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Heart and kidneyare closely related in the clinical syndrome of heart failure (HF). It is now sufficiently clear that renal dysfunction occurs frequent-
ly in all phenotypes of HF, and when present, it is associated with higher mortality and morbidity. While the pathophysiology is multifactorial, the
most important factors are a reduced renal perfusion and venous congestion. Recent interest has focused on worsening renal function (WRF), a
situation strongly related to mortality, but seemingly only when HF status deteriorates. Unfortunately, to date clinicians are unable to identify
specifically those patients with a grim prognosis following WRF. Although much has been learned on cardiorenal interaction in HF, still more
questions have been left unanswered. The coming decade should provide us with more dedicated epidemiologic, mechanistic, and controlled
trials in HF patients with reduced renal function. An updated classification of the cardiorenal syndrome that incorporates recent evidence and
points towards areas of interest and uncertainties, and areas where progress is needed could facilitate this process. Ultimately, this should
lead to preventive and treatment strategies that can preserve renal function and associated outcome in patients with HF.
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Introduction
The marriage between heart and kidney is like any other relationship;
it resembles a rollercoaster ride with frequent ups and downs, and in
some cases, an unexpected early ending. In health, they both contrib-
ute to the wellbeing of the whole body. However, once either falls ill,
the other organ frequently suffers as well. Although the heart has
intense relationships with other organs, the marriage to the kidneys
is particularly special. The heart is directly dependent of the regulation
of salt and water content of the body by the kidneys, and vise versa, the
kidneys are directly dependent of blood flow and pressure generated
by the heart. This is especially true in conditions of increased conges-
tion and extracellular water content, such as heart failure (HF), this
interdependency of both organs can result in a vicious circle where
deterioration of either organ results in a severe, potentially self-
perpetuating, high-mortality condition.Wehavecometoknowthis re-
lationship as the cardiorenal syndrome, a term highlighting the fact that
it represents a multitude of often overlapping disease states that all
together are part of the same condition.1 The last decade has seen a
remarkable re-appraisal of the interaction between heart and kidney
disease, especially in HF, and progress has been made in the recogni-
tion, risk stratification, and public awareness of the syndrome. Unfor-
tunately, aswewill discuss, there is nospecificevidence-basedeffective

treatmentofpatientswith HFexperiencingdeteriorationof renal func-
tion, although currently available HF treatment is not always insuffi-
cient. In the present review, we will highlight insights from the last 5
to 10 years in the terminology, pathophysiology, prognosis, and pos-
sible treatment of HF patients with concomitant renal dysfunction.

Classification and terminology
Although the term ‘cardiorenal syndrome’ is now in use for little over
a decade, this does not mean that the interaction between heart and
kidney was unrecognized before. In fact, the finding of renal dys-
function in the presence of heart disease has been widely studied,
especially in the first part of the 20th century (Figure 1).2 –4 The car-
diorenal syndrome is also not limited to patients with HF, as cardio-
vascular disease (including HF) frequently develops in patients with
chronic and acute kidney disease, and signifies a poor outcome.5 Sig-
nificant recognition of cardiorenal interactions as a syndrome
occurred around 2004 with multiple publications, followed by a de-
scription of the condition as a distinct entity by Ronco and colleagues,
suggesting that at least five conceptual subtypes may exist.1,6,7 This
classification has been of great value for awareness among research-
ers and clinicians, as well as the identification of patients. However, it
is based largely on expert opinion and data to support the distinction
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based on pathophysiology, treatment, and prognosis is limited. In fact,
one could even argue that there is only scarce evidence to classify the
cardiorenal syndrome as a true distinct entity as it could merely be
regarded as a physiological (and passive) response of the kidney to
a failing heart. With new data and evidence from the last 10 years
which will be discussed in this review, it may be necessary to
update and change this classification.

Epidemiology

Baseline renal function
Around 4.5% of people in the general population have an eGFR
,60 mL/min/1.73 m2 (normally regarded as CKD), while over 50%
of patients with acute and chronic HF (both preserved and
reduced) have a similar reduction in eGFR.8

The prognostic importance of a reduction in GFR has only relative-
ly recently been recognized. Two landmark retrospective analyses
from randomized controlled trials showed that any reduction in
eGFR was strongly associated with higher mortality rates.9,10 Since
then, over 50 studies have been published on the association
between renal dysfunction and mortality.8 Overall, the risk asso-
ciated with concomitant renal dysfunction is around twice that of
patients without evidence of renal dysfunction; an association that
was independent of chronicity or phenotype of HF (Table 1).

Worsening renal function
Against this background of renal dysfunction, worsening renal func-
tion (WRF) has been recognized as a distinct identity. Especially
during hospitalization, it was observed that even a small, as low as
17 mmol/L (0.2 mg/dL) increase in serum creatinine was associated
with poor outcomes.11 Several meta-analyses have now demon-
strated, on average, WRF is associated with increased mortality
in both inpatients and outpatients with larger increases in serum
creatinine predicting worse outcomes.8,12,13 An ongoing debate con-
tinues for the optimal definition for WRF. Adapted from the nephrol-
ogy acute kidney injury (AKI) literature, most early reports used an
increase in creatinine ≥26.5 mmol/L (0.3 mg/dL) to define WRF.
However, this definition fails to acknowledge the exponential rela-
tionship between serum creatinine and eGFR such that depending
on the absolute level of baseline creatinine, either small or large
changes in actual renal function can accompany a 26.5 mmol/L
(0.3 mg/dL) change in serum creatinine. Therefore, consideration
of a relative increase in serum creatinine as well is critically import-
ant.14 Sheerin et al.15 recently recommended changes in the defin-
ition of WRF and argued that WRF in acute HF should be
evaluated over the entire inhospital period, and during 3 months
after discharge, to evaluate possible transient WRF. In the latest
meta-analysis, WRF of varying definitions was associated with
increased mortality risk.8 However, there was also evidence of pub-
lication bias, suggesting that we might be overestimating the true

Figure 1 History of research in cardiorenal interaction. Overview of some key investigations in cardiorenal research. For reference list, see
Supplementary material online, files.
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association between WRF and outcome. This is further supported by
recent observations where WRF was only associated with poor
outcome if the clinical status of a patient simultaneously deterio-
rated.16 In other words, if the clinical status of a patient improves
or stays equal and serum creatinine increases, this WRF which we
have recently called ‘pseudo-WRF’ may not translate into a poor
prognosis.14 Figure 2 shows this proposed association between HF
status and changes in renal function. For instance, WRF that occurs
in the setting of haemoconcentration, complete decongestion, or a
reduction in blood pressure had a much better outcome compared
with those patients who had WRF that appeared to be unpro-
voked.17 –19 Recently, diuretic response or efficiency was proposed
as an easy tool to monitor patients, and in one study it was shown
that although patients who had the best diuretic response/efficiency
also more commonly showed increases in serum creatinine, these
patients still had the best clinical outcome.16 So, at least in acute
HF, some increase in serum creatinine may be acceptable, as long
as the overall clinical status does not deteriorate.14

For chronic HF, the overall advice is similar. A small increase in
serum creatinine is probably acceptable when the clinical status is
stable or improves. There is however a special circumstance: the
rise in serum creatinine that occurs in the setting of the initiation
and uptitration of renin angiotensin aldosterone system (RAAS)
inhibitors.20 Several retrospective analyses of large randomized
controlled RAAS-inhibitor trials have now re-evaluated these
compounds in the light of the findings on WRF in the general HF
population.21–24 Most, if not all of these analyses have shown that if
WRF occurs with the initiation of these therapies (including ACE-
inhibitors, angiotensin receptor blockers, and mineralocorticoid
receptor antagonists), the beneficial effect of these therapies is
maintained, and in some cases, this RAAS inhibitor induced WRF is
not even associated with poor outcome. This is probably the net
results of the strong protective effects of these agents balanced by

the negative effects of WRF, or that these haemodynamic changes
in filtration simply are not important. Importantly, the deterioration
in eGFR in most of these studies was modest and thus these data
provide limited evidence to indicate that it is safe (or unsafe) to

Figure2 Visual depictionof associationbetweenchanges in renal
function, clinical condition, and mortality risk. AKI, acute kidney
injury; GFR, glomerular filtration rate; WRF, worsening renal func-
tion. Darkercolours indicatehighermortality risk. Suggested cut-off
values for WRF (chronic HF): ≥26.5 mmol/L and ≥25% increase in
creatinine OR ≥ 20% decrease in eGFR over 1–26 weeks, and AKI
(acute HF): increase of 1.5–1.9 times baseline creatinine within 1–7
days beforeor during hospitalization OR ≥ 26.5 mmol/L increase in
creatinine within 48 h OR urine output , 0.5 mL/kg/h for 6–12 h
(based on Damman et al.14)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Overview of important meta-analyses of renal impairment in HF

Author Year Population Total n Main results

Smith12 2006 Acute and chronic HF CKD: 80 098
WRF: 12 634

† CKD present in 63% of patients
† Baseline CKD associated with mortality: HR 1.56 (1.53–1.60)
† WRF associated with mortality: HR 1.47 (1.26–1.72)

Tonelli66 2006 CV disease, including chronic HF Total: 1 371 990
HF: 78 272

† CKD present in 33% of patients
† Baseline CK associated with mortality: HR 1.78 (1.57–2.01)

Damman13 2007 Acute and chronic HF HF: 18 634 † WRF occurred in 25% of patients
† WRF associated with mortality: OR 1.62 (1.45–1.82)
† WRF associated with HF hospitalizations: OR 1.30 (1.04–1.62)

Clark24 2014 Chronic HF patients included in
RAAS-inhibitor trials

HF: 20 573 † WRFoccurred in13and 9.6%withRAAS inhibitorsandplacebo,
respectively.

† WRF associated with mortality RR: 1.36 (1.25–1.48), in both
treatment groups

† RAAS inhibition reduced mortality even despite WRF: RR 0.72
(0.62–0.84)

Damman8 2014 Acute and chronic HF CKD: 1 076 104
WRF: 49 890

† CKD present in 32% of patients
† Baseline CKD associated with mortality: OR 2.34 (2.20–2.50)
† WRF associated with mortality: OR 1.81 (1.55–2.12)
† Evidence of publication bias for studies on WRF
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continue these therapies if creatinine rises extensively. However,
these data do clearly show that the beneficial effects of the treatment
are maintained even in the setting of a modest rise in creatinine and
thus some increase should be accepted with the caveat that frequent
assessment of renal function and potassium should occur and are
incorporated into good clinical judgment, as also indicated in the
most recent ESC HF guidelines.20

Pathophysiology of renal
impairment in heart failure

Haemodynamics
Early in the 20th century, the importance of reduced RBF and
increased central venous pressure (CVP) as primary effector
mechanisms for renal impairment has been established.2,3,25 Land-
mark papers that further established the relationship between
renal haemodynamics, GFR and the severity of HF were published
by Cody and colleagues.26 They demonstrated in ACEi naı̈ve patients
that the reduction in RBF was out of proportion to the reduction in
cardiac index, while GFR was relatively maintained; a phenomenon
now easily explained by renal autoregulation. Then, when RBF
drops further, GFR declines as autoregulatory capacity is exhausted.
These findings have been reproduced in patients on ACEi, with the
difference that RBF and GFR declined in parallel since compensatory
efferent arteriolar vasoconstriction is reduced by ACEi.27

In the last few years, focused has shifted to venous congestion
as another important determinant of reduced GFR. It should be
noted that this is a re-appraisal of this relationship rather than a
new discovery (Figure 1). It has now been convincingly shown in
modern HF patients that, independent of a reduction in RBF, there
is an epidemiologic association between increased CVP or venous
congestion and reduced GFR.28,29 In the chronic setting, a significant
association between increasing CVP and lower eGFR was found
in over 2500 patients, but not necessarily HF.30 It must be acknow-
ledged that the magnitude of these associations was small, although
significant. In acute HF, Mullens et al.29 have shown that higher
CVP predetermines the risk of WRF inhospital and does this to a
greater extent compared with low cardiac index. The latter was in-
versely related to WRF, although there was no association with base-
line GFR.29 The relationship between high CVP and GFR in acute HF
appears to be complex31; it has now been found in multiple studies,
although not all, and there have even been reports that lower CVP
predisposes to WRF.32–35

More importantly, the overall assumption in most contemporary
studies has shifted from a RBF to a more CVP or venous congestion
dependent explanation for GFR. However, this fails to acknowledge
the fact that RBF remains—by far—the most important determinant
of GFR in HF. GFR and RBF are by definition inexorably linked and
under almost all circumstances, the RBF will be the primary driver
of GFR. This relationship exists as GFR is simply the product of
renalplasmaflowtimes the filtration fraction.As a result, bydefinition
renal plasma flow is an important determinant of GFR. Although
there is a modest dynamic range of filtration fraction, a high value
for filtration fraction multiplied by a very low RBF will still result in
a low GFR, as is true of the opposite analogy. The relative contribu-
tion of venous congestion in these circumstances is marginal at best,

and mostly seen in patients with compromised RBF. In acute HF, the
importance of venous congestion in determining GFR is probably
much greater, but we do not have data on RBF, venous congestion,
and GFR in patients with acute HF. The relative contributions of
these components are therefore unknown. Figure 3 summarizes the
pathophysiologic pathways of cardiorenal interaction.

Non-haemodynamic factors
It must be emphasized again that, the main determinants of GFR in HF
are renal haemodynamics and non-haemodynamic factors directly
only account for a fraction of the pathophysiology. Having said that,
these so-called cardiorenal connectors can shift the balance of sus-
ceptibility, severity, and mortality risk.6 Also, the mechanisms by
which these non-renal factors influence GFR are primarily through
haemodynamic changes, and therefore, these factors are more med-
iators than direct effectors. A multitude of factors influence the asso-
ciation between haemodynamics and GFR. Of particular interest are
(modulation of) the RAAS, sympathetic nervous system (SNS) acti-
vation, inflammation, endothelial dysfunction, and anaemia. Next to
the direct effect on renal perfusion, angiotensin II promotes renal fi-
brosis, directly affectsGFR, induceshyporesponsiveness tonatriuret-
ic peptide and mediates SNS activation.36– 40 The latter in turn can
alter the ultrafiltration coefficient, and SNS activation is associated
with tubular injury and the formation of reactive oxygen species
(as well as RAAS activation).6,36,40 The effect of oxidative stress
and endothelial dysfunction seems to be modulated by angiotensin
II as well. Through NADP(H) activation, angiotensin II promotes
the formation of reactive oxygen species, which can cause intrarenal
(proximal tubular) damage.6 Finally, anaemia is an important factor in
HF patients with renal impairment. Anaemia has diverse causes in HF,
including reduced renal function with lower erythropoietin pro-
duction and blunted response, bone marrow suppression in HF,
iron deficiency, and not unimportantly, haemodilution due to exces-
sive venous congestion which in some series is the most prevalent
cause.41 In acute HF, improvement of haemodiluted anaemia
assessed by haemoconcentration does relate to better outcome
and could even potentially be a target for therapy in these patients.17

Renal function: factors beyond glomerular
filtration rate
Impaired renal function in HF represents much more than simply a re-
duction in GFR. Albuminuria is frequently observed in patients with
chronic HF as was observed in retrospective analyses of CHARM
and GISSI-HF.42,43 Around 30% of patients have albuminuria, many
of which have microalbuminuria. When present there is a stepwise
increase in the risk of HF hospitalizations and mortality from
normo-, to micro- and macro-albuminuria. In addition to increased
glomerular permeability, decreased re-absorption in the tubules
due to tubular damage likely further contributes to the development
of albuminuria. Tubular damage is now increasingly recognized in
patients with acute and chronic HF.44,45 Probably because of the
fact that the kidney is one of the few organs that will simultaneously
decrease oxygen delivery (reduced renal blood flow) while increas-
ing relative oxygen requirement (since sodium reabsorption is highly
energetically demanding), tubular damage may develop. In addition,
increased congestion may be associated with tubular damage. In a
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retrospective analysis of GISSI-HF, tubular damage assessed by
urinary markers such as N-acetyl-b-D-glucosaminidase (NAG), neu-
trophil gelatinase-associated lipocalin (NGAL), and kidney injury
molecule 1 (KIM-1) was frequently present among patients with
chronic HFand strongly associated with mortality.44 In acute HF, mul-
tiple studies have assessed the prevalence of tubular injury. Most of
the research focusing on tubular damage markers in acute HF has
been focused on the identification of patients at risk of WRF. In
non-HF patient populations, tubular damage markers are sensitive
and specific markers of severe AKI.46 Unfortunately, studies in
acute HF that have been conducted thus far have failed to demon-
strate clinical usefulness of NGAL to identify patients at risk of clinical
significant WRF, and notably in patients that do develop WRF urine
NGAL levels do not meaningfully increase.47,48 In chronic HF,
urinary KIM-1 levels were the best predictors of WRF.49 With
respect to therapy, loop diuretics that seem to reduce urinary
NAG and KIM-1 levels in stable HF patients and reducing congestion

has been shown to improve albuminuria in acute HF.50,51 Until we
have more information on the clinical applicability of these novel
(tubular) markers, their routine use in patients with HF does not
seem justified yet.

Patient identification and prognostication
Clearly, identification of patients at high risk of mortality and/or HF
hospitalizations should include some measure of ‘renal function’: a
GFR, and possibly, albuminuria or a marker of tubular damage.
Recent reports have indicated that blood urea nitrogen (BUN)
could be an even better prognosticator that resembles (some
form) of GFR. However, BUN has been associated with factors
beyond glomerular filtration, such as neurohormonal activation
and haemodynamic status, which could be the reason for the fact
that it retains powerful prognostic information even after controlling
for GFR.52

Figure 3 Pathophysiologic pathways of cardiorenal interaction. AKI, acute kidney injury; CO, cardiac output; CVP, central venous pressure; DCM,
dilated cardiomyopathy; GFR, glomerular filtration rate; HFPEF, heart failure with preserved ejection fraction; HFREF, heart failure with reduced
ejection fraction; IL-18, interleukin 18; KIM-1, kidney injury molecule 1; L-FABP, liver type fatty acid binding protein; LVAD, left ventricular assist
device; NAG, N-acetyl-b-D-glucosaminidase; NGAL, neutrophil gelatinase-associated lipocalin; NTproBNP, N-terminal pro brain natriuretic
peptide; RAAS, renin angiotensin aldosterone system; SNS, sympathetic nervous system; WRF, worsening renal function. The diagram illustrates
predisposing factors that can cause both cardiac and renal disease. From both ends of the spectrum, disease of one organ can lead to progressive
dysfunction leading to heart and renal failure. Both interact with each other through haemodynamic and (neurohormonal) (mal)adaptive processes,
and modulating factors further affect these associations. Further progression of disease is caused by (re)hospitalizations. Eventually, patients enter a
vicious circle of mutual organ dysfunction, resulting either in end stage renal disease, end stage heart failure, or a combination of both. Illustrations
(adapted from) Servier Medical Art (http://www.servier.com/Powerpoint-image-bank), under the Creative Commons Attribution 3.0 Unported
License (http://creativecommons.org/licenses/by/3.0/).
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Figure 4 Approach to the heart failure patients with renal dysfunction. GFR, glomerular filtration rate; RAAS, renin angiotensin aldosterone
system; WRF, worsening renal function. *At least every 6 months, can be individually determined.
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Since renal dysfunction in patients with HF is a mechanistically
heterogeneous disorder, it is logical to assume that prognosis and
treatment may also differ. Unfortunately, phenotyping patients with
renal dysfunction has proved a challenging endeavour since no gold
standard exists by which HF-induced renal dysfunction can be differen-
tiated from intrinsic renal parenchymal disease. However, it has been
described that the majority of risk associated with renal dysfunction is
restricted to patients with either an elevated NT-proBNP or an ele-
vated BUN to creatinine ratio (BUN/Creat), markers which may help
to identify HF-induced renal dysfunction.53,54 Combination of these
markers produces even more striking results.55 Notably, patients
with a low eGFR in the setting of an elevated BNP and BUN/Creat
havemultipleparametersconsistentwithHF-inducedrenal dysfunction
including very poor prognosis but those patients with a low eGFR but
normal BNP and BUN/Creat have a cardiorenal clinical profile and
prognosis similar to patients without renal dysfunction. However, in
the absence of a gold standard, it is impossible to determine if these
markers are actually identifying mechanistically distinct types of renal
dysfunction. Additional research within this domain is warranted.

Treatment of heart failure patients with
renal dysfunction
HF patients with severe renal dysfunction have been excluded from
randomized clinical trials of current evidence-based treatments. It
must however be acknowledged that the benefit observed in most
of these trials was also similar if not greater in patients with
eGFR , 60 (or even 45 mL/min/1.73 m2).56

Recently, the effect of evidence-based treatments on the slope of
eGFR was reported for most evidence-based therapies. RAAS inhibi-
tors are associated with a decline in eGFR with initiation, after which
eGFR declines in parallel with placebo.22,23 For beta-blockers, similar
observations have been reported, although the magnitude of the
effect was smaller. For device therapy, such as biventricular pacing
or left ventricular assist devices, two devices that improve cardiac
output and possibly RBF, eGFR has been reported to increase at
least transiently in responders.57–59

In acute HF, trials have been designed to specifically treat or
prevent WRF in acute HF. In PROTECT, the adenosine receptor an-
tagonist rolofylline did not result in the expected benefit on renal
function in acute HF.60 In the ROSE-AHF study, low-dose nesiritide
and dopamine were evaluated in patients with renal impairment.
However, both treatments failed to provide renal benefit.61

Finally, therapies that modulate congestion may also influence renal
function. Loopdiuretics are the cornerstoneof the treatment of symp-
toms and signs of congestion in acute and chronic HF. However, their
effect on renal function is poorly understood and studied, and obser-
vational data are strongly confounded by indication, since patients with
more severe HF (and renal dysfunction) are prescribed more loop
diuretics.62 The DOSE trial studied different dosages and intermittent
vs. continuous prescription of loop diuretics in acute HF. The study did
show that, although post-discharge outcomes were similar, higher
loop diuretics dosages were associated with more fluid and weight
loss but a higher incidence of WRF.63 However, as we have indicated
earlier, this does not directly indicate that this particular WRF would
be associated with poorer outcome and could be regarded as
pseudo-WRF (Figures 2 and 4).

Since ultrafiltration directly reduces venous congestion, it could
directly influence renal function by reducing renal venous pressure.
However, in the UNLOAD and RAPID-CHF studies there was no
evidence of improvement in renal function compared with loop
diuretics.57,64 In the latest CARRESS-HF study in patients with
WRF and persistent congestion admitted for acute HF, ultrafiltration
was actually inferior to stepped pharmacologic therapy with respect
to changes in creatinine, and this was sustained after discharge.65

Until we know more, with the current available evidence, we have
highlighted possible treatment decisions based on changes in renal
function and response to diuretics in Figure 4. By no means should
this figure serve as guideline, but it might serve to suggest a possible
course of action in response to deterioration of renal function in
different situations.

Future outlook: what is needed in the next
decade
In the next 10 years, research will need to focus on further character-
izing why some patients with impaired renal function and WRF fair
pretty well, while others struggle to survive. Studies should be con-
ducted that differentiate between true and pseudo-WRF, and how
we can possibly (early) distinguish between both, possibly via
markers of tubular or glomerular damage, or yet to be discovered
markers or imaging modalities. It is clear that renal dysfunction
does not mean the same thing in each patient, and we need strategies
to determine the individual response. If possible, we need treatment
options that can prevent significant deteriorations in renal function,
since more severe renal dysfunction is associated with persistent re-
duction in GFR and structural renal damage. Furthermore, in acute
HF we need strategies that improve diuretic response in patients
that are most likely to benefit from the therapy, without comprom-
ising renal function. To do so, we need more information on the
changes in haemodynamics, cardiorenal connectors, renal function
and structure during and possibly before hospitalization. Additional-
ly, in both acute and chronic HF, we need more information on
whether specifically targeting renal function with therapies alters
prognosis. In chronic HF, where the incidence of severe renal dys-
function is increasing, we need evidence-based treatments or strat-
egies that are specifically designed and executed in HF patients
with low GFR, an area now underdeveloped. We also need more in-
formation on how modulation of congestion in patients with chronic
HF may alter renal function and structure, since the importance of
venous congestion in the chronic situation remains poorly under-
stood. Finally, to help determine where progress is made or
needed, researchers should embark on a voyage to redesign and
define the cardiorenal syndrome in HF with evidence of the last 10
years. It should highlight possible pathophysiologic patient trajector-
ies and treatment options, and also highlight dynamics in cardiac and
renal function once simultaneous deterioration in heart and renal
function has been diagnosed. It could also include specific research
questions and areas of interest and uncertainties, and look forward
to what is needed in the next 10 years.

Conclusion
It is now sufficiently clear that renal dysfunction occurs frequently in
all phenotypes of HF, and when present, it is associated with higher
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mortality and morbidity. The cause of renal dysfunction is multifac-
torial, but reduced renal perfusion and venous congestion are prom-
inent factors, which are probably mediated and modified by a
multitude of cardiorenal connectors. New evidence suggests that
not all deteriorations in renal function during treatment are a bad
sign, but we are still unable to identify beforehand which patients
will respond and this is a challenge for the near future. Finally,
although much has been learned on the interaction between heart
and kidney in HF, we need more dedicated epidemiologic, mechanis-
tic, and controlled trials in HF patients with reduced renal function.
To facilitate this, a new, updated classification of cardiorenal syn-
dromes is needed which incorporates recent evidence and highlights
areas of interest and areas of uncertainties where progress is wanted.
Ultimately, this should lead to preventive and treatment strategies
that can preserve renal function in patients with HF.

Supplementary material
Supplementary material is available at European Heart Journal online.
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