested by 
HF guidelines [8]. Also, the optimal timing and modality 
to consider RRT in this speciϐic population remains to be 
clariϐied. Until now, clinical trials on RRT/UF in CRS type 2 

Table 1: Clinical beneϐits and possible inϐlection points of ECO in different CRS scenarios.
CRS Type ECOS type. ECOS bene its Clinical bene its. Homeostatic bene it.

1 ECMO Hemodynamic support.

ECOS provides cardiovascular support, 
maintaining systemic (and thus renal 

perfusion) despite cardiac failure until 
recovery of cardiac function.

Hemodynamic support prevents the 
development of hypoperfusion and/or ischemia, 

preventing organ failure to occur.

2 UF
UF resolves ϐluid overload preventing 

the perpetuation of neurohumoral 
derangements. 

Achieving euvolemic state.
Prevention of further neurohumoral 

derangements.

Resolving ϐluid overloads prevents both 
neurohumoral derangements and the 

perpetuation of both cardiac and renal 
derangements linked to ϐluid overload.

3 RRT
Renal function replacement prevents 
progression to both AKD and cardiac 

derangements.

Avoid metabolic and cardiovascular 
complications associated to AKI.

Prevents multiorgan failure cascade to develop.

Prevents progression from single organ to 
multiorgan failure, bridge from single organ 

failure to complete recovery.

4 RRT Renal function replacement prevents 
development of cardiac failure.

Avoid metabolic and cardiovascular 
derangements associated to CKD, role of 

sorbents in modulating inϐlammation to be 
determined.

Maintain homeostasis, prevent organ crosstalk 
to perpetuate cardiovascular damage.

5
Single or multiple ECOS 
techniques may be used 

according to clinical needs.

Hemodynamic supports.
Oxygenation improvement.

Achieving euvolemia
Cytokine removal

Immunomodulation.

Prevent single organ failure worsening
Prevent multiorgan failure to develop.

Prevent chronic organ failure to develop/
perpetuate.

Prevent single organ failure worsening.
Prevent progression from single to multiorgan 

failure.
Prevent development of chronic organ failure.

Achieve complete recovery.
Immunomodulation.
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patients are focused on evaluating the risk/beneϐit and cost/
effectiveness of the use of RRT in terms of mortality and, in the 
case of acute on chronic HF exacerbation, achieving euvolemia 
through UF/RRT [26].

Even when RRT has been extensively studied in the context 
of CRS type 1, the early use of UF in the context of CHF with 
diuretic resistance is a major subject in the research agenda, 
as a useful tool for the removal of c faster volume removal and 
improving renal hemodynamics. Of note, UF may be used as 
an adjunct to diuretics in patients with CRS [27,28].

Until now, volume removal via UF has been outlined as a 
safe therapeutic option both alone and in combination with 
diuretic therapy. Similarly, the use of Peritoneal Dialysis (PD) 
has been outlined as a safe and effective method to achieve 
negative ϐluid balance and euvolemia [29,30].

Among patients with decompensated heart failure with 
volume overload and poor diuretic response, the use of UF has 
been linked to a trend towards lower creatinine at discharge, 
but no signiϐicant difference in GFR. Also, a trend towards 
the use of UF with greater weight loss, volume removal and 
reduction of readmission in patients treated with UF, but 
no signiϐicant reduction in length of hospital stay or 30-day 
mortality [29,30].

Type 3 CRS, ECOS preventing progressive cardiac 
failure

Type 3 CRS refers to abrupt and primary renal 
derangements that subsequently cause acute cardiac 
dysfunction [31]. By deϐinition, CRS type 3 can occur in a wide 
variety of clinical scenarios, for which the pathophysiological 
mechanism common to all of the possible CRS type 3 causes 
may be best understood by using experimental models. 

Of note, the deϐinition of cardiac dysfunction related 
to AKI may include heart failure because of arrhythmias, 
myocardial ischemia, or ϐluid retention with or without 
arterial hypertension, thus highlighting the difϐiculty of having 
a standard deϐinition of cardiac damage in the context of CRS 
type 3. 

Interestingly, in experimental models, cardiac dysfunction 
does not seem to be chronologically parallel from excretory 
kidney dysfunction [31]. Moreover, even when diagnosis 
of subclinical AKI via tubular damage biomarkers in at risk 
population (i.e. identiϐied by electronic sniffers), [32,33] 
biomarkers of cardiac damage and early echocardiographic 
evaluation may not be assessed routinely, except for selected 
clinical scenarios such as perioperative AKI on patients with 
high cardiovascular risk [34].

As Intra-renal immune activation, production of 
vasoconstrictive substances, cardiac mitochondriopathy, 
impaired redox balance, and activation pro-apoptotic 
pathways have been implied as the main myocardial damage 

pathways in CRS3, early detection of cardiac damage in 
AKI patients (i.e. those with risk factors for “ myocardial 
frailty”) may be an important component of early CRS type 3 
identiϐication, in whatever clinical scenario AKI as a primary 
entity may develop [35,36].

Clinical trials on the best (i.e. more efϐicient approach) 
clinical pathway to assess cardiac function for each given 
CRS 3 scenario remains to be fully described, as their natural 
history, window of opportunity, evidence based therapeutic 
bundles and expected timeline is speciϐic by deϐinition.

As an example, 48 hours postoperative Troponin I may be 
taken in patients who experience postoperative AKI, while 
bedside echocardiography may be the best choice for patients 
who developed AKI after polytrauma. Evidence based bundles 
towards “cardiorenal assessment” as well as the earliest 
timing and modality to start ECOS to achieve maximum clinical 
results (i.e. greater number of cases of AKI being prevented 
to progress to CKD/HF) remain to be fully standardized for 
every possible clinical scenario [31-36].

Type 4 CRS – The role of ECOS in preventing further 
homeostatic damage

The association between CKD and ESRD with cardiac 
function derangement and adverse cardiovascular outcomes 
has been long recognized, even in patients under chronic RRT 
with good hemodialytic efϐicacy [37,38]. Patients with CKD 
have a 10 fold increase in mortality risk when compared with 
general population, with more than 50% of CKD population 
mortality being attributable to cardiovascular disease, mainly 
coronary artery disease, valvular dysfunction, arrhythmias, 
and cardiomyopathies [37,38].

Representative cardiovascular changes associated with 
CRS type 4 include cardiac remodeling, neurohumoral 
abnormalities, increased ischemic risk, left ventricular 
hypertrophy, left diastolic dysfunction, decreased coronary 
ϐlow and coronary calciϐication. Of note all of them may be 
present before the patients get the diagnosis of ESRD, or even 
in the presence of risk factors, such as smoking, obesity or 
hypertension, without the presence of CKD, which may imply, 
according to the Bradford Hill criteria, that renal function 
derangements are not directly the only cause of cardiac 
derangements, but likely an accompanying manifestation 
of a common physiopathological pathway that, within the 
progress of the natural history of disease, contributes itself to 
further derangements in cardiovascular homeostasis [37-39].

As an example, a patient that has already developed 
diastolic dysfunction due to obesity may have further 
derangements in diastolic function associated with sodium 
and water overload and chronic inϐlammation because of 
uremic toxins after developing CKD [37-39].

Once the patient develops ESRD and becomes dialysis 
dependent, further monocyte stimulation because of 
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interactions between the immune cells and hemoϐilter surfaces 
perpetuates chronic inϐlammation, cytokine production, 
endothelial dysfunction, smooth muscle proliferation, and 
accelerated atherosclerosis [37-39].

Among the inϐlammatory pathways, mitochondria 
dysfunction can trigger inϐlammatory pathways by releasing 
Damage-Associated Molecular Patterns (DAMPs), which are 
recognized by immune receptors within cells, including Toll-
Like Receptors (TLR) nucleotide-binding domain, leucine-
rich-containing family pyrin domain-containing-3 (NLRP3) 
inϐlammasome, and the cyclic guanosine monophosphate 
(cGMP)-adenosine monophosphate (AMP) synthase (cGAS)-
stimulator of interferon genes (cGAS-STING) pathway, 
perpetuating the increase in increased expression of cytokines 
and chemokines [39-41].

The existence of inϐlammatory pathways which are 
not attenuated by UF/HD partially explains the increased 
cardiovascular risk even in patients who are not volume 
overloaded nor uremic, as well as the clinical beneϐit in 
cardiovascular endpoints when targeting the inϐlammatory 
cascade [40-43].

However, whatever or not the addition of sorbents to 
RRT may be helpful in attaining control of the inϐlammatory 
pathways remains uncertain, but adding chemokine reduction 
strategies through sorbent columns use may represent 
an strategy towards attenuating further cardiovascular 
derangement in ESRD patients, which may translate in 
diminished mortality, diminished hospital admission rates 
and overall better quality of life and diminished health 
resource consumption [40-43].

Type 5 CRS – ECOS benefi ts beyond a single scenario

In CRS type 5, the heart and kidneys are affected by a systemic 
illness, leading to concurrent dysfunction in both organs. As 
this type of CRS may include many different clinical scenarios, 
both acute and chronic, it may be the most heterogeneous 
class within the CRS classiϐications. Acute CRS type 5 scenarios 
may include sepsis, preeclampsia, and drug toxicities, while 
chronic scenarios may include Diabetes, Fabry disease and 
cirrhosis, thus meaning that physiopathological mechanism 
involved may go from hemodynamic derangements that affect 
both cardiac and renal perfusion to inϐlammatory pathways 
and chronic pathologic deposition within the extracellular 
matrix. Beyond the difϐiculties that CRS type 5 poses to 
the creation of a single diagnostic-therapeutic approach, it 
can be used as a multiperspective model to understand the 
clinical beneϐits that ECOS may provide to derangements in 
cardiorenal interactions [44-50]:

• As a hemodynamic support in scenarios where arterial 
underϐilling (deϐined as a decreased effective arterial 
blood volume) represents the cardinal element of end-
organ derangements.

• As a mean to improve oxygen delivery either via 
extracorporeal oxygenation or hemodynamic support.

• As a mean to achieve euvolemia in clinical scenarios 
were volume overload perpetuate vascular damage a 
neurohumoral activation.

• As a mean for removing cytokines and proinϐlammatory 
mediator via hemadsorption.

• As a mean for detoxifying from either endogenous 
or exogenous deleterious substances (i.e. From liver 
support removing bilirubin to sorbent use to remove 
exogenous toxins, including low and middle molecular 
weight toxins.

Moreover, thanks to the temporal heterogenicity of the 
possible clinical scenarios, it can be used to assess the best 
chronological window to improve clinical outcomes thus 
changing the paradigm from considering ECOS and almost last 
resource to a window of opportunity that may be implemented 
earlier during the disease course in order to either avoid 
irreversible organ failure, avoid ECOS long term dependency, 
prevent progression to chronic end-organ damage, avoid the 
need of repeated hospitalization or even achieve full recovery 
after an otherwise not preventable life threatening event.

Discussion
Within the last 50 years, ECOS has evolved from being 

a nearly experimental, last resource to a standardized, 
evidence-based therapy to be performed in selected patients 
worldwide. Alongside with the development of better ECOS 
therapies it became clear that both crosstalk and ECOS–patient 
interactions played a signiϐicant role in the clinical course and 
outcomes to be expected.

Cardiorenal syndrome represents a unique opportunity 
of comprehension of the multiorgan crosstalk involved in 
a wide variety of cardiovascular disease: one thought to 
be independent, it has become clear that renal and cardiac 
function are closely related to each other, and its interrelations 
within the framework of concurrent derangements can be 
best understood within the frame of cardiorenal syndrome. 
Moreover, the interactions within multiple crosstalk and the 
different ECOS system for every CRS scenario are still to be 
fully described. 

Most importantly, CRS has become a model to further 
understand the challenges, beneϐits and possible applications 
of ECOS therapies, as well a prototype for future perspectives 
on the possible beneϐits and the best way to approach ECOS 
as a high-resource-consuming intervention that nonetheless 
may be sustainable within the appropriate policies, and 
more importantly , in terms of saving and preventing further 
healthcare resources if prevention of further organ damage or 
even reversing organ failures is achieved.
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Conclusion
Cardiorenal syndrome represents an organ crosstalk 

pathway with arterial underϐilling, vascular derangements, 
inϐlammatory pathways and neurohumoral derangements 
among its most important physiopathological elements. 
Cardiorenal derangements interactions can be understood 
within the frame of 5 types of cardiorenal syndrome. 
Therapeutic approaches to CRS have traditionally focused on 
medical therapies aimed to relieve volume overload, improve 
cardiac output, regulate neurohumoral derangements and 
modulate proinϐlammatory pathways.

Within the recent years, ECOS techniques have proven to 
be useful at improving volume overload, arterial underϐilling, 
oxygen delivering, cytokine proϐile and neurohumoral 
derangement in various clinical scenarios, giving the 
opportunity to avoid organ failure, organ failure progression, 
chronic critical illness, end-organ damage reaches 
irreversibility, prevent chronic organ failure and even fully 
recover organ function. Within the years to come the best 
timeframe, follow-up surrogate markers and public health 
beneϐits and challenges remain to be established. Moreover, 
evidence based “cardiorenal bundles” and strategies within 
different CRS scenarios are yet to be described, while public 
health policies and technological advances may also improve 
and expand clinical applications of ECOS within the frame of 
CRS.
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