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These types of CRS are in fact five different syndro-
mes from an epidemiologic, clinical and therapeutic 
point of view. Often different components, from the di-
fferent types of CRS, interact with one another. 

In this article we will refer mostly to the first two 
types (cardiorenal syndromes).

Renal dysfunction associated with heart failure leads 
to a severe prognostic. According to some studies, this 
association increases the mortality rate in these pati-
ents with up to 20%2-4. 

The physiopathological mechanisms which interme-
diate the disequilibrium present in CRS is presented in 
Figure 1, according to the Guyton model5.

The profile of patients at risk of developing CRS is 
presented in Table 2.

In daily practice, the diagnosis of CRS is based on 
the existence of an association between heart failure 
and the onset, or exacerbation, of a renal dysfunction. 
Current diagnostic elements include the increase of se-
rum creatinine levels by more than 30% compared to 
initial levels, reducing the diuresis with adequate doses 
of diuretics, the aggravation of heart failure signs and 
symptoms, or the absence of regression of hemodyna-

Definition and importance
Cardiorenal syndrome (CRS) is an individual patho-
logy rather than a simple association between heart 
and renal failure. CRS develops a different, complex 
physiopathology, requiring a special treatment, which 
has not been studied sufficiently. CRS represents “the 
heart and kidneys’ physiopathological modifications, 
when the acute or chronic dysfunction of one organ 
determines the failure of the other” as it was defined 
by Ronco at the World Nephrology Congress in 20081.

CRS was classified in 5 types according to the organ 
which generated the lesion and to its debut (acute or 
chronic). This classification is presented in Table 11.

Abstract:  Cardiorenal syndrome is often described in heart failure patients and it represents the deterioration of renal func-
tion in the context of heart failure. When it occurs, the prognosis of these patients is affected by the combination of these 
pathologies. The treatment for cardiorenal syndrome should be applied individually in order to achieve the improvement of 
the patient’s clinical status, the preservation of the heart and kidney function and a better outcome. Along with traditional 
therapies (diuretics, inotropes), which often develop resistance, the beneficial effect of new therapeutic options (ultrafiltration, 
vasopressin and adenosine antagonists) is being evaluated in different trials.
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Rezumat:  Sindromul cardiorenal se întâlneşte deseori în cursul evoluţiei insuficienţei cardiace şi reprezintă deteriorarea func-
ţiei renale în contextul insuficienţei cardiace. Atunci când el apare, prognosticul pacienţilor este grevat de combinaţia acestor 
patologii. Tratamentul sindromului cardiorenal trebuie aplicat individualizat pentru a realiza performanţele sperate, având 
mereu în vedere ameliorarea statusului pacientului, prezervarea funcţiei cordului şi a rinichiului şi îmbunătăţirea prognosticu-
lui. Alături de tratamente clasice (diuretice, medicaţia inotropă), care deseori se însoţesc de rezistenţă, este în curs de evaluare 
eficienţa unor opţiuni terapeutice noi (ultrafiltrarea, antagonşti ai vasopresinei şi ai adenozinei).
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Table 1. The classification of cardiorenal syndromes

CRS type Primary affliction Secondary affliction
1. Acute Cardiorenal S. Acute heart failure Acute renal lesion
2. Chronic Cardiorenal S Chronic heart failure Chronic renal failure
3. Acute Renocardiac S. Acute renal lesion Acute heart failure
4. Chronic Renocardiac S. Chronic renal failure Chronic heart failure
5. Secondary S. Systemic disease Heart and renal 

failure
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(including continuous perfusion), or in spite of the use 
of combined diuretics (loop and thiazide diuretics, or 
aldosterone antagonists). 

The development of resistance to diuretics can be 
considered a bad prognostic indicator in patients suffe-
ring from chronic heart failure10.

There are numerous mechanisms involved in this 
process. Two types of diuretics resistance were descri-
bed: short and long term resistance. The first appears 
after the administration of a single first dose due to ne-
urohormonal activation. Long term resistance develops 
after long term treatment with loop diuretics, inducing 
modifications in the renal structure, such as epithelial 
cell hypertrophy in the distal tubules, increasing Na re-
absorption and decreasing diuresis11.

A summary of the mechanisms involved in the deve-
lopment of resistance to diuretics is illustrated in Table 3.

CRS management
Considering the complex and heterogeneous physio-
pathology of CRS, patient management is a real chal-
lenge. Up to the present time, there is no treatment 
ensuring guaranteed success because each patient has 
his/her own personal history, risk profile and a combi-
nation of comorbidities. The medication used for the 
treatment of CRS is illustrated in Table 4.

Optimizing the treatment for heart and renal failure
The best means to control CRS is to prevent it from 
occurring. This implies adapting heart failure therapy 
to hemodynamic and clinical conditions, to the presen-
ce of associated diseases and to the use of therapeutic 
agents capable of preserving or improving the renal 
function. The patient requires permanent hemodyna-

mic disturbances and biological constants modificati-
ons. Because a consensus regarding the definition of 
acute renal lesions could not be reached in practice, 
differing from one study to another, the Acute Dialysis 
Quality Initiative defined the RIFLE criteria based on 
the increase of serum creatinine values and decreasing 
urinary debit values6. 

Defining chronic renal failure requires the estima-
tion of the glomerular filtration rate (the MDRD and 
Cockroft - Gault formulas)7. But there are limitations in 
both cases when these criteria apply to patients suffe-
ring from heart failure8.

More recently, biomarkers have been promoted as 
diagnostic instruments for the various types of CRS, 
risk stratification tools, as well as “targets” for its treat-
ment9. 

Diuretics resistance
Resistance to diuretic drugs is not entirely defined and 
presents a great diversity of terms characterizing it. A 
practical definition is the persistence of pulmonary 
congestion despite the repeated use of 80 mg of furo-
semide, or of more than 240 mg of furosemide per day 

Table 2. Risk factor for CRS

Clinical risk factors Advanced age
Comorbidities (diabetes, arterial hypertension, 
anemia)
Drug administration: non steroidal anti inflamma-
tory medication, diuretics, conversion enzyme in-
hibitors/sartans, aldosterone receptors antagonists

Cardiac pathology Personal history of heart failure
Acute myocardial infarction 
Increased troponin levels

Renal pathology Chronic renal failure

Table 3. Causes and mechanisms of developing resistance to 
diuretics

Causes of resistance to 
diuretic drugs in patients 

suffering from heart failure

Mechanism

1. Noncompliant patient Lack of drug administration, increased 
Na input, inadequate diuretic dose 

2. Low intestinal absorption Abdominal venous congestion
3. Low tubular secretion Low cardiac output, chronic renal failure
4. Simultaneous drugs: non 
steroidal anti inflammatory 
medication

Inhibiting sodium cleansing and vasodila-
tatory prostaglandin synthesis 

5. Diuretic tolerance and 
increase of Na reabsorption 

Distal tubules hypertrophy

6. Neurohormonal activa-
tion (sympathetic nervous 
system, renin - angiotensin 
- aldosterone system)

Prolonged treatment with diuretic drugs, 
heart failure

Figure 1. Mechanisms involved in CRS.
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mic monitoring, especially in case of arterial hypoten-
sion and a limitation of the sodium input to less than 
2g, as well as a fluid intake limitation to less than 1000 
ml/24h, in case the patient presents hyponatremia. It is 
necessary to monitor weight, ionogram, serum values 
for urea and creatinine, GFR, diuresis. A serial echo-
cardiography monitoring is also useful. The use of bi-
oimpedance vector analysis has significant prognostic 
results, positively correlating itself with the BNP values 
in heart failure12. This could prove useful in the mana-
gement of these patients, to maintain hemodynamic 
stability and an optimal volemic control13.

Neurohormonal medication
There are therapies used in heart failure which have 
proved their importance in the increase of survival, 
which target mostly the neurohormonal modifications. 
Such therapeutic schemes include beta blockers, ACE 
inhibitors and aldosterone antagonists. 

a)	Although the use of ACE inhibitors is frequently 
avoided, or interrupted, in order to prevent the 
alteration of the renal function, the increase of 
creatinine levels after initiating a treatment with 
ACE inhibitors can actually identify a subgroup of 
patients which will have a maximum benefit from 
their use. This requires careful monitoring of the 
renal function and blood pressure. In addition to 
all of these, interrupting the use of ACE inhibitors 
for this group of patients leads to the increase of 
the mortality risk. The effects of ACE inhibitors 
in the treatment of heart failure with associated 
renal failure are difficult to evaluate, because the 
extended studies which assessed their effects did 
not include patients with altered renal function. 

Most of these studies had an exclusion threshold 
of 2 mg/dL for the serum creatinine14. Even when 
renal failure was present, ACE inhibitors demons-
trated the reduction of proteinuria and long term 
benefits regarding survival15.

b)	Beta blockers represent a heterogeneous class of 
drugs which have beneficial effects on the evo-
lution of heart failure when renal dysfunction is 
associated. This is due to the higher levels of plas-
matic norepinephrine, compared to individuals 
with a normal renal function16. This prompts the 
enquiry as to what beta blocker is the most appro-
priate to be used in CRS; metoprolol and carvedi-
lol are eliminated through the liver, leaving open 
the opportunity to be administered in unmodified 
doses, whereas bisoprolol is eliminated through 
both the liver and the kidneys, necessitating an 
adjustment of the dose to the renal function.

Diuretic treatment
Diuretics have represented for a long time the initial 
and essential component in the management of pati-
ents suffering from heart failure. They also represent an 
important element in the elimination of volemic over-
load in CRS, but they must be used judiciously, under 
careful monitoring of the renal function and of the vo-
lemic status.

Diuretics increase neurohormonal activity, the acti-
vity of plasmatic renin and aldosterone and the plasma-
tic levels of norepinephrine and arginine-vasopressin. 
They also increment peripheral vascular resistance and 
indirectly deteriorate left ventricle function. By cu-
mulating these effects, diuretics increase the mortality 
risk17,18. 

The first therapeutic measure is to administer intra-
venously a loop diuretic for a better effect on a renal 
level. It is often necessary to double the dose when an 
appropriate diuretic effect is not obtained. It can be 
administered in a continuous venous perfusion, with 
doses adjusted to the severity of the renal dysfunction, 
for 2-4 hours19. Some authors have observed the in-
crease of urinary output, the decrease of the frequen-
cy of ototoxicity and a shorter period of admittance20. 
This practice was not confirmed by the randomized 
prospective trial The Diuretic Optimization Strategies 
Evaluation (DOSE), which included 308 patients with 
acute decompensated heart failure. DOSE did not re-
veal significant differences in the evolution of patients 
after receiving diuretic treatment in bolus, compared 
to those who received the treatment through continuo-

Table 4. The medication used for the treatment of CRS

Drug class Indication
Diuretics Acute and chronic CRS 
ACE inhibitors/ARB Chronic CRS
Beta blockers Chronic CRS
Aldosterone antagonist diuretic Chronic CRS 
Vasodilators: Nitroglycerine, Nesiritide Acute CRS and hypertension
Inotrope positive: Dopamine, Dobuta-
mine, Milrinone, Levosimendan

Acute CRS and hypotension 

Vasopressin antagonists: Tolvaptan 
vasopresină: Tolvaptan

Acute CRS

Adenosine antagonists: Rolofylline Acute and chronic CRS
Ultrafiltration Acute and chronic CRS
Synthetic natriuretic peptide CD - NP Acute CRS 
Soluble guanylate cyclase activators Acute CRS 
CRS - cardiorenal syndrome, ACE inhibitors - angiotensin converting enzyme inhibitors, ARB - 
angiotensin receptor blockers
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us endovenous perfusion. As a result of administering 
high doses of diuretics, as opposed to the administrati-
on of low doses, a transitory deterioration of the renal 
function could be observed. This had no adverse effects 
regarding the patient’s prognostic21. Another option 
taken into study when hypoalbuminemia is associated 
considers the combined use of furosemide with low 
sodium albumin. A furosemide - albumin complex is 
formed, increasing the disponibility of the diuretic by 
maintaing it in the vascular stream22.

Ultrafiltration
Ultrafiltration is a treatment option which is increasin-
gly used in the treatment of CRS. It successfully elimi-
nates the liquid excesses in cases with severe heart fa-
ilure, associated with refractory hydrosaline retention 
and resistance to optimal diuretic treatment. Ultrafil-
tration is a mechanical process which consists of remo-
ving isotonic liquid and low molecular weight mole-
cules from the circulatory system, based on a pressure 
gradient and using a semi permeable membrane. In a 
classic manner a central venous catheter is required, es-
pecially for patients with edema, but modern methods 
allow the use of the cubital vein and the use of a low 
flow catheter23. Its effects include the decrease of the ri-
ght atrial pressure and the downgrade of the pressure 
blocked in the pulmonary capillaries, without a signifi-
cant impact on the cardiac output and stroke volume24. 
Ultrafiltration eliminates a larger quantity of water and 
sodium compared to diuretics, without neurohormo-
nal activation, allowing the elimination of approxima-
tely 3-4 liters of liquid per session. Because of the be-
nefits observed in the treatment of CRS patients a large 
number of studies were dedicated to the evaluation of 
the efficiency of ultrafiltration in their treatment. RA-
PID CHF studied liquid elimination and the evolution 
of some patients admitted for CRS, finding better re-
sults in cases where ultrafiltration was used, rather than 
a classic treatment25. 

Another study conducted on patients with acu-
te heart failure was the UNLOAD trial. Patients who 
underwent ultrafiltration lost more weight than those 
who were given diuretics, but without any statistica
lly significant differences concerning the reduction 
of dyspnea or the improvement of the renal function. 
However, the lot of patients treated with ultrafiltration 
had a lower re-admittance rate after 90 days from the 
initial admission26.

The indications of ultrafiltration in the treatment of 
heart failure are limited in day to day practice to pati-

ents with edema syndromes refractory to optimal doses 
of diuretics, or in cases with aggravating renal failure. 
Due to the high costs it implies and the need for a better 
patient surveillance, new studies are needed to evaluate 
ultrafiltration from the perspective of cost-efficiency, 
moment of administration (clinical context, the gravity 
of the organ dysfunction) and protocol (type of treat-
ment, rhythm and period of administration). The Car-
diorenal Rescue Study in Acute Decompensated Heart 
Failure (CARRESS) study is currently in progress and 
tries to answer some of these questions. The patients 
included in this controlled and randomized trial have 
been hospitalized for acute, destabilized heart failure 
and developed cardiorenal syndrome. Serum creatini-
ne and weight were monitored for any modifications at 
96 h after admission. Considering the already existing 
proof, ultrafiltration should be considered and used as 
first line therapy in CRS. 

Vasodilatation treatment
Vasodilatation treatment determines the rapid reduc-
tion of the ventricular filling pressure, central venous 
pressure and myocardial oxygen consumption, impro-
ving cardiac function.

a)	Nitroglycerin is frequently used in heart failure to 
reduce pulmonary congestion. The reduction of 
venous pressure could be benefic in CRS by re-
ducing the renal venous pressure. However, the 
benefits to overall survival and renal function im-
provement deriving from the use of nitroglycerin 
in CRS are not yet known. 

b)	Nesiritide is a recombined BNP (brain natriure-
tic peptide) which induces vasodilatation with 
the reduction of cardiac afterload and preload, in-
creasing the cardiac output27. Several clinical stu-
dies have confirmed anterior favorable results on 
hemodynamic parameters and have also shown 
symptomatic improvement. When nesiritide was 
compared to an inotrope intravenous medication 
or to vasodilatation therapy, a symptom improve-
ment and increase of diuresis were observed. 

Wang’s study was the first to explore the effects of 
nesiritide on the renal function, in patients with pro-
ven cardio-renal dysfunction. The expectations were 
not matched by the results. This study concluded that 
nesiritide had no effect on the glomerular filtration 
rate, renal plasma flow and urine volume or sodium ex-
cretion29. Although the initial hypothesis was not con-
firmed, the study does not exclude all possibilities for 
this agent to play a role in the treatment of heart failure 
symptoms.
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treatment for patients suffering from chronic or acute 
heart failure because it increases the mortality risk and 
has multiple adverse effects on the heart.

The ROSE study, previously mentioned, proposes 
the optimization of heart failure therapy, wishing to ad-
minister low doses of dopamine in acute heart failure. 

The treatment of anemia
The cardiorenal-anemia syndrome was extensively de-
scribed in the literature. It develops as a result of the 
combination between heart failure and renal failure, 
through plurifactorial mechanisms38. In its turn, ane-
mia can exacerbate heart failure and CRS. Thus, a new 
concept appeared considering a new syndrome, with a 
different pathology than the one associated with classic 
CRS and with a diverse impact on patients’ morbidity 
and mortality.

The treatment of anemia with erythropoietin de-
monstrated a favorable impact on the cardiac function, 
increasing left ventricular ejection fraction and physi-
cal performance39. However, the correction of the ane-
mia must be only partial, because an aggressive correc-
tion is accompanied by a high rate of adverse effects. 

Alpha darbepoetin also demonstrated a favorable 
effect in the treatment of patients suffering from heart 
failure41. The RED-HF trial studies the effects of long 
term administration of alpha darbepoetin to patients 
with left ventricular dysfunction42. 

Future directions in the study and treatment 
of cardiorenal dysfunction
In order to develop new approaches to this syndrome 
there are several ongoing research projects, testing new 
therapies. Other options include the early introducti-
on of dialysis and ultrafiltration; in severe cases, left 
ventricular devices and intra aortic counter pulsation 
balloons can be used for short term management of 
these patients.

a)	Vasopressin antagonists: anti diuretic hormone, 
also known as arginin vasopressin (AVP), is se-
creted when the circulatory volume decreases, or 
when hyperosmolarity occurs. It exerts its effect 
through three kinds of receptors, of which the V2 
receptors are located in the kidney, more precisely 
in the distal and collector tubes. AVP acts at this 
level causing vasoconstriction and water reab-
sorption. AVP serum levels can be low in heart 
failure with hypotension and low sanguine circu
latory volume. A class of drugs called vaptans was 
developed in order to antagonize the effects of 
AVP, increasing water excretion by enhancing the 

Recently, the Acute  Study of  Clinical  Effectiveness 
of  Nesiritide in Decompensated Heart Failure Tri-
al (ASCEND-HF) trial included over 7000 patients 
with acute, decompensated heart failure. The patients 
included in this study received standard heart failure 
therapy associated with nesiritide in a continuous per-
fusion, or placebo. It concluded that nesiritide can be 
safely administered without adverse effects regarding 
the renal function or mortality and that it lead to a mi-
nor improvement concerning the dyspnea30. There are 
other studies which have tested the effects of nesiritide 
administered in a single dose per week, evaluating this 
type of treatment for high risk patients, Fusion II. How-
ever, these studies did not prove any significant impro-
vements in the quality of life, or survival31. The Renal 
Optimization Strategies Evaluation in Acute Heart Fa-
ilure (ROSE) trial is currently in progress. It includes 
patients with acute heart failure, treated with 3 diffe-
rent types of drugs: diuretic treatment, optimal when 
associated with nesiritide, low doses of dopamine and 
placebo. At the same time, the efficiency and the study 
profile of this therapy was studied on patients with acu-
te heart failure. 

Positive inotropic agents
Such agents like dopamine, dobutamine, phospho-
diesterase inhibitors and levosimendan are used in the 
treatment of CRS in order to facilitate diuresis, preser-
ving or improving the renal function due to their ca-
pacity to increase the cardiac index and renal perfu-
sion32,33. Low doses of dopamine (lower than 5 µg/kg/
min) were often used in order to improve renal func-
tion, but it appears that this effect is owed mostly to 
the increase of the cardiac output, rather than a local 
effect34. Clinical studies have been conducted on the 
effects of dopamine and they have not revealed any cli-
nical benefit35. Also, in a study performed on patients 
with acute renal failure it was noticed that dopamine 
can actually worsen the renal perfusion36. 

The OPTIME study investigated the use of milrino-
ne for patients suffering from chronic heart failure. It 
showed that patients in advanced stages of the disease 
do not have an improved prognostic if they follow this 
treatment37.

Inotrope medication can be introduced in the treat-
ment of patients suffering from CRS only in cases in 
which renal failure develops secondary to low cardiac 
output. The medication will be administered on short 
term and under careful monitoring due to the risk of 
developing arrhythmia. It does not represent a routine 
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tic peptide CD-NP was created starting from the type 
C and type D natriuretic peptide and was used in the 
treatment of acute heart failure, without inducing arte-
rial hypotension53. 

In the first clinical trial favorable effects were pro-
ven regarding natriuresis and the preservation of the 
renal function. Unlike native natriuretic peptides, CD-
NP suppresses aldosterone synthesis54. The success of 
synthetic peptides paves the way to their study and use 
in the treatment of heart failure and CRS. 

d)	Soluble guanylate cyclase activators (cinaciguat, 
atisciguat) can be used in the treatment of heart 
failure to reduce systemic vasoconstriction by in-
creasing the vasodilatation effect of nitric oxide, 
thus preventing the development of resistance to 
nitrates, which usually appears in heart failure55. 
An experimental study showed the reduction of 
the preload and afterload, with the increase of the 
cardiac output in a heart failure model56. The ob-
served renal effect was the preservation of glome-
rular filtration, possible because of the effects on 
renal resistance. 

e) The intrarenal administration of medication can 
be an alternative to the classic administration of 
drugs in CRS, in order to increase the local con-
centration and inducing local renal effects, with 
less systemic exposure and side effects. By admi-
nistering fenoldopam (a dopaminergic agonist) 
or nesiritide locally, in the renal arteries the renal 
metabolization occurring when the drug is admi-
nistered intravenously is by-passed, inducing less 
systemic side-effects48,57 refI. Phosphodiesteraze V 
inhibitors are also in study as a possible therapy, 
administered in association with BNP in order to 
offer a new vision of CRS physiopathology and to 
establish a new therapeutic combination, with in-
fluence in the treatment and prevention of heart 
failure58.

Sympathetic renal denervation can have a potential 
role in the prevention and management of cardiorenal 
syndrome, without having any clinical or experimental 
trials to confirm the therapeutic effects of this proce-
dure.

Conclusions
According to the presented facts we can safely affirm 
that the onset of cardiorenal syndrome is a bad, but 
frequent development in the evolution of chronic heart 
failure. Understanding the mechanisms involved in the 
development of CRS is rudimentary at best, lacking 
efficient therapies. The treatment of heart failure is 

clearance of water and increasing serum sodium 
levels, useful especially in hyponatremic states43. 

The ACTIV study focused on the effects of adminis-
tering tolvaptan in acute heart failure. It was observed 
that patients treated with tolvaptan presented a more 
rapid weight loss and an increased urinary debit com-
pared to those who have received the standard treat-
ment, without modifications to serum creatinine values 
at discharge44.

A more ample study, EVEREST, confirmed the data 
already known from ACTIV, but did not demonstrate 
any prognostic benefits from long term administration 
of tolvaptan in acute heart failure45.

b) Adenosine receptors antagonists: the energy con-
sumed during sodium excretion in the kidney is 
generated by adenosine, resulted from the trans-
formation of ATP in ADP in the renal tubules, 
determining the constriction of the afferent artery 
through the binding of the A1 receptor, reducing 
the renal flux and determining sodium reabsorpti-
on. Adenosine receptors antagonists represent a 
class of drugs that determine the increase of renal 
perfusion, diuresis and sodium excretion. These 
drugs are prescribed in heart failure with hyper-
volemia and hyponatremia46. Previous studies in-
dicated a possible role played by these agents in 
avoiding the decline of the renal function due to 
the use of loop diuretics47. 

Rolofylline stands out from this class of drugs as the 
one able to increase diuresis and natriuresis in associ-
ation with lower doses of diuretics48. Rolofylline was 
studied in the PROTECT multicenter trial, including 
300 patients with acute heart failure and altered renal 
function at the time of admission. It was administered 
in different doses in continuous perfusion, together 
with the standard therapy. The final data did not show 
any benefits regarding the renal function or the pro-
gnostic. New studies are necessary in order to test these 
hypotheses49. The REACH-UP study did not demons-
trate a clear benefit of rolofylline in the treatment of pa-
tients with acute heart failure and renal dysfunction50. 

The potential role can exist, in particular cases, such 
as the prevention of contrast nephropathy or in case of 
hypotension and in patients at risk of developing resis-
tance to diuretics51.

c)	The synthetic natriuretic peptide
Synthetic natriuretic peptides are molecules synthe-

sized from natural natriuretic peptides, created with 
the purpose of optimizing the pharmacological actions 
and minimizing the side effects52. Of these, the synthe-
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