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Abstract

Cardiorenal syndrome (CRS), first defined in 2004 as a consequence of the interactions between the kidneys and other circulatory departments lea-
ding to acute heart failure, has since been recognized as a complex clinical entity that is hard to define, diagnose and classify. The framework for the 
classification of CRS according to pathophysiologic background was laid out in 2008, dividing CRS into five distinct phenotypes. However, determi-
ning the timing of individual organ injuries and making a diagnosis of either renal or cardiac failure remains an elusive task. In clinical practice, the 
diagnosis and phenotyping of CRS is mostly based on using laboratory biomarkers in order to directly or indirectly estimate the degree of end-organ 
functional decline. Therefore, a well-educated clinician should be aware of the effects that the reduction of renal and cardiac function has on the 
diagnostic and predictive value and properties of the most commonly used biomarkers (e.g. troponins, N-terminal pro-brain natriuretic peptide, 
serum creatinine etc). They should also be acquainted, on a basic level, with emerging biomarkers that are specific to either the degree of glomerular 
integrity (cystatin C) or tubular injury (neutrophil gelatinase-associated lipocalin). This narrative review aims to provide a scoping overview of the 
different roles that biomarkers play in both the diagnosis of CRS and the prognosis of the disease in patients who have been diagnosed with it, along 
with highlighting the most important pitfalls in their interpretation in the context of impaired renal and/or cardiac function. 
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Defining cardiorenal syndrome

The pathophysiologic relationship between the 
heart and the kidney has been well known and 
studied throughout the history of modern medi-
cine, however it was not until the early 2000s that 
an attempt was made to formally describe and 
classify the disruption of homeostasis arising from 
the interactions between these two organ sys-
tems. In 2004, the National Heart, Blood and Lung 
Institute established the term “cardiorenal dysreg-
ulation” and described it as a result of interactions 
between the kidneys and other circulatory com-
partments that increase circulatory volume, there-
by exacerbating the degree of heart failure severi-
ty (1). In that context, cardiorenal syndrome (CRS) 
was defined as the extreme end of the cardiorenal 
dysregulation spectrum, a situation where efforts 

to relieve heart failure by stimulating diuresis are 
stifled by the decline in renal function. Several 
groups of authors and clinical societies have since 
modified the original definition of CRS. In 2008, 
the Acute Dialysis Quality Initiative (ADQI) made 
the distinction between cardiorenal and renocar-
diac syndromes, with the nomenclature being de-
termined by the organ system of the primary dis-
ease process. The same group also divided CRS 
into five different phenotypes, based on the pri-
mary organ system affected and the chronicity of 
the disease process (2). The phenotypes are out-
lined in Table 1. Although these phenotypes have 
provided an abundant amount of utility to clini-
cians by providing them with a framework for clas-
sifying a wide spectrum of clinical entities into cat-
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egories and deciding on the appropriate treat-
ment course and modality based on the specific 
phenotype, there is often overlap between two 
different phenotypes. In addition, during the pro-
gression of the disease process, it is possible that 
one phenotype evolves into another, further com-
plicating the diagnostic and treatment processes. 
Another layer of complexity is added by the fact 
that many patients suffer from comorbidities that 
further compromise both renal and cardiac func-
tion, such as arterial hypertension, anaemia, ather-
osclerosis and diabetes mellitus. An attempt to ac-
count for these factors was made by Hatamizadeh 
et al., suggesting a classification of CRS based on 

the predominant clinical symptoms and manifes-
tations (3) (Table 2). Besides the disagreements on 
the basis for classification of CRS, another signifi-
cant challenge for clinicians is making the distinc-
tion between chronic and acute kidney injury 
(AKI). Several different diagnostic criteria and tools 
have been described and established in everyday 
clinical use, with the most common ones being 
the Acute Kidney Injury Network (AKIN) criteria, 
ADQI’s Risk, Injury, Failure, Loss of Function, End 
Stage Renal Disease (RIFLE) criteria and the Kidney 
Disease: Improving Global Outcomes (KDIGO) cri-
teria, which combined RIFLE and AKIN (4-6) (Table 
3). As can be seen in Table 3, all of the listed criteria 

Cardiorenal 
syndrome 
phenotype

Name Pathophysiology Example

Type I Acute cardiorenal syndrome Heart failure leading to acute kidney 
injury

Acute decompensated heart failure 
leading to acute kidney injury

Type II Chronic cardiorenal syndrome Chronic heart failure leading to chronic 
kidney disease Chronic heart failure

Type III Acute renocardiac syndrome Acute kidney injury leading to acute heart 
failure

Acute kidney injury leading to 
uraemia and volume overload, 
resulting in acute heart failure

Type IV Chronic renocardiac syndrome Chronic kidney disease leading to chronic 
heart failure

Heart failure and left ventricular 
hypertrophy as a result of 

cardiomyopathy associated with 
chronic kidney disease

Type V Secondary cardiorenal syndrome Systemic disease process leading to 
simultaneous renal injury and heart failure Hepatic cirrhosis, sepsis

Adapted from Ronco et al. (2).

Table 1. Pathophysiology-based classification of cardiorenal syndrome 

Class of cardiorenal syndrome Description

1 Haemodynamic Haemodynamic compromise is the leading clinical manifestation

2 Uremic Uremic manifestations are the leading clinical presentation

3 Vascular Cardiovascular and/or renovascular manifestations are the leading clinical presentation

4 Neurohumoral Electrolyte disorders, acid-base disorders or dysautonomia are the leading clinical 
manifestation

5 Anaemia/iron metabolism Anaemia and/or iron metabolism dysregulation are the leading clinical manifestations

6 Mineral metabolism Dysregulation of calcium and phosphorus and their regulators including vitamin D and 
fibroblast growth factor 23 (FGF23) are the leading clinical manifestations

7 Malnutrition/inflammation/cachexia Malnutrition, cachexia and inflammation are the leading clinical manifestations

Adapted from Hatamizadeh et al. (3)

Table 2. Classification of cardiorenal syndrome according to leading clinical presentation
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use serum creatinine and/or estimated glomerular 
filtration rate (eGFR) as components for determin-
ing the presence of AKI. However, there is evi-
dence that temporary fluctuations in serum creati-
nine (and by extent, eGFR) in the context of the 
treatment of heart failure may not accurately re-
flect the structural and functional integrity of the 
kidney or serve as a reliable indicator of acute kid-
ney injury (7). Therefore, it is of crucial importance 
to be acquainted with the biomarkers used for es-
timating cardiac and/or renal function, their prog-
nostic and diagnostic utility, and indications for 
their use, in order to accurately diagnose, classify 
and treat CRS. 

Renal biomarkers in cardiorenal 
syndrome

Creatinine

Serum creatinine is the most commonly used bio-
marker of renal function, applicable both for eval-
uating the progression of chronic kidney disease 
and the onset of acute kidney injury. It is the end 
product of creatine metabolism in the human 
body (8). Due to its low molecular weight and not 
being bound to albumin, creatinine is mostly elim-
inated through glomerular filtration, with a small 

Criteria name Components 

RIFLE

Dialysis for > 3 months 

Renal replacement therapy for > 4 weeks

Serum creatinine increase relative to baseline (1.5x for risk, 2x for injury, 3x or creatinine ≥ 354 µmol/L with acute 
rise of ≥ 44 µmol/L for failure)  

Glomerular filtration rate decrease relative to baseline (> 25% for risk, > 50% for injury, > 75% for failure)

Urine output (< 0.5 mL/kg/h through 6 hours for risk, < 0.5 mL/kg/h through 12 hours for injury, < 0.3 mL/kg/h 
through 24 hours or anuria for 12 hours for failure)

AKIN

Absolute increase in serum creatinine concentration > 26.4 µmol/L

Increase in serum creatinine concentration > 1.5x relative to baseline

Urine output < 0.5 mL/kg/h for > 6 hours

KDIGO
Serum creatinine

Urine output

RIFLE – Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease, criteria first described by Bellomo et al. (5). AKIN 
– Acute Kidney Injury Network, criteria first described by Mehta et al. (4). KDIGO – Kidney Disease Improving Global Outcomes, 
criteria first described by the Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group (6).

Table 3. Most commonly used criteria for diagnosing acute kidney injury 

amount secreted actively by the proximal renal tu-
bules (evident by the fact that medication which 
block the secretion from proximal tubules increase 
the concentration of serum creatinine) (9). It has 
been proven that in patients with chronic kidney 
disease (CKD), clearance of creatinine by proximal 
tubular secretion increases as glomerular filtration 
decreases. Therefore, in patients with CKD, esti-
mating glomerular function with creatinine clear-
ance or serum creatinine concentration alone may 
actually lead to overestimation of the GFR (10). In 
the setting of acute kidney injury, aggressive intra-
venous fluid resuscitation may either decrease the 
serum creatinine concentration by causing dilu-
tion or increase it by causing venous congestion 
and increasing the renal interstitial pressure, mak-
ing it an unreliable marker of actual renal function 
(11,12). Another important point to make is that es-
timating the GFR from a single serum creatinine 
measurement is a rather serious pitfall that should 
be avoided. A study of patients visiting the emer-
gency department (ED) in The Netherlands 
showed that almost a third of the patients had a 
significant change (> 15% increase or > 18% de-
crease) in the measured serum creatinine when 
the value obtained in the ED was compared to ei-
ther their baseline or the repeat value measured 6 
to 24 hours following admission to the hospital 
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ward (13). Caution should also be applied with 
acute heart failure patients - data obtained from 
the Diuretic Optimization Strategies Evaluation 
(DOSE) trial showed that an increase in serum cre-
atinine concentration during the application of di-
uretic therapy was associated with lower rates of 
death and hospital readmission within 60 days, 
while a decrease in serum creatinine concentra-
tion (i.e. improvement in renal function) was asso-
ciated with significantly higher rates of adverse 
outcomes within 60 days (14). It is important to 
note that while serum creatinine by itself may not 
be a reliable marker of AKI, some studies have 
demonstrated an increase in diagnostic accuracy 
when it is combined with other biomarkers. For 
example, one study found that a nomogram which 
combined serum creatinine concentration values 
measured on the first day of hospitalization and 
neutrophil gelatinase-associated lipocalin (NGAL) 
serum concentrations had an area-under-the-
curve (AUC) of 0.79 for predicting the develop-
ment of type I CRS, demonstrating a significantly 
higher diagnostic accuracy than serum creatinine 
alone (15). While there are several pitfalls to using 
creatinine as the principal biomarker of renal func-
tion and tissue integrity, it is necessary to note that 
calculations like the Modification of Diet in Renal 
Disease (MDRD) formula and the CKD Epidemiolo-
gy Collaboration (CKD-EPI) formula, which are the 
ones most frequently used to estimate GFR, use 
the serum creatinine concentration as an essential 
part of their equations. A recent position state-
ment by the European Federation of Clinical 
Chemistry and Laboratory Medicine (EFLM) rec-
ommended using the 2009 version of the CKD-EPI 
formula for the estimation of GFR, but also men-
tioned cystatin C-based equations as growing in 
popularity (16).

Cystatin C

Cystatin C is a protein with an important role in the 
regulation of extracellular proteolysis (17). It is pro-
duced in the body at a constant rate, freely filtered 
through the glomeruli and reabsorbed at the 
brush border of the proximal renal tubules, where 
it is ultimately degraded. It is also independent of 
age, gender or muscle mass, unlike creatinine (18). 

Cystatin C is an important marker in CRS and it has 
been studied as a prognostic marker of both renal 
and cardiac outcomes. The findings of a meta-
analysis of studies using cystatin C as a prognostic 
marker in patients with acute heart failure point to 
an increased risk of all-cause mortality (hazard ra-
tio (HR) = 2.33; 95% confidence interval (CI): 1.67-
3.27, P < 0.001) in patients with elevated serum 
cystatin C concentrations (19). The increased risk 
was observed in the subgroup analyses of the in-
cluded studies and persisted regardless of heart 
failure type (acute versus chronic), study sample 
size or cystatin C cut-off value. A study by Pinsino 
et al. compared the accuracy of eGFR estimated 
with creatinine to eGFR estimated with cystatin C 
for predicting a composite outcome of in-hospital 
mortality, the need for renal replacement therapy 
or severe right ventricular outcome in patients 
with a recently implanted left ventricular assist de-
vice (LVAD) due to advanced heart failure. The au-
thors found that eGFR estimated by cystatin C was 
significantly correlated to the composite outcome 
(odds ratio (OR) 1.16, 95%CI 1.02-1.31; for each 5mL/
min/1.72m2 decrease in eGFR). No significant cor-
relation with the primary endpoint was found with 
eGFR estimated with creatinine (20). A longitudinal 
Chinese study of more than 7000 participants 
found that increased serum cystatin C concentra-
tions compared to baseline were significantly as-
sociated with the occurrence of new-onset cardio-
vascular disease (defined as newly diagnosed 
heart disease, stroke or both) (21). Cystatin C has 
also been studied as a predictor of outcomes in 
CRS in several studies, either by itself or combined 
with other biomarkers. Ruan et al. studied 162 pa-
tients with acute heart failure and found that in-
creased cystatin C serum concentrations were sig-
nificantly associated with increased 12-month 
mortality (OR 2.72, 95%CI 1.92-4.28, P = 0.017), 
while patients with AKI and an increased serum 
cystatin C had significantly higher rates of both in-
hospital and 12-month mortality compared to pa-
tients without AKI (22). Rafouli-Stergiou et al. per-
formed serial measurements of serum cystatin C in 
96 patients with acute decompensated heart fail-
ure with an ejection fraction < 35% and creatinine 
clearance < 60mL/min and observed their post-
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discharge outcomes. They found that an in-hospi-
tal increase in serum cystatin C of ≥ 0.4 mg/L was 
an independent predictor of death or hospital re-
admission due to decompensated heart failure 
within 60 days (23). Cystatin C is also extremely val-
uable as an exclusively renal biomarker. The find-
ings of a meta-analysis of 30 prospective studies 
with more than 4000 patients indicate that an in-
creased serum cystatin C is significantly associated 
with all-cause AKI, with an AUC of 0.89, 82% sensi-
tivity (95% CI 0.75-0.87), 82% specificity (95% CI 
0.78-0.86), and a positive likelihood ratio of 4.6 
(95% CI 3.6-5.9), making it a reliable marker of AKI 
(24). Studies have also been conducted to deter-
mine the value of cystatin C in chronic kidney dis-
ease classification. The Renal Risk in Derby (RRD) 
study examined 1741 primary care adult patients 
over the age of 70 with chronic kidney disease 
grade 3a or 3b determined by eGFR estimated 
from serum creatinine. Following serum cystatin C 
concentration measurements, 7.7% of patients 
were reclassified as not having CKD, while 59% 
were reclassified to a more advanced stage of CKD 
(25). In a study with younger patients (aged 55-60), 
12% of patients with CKD G3a were reclassified as 
not having CKD and 6% were reclassified to a more 
advanced CKD stage (26). Regardless of age, it has 
been proven that cystatin C, when used together 
with creatinine to estimate eGFR, improves the 
strength of association of eGFR with adverse out-
comes and is therefore a useful biomarker in im-
proving the staging of CKD, especially in the cases 
where clinical suspicion of an inaccurate creati-
nine-based eGFR value exists (25,26). Summarily, 
cystatin C is a better marker of renal function in 
CKD than serum creatinine and can help clinicians 
appropriately and accurately determine the stage 
CKD in order to avoid over or undertreating pa-
tients. In the context of acute heart failure and 
CRS, elevated cystatin C values are a decent pre-
dictor of post-discharge outcomes and can serve 
as a valuable tool in stratifying patients based on 
risk of adverse post-discharge outcomes. This may 
assist clinicians in recognizing the patients who 
are at the greatest risk of repeat decompensation 
in order to provide more aggressive treatment and 
more frequent follow-ups.

Neutrophil gelatinase-associated lipocalin 

Neutrophil gelatinase-associated lipocalin (NGAL) 
is a member of the lipocalin family, a group of pro-
teins in the human body serving mostly as trans-
porters of other molecules (27). It is increasingly 
synthesized and expressed on the cells of the 
proximal and distal renal tubules following acute 
ischemia and is therefore a marker of acute renal 
tubular injury and necrosis (28). It has been investi-
gated as a diagnostic and predictive factor in both 
acute kidney injury and CRS. Song et al. studied 
the association between type I CRS and serum 
NGAL concentration. They found that increased 
serum NGAL concentrations were an adequate di-
agnostic tool for type I CRS, with an AUC of 0.88 
(95%CI 0.81-0.94), 95% sensitivity and 81% specific-
ity. When combined with NT-proBNP, the AUC was 
0.92 (95%CI 0.87-0.96), with a 93% sensitivity and 
80% specificity (29). Another prospective study by 
Alvelos et al. demonstrated that above a cut-off 
concentration value of 170 ng/L, serum NGAL de-
termined type I CRS with an AUC of 0.93 (95%CI 
0.88-0.98), 100% sensitivity and 87% specificity 
(30). However, in a retrospective study of patients 
with type I CRS by Ferrari et al., serum NGAL had 
an AUC of only 0.45 (95%CI 0.36-0.54) and its con-
centration was not significantly associated with 
the risk of developing CRS. The authors hypothe-
size that the result may be skewed due to the stud-
ied population suffering from relatively mild renal 
impairment and low-grade heart failure (31). Other 
studies have investigated the predictive value of 
NGAL for the development of AKI in acute heart 
failure patients. The AKINESIS study found that se-
rum NGAL was not superior to serum creatinine 
for prediction of worsening of renal function or 
adverse in-hospital outcomes in patients with 
acute heart failure (32). Soyler et al. studied the 
utility of urinary NGAL for prediction of AKI in pa-
tients with acute decompensated heart failure and 
found that urinary NGAL concentrations above the 
cut-off value of 12 ng/mL were predictive of AKI 
with a sensitivity of 79% and a specificity of 67% 
(33). Another study conducted by Nasonova et al. 
showed an AUC of 0.83 with a sensitivity of 83% 
for urinary NGAL in the prediction of AKI in pa-
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tients with acute decompensated heart failure 
(34). Palazzuoli et al. showed that serum NGAL 
concentrations above the cut-off value of 134 ng/
mL are significantly related to worsening of renal 
function, with an AUC of 0.83, 92% sensitivity and 
71% specificity. Serum NGAL concentrations above 
the cut-off value of 134 ng/mL also statistically sig-
nificantly correlated with death (HR = 1.75, 95%CI 
1.24-2.45, P < 0.001) (35). Maybe the most impor-
tant and clinically useful characteristic of NGAL is 
its apparent ability to indicate subclinical AKI. 
Haase et al. found that in patients who had sub-
clinical acute kidney injury with serum creatinine 
concentrations within reference intervals, but had 
increased concentrations of NGAL, there was a sig-
nificantly increased risk of needing renal replace-
ment therapy during hospitalization (OR 16.4, 
95%CI 3.6-76.9, P < 0.001), with the results consist-
ent regardless of using serum or urinary NGAL 
measurements (36). This feature of NGAL allows 
clinicians to make a timely diagnosis of AKI and ini-
tiate proper preventive and curative measures in 
time to prevent further short and long-term renal 
function decline. Neutrophil gelatinase-associated 
lipocalin has also been demonstrated as a reliable 
diagnostic biomarker of AKI within the clinical con-
text of systemic inflammation in critical illness, ac-
curately predicting the development of AKI in pa-
tients with sepsis regardless of its severity (catego-
rized by serum procalcitonin concentration) (37). 

In summary, literature on NGAL as a diagnostic bi-
omarker of type I CRS features a certain degree of 
heterogeneity in findings and results. Some stud-
ies have found excellent sensitivities (> 90%) and 
satisfactory specificities (> 80%), indicating NGAL 
as a useful marker for both including and exclud-
ing the diagnosis of type I CRS (29-30). Others (31) 
have failed to demonstrate its utility and found its 
diagnostic accuracy to be grossly inadequate, al-
though their results must be interpreted in the 
context of the study population featuring less se-
vere clinical presentations and disease severity 
compared to the populations in other studies on 
the topic. The effects of the degree of severity of 
type I CRS on the diagnostic utility of NGAL should 
be further studied in order to find the patient and 

disease characteristics that point to no benefit of 
using NGAL as a diagnostic tool. 

Albuminuria

Albuminuria is an important marker of renal func-
tion and has been recognized as such for a long 
time. In the 2012 KDIGO classification of chronic 
kidney disease, CKD was divided into five grades 
numbered 1 through 5, with grade 3 being further 
divided into a and b subgrades based on eGFR 
and into three stages based on the degree of albu-
minuria calculated using the albumin/creatinine 
ratio (38). The presence of albuminuria as an es-
sential factor in staging the severity of CKD is the 
result of several large population studies showing 
strong significant correlation between albuminu-
ria and all-cause mortality, cardiovascular disease, 
and end stage renal disease (39-41). Recent in vitro 
studies of a type I CRS model using human kidney 
cells have demonstrated that albumin damages 
renal tubules in a dose-dependent fashion, there-
by implicating it as an important pathophysiologi-
cal factor further exacerbating AKI in experimental 
conditions (42). Albuminuria has been studied as a 
disease prognosis marker in both acute and chron-
ic heart failure as well. A study by Jackson et al. in-
vestigated the association between albuminuria 
and outcomes in chronic heart failure and found a 
significant association between both microalbu-
minuria and macroalbuminuria and all-cause mor-
tality (for microalbuminuria: HR = 1.62, 95%CI 1.32-
1.99, P < 0.001; for macroalbuminuria: HR = 1.76, 
95%CI 1.32-2.35, P = 0.001) after adjusting for dia-
betes mellitus, renal function and glycated hae-
moglobin (HbA1c) (43). A study of cardiac mor-
phology in patients with CKD by Landler et al. 
found more than a 4-fold increase in the preva-
lence of left ventricular hypertrophy (LVH) on 
echocardiography in patients with CKD compared 
to healthy controls and a significant independent 
association between LVH and albuminuria (P = 
0.002) (44). In a study of 1818 patients with acute 
decompensated heart failure, Wang et al. found 
that patients with albuminuria had a significantly 
increased risk of all-cause death or heart trans-
plantation/LVAD implantation than those without 
albuminuria, even after adjustment for other sig-
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nificant clinical factors (age, history of arterial hy-
pertension, presence of atrial fibrillation/flutter, 
New York Heart Association (NYHA) class, heart 
rate, systolic blood pressure, body mass index 
(BMI), haemoglobin, serum albumin, serum creati-
nine, eGFR, N-terminal pro-brain natriuretic pep-
tide (NT‐proBNP), left ventricular diastolic dysfunc-
tion, left ventricular ejection fraction (LVEF) and 
prescription of angiotensin converting enzyme in-
hibitors/angiotensin receptor blockers, β‐blockers 
or diuretics) (HR = 1.28, 95%CI 1.09-1.50, P = 0.003). 
The risk of the adverse events listed was propor-
tional with the increase in the degree of albuminu-
ria (P = 0.004) (45). Kato et al. studied the associa-
tion between serum albumin concentrations and 
1-year adverse outcomes in acute decompensated 
heart failure patients and found that increased se-
rum albumin concentrations were significantly as-
sociated with a lower risk of death or hospitaliza-
tion due to heart failure (HR = 0.78, 95% CI 0.69-
0.90, P <  0.001) after adjusting for baseline albu-
min concentrations, anaemia, age, eGFR, BMI, 
NYHA and history of diabetes mellitus (46). A study 
by Alatas et al. demonstrated that the microalbu-
minuria was a predictor of in-hospital mortality in 
acute heart failure patients with restricted and 
mid-range ejection fractions, but not in patients 
with preserved ejection fraction (47).

To summarize, albuminuria, regardless of the de-
gree of its severity (micro or macro) is an impor-
tant predictor of adverse short- and long-term 
outcomes in patients with both acute and chronic 
heart failure. Given its general availability and low 
cost as a laboratory test, it should be utilized 
whenever possible in order to stratify heart failure 
patients into groups based on risk of adverse out-
comes and therefore guide their in-hospital and 
out-of-hospital management and long-term plans 
of care. 

Biomarkers of cardiac injury 

Troponin

Troponins are a family of proteins that play an im-
portant part in the regulation of skeletal and car-
diac muscle contractility mechanism. There are 

three isoforms of troponin: C, T and I. Troponin C is 
found in both cardiac and skeletal muscle, but tro-
ponin T and I are highly specific for cardiac muscle 
tissue, therefore being suitable markers of myocar-
dial injury (48). Immunohistological evidence has 
demonstrated that extent of myocardial injury is 
positively correlated with serum troponin concen-
trations (49). Serum troponin concentrations may 
also increase in the context of decreased respira-
tory function and intense physical exercise with-
out a myocardial tissue injury (50). In patients with 
CKD, there is a persistent elevation of serum tro-
ponin concentration, regardless of the existence of 
myocardial injury. This phenomenon is explained 
by both the lowered rate of serum troponin clear-
ance (troponin is eliminated by the kidneys) and a 
higher rate of troponin release from cardiomyo-
cytes due to subclinical injury (i.e. uremic toxicity, 
hypertensive heart disease) (51). A recent retro-
spective study conducted on Chronic Renal Insuf-
ficiency Cohort (CRIC) participants analysed am-
bulatory CKD patients’ serum high sensitivity tro-
ponin T (hsTnT) concentrations in order to test the 
reliability of the conventional upper reference lim-
its (URLs) for hsTnT in CKD patients. The authors 
found that among 2312 patients with CKD, 43% 
had a resting hsTnT concentration above the con-
ventional URL. This finding was even more pro-
nounced in patients with advanced renal failure 
(CKD grade IV, eGFR < 30 mL/min/1.73m2), 68% of 
which had a resting hsTnT concentration above 
the conventional URL. Further data analysis pro-
vided a model demonstrating that, in patients 
with CKD, the threshold for the 99th percentile of 
serum hsTnT concentrations increases by 44% for 
every eGFR decrease of 15 mL/min/1.73m2 (52). 
However, despite those findings, elevated hsTnT 
serum concentrations have been demonstrated as 
a significant predictor of 2-year mortality (AUC 
0.69, 74% sensitivity, 63% specificity, 90% negative 
predictive value) in patients with acute chest pain 
and impaired renal function (defined as eGFR < 60 
mL/min/m2) (53). Another study investigating the 
predictive value of high sensitivity troponin I (hsT-
nI) serum concentrations in patients with CKD had 
similar findings. Although the diagnostic accuracy 
of hsTnI concentrations was lower in CKD patients 
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compared to patients with preserved renal func-
tion (positive predictive value 50% vs. 63%, speci-
ficity 71% vs. 92%), CKD patients with hsTnI con-
centrations above the 99th percentile had a signifi-
cantly higher risk of myocardial infarction or cardi-
ac death at 1-year follow up compared to patients 
with elevated hsTnI concentrations and preserved 
renal function (24% vs. 10%, HR = 2.19, 95%CI 1.54-
3.11) (54). There is evidence that, with several mod-
ifications, the diagnostic accuracy of hsTnT con-
centrations for acute myocardial injury in patients 
with CKD can be significantly improved – Alushi et 
al. found that, by using hsTnT cut-offs 4 times 
greater than the conventional ones, the specificity 
rose from 10% to 65%, but the sensitivity de-
creased from 98% to 83%. This was mitigated by 
designing a model combining the baseline hsTnT 
concentration with an absolute change in hsTnT 
concentration 3 hours following the index meas-
urement. Such a model yielded improved diag-
nostic accuracy – 98% sensitivity, 55% specificity, 
93% positive predictive value, 86% negative pre-
dictive value (55). The predictive value of troponin 
in CRS is limited and debatable. Ledwoch et al. 
found that in patients with acute heart failure and 
impaired renal function (defined as eGFR < 45 mL/
min/1.73m2), hsTnT had a significantly lower pre-
dictive accuracy for 30-day mortality compared to 
patients with acute heart failure and preserved re-
nal function (AUC 0.63 vs. 0.74, P = 0.049) (56). He 
et al. evaluated the diagnostic accuracy of cardiac 
troponin I (cTnI) in predicting the development of 
type I CRS in patients with acute myocardial infarc-
tion. The AUC for cTnI was 0.76, however, when 
cTnI was combined with NT-proBNP, baseline eGFR 
and white blood cell count in a statistical model, 
the AUC rose to 0.92, indicating that other bio-
markers can supplement and increase the predic-
tive and diagnostic value of cTnI for CRS when 
combined (57). 

Although serum troponin concentrations are ele-
vated at baseline in patients with CKD due to im-
paired renal clearance, making the usage of regu-
lar cut-off values ineffective and inaccurate, it 
would seem that any serial elevation of serum tro-
ponin concentration in patients with chest pain, 
regardless of renal function, is a predictor of ad-

verse long-term outcomes. Therefore, an elevation 
in serial troponin concentrations in chest pain pa-
tients should alarm the clinician and place the pa-
tient into a higher risk category. 

While serum troponin by itself is not a great pre-
dictor of the development of type I CRS following 
an acute myocardial infarction, if combined with 
indicators of cardiac and renal function (eGFR, NT-
proBNP), it can predict complications with an ex-
cellent diagnostic accuracy.

N-terminal pro-brain natriuretic peptide 

N-terminal pro-brain natriuretic peptide is a pro-
hormone of brain natriuretic peptide - a peptide 
secreted by cardiomyocytes as a response to ven-
tricular stretching caused by an increase in circula-
tory volume. As a surrogate for volume overload, 
NT-proBNP has been extensively researched in 
acute heart failure, acute kidney injury and CRS. 
Yamashita et al. studied several different cardiac 
biomarkers in patients hospitalized through the 
emergency department for cardiac emergencies 
and found that patients with a serum NT-proBNP 
< 689 pg/mL had significantly higher rates of sur-
vival than those with a serum NT-proBNP > 689 
pg/mL, regardless of the primary cardiac diagnosis 
(58). Zhang et al. studied the role of NT-proBNP in 
predicting type I CRS in patients with acute myo-
cardial infarction and found that elevated NT-
proBNP serum concentrations independently pre-
dicted type I CRS with an AUC of 0.72 (95%CI 0.78-
0.85). When NT-proBNP was combined with eGFR 
and high sensitivity C-reactive protein (hsCRP), the 
AUC rose to 0.86 (95%CI 0.83-0.89) (59). N-terminal 
pro-brain natriuretic peptide as a biomarker of flu-
id overload is especially valuable in acute heart 
failure patients and has even been shown to pre-
dict renal function decline. McCallum et al. ana-
lysed data from the Efficacy of Vasopressin Antag-
onism in Heart Failure Outcome Study With 
Tolvaptan (EVEREST) trial and found that patients 
suffering from heart failure with reduced ejection 
fraction (HFrEF) who had elevated NT-proBNP se-
rum concentrations were at significantly higher 
risk of developing a > 40% eGFR decline (HR = 
2.62, 95%CI 1.62-4.23) (60). Another study by Mc-
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Callum et al. analysed patient data from the Ultra-
filtration in Decompensated Heart Failure with 
Cardiorenal Syndrome Study (CARRESS) and Diu-
retic Optimization Strategies Evaluation (DOSE) tri-
als. In this patient pool, consisting of patients with 
acute decompensated heart failure, the authors 
found that an in-hospital decline in eGFR was not 
significantly associated with an increased risk of 
death or rehospitalization, while an in-hospital de-
cline in NT-proBNP was significantly associated 
with a lower risk of death or rehospitalization. The 
authors also found that a decline in eGFR was as-
sociated with decreased risk of death or rehospi-
talization if the NT-proBNP declined along with 
the eGFR (61). De la Espriella et al. evaluated the 
prognostic value of NT-proBNP in acute heart fail-
ure patients based on renal function and found 
that while serum NT-proBNP concentration was 
positively and linearly associated with mortality in 
this patient group, its predictive value significantly 
decreased in patients with eGFR < 45 mL/
min/1.73m2  (62). N-terminal pro-brain natriuretic 
peptide has also been researched as a urinary bio-
marker – Zhao et al. investigated the predictive 
value of urinary NT-proBNP (uNT-proBNP) for the 
development of type I CRS in patients with acute 
decompensated heart failure. They found that 
uNT-proBNP was a significant and reliable predic-
tor of type I CRS development, with an AUC of 0.93 
(95%CI 0.87-0.97) (63).

It can be inferred from the findings of the studies 
cited in this paragraph that while NT-proBNP has a 
decent diagnostic accuracy for CRS, especially if 
combined with markers of inflammation and indi-
cators of renal function, its greatest value lies in 
the fact that it can be utilized in order to guide 
pharmacologic therapy. As demonstrated by Mc-
Callum et al., NT-proBNP is a significantly more reli-
able indicator of the effectiveness of diuretic ther-
apy than eGFR (65). Furthermore, relying on eGFR 
exclusively for the titration of diuretic therapy in 
fluid overloaded CRS patients would lead to pre-
mature cessation or de-escalation of treatment 
due to observed (falsely) worsened renal function. 
Instead, diuretic therapy should be directed and 
guided by NT-proBNP measurements and clinical 
findings (physical examination and ultrasonogra-

phy), given that NT-proBNP is the only reliable pre-
dictor of adverse short- and long-term outcomes 
in this patient population. 

Fibrosis index 4 and 5

Fibrosis index 4 (FIB-4) is a simple score for esti-
mating the degree of hepatic fibrosis, that is calcu-
lated from patient age, platelet count, aspartate 
aminotransferase (AST) and alanine aminotrans-
ferase (ALT) serum activities (64). Researchers have 
found predictive value in FIB-4 for the prognosis 
of long-term outcomes in hospitalized heart fail-
ure patients. Nakashima et al. studied patients 
with acute decompensated heart failure with pre-
served ejection fraction and found that a high FIB-
4 before hospital discharge was significantly asso-
ciated with major adverse cardiovascular events 
(MACE) (HR = 1.27, 95%CI 1.05-1.53) after adjusting 
for patient sex, serum haemoglobin concentration 
and serum creatinine concentration. They found 
that the cut-off for increased risk of MACE was a 
FIB-4 of ≥ 3.11 (65). Okamoto et al. also found that 
in patients with subclinical heart failure with pre-
served ejection fraction, FIB-4 is an independent 
predictor of all-cause mortality and hospitaliza-
tion for heart failure (HR = 1.31, 95%CI 1.14-1.50, P 
< 0.001) (66). Ewid et al. found that an AST/ALT ratio 
≥ 1 was associated with and predictive of a LVEF < 
30% on echocardiography, with an AUC of 0.64 
(95%CI 0.54-0.73) (P < 0.05), 44% sensitivity and 
81% specificity (67). Fibrosis index 5 (FIB-5), anoth-
er score for estimating hepatic fibrosis, was stud-
ied by Maeda et al. Their research showed that FIB-
5, calculated from serum albumin, AST, ALT, alka-
line phosphatase (ALP) serum activities and plate-
let count was superior to FIB-4 at predicting death 
or hospital readmission for heart failure in patients 
hospitalized with acute decompensated heart fail-
ure, after adjusting for significant clinical factors. 
Another interesting finding is that, while high FIB-
4 scores before hospital discharge are associated 
with an increased risk of MACE, patients with high 
FIB-5 scores have a lowest risk of death or hospital 
readmission, while those with low FIB-5 scores 
have a significantly increased risk of adverse 
events (68). 
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Due to primarily being markers of hepatic injury 
and fibrosis, FIB-4 and FIB-5 scores have not been 
extensively researched in the context of heart fail-
ure. However, the available literature suggests a 
potential value of those scores in stratifying hospi-
talized heart failure patients based on the risk of 
long-term adverse outcomes. Since they are sim-
ple scores utilizing routinely measured laboratory 
biomarkers, they should be used more often in 
heart failure patients prior to hospital discharge 
along with other predictors of long-term out-
comes in order to risk stratify patients and formu-
late an optimal long-term care strategy tailored to 
individual patient risk. 

Conclusions

With the advancements made in the field medical 
biochemistry, novel biochemical markers of renal 
and cardiac function are emerging as a possible 
replacement or supplement to existing ones. At 
the same time, the utility and roles of traditional 
cardiorenal biomarkers are being re-examined in 
order to maximize their diagnostic and prognostic 
utility in the appropriate patient populations and 
disease states. While cystatin C is gaining popular-
ity as a marker of glomerular function and is pos-
sibly more accurate than serum creatinine, creati-
nine measurements are still the mainstay of glo-
merular function estimation, being recommended 
as the basis of calculations endorsed by current 

guidelines. Neutrophil gelatinase-associated 
lipocalin as a marker of early, subclinical AKI may 
serve as a tool for timely detection of renal injury 
and can indicate the need for initiation of specific 
protective and curative measures. N-terminal pro-
brain natriuretic peptide is the most reliable mark-
er of response to treatment in type I CRS and 
should be used to guide the duration and intensi-
ty of diuretic therapy. Troponins are valuable pre-
dictors of adverse long-term outcomes in patients 
with acute myocardial infarction and AKI or CKD. 
Albuminuria can be used as a reliable predictor of 
adverse outcomes in patients with CRS and should 
be measured during the patients’ hospital stay, be-
fore discharge and on follow-up examinations. Fi-
nally, indicators of hepatic damage or fibrosis, like 
FIB-4 and FIB-5, might be a reliable prognostic tool 
of long term adverse outcomes for heart failure 
patients being discharged from the hospital. Phy-
sicians managing patients with CRS should be ac-
quainted with the diagnostic accuracy and specific 
features of different biomarkers in order to gain 
more value from their use, predict patient impor-
tant outcomes more accurately and provide goal-
directed management and therapy. 
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