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INTRODUCTION

Between all the vital organs there is a complex network
of biological information feedback, commonly referred to
as “organ crosstalk”. Normal physiological function
depends on this network. Any major organ dysfunction can
result in injury or dysfunction of another organ; a common
example would be the heart and the kidney. Heart and kid-
ney dysfunction can be observed in many hospitalized
patients, especially in the intensive care unit. The pioneer
references describing the negative effects between heart
and kidney as “cardiorenal syndrome (CRS)” appeared 58
years ago'-3. Unfortunately, this clinical entity was ignored
for nearly 50 years until about 10 years ago, when its
importance was recognized again4. Over the last decade,
many cardiologists, intensivists and nephrologists have
shown keen interest in pathophysiology of this organ cros-
stalk between heart and kidney. Many terms for this organ
crosstalk have been suggested, such as cardiorenal ane-
mia syndrome5-15, cardio-renal syndrome’®. 17, reno-car-
diac syndrome8-21. Despite frequent use of these terms in
the literature, there has been no consensus definition or
classification for this condition. We proposed the definition
of CRS and its subdivision into 5 subtypes22 23,
Irrespective of the original insult (heart failure causing kid-
ney injury or renal failure causing heart disease), once
CRS occurs, the mortality increases substantially24. If we
had highly sensitive markers capable of detecting these
syndromes at early stage, we could attenuate or prevent
both cardiac and renal injury24. In recent years, multiple
biomarkers have been identified as potential contributors
for the diagnosis and prognosis of these syndromes. In
this review, we will briefly discuss the proposed classifica-
tion, the epidemiology and pathophysiology of CRS, then
focus on the biomarkers which might be useful in early dia-

Tabella 1
Classification of cardiorenal syndrome

gnosis and prognosis of these syndromes.

DEFINITION AND SUBTYPES OF THE CARDIO-
RENAL SYNDROME

Despite the complicated interaction between heart
and kidney and tremendous overlap of diseases such as
coronary heart disease, heart failure, and renal dysfun-
ction in the same patient, we have tried to simplify this
complicated natural phenomena to clear and simple terms
which can be easily remembered and used in clinic work.
To address the inherent complexity of CRS and to stress
the bidirectional nature of the interactions between heart
and kidneys, our classification includes five sub-types
whose terminology reflects their primary and secondary
pathology and time frame. From the subtypes, we can find
acute or chronic dysfunction of heart or kidney leading to
acute or chronic dysfunction of the other (Tab. 1).

Type 1 CRS (acute cardio-renal syndrome): Type 1
CRS reflects a clinical phenomenon in which rapid worse-
ning of cardiac function leads to acute kidney injury (AKI)
(25). Examples of acute cardiac pathology which can fre-
quently lead to Type 1 CRS include acute decompensated
chronic heart failure, acute coronary syndromes, and car-
diogenic shock.

Type 2 CRS: Type 2 CRS describes a frequent clini-
cal condition in which chronic cardiac dysfunction (e.g.
chronic congestive heart failure) leads to progressive chro-
nic kidney disease (CKD).

Type 3 CRS (acute reno-cardiac syndrome): Type 3
CRS is a condition in which an abrupt and primary worse-
ning of renal function (e.g. AKI caused by acute renal
ischemia, radiocontrast, or rapidly progressive glomerulo-
nephritis) causes or contributes to acute cardiac dysfun-
ction (e.g. heart failure, arrhythmia, ischemia).

Class  Type Description Example

I Acute cardiorenal syndrome Abrupt worsening of cardiac function leading to Hemodynamically mediated AKI secondary to
acute kidney injury (AKI) acute heart failure

II Chronic cardiorenal syndrome Chronic abnormalities of cardiac function leading CKD in patients with chronic heart failure
to chronic kidney disease (CKD)

111 Acute renocardiac syndrome Abrupt worsening of kidney function leading to Arrhythmias or acute pulmonary edema in
acute cardiac dysfunction patients with AKI

v Chronic renocardiac syndrome CKD leading to chronic cardiac dysfunction Cardiac hypertrophy and adverse cardiovascular

events in patients with CKD

\% Secondary cardiorenal syndrome Systemic disorders causing both cardiac and renal Sepsis
dysfunction
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Type 4 CRS (chronic reno-cardiac syndrome):
Type 4 CRS describes a clinical state in which CKD (such
as primary and secondary glomerular disease, tubular-
interstitial disease, and renal vascular disease, etc.) indu-
ces cardiac dysfunction, ventricular hypertrophy, and/or
increased risk of adverse cardiovascular events.

Type 5 CRS (secondary cardio-renal syndrome):
Type 5 CRS is characterized by the presence of combined
cardiac and renal dysfunction due to systemic disorders.
There are several potential contributing acute and chronic
systemic conditions; examples include sepsis, HIV disea-
se, scleroderma, and diabetes mellitus. In this type of
CRS, the heart or kidney damages can occur simultaneou-
sly or successively. Both of these organs are usually a part
of multiple organ failure involving other organs or systems,
such as the liver, lungs, gastrointestinal tract, brain, blood
or bone marrow. We must consider the interactions betwe-
en all the important organs or systems when dealing with
such patients.

EPIDEMIOLOGY OF THE CARDIO-RENAL
SYNDROME

Type 1 CRS: Type 1 CRS is very common. More than
one million patients are admitted to hospital in the USA
every year with acute heart failure (AHF) or acute decom-
pensated chronic heart failure (ADHF)25 and are highly
predisposed to developing AKI26, Patients with impaired
left ventricular ejection fraction (LVEF) seem to be more
prone to severe AKI compared to those with preserved
LVEF and the severity of left ventricular dysfunction corre-
lates with the severity of AKI27. In cardiogenic shock, more
than 70% patients can develop AKI28. Furthermore, renal
dysfunction in turn worsens the AHF and is associated
with higher mortality29.

Type 2 CRS: Type 2 CRS is also common. Patients
with chronic heart failure are prone to worsening renal fun-
ction which results in prolonged hospitalization and adver-
se clinical outcome30. About 45% patients with CHF and
impaired LVEF have a decrease in estimated glomerular
filtration rate (eGFR)31. On the other hand, even a small
decrease of GFR in patients with CHF appear to confer a
significantly increased risk of hospitalization and mortali-
ty30. 32,

Type 3 CRS: AKI has been identified in 9% of in-
hospital patients33 and in more than 35% of intensive care
unit (ICU) critically ill patients34. It is difficult to evaluate the
epidemiology of Type 3 CRS, since very few studies have
specifically reported the temporal occurrence of acute car-
diovascular events following AKI. Incorporation of cardio-
vascular events as outcomes is needed to better under-
stand and characterize the epidemiology of Type 3 CRS,
and factors associated with those at-risk or those suscep-
tible for acute cardiac dysfunction in AKI.

Type 4 CRS: Type 4 CRS is a major public health pro-
blem. Patients with CKD, particularly those receiving renal
replacement therapies are at risk to develop cardiovascu-
lar(CV) complication, such as coronary artery disease
(CAD) and hypertension3s. 36. Over 50% of deaths in CKD
stage V cohorts are attributed to CAD and its associated
complications35-38. The 2-year mortality rate following myo-
cardial infarction in patients with CKD stage V is about
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50%, but in comparison the 10-year mortality rate post
myocardial infarction for the general population without
CKD is only 25%39. 40, Less severe forms of CKD also
appear to be associated with significantly higher CV risk 41-
45 In the CKD patients with GFR < 60mL/min/1.73mz2, the
leading cause of death is CV disease with >40% of morta-
lity related to CV event46. 47 It is well established that indi-
viduals with CKD have a 10 to 20 fold increased risk for
cardiac death compared to age-matched and sex-matched
controls without CKDA40, 46-49,

Type 5 CRS: Type 5 CRS is a complicated and critical
condition usually seen in the multiple organ failure on
which only limited information. Anyhow, severe sepsis
might be a represent of these serious conditions, which
can affect both organs. Severe sepsis will occur in about
30% of all patients in ICU, and severe AKI in 6%, in theses
critical conditions, AKI is associated with more than 2 fold
increase in the risk of death than those without AKI, and
when severe enough to need renal replacement, AKI will
result in mortality rate of about 60%50. 51.

PATHOPHYSIOLOGY OF CARDIO-RENAL
SYNDROME

Mechanism of heart failure causing renal injury

Heart is the most important organ of the circulation
system as it supplies blood and nutrition to all organs. The
kidneys receive almost a quarter of the cardiac output. So
the hemodynamically mediated damage to the kidneys
might be the most important mechanism in the pathogene-
sis of CRS. The hemodynamically mediated damage inclu-
des 2 subtypes, one is inadequate perfusion to the kidneys
and the other one is venous congestion. In the setting of
AHF or ADHF, especially cardiogenic shock, the inadequa-
te renal perfusion will occur. If the heart failure is corrected
or relieved by adequate therapy with drug or other assi-
stant devices in a short time, the kidney damage will be
minimal without obvious renal dysfunction. Otherwise, it
results in a series of secondary pathophysiological disor-
ders and AKI23. The most important secondary pathophy-
siological mechanism is the neurohumoral activation,
including sympathetic nerve exaltation, increased secre-
tion of vasoactive substances like norepinephrine, endo-
thelin, angiotensin I, which could result in further serious
systemic (especially on the kidneys) circulation disorder
and entering a vicious cycle52-5%6. Numerous cytokines
(such as tumor necrosis factor-a, interlukin, C reactive
protein) are over-expressed, leading to increased syste-
mic inflammatory and immune reactions and serious
damage to the kidneys# 54 57. Additionally, iatrogenic fac-
tors like overzealous use of diuretics for heart failure can
contribute to the kidney damages8-61. Chronic CHF also
causes marked increase in venous pressure, and abnor-
mality of microcirculation of the kidneys. The patients
usually present with mild albuminuria and hematuria. The
albuminuria and hematuria can disappear after the heart
failure is relieved. No evidence of association between left
ventricular ejection fraction and eGFR can be consistently
demonstrated3’. If a prolonged state of reduced renal per-
fusion is corrected suddenly by cardiac surgery or percu-
taneous transluminal coronary angioplasty, it may lead to
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ischemia/reperfusion injury to the kidneys®2. In chronic
heart disease, the down-regulation of renal neutral endo-
peptidase expression, which induces profibrotic pathways
in the kidney, can contribute to the chronic renal dama-
gesss.

Mechanism of renal failure causing cardiac
injury

Both chronic renal failure or AKI can affect the heart
through several pathways. The most common factor is the
disorder of internal environment. Fluid overload can cause
systemic edema, cardiac overload, hypertension, and
even pulmonary edemat4-66. Hyperkalemia can contribute
to arrhythmias and even cardiac arrest especially in AKI67-
69. Hyperphosphatemia and hypocalcemia can cause
arrhythmias and depress the myocardial contractility70.71.
Acidemia results in the disturbance of cardiac myocyte
energy metabolism, pulmonary vasoconstriction, increa-
sed afterload for right ventricle and a negative inotropic
effect72-76. Uremic toxins can depress myocardial contrac-
tility and cause pericarditis’7-81. The sympathetic activa-
tion, vasoactive substance over-secretion, peroxidation,
and inflammation also contribute to the cardiac dama-
99382—87'

BIOMARKERS FOR CRS

As the concept of CRS revolves around primary
dysfunction of one organ leading to the deleterious effects
to the other; it seems intuitive that early recognition may
help to partially or fully ameliorate this disorder by provi-
ding the window of opportunity for timely intervention.
Currently the diagnosis of heart failure is largely based on
clinical parameters and that of AKIl is based upon changes
in serum creatinine. Both methods are insensitive for early
detection of the respective organ dysfunction. As in case
of any cellular insult the injury begins by inducing molecu-
lar modifications later evolving into cellular damage. The
cellular markers of injury appear prior to the development
of the clinical syndrome. It is postulated that the biological
clock (biomarker expression) precedes the clinical clock.
The biological clock represents an earlier stage in progres-
sion to clinical syndromess. Recent years have seen an
exodus of research in the field of such newer biomarkers.
These markers can be components of serum or urine or
imaging studies or any other measurable parameter. One
or more of these biomarkers, either alone or in combina-
tion, will prove to be useful in facilitating early diagnosis,
guiding targeted intervention and monitoring disease pro-
gression and resolution8d. 90, ~

An ideal biomarker is easy to be measured, sensitive,
specific and reproducible. In case of CRS, for any biomar-
ker to be useful in clinical practice, it should have the cha-
racteristic as shown in Table 2. A single biomarker may not
be able to answer all the questions. However, a panel of
biomarkers, akin to those for acute coronary syndrome,
might emerge in future. It will be important to integrate
information obtained from individual biomarkers to genera-
te such panel. This manuscript will review the literature on
emerging biomarkers for CRS; try to explore how the cur-
rently available biomarkers might fit into the new classifi-
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cation of CRS; and finally propose future recommenda-
tions.

CARDIAC BIOMARKERS OF CRS
a) Natriuretic peptides

Natriuretic peptides (NP’s) namely, B-type natriuretic
peptide and its precursor N-terminal-proBNP (NT-proBNP)
are established tools for diagnosis of heart failure®!. These
markers are also found to be independent predictors of
mortality92. 93,

However, the relationship between BNP, renal function
and the severity of heart failure is less established94 95.
Even without clinical HF, patients with chronic kidney
disease have elevated levels of both BNP and NT-proBNP
than age- and gender-matched subjects without reduced
renal function®. The higher serum levels of natriuretic
peptides are most likely due to reduced renal clearance,
but some additional contribution from increased myocar-
dial wall stress secondary to hypertension, subclinical
ischemia, cardiac hypertrophy or myocardial fibrosis has
been proposedd’. 98. Some studies have explored the renal
handling of proBNP-derived peptides. The renal extraction
ratio of both BNP and NT-proBNP is reported to be 0.15-
0.209. In patients with CKD, alteration in cut off points for
detection of HF has been suggested. In patients with
eGFR < 60 mL/min, BNP levels have been found to be two
to three fold higher compared with those with eGFR
>60mL/min100, 101 Natriuretic peptides have been shown
to be the predictors of all cause mortality in asymptomatic

hemodialysis patients and non dialysis CKD patients'02,
103,

b) Troponins

Cardiac troponin T (cTnT) and troponin | (cTnl) are the
sensitive markers of myocardial necrosis. However, eleva-
ted cTnT has been observed in asymptomatic hemodialy-
sis or non dialysis CKD patients?04-107_ |t is possible that
the increased troponins reflect decreased clearance. In
addition subclinical myocardial ischemic release of tropo-
nin, myocardial remodeling, uremic pericarditis or myocar-
ditis may contribute to elevation of troponins08. Therefore,
the sensitivity and specificity of cTnl or cTnT for diagnosis
of ACS in patients with CKD is questionable. Nonetheless,

Table 2
Expected characteristics of an ideal biomarker for cardiorenal
syndrome

The biomarker should:

- appear early in the phase of the disease

- indicate timing of the insult

- be quantifiable and denote the severity of disease

- help in risk stratification

, - be predictor of outcome

- be sensitive and specific
- help in classification of CRS
- be an useful tool for therapeutic monitoring

- be inexpensive
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elevated troponin levels are associated with increased
mortality in pre-ESRD and hemodialysis patients?04, 109, A
meta-analysis of 28 studies including 3931 ESRD patients
showed cTnl as an important predictor of cardiac death10.
Cardiac troponins, therefore, have a prognostic value in
type IV CRS.

c) Other biomarkers

In addition to conventional biomarkers, some other
molecules like asymmetric dimethylarginine, plasminogen-
activator inhibitor type 1, homocysteine, C-reactive protein
(CRP) and serum amyloid A protein have been demonstra-
ted to correlate with outcome in CKD patients111-114,

BIOMARKERS FOR ACUTE KIDNEY INJURY

Serum creatinine is commonly used for diagnosis of
AKI but it is an insensitive and unreliable biomarker during
acute changes in kidney function5. The serum creatinine
concentration increases after half of the kidney function is
lost. The lack of an early biomarker has been a major
impediment in developing newer treatment strategies for
AKI"6. With the incidence of AKI reaching epidemic pro-
portions, finding newer biomarkers is a top research prio-
rity. Some emerging molecules will be discussed in this
review.

a) Neutrophil gelatinase-associated lipocalin

Neutrophil gelatinase-associated lipocalin (NGAL),a
25 KDa protein of lipocalin superfamily, is the most promi-
sing among all emerging biomarkers for AKI"17. NGAL is
expressed by neutrophils and other epithelial cells in
various human tissues like uterus, prostate, salivary gland,
lung, trachea, stomach, colon and kidney8. 119, NGAL
expression is markedly induced in injured epithelia and it
seems to be one of the earliest markers in the kidney after
ischemic or nephrotoxic injury in animal models, and it
may be detected in the blood and urine of humans soon
after AKI120-123,

In a study of 71 children undergoing cardiopulmonary
bypass (CPB), urinary NGAL (uUNGAL) and plasma NGAL
at 2 hours after CPB were found to be independent predic-
tors of AKI with area under curve (AUC) of 0.998 for
uNGAL and 0.91 for plasma NGAL24. In another study of
91 children with congenital heart disease undergoing con-
trast administration, both uNGAL and plasma NGAL pre-
dicted contrast-induced nephropathy within 2 hours of con-
trast administration with AUC of 0.92 for uNGAL and 0.91
for plasma NGAL125, Many other studies in a wide spec-
trum of clinical setting have reported NGAL as useful early
biomarker for AKI[126-129,

Utility of NGAL as an early biomarker has also been
tested in CRS. Poniatowski et al'30 have found serum and
urine NGAL as a sensitive early markers of renal impair-
ment in patients with chronic heart failure. In another
study, uNGAL levels were found to be significantly eleva-
ted in CHF patients. Its level correlated directly with urine
albumin excretion and inversely with eGFR131.
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b) Cystatin C

Cystatin C is a cysteine protease inhibitor synthesized
and released into circulation by all nucleated cells. It is
freely filtered by the glomerulus, reabsorbed completely by
PCT and not secreted in urine’32. Unlike serum creatinine,
Cystatin C levels are unaffected by gender, age, race or
muscle mass. For this reasons it might perform as a better
marker of GFR than serum creatinine in patients with CKD.
Its utility as a biomarker in AKI has also been studied.

In 85 patients at high risk for developing AKI, serum
Cystatin C was found to detect AKI almost two days earlier
compared to serum creatinine’33. 134 found urinary Cystatin
C a very promising early (within six hours after surgery)
biomarker of AKI in adult cardiac surgery patients. Other
authors have also found serum Cystatin C as a useful
early biomarker135, 136,

c) Interleukin — 18

IL-18 is a proinflammatory cytokine which is induced in
PCT and is detected in urine following AKI. It was found to
be an early predictor of AKI in patients with adult respira-
tory distress syndrome with an AUC of 0.73. It was also
found to be an independent predictor of mortality in this
study'37. In another study on patients undergoing cardiac
surgery, urinary IL-18 levels increased 6 hours after CPB
and peaked at 12 hours in patients who were diagnosed to
have AKI 2 days later by creatinine criteria?38. Elevated uri-
nary IL-18 is more specific for ischemic AKI and its levels
are not deranged in CKD, urinary tract infections or
nephrotoxic AKI'39. On the contrary, Haase et al did not
find IL-18 as useful early predictor of AKI in a cohort of 100
adult patients undergoing cardiac surgery140.

d) Kidney injury molecule-1

Kidney injury molecule-1 (KIM-1) is a transmembrane
protein which is markedly over expressed in PCT in
response to ischemic or toxic AKI in animal models41, 142,
In a cross sectional study of 6 patients with renal biopsy
proven ATN, KIM-1 was found to be highly expressed in
PCT. Urinary KIM-1 was also found to be useful in distin-
guishing ischemic AKI from pre-renal azotemia and
CKD143. In a cohort of 40 children undergoing cardiac sur-
gery, urinary KIM-1 levels were markedly increased at 12
hours, with an AUC of 0.83 for predicting AKI'44. In another
study, urinary KIM-1 was found to be predictors of RRT
and mortality in AK|117.

e) N-Acetyl-B-(D)-Glucosaminidase

N-Acetyl-3-(D)-Glucosaminidase (NAG) is a lysosomal
enzyme, found predominantly in PCT. Its excretion in urine
has been found to be a sensitive marker of tubular inju-
ry145. It has been found to be an useful early biomarker of
AKI in spectrum of conditions like methotrexate toxicity,
contrast toxicity, intensive care unit (ICU) and cardiac sur-
gery associated (CSA) AKI146-149, NAG measurement at
the time of ICU admission in 26 critically ill patients was
found to predict development of AKI by 12 hours to 4 days
earlier than creatinine with AUC of 0.845%8. NAG with
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KIM-1 were sensitive early markers of CSA-AKI, with AUC
of 0.69 for NAG'49. It has not been studied as an early bio-
marker of CRS so far.

f) Other biomarkers

Many other novel biomarkers like glutathione-s-tran-
sferase (GST), glutamyl transpeptidase (GT), sodium
hydrogen exchanger (NHE), liver fatty acid binding protein
(L-FABP), aprotinin, IL-6, IL-10, matrix metalloproteinase 9
(MMP-9), alpha 1 microglobulin,'48, 150-154 have been stu-
died as early biomarkers of AKI in a wide spectrum of cli-
nical conditions and many more are likely to follow.

CONCLUSIONS

CRS is a clinically relevant and important clinical enti-
ty. As development of CRS is associated with adverse cli-
nical outcome, early diagnosis is of paramount importan-
ce. In recent years, many promising newer biomarkers for
early diagnosis have emerged. Natriuretic peptides and
NGAL appear to be the most promising early markers of
heart and kidney injury respectively.

Future directions

Recent years have witnessed an exponential increase
in studies and publications related to newer biomarkers for
AKI and heart failure. Synthesis of clinically applicable
information from relevant studies to form a panel of bio-
markers for diagnosis and classification of CRS will be an
important step forward. Many of these studies are single
centre experiences in homogenous patient population. It
will be critical to validate the newer biomarkers in multicen-
tre studies encompassing a broader spectrum of patients.
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