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Cardiac and renal diseases often coexist and patients with cardiac and renal failure
have high morbidity and mortality. Cardiorenal syndromes (CRSs) are disorders of
the heart and kidneys whereby dysfunction in one organ may induce dysfunction
in the other organ. Five subtypes of CRSs have been defined by the Acute Dialysis
Quality Initiative Consensus Group. There is a need for early detection and moni-
toring of patients with CRSs. Biomarkers play a key role in the diagnosis and moni-
toring of acute myocardial infarction, chronic heart failure, and chronic kidney
disease. In recent years, new biomarkers have been identified that may play a
role in the early diagnosis of acute kidney injury. Herein, we review the use of serum
and urine biomarkers in the diagnosis and management of CRSs. The established
cardiac and renal biomarkers such as the cardiac troponins, natriuretic peptides,
urine albumin, and creatinine, as well as the new renal biomarkers cystatin C
and neutrophil gelatinase–associated lipocalin are reviewed in detail. The recent
advances in assay methods, clinical studies, and recommendations in clinical
guidelines are discussed. With advances in biomarker research, in future, perhaps
amultimarker approach will become feasible to stratify the diagnosis of CRS for indi-
vidualized treatment and prognosis. (Translational Research 2014;164:122–134)

Abbreviations: ACR ¼ albumin-to-creatinine ratio; ACSs ¼ acute coronary syndromes; ADHF ¼
acute decompensated heart failure; AKI ¼ acute kidney injury; AUROC ¼ area under the
receiver-operator curve; CKD ¼ chronic kidney disease; CKD-EPI ¼ chronic kidney disease
epidemiology collaborations; CRSs¼ cardiorenal syndromes; cTn¼ cardiac troponin; CV¼ co-
efficient of variation; ESRD ¼ end-stage renal disease; eGFR ¼ estimated glomerular filtration
rate; HF ¼ heart failure; IDMS ¼ isotope dilution mass spectroscopy; KDIGO ¼ kidney disease:
improving global outcomes; MDRD ¼ modification of diet in renal disease; MI ¼ myocardial
infarction; NACB ¼ National Academy of Clinical Biochemistry; NKDEP ¼ National Kidney Dis-
ease Education Program;NGAL¼ neutrophil gelatinase–associated lipocalin; RCV¼ reference
change value; URL ¼ upper reference limit

INTRODUCTION

T he cardiorenal syndromes (CRSs) are a heteroge-
neous group of conditions comprising both car-
diac and renal dysfunction, whereby dysfunction

in one organ may induce dysfunction in the other organ1

(Table I). Type 1 CRS (acute CRS) is characterized by
an acute cardiac event resulting in acute renal deteriora-
tion. The acute cardiac event commonly includes acute
coronary syndrome (ACS), acute decompensated heart

failure (HF), cardiogenic shock, and cardiac surgery.2

The acute cardiac insult results in reduced cardiac
output, which leads to reduced renal perfusion pressure,
increased renal vascular resistance, and reduced
glomerular filtration rate (GFR).2 Type 2 CRS (chronic
CRS) is characterized by chronic heart disease resulting
in renal disease. Approximately 50% of patients with
chronic HF have chronic kidney disease (CKD), and
CKD is associated with high mortality in patients
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with HF.3 Type 3 CRS (acute renocardiac syndrome) is
characterized by an acute worsening of renal function,
which causes acute cardiac dysfunction such as
arrhythmia, HF, or ischemia. The development of acute
kidney injury (AKI) is the primary event.3 Type 4 CRS
(chronic renocardiac syndrome) is characterized by
CKD leading to decreased cardiac function, ventricular
hypertrophy, diastolic dysfunction, and increased risk
of adverse cardiovascular events. Patients with CKD
have an increased risk of cardiovascular mortality,
with cardiovascular causes representing up to 50% of
all deaths in patients with CKD.4 Type 5 CRS or sec-
ondary CRS is characterized by systemic conditions
leading to simultaneous injury and dysfunction of the
heart and kidney. Chronic inflammatory conditions
such as systemic lupus erythematosus, vasculitis,
amyloidosis, and diabetes mellitus can affect both the
kidney and the heart.5 In the acute setting, sepsis is
the most common condition causing type 5 CRS.5 In
the chronic setting, diabetes mellitus is the most com-
mon condition causing simultaneous cardiac and renal
dysfunction.5

The 5 subtypes reflect the primary and secondary
pathophysiology, time frame, and simultaneous cardiac
and renal dysfunction. The classification is based on
clinical presentation alone and often it is not easy to
distinguish between acute and chronic disease. The
Acute Dialysis Quality Initiative working group recog-
nized that many patients may populate or move between
different subtypes during the course of the disease.1 The
different subtypes create new definitions of disease to
identify diagnostic biomarkers, identify patients at
risk, and develop strategies to prevent and manage
CRS. Although it is recognized that biomarkers play
an important role in diagnosis of acute and chronic
HF, as well as acute and chronic renal disease, bio-
markers have not yet been integrated into the diagnosis
of the various CRS.1 Further studies are needed to iden-
tify whether the biomarkers can be used to classify CRS,
to risk stratify patients, and as treatment targets to
monitor the efficacy of treatment. Although multiple
clinical guidelines exist to manage acute and chronic
heart disease, as well as acute and CKD, there are no
guidelines for the management of the various CRS.
Currently, early risk recognitionwith careful monitoring
using biomarkers appears essential to developing treat-
ment and prevention strategies. For example, the mea-
surement of procalcitonin may play a role in acute
type 5 CRS by early identification of acute sepsis. In
chronic type 5 CRS, the measurement of urine albumin
plays a role in the early identification of renal disease.
Cardiac and renal diseases often coexist and patients

with cardiac and renal failure have high morbidity and
mortality;1 hence, there is a need for early detection

and monitoring of patients with cardiac and renal dis-
eases. The pathophysiology of CRS involves complex
multiple interactions between the heart and the kidney2

(Fig 1). Biomarkers play a key role in the diagnosis and
monitoring of acute myocardial infarction (MI), chronic
HF, andCKD. In recent years, new biomarkers have been
identified that may play a role in the early diagnosis of
AKI. Herein, we review the role of cardiac and renal bio-
markers in the diagnosis and management of CRS.

CARDIAC BIOMARKERS

Cardiac troponin. An acute cardiac ischemic event is
often the primary event in type 1 CRS. ACS also features
in types 3 and 5 CRSs, where anMI may be triggered by
AKI in type 3 CRS and by sepsis in type 5 CRS. The car-
diac troponins (cTns) have a central role in the diagnosis
of ACS: in the Third Universal Definition of MI, the
criteria for diagnosis of MI is a rise or fall in cTn value
with at least one value greater than the 99th percentile
upper reference limit (URL) plus at least one evidence
of myocardial ischemia, such as symptoms of ischemia,
ST segment-T wave changes or new left bundle branch
block, new pathologic Q waves, imaging evidence of
new loss of viable myocardium or new regional wall
motion abnormality, or angiographic identification of
an intracoronary thrombus.6

CTns T (cTnT) and I (cTnI) are cardiac-specific com-
ponents of the contractile apparatus of muscle. The
release of cTn is specific for myocardial necrosis but
cannot differentiate between ischemic and nonischemic
myocardial necrosis; thus, elevations of cTn can occur
in the absence of ischemic heart disease such as arrhyth-
mias, myocarditis, hypertrophic cardiomyopathy, aortic
dissection, pulmonary embolism, stroke, trauma, extreme
exertion, sepsis, acute respiratory failure, and renal fail-
ure.7 Patients with CKD without cardiac disease have
raised plasma cTn, with cTnT levels higher than cTnI
levels in patients with end-stage renal disease (ESRD).8

The increased cTn concentration in patients with CKD
is thought to be because of subclinical myocardial injury9

and the measurement of cTn has been recommended
for prognosis of mortality in patients with ESRD.10

This reflects the close relationship between cardiac and
renal dysfunction in the pathophysiology of CRS.
Troponin is present in the blood of patients as a het-

erogeneous mix of free post-translationally modified,
degraded, and truncated forms, as well as in complexes
of cTnI-cTnC and cTnT-cTnI-cTnC.11 Commercial im-
munoassays use antibodies that detect all major circu-
lating forms of cTn.12 Although there is only 1 cTnT
assay on the market, there are many cTnI assays avail-
able. The cTnI assays are not standardized and there
are substantial intermethod differences.13 Hemolysis,14
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