Cardiorenal Syndrome in Critical Care: The Acute
Cardiorenal and Renocardiac Syndromes
Dinna N. Cruz
Heart and kidney disease often coexist in the same patient, and observational studies have shown that cardiac disease can directly contribute to worsening kidney function and vice versa. Cardiorenal syndrome (CRS) is defined as a complex pathophysiological disorder of the heart and the kidneys in which acute or chronic dysfunction in one organ may induce acute or chronic
dysfunction in the other organ. This has been recently classified into five subtypes on the basis of the primary organ dysfunction
(heart or kidney) and on whether the organ dysfunction is acute or chronic. Of particular interest to the critical care specialist are
CRS type 1 (acute cardiorenal syndrome) and type 3 (acute renocardiac syndrome). CRS type 1 is characterized by an acute deterioration in cardiac function that leads to acute kidney injury (AKI); in CRS type 3, AKI leads to acute cardiac injury and/or
dysfunction, such as cardiac ischemic syndromes, congestive heart failure, or arrhythmia. Both subtypes are encountered in
high-acuity medical units; in particular, CRS type 1 is commonly seen in the coronary care unit and cardiothoracic intensive
care unit. This paper will provide a concise review of the epidemiology, pathophysiology, prevention strategies, and selected
kidney management aspects for these two acute CRS subtypes.
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Consensus Definition and Classification of the
Cardiorenal Syndromes
Various organ systems within the human body are intimately connected to each other. This so-called ’’organ
crosstalk’’ refers to the complex biological communication
and feedback between organ systems mediated via various soluble and cellular mediators. In the normal state,
this crosstalk helps to maintain homeostasis and optimal
functioning of the human body. However, during disease
states this very crosstalk can carry over the influence of
the diseased organ to initiate and perpetuate structural
and functional dysfunction in other organs.1,2
Heart and kidney disease often coexist in the same patient in acute and chronic states. Observational and clinical trial data have accrued to show that acute/chronic
cardiac disease can directly contribute to acute/chronic
worsening kidney function and vice versa. Considering
the complex and bidirectional relationship between these
two organs, the Acute Dialysis Quality Initiative recently
proposed a consensus definition and classification of
cardiorenal syndromes (CRS).3 CRS is defined as ’’a complex pathophysiological disorder of the heart and the kidneys whereby acute or chronic dysfunction in one organ
may induce acute or chronic dysfunction in the other organ.’’ The classification into five subtypes is based on the
primary organ dysfunction, whether heart (called ‘‘cardiorenal’’ syndromes) or kidney (called ‘‘renocardiac’’ syndromes), and on whether the organ dysfunction is acute
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or chronic (Table 1).3 The classification is not intended
to be static; it is acknowledged that many patients may
transition between different CRS subtypes during the
course of their disease.4 An example of such a situation
is that of a patient with chronic heart failure (CHF) and
CKD; that patient is considered to have CRS type 2.
Many such patients may have an episode of acute
decompensation requiring hospitalization that may be
complicated by acute kidney injury (AKI) in 24-45% of
cases; the patient will then slip into CRS type 1. Treatment
of the acute decompensation will restore the patient to
their baseline state. The AKI in such situation is often
transient, and the kidney function recovers to its preexisting level; the patient then moves back into CRS
type 2. Further subclassifications into transient or reversible dysfunction and slowly or acutely progressive vs
stable disease are avoided to keep the classification
parsimonious.

Acute Cardiorenal and Renocardiac Syndromes
Epidemiology
Of particular interest to the critical care specialist are CRS
type 1 (acute cardiorenal syndrome) and type 3 (acute renocardiac syndrome). Both subtypes are encountered in
high-acuity medical units; in particular, CRS type 1 is
commonly seen in the coronary care unit and cardiothoracic intensive care unit (ICU).
CRS Type 1
CRS type 1 is characterized by an acute deterioration
in cardiac function that then leads to AKI (Table 1). The
spectrum of acute cardiac dysfunction that could result
in AKI includes acute decompensated heart failure
(AHF), acute coronary syndrome (ACS), and postcardiotomy low cardiac output syndrome, among others. There
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are several studies describing the epidemiology of CRS
consistently been associated with higher risk for CRS
type 1, most commonly referred to in the literature as
type 1 in almost all studies. In terms of the so-called mod‘‘worsening renal function’’ in AHF and ACS. An extenifiable risk factors, high-dose diuretic (eg, daily furosesive review on this topic can be found elsewhere.4,5
mide dose .100 mg/day or in-hospital use of thiazides)
Increases in serum creatinine (sCr) ranging from 0.1
and/or vasodilator therapy as well as higher radioconto 0.5 mg/dL and 25-50% from baseline have been used
trast volumes (eg, contrast media volume-to-creatinine
to define CRS type 1. Other definitions used in the
clearance ratio [V/CrCl] .3.7) during cardiac catheteriliterature include change (D) in estimated glomerular
zation and intervention have been frequently cited in epfiltration rate (eGFR; eg, decrease in eGFR by 25%), by
idemiologic studies.11,12,15,17,24,26,27 However, it is likely
that these are merely surrogate markers for more severe
either DsCr and/or urine output (eg, ,20 mL/hour), or
acute cardiac dysfunction or ischemia.
by Dblood urea nitrogen (eg, increase by 50%). Different
In AHF and ACS, the development of CRS type 1 has
studies also considered variable timeframes for
been associated with worse clinical outcomes, rehospitalascertainment of this end point, which would also
ization, and increased health care expenditures.16,17,19,28
influence epidemiologic estimates. Most commonly, the
The mortality risk associated with CRS type 1 is most
period of observation is within the hospital admission,
pronounced early on, but it persists beyond the short
but other studies have also looked at 2 weeks6 or at a longer term such as 6 months.7 It has been recommended
term.28 Indeed, an increased risk for death can be seen
that established AKI consensus definitions/classifications
as far as 10 years out from the index hospitalization for
(RIFLE, AKIN, KDIGO)8-10 and a defined relevant time
acute myocardial infarction (AMI).21 Furthermore, a bioframe (eg, first 7 days of
logical gradient has been
hospitalization) be used in
observed between severity
CLINICAL SUMMARY
future studies enrolling
of CRS type 1 and mortality
AHF/ACS patients.4 This
risk.21,28 More recently,
 Cardiorenal Syndrome (CRS) is a complex pathophysiological
would enable integration of
CRS type 1 has also been
disorder of the heart and the kidneys wherein acute or chronic
dysfunction in one organ may induce acute or chronic
type 1 CRS into the broader
associated with an indedysfunction in the other organ.
context of AKI and permit
pendent higher risk for
greater standardization of
ESRD; likewise, the more
 CRS Type 1 (acute cardiorenal syndrome) is characterized
by an acute deterioration in cardiac function, which leads
data across future epidemiosevere the AKI episode, the
to acute kidney injury (AKI).
logic investigations.
higher the risk of ESRD.20
Recognizing the limitations
 In CRS Type 3 (acute renocardiac syndrome), AKI leads to
acute cardiac injury and/or dysfunction, such as cardiac
of having varied definitions,
CRS Type 3
ischemic syndromes, congestive heart failure, or
CRS type 1 has been described
arrhythmia.
CRS type 3 is characterized
in 27-45% of hospitalized
 The management of these acute CRS subtypes is
by AKI that then leads to
AHF patients11-17 and in 9challenging due to the multitude and complexity of
54% of ACS patients6,18–23
an acute cardiac injury
pathophysiological interactions between heart and kidney.
(Fig 1). A significant proporand/or dysfunction, such
tion of cases occurs in the
as AMI, congestive heart
first 3-5 days after admission
failure (HF), or arrhythmia
in AHF and ACS.13,18,24 It is likely that the
(Table 1). Acute kidney conditions that are typical for
pathophysiology of CRS type 1 (discussed further below)
this syndrome include cardiac surgery-associated AKI,
may vary at different time points. For example, early AKI
AKI after major noncardiac surgery, contrast-induced
may be related to a low cardiac output state and/or
AKI (CI-AKI), other drug-induced nephropathies, acute
marked increase in venous pressure. On the other hand,
glomerulonephritis, and rhabdomyolysis.
investigations (ie, cardiac catheterization and contrast
In contrast to CRS type 1, there is a relative paucity of
media exposure) or interventions (ie, furosemide,
data regarding the epidemiology of CRS type 3. Perhaps
angiotensin-converting enzyme [ACE] inhibitors) may be
the earliest clinical reports of CRS type 3 were that of electhe factors responsible for CRS type 1 occurring later in
trocardiographic (ECG) changes in patients with AKI and
the hospital course.
electrolyte disorders dating back to 1961.29,30 In 60
patients with kidney failure, increased PQ interval was
Several risk factors have been identified in the literanoted among the patients with K greater than 7 meq/L,
ture. Nonmodifiable risk factors include a history of
and a prolonged QT wave was associated with the
diabetes or prior admissions for AHF or myocardial inpresence of hypocalemia.29 The authors noted that ECG
farction and evidence of more severe cardiac dysfunction
changes were more frequently observed among AKI
at the time of presentation (eg, presence of pulmonary
patients as compared with those with CKD, even at
edema or tachyarrhythmias, worse Killip class,25 or lower
ejection fraction6,15,18). Worse kidney function on
similar levels of potassium. In another early series of
admission, whether defined by sCr or eGFR, has
69 AKI patients, ECG was performed before and after
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Table 1. Classification of CRS
Class

Type

Description

Clinical Scenarios (Examples)

1

Acute CRS

Abrupt worsening of cardiac function
leading to AKI

-

2

Chronic CRS

Chronic abnormalities of cardiac function
leading to CKD

- IHD/hypertension
- CHD
- CHF

3

Acute renocardiac syndrome

Abrupt worsening of renal function
leading to acute cardiac dysfunction

- Acute pulmonary edema in AKI
- Arrhythmia
- CIN with adverse cardiac outcomes

4

Chronic renocardiac syndrome

CKD leading to chronic cardiac
dysfunction

- Cardiac hypertrophy in CKD
- Adverse cardiovascular events in CKD
- ADPKD with cardiac manifestations

5

Secondary CRS

Systemic disorders causing cardiac and
renal dysfunction

- Sepsis
- SLE
- DM

AHF
Cardiac surgery
ACS
CIN after coronary angiogram

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CHD, congenital heart disease; CIN, contrast-induced nephropathy;
DM, diabetes mellitus; IHD, ischemic heart disease; SLE, systemic lupus erythematosis.

hemodialysis.30 They were divided into 4 groups based
on predialysis potassium level (,3.8, 3.8-5.1, 5.1-6.5,
and .6.5 meq/L). All patients exhibited tachycardia
with shortening of PQ and QRS intervals after hemodialysis. This shortening was most marked among the patients with significant hyperkalemia (.6.5 meq/L)

before dialysis. In contrast, U wave was observed in all
hypokalemic AKI patients before dialysis and disappeared only in some patients afterward.
Very few clinical studies that focused on AKI have reported on the event rates of acute cardiac dysfunction.
Therefore, estimates of incidence and associated

Figure 1. Incidence of CRS type 1 in selected studies on (A) AHF and (B) ACS.
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Figure 2. Other organ failures seen in AKI patients (A); adapted with permission from Liano et al.31 Reported causes of death
in AKI patients (B).31–32

outcomes of CRS type 3 are challenging. In a multicenter
AKI cohort, the organ failures most commonly seen were
respiratory, cardiovascular, and hepatic failure31 (Fig 2A).
The mortality of AKI patients in the ICU increased
concomitantly with the number of other organ failures.
These same authors reported the cause of death in 748
cases of AKI in 13 hospitals in Madrid over a 9-month
period.32 Heart disease was the reported cause of death
in 15% of AKI patients; the top causes were infection,
shock, and respiratory disease (Fig 2B). With the lack of
good quality data on this syndrome, it has been recommended to include cardiovascular events as outcomes
in studies focused on AKI, to conduct primary investigations to characterize factors associated with susceptibility for acute cardiac dysfunction in AKI, and to
determine whether these factors may be preventable
and/or modifiable.4

Pathophysiology
CRS Type 1
The presence of AHF may affect kidney function by several mechanisms including disturbed hemodynamics,
presence of external factors, and immune-mediated processes.33,34
At the onset of AHF, particularly with the presence of
systolic dysfunction and decreased cardiac output, kidney arterial underfilling and increased venous congestion are expected complications leading to decreased
glomerular filtration rate.35
A lower kidney perfusion in the setting of AHF overactivates the renin-angiotensin-aldosterone system (RAAS),
promoting water and sodium retention, which will contribute to systemic and kidney hypertension and consequently endothelial and glomerular injury. Additionally,

angiotensin II and aldosterone have profibrotic and
proinflammatory properties that further contribute to
kidney damage.
Some drugs commonly prescribed for the treatment of
AHF can also contribute to development of AKI by disturbing systemic and kidney hemodynamics. Diuretics are recommended in AHF to control dyspnea and edema, but
their use may be complicated by excessive intravascular
volume depletion and further compromise kidney perfusion.36,37 Diuretic resistance may also complicate the
clinical picture of CRS type 1 by acutely or chronically
increasing sodium retention.38 ACE inhibitors, angiotensin
receptor blockers (ARBs), and aldosterone receptor antagonists are included in the protocols for the management
of HF39 because these drugs have been shown to significantly improve the survival of these patients in many
randomized control trials.40-46 However, they affect
kidney hemodynamics, and their use must be carefully
monitored to avoid AKI in decompensated patients.
Another important iatrogenic nephrotoxin in AHF and
ACS is radiocontrast media for imaging procedures.
Iodinated contrast agents induce intense and prolonged
vasoconstriction at the corticomedullary junction of the
kidney and directly impair the autoregulatory capacity
of the kidney through a reduction in nitric oxide synthesis.47,48 These effects, coupled with direct tubular toxicity
of iodinated radiocontrast, lead to overt acute tubular
necrosis and CI-AKI.
Immune-mediated mechanisms have also been implicated in the development of CRS type 1.49,50 Evidence has
suggested that an increased number of proinflammatory
cytokines, a higher rate of apoptosis, and monocyte
reprogramming have a pathogenic role in AKI.51-53 It has
been recently demonstrated that plasma-induced apoptosis, capsase-3 and 8 activities, and interleukin-6 levels
were significantly higher in CRS type 1 patients when
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compared with healthy controls and with patients with
AHF but without kidney impairment.54,55 However, the
specific role of these cytokines in the causation of AKI in
the setting of AHF remains to be elucidated.
CRS Type 3
The mechanisms underlying CRS type 3 are not clearly
understood, but two general categories of effects have
been proposed: direct effects of AKI on the heart and
effects of AKI on remote organ function with indirect effects on the heart.56 AKI triggers activation of the innate
and adaptive immune systems, and in animal models
of bilateral kidney ischemia increased levels of tumor necrosis factor a (TNF-a), interleukin-1, and intracellular
adhesion molecule-1 (ICAM-1) mRNA were found in
the heart after 48 hours of AKI and were accompanied
by evidence of cardiac cell apoptosis and functional
changes on echocardiography.57,58
Physiologic functions of the kidney are compromised
during AKI, leading to dangerous complications that indirectly affect the heart, including fluid overload contributing to the development of edema, cardiac overload,
hypertension, pulmonary edema, and myocardial dysfunction; hyperkalemia and other electrolyte imbalances
that can be implicated in the development of arrhythmias; acidemia that disturbs myocyte metabolism and
contributes to pulmonary vasoconstriction, increased
afterload for the right ventricle, and has a negative inotropic effect; and accumulation of uremic toxins that depress myocardial contraction.56 In addition, uremia is
characterized by increased oxidative stress and inflammation that aggravates HF.35
Furthermore, kidney and heart can activate RAAS and
the sympathetic nervous system. These two systems interact and potentiate each other, contributing to perpetuate volume overload, increased sympathetic tonus, and
angiotensin II release with the final deleterious effects
on heart including myocyte apoptosis, hypertrophy,
and focal necrosis.59

Prevention and Management
CRS is an end result of the interaction between complex
pathogenic factors, and once the syndromes set in, they are
difficult to abort and are often not reversible in many cases.
Most importantly, they are associated with adverse outcomes, even if the AKI episode is transient.16,19 The
pathophysiology of CRS also highlights the importance of
limited organ reserve to recover from insults/injury due to
the chronically damaged nature of the organs in the disease
process. Thus, prevention of CRS is paramount in clinical
practice with an aim to identify and avoid precipitating
factors as well as to use measures to maintain optimal
functioning of the diseased heart and kidney. This may
involve multimodality and multidisciplinary preventive

strategies, working via diverse therapeutic targets. Apart
from pharmacological measures, some nonpharmacological
and general preventive measures have to be reinforced
across the whole spectrum of CRS. These include weight
monitoring and management, smoking cessation, exercise,
diet and nutrition, and improving compliance to
pharmacological treatment.
Although standard evidence-based guidelines currently exist for management of AHF60,61 and ACS,62-64
and more recently for AKI,10 there are no clear recommendations for the management of CRS types 1 and
3.65 The multitude of pathophysiological interactions
and their complexity render the management of CRS
challenging. Only selected key aspects of kidney-related
management will be reviewed here.
CRS Type 1
Improving the natural history of CHF and avoiding acute
decompensation are the cornerstones of prevention in
CRS type 1.66 Strategies for prevention in these patients
should follow those recommended by the ACC/AHA
for stage A and B HF.67 These include coronary artery disease risk factor modification and avoidance of medications that may precipitate salt and water retention,
including nonsteroidal anti-inflammatory agents and
thiozolidinediones. More importantly, use of RAAS antagonists and b-blockers (BBs) should be optimized
appropriately. In patients with CKD, ’’therapeutic nihilism’’ should be avoided, and efforts must be made to cautiously introduce these cardioprotective agents, with the
knowledge that close monitoring of kidney function will
be needed.
Outpatient pharmacologic therapy of CHF needs to be
individualized, reviewed frequently, and titrated against
the patient’s status regularly to avoid episodes of acute
decompensation. In a recent meta-analysis of 14 trials involving 4264 patients, the use of remote telephone monitoring to ensure compliance and monitoring has shown
to decrease hospitalization by 21% and all-cause mortality by 20%.68 The use of biomarkers may further enhance
telemedicine.69 In a proposed telemedicine algorithm,
patients are monitored on an outpatient basis with regular weight monitoring. When patients report a weight
gain of 3-5 lb with HF symptoms, diuretic dose is to be
adjusted and optimized via telephone advice. In patients
who report a weight gain of 3-5 lb but without any overt
signs of HF, brain natriuretic peptide (NP) is measured.
The diuretic dose is then titrated based on changes in
NP levels from baseline to achieve avert further volume
overload.
Another mainstay of prevention is to recognize patients at risk for CRS. Patients who develop CRS type 1
are generally older, have a history of previous hospitalizations for HF or myocardial infarction, and often have
baseline kidney dysfunction and hypertension. Risk
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Table 2. Renoprotective Strategies in Patients at High-Risk for AKI or With AKI
General

AHF
CI-AKI

ICU

Higher acuity monitoring (fluid balance, urine output, creatinine, blood pressure, cardiac function)
Accurate evaluation of volume status (clinical and biomarker evaluation, bioimpedance analysis)
Hold ACE inhibitors/ARB as appropriate
Optimize volume status and perfusion pressure
Adjust diuretic doses
Pharmacovigilance (drug monitoring/dosing, avoiding nephrotoxins, attention to drug interaction)
Initial use of vasodilators, including nitrates, hydralazine, and nesiritide (in AHF)
Consider alternative imaging methods to radiocontrast procedures
Volume optimization with intravenous isotonic sodium chloride or sodium bicarbonate solutions prior
to contrast procedure
Minimize volume of radiocontrast media
Iso- or low osmolar contrast media
Consider oral N-acetylcysteine
Use isotonic crystalloids rather than colloids as initial management for intravascular volume expansion
in the absence of hemorrhagic shock
Use of vasopressors in conjunction with fluids
Protocol-based management of hemodynamic and oxygenation parameters

Adapted from References.10,102

prediction scores for AKI have been published for AHF,24
for CI-AKI after percutaneous coronary intervention70
and after cardiac surgery,71 and in hospitalized patients,72
among others. Such scoring systems can be used to recognize preemptively the patients at a high intrinsic risk of
developing acute kidney or cardiac complications. The
use of biomarkers, such as the NPs, troponins, and novel
kidney biomarkers may further enhance risk prediction,
in addition to the clinical risk scores. These CRS biomarkers are extensively reviewed elsewhere.73 Renoprotective measures can then be selectively instituted in
high-risk patients with the aim of reducing the risk of
acute CRS (Table 2).
In terms of management, diuretics have remained the
cornerstone of treatment for AHF over the years and are
used to treat signs and symptoms due to sodium and water retention.36,37 However, loop diuretics predispose
patients to electrolyte imbalance and hypovolemia,
which in turn lead to neurohormonal activation and
AKI. Furthermore, it is well-known that diuretic braking
phenomena exist and postdiuretic sodium retention may
further decrease responsiveness to diuretics, especially
among patients with CKD. Therefore, aggressive diuresis
may be needed to achieve clinical goals but may lead to
undesirable consequences.
The optimal regimen for diuretics remains unclear.
Continuous intravenous infusion of diuretics has traditionally been considered more effective than bolus in
severe AHF.74,75 However, in the recent DOSE-AHF randomized trial, there were no significant differences in patients’ symptoms or in the change in kidney function
when diuretic therapy was administered by bolus as
compared with continuous infusion, or at a high dose
(2.5 times the previous outpatient oral dose) as compared with a low dose (equivalent to the previous oral
dose).76 The high-dose strategy was associated with
greater diuresis and more favorable outcomes in some

secondary measures but also with transient worsening
of kidney function (23% vs 14% in low-dose, p ¼ 0.04).
This is an important caveat. At least two studies, one
in AHF16 and another in the ACS,19 have shown that
the risk of poor outcome (death and rehospitalization)
persisted regardless of whether CRS type 1 was transient
or sustained. It is likewise important to note that patients
with sCr greater than 3 mg/dL were excluded from this
study. Such patients are more likely to need higher doses
of furosemide and are more susceptible to develop CRS
type 1 during hospitalization for AHF.
In addition to risk prediction, biomarkers can be used
to monitor therapy and avoid overdiuresis. NP-guided
therapy has been shown to be superior to symptomguided therapy alone during hospitalization for
AHF.69,77,78 It has also been suggested that novel kidney
biomarkers, such as neutrophil gelatinase- associated
lipocalin and others, could potentially provide a
biomarker ‘‘warning’’ that will trigger the physician to
modify or suspend diuretic therapy and potentially
avoid full-blown AKI, although this approach has not
yet been studied in trials.79 Furthermore, bioelectrical impedance analysis is a reliable and simple method to assess fluid status and fluid distribution in HF patients.80
These methods provide more objective estimates of volume status in such patients. Used in conjunction with
standard clinical assessment and biomarkers such as
the NPs, bioimpedance analysis may be useful in guiding
pharmacologic and ultrafiltration (UF) therapies and
subsequently restoring such patients to a euvolemic or
optivolemic state.37,80
UF is a potentially attractive alternative to loop diuretics for the management of fluid overload in patients
with AHF and worsening kidney function. The UNLOAD trial, in which 200 patients were randomized to
UF or intravenous diuretics, demonstrated that in AHF,
UF safely produced greater weight and fluid removal
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than intravenous diuretics, reduced 90-day resource utilization for HF, and was an effective alternative therapy.81
The role of UF as a rescue therapy in patients with AHF
and CRS will be compared with stepped pharmacologic
care in the ongoing CARRESS-HF trial (see addendum
below).82
The beneficial effects of ACE inhibitors, ARBs, aldosterone antagonists, and BBs in HF and ACS are well recognized.40,41,43,45,83–87 However, the administration of BBs
in patients with CRS type 1 merits great caution and
generally should be avoided until the patients have
been stabilized. This is because in such situations,
maintenance of cardiac output is achieved via activation
of the sympathetic nervous system and reflex
tachycardia. Blunting of this compensatory response can
thus precipitate cardiogenic shock.88 Furthermore, aldosterone antagonist therapy is associated with a small but
significant risk of severe hyperkalemia. Careful monitoring is therefore essential, particularly in patients with
CKD. Vasodilators including nitroglycerin, isosorbide dinitarte, nitroprusside, and hydralazine have been used
in the management of CRS especially in situations in
which ACE inhibitors/ARBs may be contraindicated.89
Evidence regarding the potential kidney-preserving effects of nesiritide is mixed, and it is not currently recommended for the prevention of AKI.10
CRS Type 3
In an analogous manner, optimized management of CKD
as per established guidelines90 and attention to potential

AKI triggers are important in the prevention on CRS
type 3. As noted above, appropriate renoprotective strategies specific for the clinical situation can be implemented
in high-risk patients (Table 2). For example, an important
factor contributing to kidney dysfunction in AHF and
ACS is the administration of radiocontrast for imaging
and procedures. Appropriate prophylaxis should be
done to avoid CI-AKI.10,91 In critically ill patients and in
patients who undergo high-risk surgery, protocol-based
management of hemodynamic and oxygenation parameters are recommended for the prevention of AKI.92,93
These include the use of isotonic crystalloids rather than
colloids as initial management for intravascular volume
expansion in the absence of hemorrhagic shock and the
appropriate use of vasopressors in conjunction with
fluids.10 Several pharmacologic strategies have shown
promise in animal and/or early clinical studies, including
loop diuretics, mannitol, low-dose dopamine, fenoldopam, atrial NP, and recombinant human insulin-like
growth factor-1. To date none have been shown to provide consistent benefit for the prevention or attenuation
of AKI, and are currently not recommended by consensus
AKI guidelines.10,94 Likewise, it is not recommended to
select off-pump coronary artery bypass graft surgery for
the sole purpose of reducing postoperative AKI.10
Although clinical models are in use for prediction of
adverse cardiovascular outcomes after acute cardiac
events (eg, after ACS95-97), there are currently no
validated models for predicting the acute cardiac events
themselves. In view of this knowledge gap, an important

Figure 3. Supportive management in patients with established AKI. Modified with permission from Chuasuwan and Kellum 56
and the KDIGO group.10
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research agenda would be to include acute and chronic
cardiovascular events as outcomes in studies focused on
AKI and to develop such models for external validation.
In the patient who already has established AKI, stagebased management of CRS type 3 has been proposed.56
These are summarized in Figure 3. It is important to establish a diagnosis as soon as possible. Context-specific
biomarkers (for example, brain NP and NT-pro-brain
NP for HF; bilirubin and hepatic enzymes for hepatic failure; procalcitonin, endotoxin activity assay, and cultures
for sepsis; and imaging and other studies [eg, urine sediment]) should be used to accurately establish the etiology of AKI. Moreover, it is important to search for
reversible hemodynamic components and potential direct nephrotoxins. In milder stages of AKI (eg, AKIN
Stage 1, RIFLE Risk), a noninvasive workup may be adequate. However, in more severe AKI, more invasive evaluation, including kidney biopsy, may be indicated. The
previously described renoprotective measures (Table 2)
should continue to be implemented in the AKI patient.
In a prospective controlled nonrandomized intervention
study, these relatively simple measures, recommended
during the course of a prompt one-time nephrology consult within 18 hours of fulfilling AKI criteria, was associated with a lower peak sCr.98 However, there were no
cardiac endpoints described in this study. Electrolyte abnormalities, such as hypokalemia, hyopmagnesemia, and
dysnatremias, are frequently encountered during diuretic therapy36 and should be closely monitored.
The most common pathophysiology of acute cardiac
decompensation in AKI is sodium and water retention.
Hence, in AKI, a prompt aggressive avoidance of hypervolemia may avoid cardiac decompensation.99,100
Moreover, uremic changes and acid-base and electrolyte
abnormalities (such as metabolic acidosis) exhibit adverse
consequences on cardiac contractility and its responsiveness to catecholamines. Electrolyte disturbances, such as
hyperkalemia and hypokalemia, should be corrected to
prevent arrhythmias with undesirable hemodynamic effects. Correction of the abnormal milieu in AKI with
timely and appropriate interventions, including renal
support therapy, may avert these complications.101

Conclusions
In summary, CRS is a complex and multidimensional entity that is commonly encountered in clinical practice but
has a significant effect on morbidity and mortality. It is
classified into five subtypes based on the primary organ
dysfunction, whether heart (‘‘cardiorenal’’ syndromes)
or kidney (‘‘renocardiac’’ syndromes) and on whether
the organ dysfunction is acute or chronic. Of particular
interest to the critical care specialist are CRS type 1 (acute
CRS) and type 3 (acute renocardiac syndrome). Both subtypes are encountered in high-acuity medical units; in
particular, CRS type 1 is commonly seen in the coronary
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care unit and cardiothoracic ICU. Preventive strategies in
general for all patients with CKD and cardiac diseases,
including HF and especially those in high-risk patients,
will help decrease the incidence of acute deterioration
of organ function. The management of these acute CRS
subtypes is challenging because of the multitude and
complexity of pathophysiological interactions between
heart and kidney. Although standard evidence-based
guidelines currently exist for management of AHF,
ACS, and AKI, at present there are no clear recommendations for the management of CRS types 1 and 3.
Addendum: The CARRESS-HF study has been published.103 The use of a stepped pharmacologic-therapy
algorithm was superior to a strategy of ultrafiltration
for the preservation of renal function at 96 hours, with
a similar amount of weight loss with the two approaches.
Ultrafiltration was associated with a higher rate of adverse events.
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