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Abstract

Managing patients with heart failure (HF) is a challenging task within itself, but the presence of associated worsening renal function can
greatly increase mortality and morbidity. Early diagnosis and treatment is the key to prevent re-hospitalizations and reduce healthcare costs.
Biomarkers have long been established as highly sensitive and specific tools in diagnosing and prognosticating patients with HF. Reflecting
distinct pathophysiological events and ongoing cellular insult, biomarkers have been proven superior to conventional laboratory tests.
Availability of better assays and rapid analysis has allowed the use of biomarkers as point-of-care tests in the emergency department and at
the patient’s bed-side. Acute HF patients often go on to develop worsening renal function, termed as acute cardiorenal syndrome. The
growing breadth of studies has shown the implications of combining multiple biomarkers to better chart outcomes and produce desirable

results in such patients.
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1 Introduction

Acute heart failure (HF) is the leading cause of hospital-
izations in the age group 65 years and over and represents a
significant economic burden."*! With a prevalence of 2%,
HF admissions have surpassed the one million mark in the
U.S. Healthcare costs associated with managing HF have
crossed $39 billion dollars and require an integrated
approach to control the growing expenses.” One of the
problematic areas in managing patients with HF is the
involvement of multiple organs and presence of multiple
co-morbidities. The kidney plays a vital role in maintaining
hemodynamic balance, which is often disrupted in HF patients.
Communication between the heart and kidneys is affected in
acute HF, resulting in decreased organ perfusion and ultimately
organ failure and death. Acute HF is characterized by diminished
left ventricular systolic function and poor cardiac output
triggering compensatory mechanisms such as the renin-
angiotensin-aldosterone system, the sympathetic system, and
other local mediators, which interact to maintain the fluid
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volume.”™ The imbalance between these compensatory
mechanisms, unable to maintain adequate cardiac output results
in volume overload. Furthermore, decreased renal perfusion and
in addition to nephrotoxic agents and over-diuresis, eventually
leads to acute kidney injury (AKI) in such patients. Novel
techniques such as the use of biomarkers and bio-impedance
analysis has received considerable attention in the diagnosis and
prognosis of patients with HF and worsening renal function
(Figure 1). Biomarkers are secreted in response to increased
“stress” and are widely used to monitor progression and severity
of disease. Their ability to reflect distinct pathophysiological
changes that occur in acute HF and AKI make them superior
to conventional markers. This review will provide an update on
current and emerging cardiac and renal biomarkers with
diagnostic and prognostic implications in HF patients. In
discussing markers for cardiac dysfunction in patients with
cardiorenal syndrome, natriuretic peptides (NPs) and cardiac
troponins will be reviewed. NPs are considered benchmark
markers and have set the bar for markers in HF. Markers
such as troponin have high prognostic value especially in serial
monitoring of their levels to indicate ongoing myocardial injury/
insult, thus being an effective marker for risk stratification and
cardiac dysfunction. In discussing markers for renal dysfunction,
robust marker such as neutrophil gelatinase associated lipocalin
(NGAL) and emerging markers such as Cystatin C will be
reviewed. Finally, prognostic markers such as Procalcitonin
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Figure 1. Schematic representation of different sites of biomarker release and expression in the human body. BNP: B-type natriuretic

peptide; NGAL: Neutrophil gelatinase associated lipocalin.

(marker for concomitant infection), Adrenomedullin (ADM)
and Copeptin (Anti-diuretic hormone) will also be reviewed.

2 Renal dysfunction in acute HF

According to acute HF registry databases, renal dysfunction
is the most frequent comorbidity in acute HF patients associated
with high in-patient mortality.™® In a meta-analysis by
Smith et al.,"”’ unadjusted mortality rate at one year follow-
up was 51% in those with moderate to severe renal impair-
ment compared to 26% in those without any renal impair-
ment. Moreover, after adjusting for socio-demographic and
clinical covariates, those with any renal impairment were
still at significant higher risk of mortality (HR = 1.56, P <
0.001). The meta-analysis also demonstrated that those with
high degree of HF severity in accordance with NYHA
functional class, had a markedly elevated mortality rate if
any renal dysfunction was present. Patients with acute HF
can be classified as de novo HF and acute decompensated HF
(ADHF) depending on onset and duration of their symp-
toms.™ Patients with de novo HF have no previous history or
symptoms and signs of HF and present with their first
manifestation of HF, whereas those with ADHF have
pre-existing HF and present due to rapid worsening of their

symptoms, usually in a decompensated state with fluid
overload. Majority of patients with acute HF have coronary
artery disease, hypertension and mitral regurgitation as their
three main underlying conditions."'” Although left ventricular
systolic dysfunction is associated with acute HF patients,
studies have shown that most of the patients with acute HF
may have preserved systolic function with or without
diastolic dysfunction. Poor cardiac output as seen in most
patients with acute HF is the main driving factor causing
decreased renal perfusion and worsening renal function
characterized as cardiorenal syndrome."*'! Ronco et al.!""
proposed the definition for cardiorenal syndrome as, “disorders
of the heart and kidneys whereby acute or chronic dysfunction
in one organ may induce acute or chronic dysfunction of the
other.” Furthermore, cardiorenal syndrome is classified into
5 types depending on which primary organ (heart or kidney)
is affected first.

3 Pathophysiology of renal dysfunction in acute
HF

The inter-relation that exists between the heart and
kidney is affected in patients with acute HF.*%) Low cardiac
output results in renal arteriolar vasoconstriction which
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increases central venous pressure and further reduces renal
blood flow.™™ Renal hypoperfusion triggers the sympathetic
system and activates the renin-angiotensin-aldosterone system
to maintain plasma volume by retaining sodium. Adenosine
release is triggered by the rising sodium levels which then
bind Al-receptors in the proximal tubule leading to afferent
glomerular arteriole constriction resulting in glomerular
filtration rate (GFR).!'” In patients with long standing HF,
rapid worsening of their symptoms leads to rapid worsening
of their renal function. For instance, in the acute setting,
patients with ADHF present with fluid overload wherein the
compensatory mechanism activated result in further deterio-
ration of cardiac and renal function.!"” Biomarkers which
are released in response to hemodynamic stress in such cases
are useful tools to monitor disease progression and severity.
Studies have shown that monitoring biomarkers of cardiac
dysfunction in conjunction with markers of renal dysfunction
may prove most beneficial in managing such patients.

4 Diagnostic and prognostic markers of
cardiac dysfunction

4.1 B-type natriuretic peptide (BNP)

Acute HF is a debilitating disease with mortality exceeding
most cancers and represents one of the most expensive
disorders in the medical field.""! The majority of acute HF
patients will eventually require attention in the emergency
department or hospital. As a quantitative marker of HF, the use
of BNP levels in serial measurements could be useful not only
for diagnosis, but also for risk stratification and may therefore
assist in triage decisions. BNP is part of a structurally similar
family of peptide hormones which also includes: atrial
natriuretic peptide (ANP), C-type natriuretic peptide (CNP),
and Urodilatin.!"¥ BNP is a neurohormone consisting of 32
amino-acids synthesized in the cardiac ventricles and is released
in response to ventricular dilatation and pressure overload."*!
After synthesis, the precursor peptide is cleaved first to
pro-BNP, then to the biologically active BNP and the inactive
76 amino-acid N-terminal fragment (NT-proBNP). The release
of BNP results in improved myocardial relaxation and serves an
important regulatory role in response to acute increases in
ventricular volume by opposing the vasoconstriction, sodium
retention and antidiuretic effects of the activated renin-
angiotensin-aldosterone system."'® Different pathological states
increase BNP plasma concentrations, particularly when there
is increased dilatation of the cardiac wall chamber, an
expanded fluid volume (HF, renal failure, primary hyperaldos-
teronism), or reduced clearance of peptides (renal failure).!""

Initial emergency department BNP levels can identify the
risk of death or readmission within 30 days."® In the REDHOT

study, Maisel et al!'”’ analyzed a cohort of 464 patients
presenting to the emergency department with symptoms
suggestive of congestive HF (CHF). Of these patients, 68.3%
were going to be admitted, but after the initial assessment
was performed the rate went up to 90.3% of the population.
The 90 days combined event rate in the group of patients
admitted with BNP < 200 pg/mL was 9% compared to 29%
in those admitted with BNP > 200 pg/mL. This demon-
strates that the overall prognosis of patients with BNP levels <
200 pg/mL is excellent, despite their classification as NYHA
functional class III or IV.

BNP can also be helpful for predicting in-patient mortality,
as seen in the ADHERE study.!"” 48,629 (63%) of 77,467
patients had BNP assessments within 24 h of presentation.
Overall, in-hospital mortality was 3.6%, but this mortality
risk varied more than 3 to 4 fold on the basis of the patient’s
initial BNP levels, suggesting that the risk of in-hospital
mortality can be reliably estimated using BNP obtained at
hospital admission. In another study, patients with acute HF
who were discharged based on absolute percentage reduction of
BNP from admission by > 46% at discharge in conjunction
with total BNP < 300 pg/mL carried lower risk [Odds ratio
(OR): 4.77, 95% confidence interval (95% CI): 1.76-12.83,
P < 0.002] compared to those with < 46% reduction at
discharge and BNP > 300 pg/mL (OR: 9.61, 95% CI: 4.51—
20.46, P <0.001).I""

Thus BNP is most certainly an integral tool useful in trea-
ting and managing patients with acute HF indicative of
ongoing disease and allowing to better preserve renal function
by timely discharge of patients especially in the emergency
department.

4.2 NT-proBNP

As mentioned before, the dynamic link between heart
and kidney can be affected in patients with acute HF resulting
in worsening renal function and deteriorating patient survival.
With activation of various compensatory pathways in response
to low blood pressure and poor cardiac output, charting NPs
levels in conjunction with measuring degree of renal dysfunction
can certainly improve outcomes of patients with cardiorenal
syndrome. Like BNP, NT-proBNP release from ventricular
myocytes is due to increase ventricular pressure and volume
overload but with a longer half-life (120 min). Using NT-
proBNP levels in the diagnosis and risk stratification of
patients has proved to be superior to its counterpart.'” As
factors such as renal dysfunction, age, pulmonary disease
influence NPs levels, in patients with worsening renal function
in the acute setting, elevated NP levels reflect ongoing disease
severity and not mere accumulation.”” As demonstrated in
a follow-up to the ICON study by Kimmenade et al.*” in
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720 patients with acute HF, glomerular filtration rate (GFR),
and NT-proBNP were the best predictors of short-term
60-day mortality (OR: 3.46, 95% CI: 2.13-5.63). Moreover,
a rise in both NT-proBNP and GFR or serum creatinine
levels (> 0.3 mg/dL) were predictive of worse outcomes.
The study stated that elevated NT-proBNP levels on admission
combined with poor GFR (GFR < 60 mL/min per 1.73 m®)
were more accurate in indicating worse prognosis compared
to serial serum creatinine levels. Despite of several limitations,
the study demonstrated the prognostic utility of using NT-proBNP
in addition to GFR and serum creatinine to better risk stratify
patients with cardiorenal syndrome.

In another study, Kimmenade et al.*!! demonstrated that
although NT-proBNP levels was unable to discriminate acute
HF etiology (ischemic vs. non-ischemic), it proved useful in
differentiating the type of HF. NT-proBNP levels were
higher in those with systolic HF (6,196 pg/mL) compared to
those with non-systolic HF (3,134 pg/mL). Also highlighting
the importance of inflammatory markers such as apelin and
galectin-3 in acute HF patients, receiver operating characteristic
(ROC) analysis in predicting short-term mortality demonstrated
a superior area under the curve (AUC) for galectin-3 (0.74)
compared to NT-proBNP (0.67) and apelin (0.54) in those
with acute HF. On adjusted multivariable analysis galectin-3
(OR: 14.3, 95% CI: 5.645.1, P < 0.001) outperformed
NT-proBNP and apelin in predicting short-term mortality.
The study claimed that NT-proBNP is superior to galectin-3
and apelin in diagnosing acute HF whereas galectin-3 is
superior to others in predicting short-term mortality.

Interpreting natriuretic peptide (NP) levels accurately is
critical in early diagnosis and management of patients with
acute HF. In a follow-up to the PRIDE study, Januzzi et
al.?? demonstrated that in 1,256 patients presenting to the
emergency department with dyspnea using appropriate age-
related cut-points in diagnosing acute HF improved diagnostic
performance of NT-proBNP on ROC analysis. In patients <
50 years, ROC analysis achieved an AUC of 0.99 in diagnosing
acute HF followed by 0.93 and 0.86 for ages 50-75 years
old and > 75 years old, respectively. Using a cut-point of 300
pg/mL to exclude diagnosis of acute HF achieved 99%
sensitivity, 60% specificity and 98% negative predictive value.
Furthermore, those with elevated NT-proBNP levels had
higher risk of short-term mortality (OR: 5.2, 95% CI:
2.2-8.1; P <0.001).

The value of using NPs as an indicator of cardiac dysfunction
on patients with worsening renal function is obvious. Past
research in NPs had allowed a better understanding of underl-
ying pathophysiological changes that occur in patients with
acute HF. However, care should be taken while interpreting NP
levels since patients with acute HF often present with grey-

zone values, making it necessary to appropriately follow-up
such patients with serial measures. Using NPs individually
or in combination with other parameters such as GFR, serum
creatinine, may prolong survival in patients with caridorenal
syndrome.

4.3 Troponins

Cardiac troponin is released into circulation as a result of
cardiac injury and includes troponin I, troponin T and tro-
ponin C which regulate actin-myosin interaction and regulate
calcium mediated muscle contraction.'”! Researchers have
reported strong correlations between cardiac troponins and
renal function.*" In the acute setting, wherein majority of
acute HF patients present, troponin levels can be a useful
surrogate of indicating ongoing inflammation or myocyte
injury and worsening renal function; thus charting troponin
levels may help identify patients with acute HF at a high risk.
Additionally, serum troponin concentration remains high in the
blood much longer than creatine kinase-MB, creatine kinase,
and myoglobin due to its significantly longer half-life,
providing a longer diagnostic period. In-patient mortality in
patients with acute HF is often elevated in the presence of
poor renal function. Serial troponin measures in patients
hospitalized with HF may enable better monitoring of such
patients. With ischemic heart disease as a predominant cause
triggering acute HF, using troponin levels to measure ongoing
myocardial damage can be beneficial in better managing
patients with acute HF and renal dysfunction.” With the
advent of high sensitivity assays for cardiac troponin, a more
accurate and rapid detection of an ischemic event is possible.

Kitagawa et al.**! demonstrated that in patients with chronic
kidney disease and diastolic failure, high-sensitivity cardiac
troponin T (hs-cTnT) along with BNP were powerful predi-
ctors of detecting left ventricular end-diastolic dysfunction. area
under the receiver operating characteristic curve (ROC-
AUC) is 0.88 (P = 0.010) for hs-cTnT and ROC-AUC is 0.741
(P = 0.057) for BNP. HscTnT significantly correlated with
parameters of peak flow velocity across mitral valve.

Cardiac troponin levels has also helped identify patients
with HF and increased risk of in-patient mortality. Nishio et al.*”
studied 145 inpatients (mean ejection fraction = 31.6% + 0.9%)
with congestive HF, who were split into groups with high
(>0.1 ng/mL) and low (< 0.01 ng/mL) serum cardiac troponin
T level. Patients with higher cardiac troponin levels also had
significantly high serum levels of BNP (P < 0.0001). Of the
CHF patients in the study, 32% had high troponin T levels
and 68% had low troponin T levels. Of these, 9% with low
troponin T levels and 41% with high troponin T levels died
or were re-hospitalized due to CHF. The analyses indicated
that high cardiac troponin levels and high BNP levels along
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with other clinical variables were strong indicators of death and
re-hospitalization for CHF patients.

De Filippi et al.”* noted that when troponin T levels are
greater than 12.95 pg/mL, the hazard ratio is 2.48 for CHF.
The potential of cardiovascular death is highly increased for
those with troponin T levels greater than or equal to 12.95 pg/mL
had a hazard ratio of 1.35 to 2.91.

Although studies have successfully demonstrated the
diagnostic and prognostic utility of using both cardiac
troponin I & T levels in patients with acute HF, further research
exploring serial troponin measures in patients with renal
dysfunction may prove beneficial. The use of hs-cTnT can
certainly improve overall survival of acute HF patients by
reducing in-hospital stay and re-admission rates.

5 Diagnostic and prognostic of renal dysfunction
51 NGAL

Acute renal failure is a prevalent complication of many disease
states and is associated with significant morbidity and mortality. It
was not until 2004 that a consensus regarding classification
of stages of renal injury was developed. Bellomo et al.”*”! created
the Risk-Injury-Failure-Loss-End stage kidney disease (RIFLES)
criteria based on GFR, serum creatinine, and urine output. The
risk, injury, and failure categories are associated with a high
sensitivity while the loss and end stage kidney disease
categories are highly specific. A patient may fall into one of
the categories with a change in creatinine, urine output, or both.
A patient is considered to be in chronic kidney disease (CKD)
with a GFR < 60 mL/min per 1.73 m* for three months or
more. Alternatively, any ongoing (at least three months)
structural or functional abnormality of the kidney, regardless of
GFR but that can be detected by pathological abnormalities
or specific markers is considered CKD.*” These definitions
have greatly aided physicians identifying disease states at a
point where prognostically meaningful management can
be instituted.

The kidney and heart are greatly affected by pathology of
each other. Acute or chronic disease states of one organ may
induce acute or chronic damage of the other. The term cardiorenal
syndrome (CRS) describes this reciprocal process. There are
five types of CRS, each discerned by the inciting disease
process and the consequent dysfunction that ensues.””
Currently, as indicated by the RIFLEs criteria, creatinine is
one of the major markers used to detect kidney dysfunction.
However, several aspects of creatinine make it less than
optimal. Many factors affect creatinine independent of kidney
function including: age, gender, muscle mass and metabolism,
medications, and level of hydration.””*” Serum creatinine

often does not rise until steady state equilibrium is reached,
which in cases of injury could be days after the initial insult
occurred.” > This decreases its sensitivity for acute changes
in function. Additionally, many preventative and restorative
measures for kidney injury are best if instituted immediately
after the inciting event occurs, which is well before creatinine
rises.* ! In order to better assess kidney function, a
marker that is more sensitive and convenient to measure at
the bedside is necessary. Over the years, many markers have
been suggested of which NGAL seems to have garnered
much attention.

511 NGAL in AKI

NGAL was first purified and identified in 1993 by
Kjeldsen et al.*® This small 25-kDa protein with 178 amino
acids belongs to the lipocalin family of proteins. The
lipocalin family is a group of proteins that are otherwise
diverse in sequence but share a specific conserved structural
beta-barrel motif consisting of eight antiparallel strands
joined by hydrogen bonds throughout. This core sequence
serves to encircle the central binding pore specific for a variety
of hydrophobic molecules, cell-surface receptors, and
soluble macromolecules.”™ NGAL has been shown to be
involved in immune modulation, inflammation, and neop-
lastic transformation through macromolecule complexing
and expression in immature neutrophils and epithelial
cells.””* Broadly speaking, NGAL is physiologically expr-
essed and secreted in the lung, kidney, trachea, stomach, and
colon. Grenier et al.’ evaluated the performance of the
ARCHITECT urine NGAL assay. They determined that the
ARCHITECT assay was a reliably and reproducible assay
to determine urine NGAL.

NGAL is thought to be bacteriostatic in pathological
states by forming complexes with iron-binding siderophores
and thus starving metabolically active bacteria. Additionally,
serum and urine NGAL have been shown to increase dram-
atically in renal failure heralding its potential role as a marker
for kidney injury.***! In a large study involving human
and animal models, serum and urine NGAL were 7.3 and
25-fold increased respectively in acute tubular necrosis
compared to normal. Immunofluorescence was NGAL
positive in 50% of the cortical tubules of kidneys with acute
tubular necrosis compared to control kidney sections.**!
Post-transplantation, NGAL is indicative of acute kidney
injury. It correlates well with post-operative peak creatinine
and necessitation of dialysis suggesting its potential involve-
ment in routine cadaveric kidney allografts to predict kidney
injury.">*)ROC analysis with a urine NGAL cutoff of 50
pg/L in predicting acute kidney injury in children post
cardiopulmonary bypass produced AUC of 0.998.°% In
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adult patients, significantly higher urinary and serum NGAL
were seen just after cardiac surgery, peaking at 3 h, in
patients who later developed acute renal dysfunction. In
these patients, creatinine only peaked on post-operative day
four. NGAL values dramatically decreased post-surgery in
patients who did not develop acute renal dysfunction.

Ling et al.*” introduced the potential of urinary NGAL
as a marker for contrast-induced nephropathy (CIN) 24 h after
the procedure. Hirsh et al.*® found that a cutoff of 100 ng/mL
predicted CIN in children with a sensitivity of 0.73 and
specificity of 1 (urine NGAL AUC: 0.92, plasma NGAL
AUC: 0.91, both P <0.0001).

512 NGAL inHF

Recently, investigators have broken the confines of NGAL
as purely a renal marker and explored the role of NGAL in
cardiovascular pathology."*”” Hypertension is a major risk
factor of cardiovascular disease and renal injury is a known
sequela of chronic elevated arterial pressure. A recent study by
Malyszko et al.™ looked at the effect of hypertension on
NGAL levels in patients with normal creatinine and stable
coronary artery disease (CAD). NGAL values were higher
in those with hypertension compared to controls (normotensives).
In multivariate analysis, serum NGAL correlated with serum
creatinine, urine NGAL, duration of hypertension, GFR,
cystatin C, and other parameters. Interestingly, serum creatinine
was relatively similar between hypertensives and normoten-
sives; however GFR was significantly decreased in hyperten-
sives, indicating presence of renal injury where originally
none was detected. This discrepancy highlights the potential
benefit of tracking NGAL levels in patients with multiple risk
factors for kidney damage, namely hypertension and CAD.

Amongst the geriatric population, CHF continues to be a
pressing concern. Many patients acutely decompensate several
times throughout disease progression and contribute to the
greater than one million hospital admission annually.®" In
addition, worsening renal function is a very real complication
of CHF and is known to be an independent predictor of morbid-
dity and mortality as well as higher medical costs and longer
hospital stays.’”! It is in evaluating renal function of patients
who acutely decompensate where NGAL has the greatest pot-
ential for creating a paradigm shift in management and
prognostication.

Aghel et al.”*! found that among patients admitted for
acute decompensated HF, those who subsequently developed
worsening renal function (defined as creatinine rise > 0.3 mg/dL)
had significantly higher NGAL values than those who maintained
steady renal function (194 ng/mL vs. 128 ng/mL, P = 0.001).
Patients with an admission NGAL > 140 ng/mL were at 7.4-
fold increased risk of developing worsening kidney function

during hospitalization (sensitivity = 86%, specificity = 54%),
validating the accuracy with which NGAL can predict kidney
injury.

Many studies have also looked at how NGAL compares with
creatinine in detecting AKI. A meta-analysis by Haase et al.*"
demonstrated that NGAL was an early predictor of subclinical
AKI with early elevations in NGAL levels compared to
serum creatinine. Moreover, in-patient mortality was highest
in those patients with elevated NGAL levels with or without
elevated serum creatinine.

Another study confirmed that increased NGAL along
with NT-proBNP significantly correlated well with increased
serum creatinine (r = 0.26, P = 0.006) and decreased GFR
(r=-0.29, P = 0.002) in patients with CHF compared to
matched controls.'*”! Many studies have shown that NGAL
rises 24 to 48 h before creatinine and thus shows promise in
being a powerful marker for early detection of kidney damage.”!
Dent et al.” demonstrated that in patients undergoing
cardiopulmonary bypass, NGAL detected AKI within 2 h where
as rise in serum creatinine levels were delayed to 2-3 days.
NGAL was the strongest indicator of AKI in the acute phase
with a ROC-AUC of 0.96 in detecting AKI. Moreover, using a
cut-off of 150 ng/mL to detect AKI, NGAL achieved 84%
sensitivity and 94% specificity.

NGAL is a robust marker for detecting early AKI and
carries high diagnostic and prognostic utility not only in
patients with acute HF presenting to the emergency department
with AKI but also in hospitalized patients with HF.

5.2 CystatinC

Another novel marker rapidly emerging in the early detection
of AKI with performance superior to creatinine is Cystatin C.
The diagnostic utility of Cystatin C is well documented in the
acute setting wherein early detection of worsening renal function
is key to prevent progression to cardiorenal syndrome.**>"
Cystatin C is an endogenous cysteine proteinase inhibitor. Sup-
eriority of Cystaitn C over other markers of worsening renal
function [marked by (estimated glomerular filtration rate)
eGFR <60 mL/min] lie with its ability to remain unbound to
protein and being able to be freely filtered across the
glomeruli.””

Most of the studies testing performance of urinary versus
serum Cystatin markers have demonstrated a superior utility
of the latter. Soto et al.”” conducted a study to evaluate
diagnostic potential of Cystatin C for detecting AKI in patients
presenting to the emergency department. Of the 616 enrolled,
21.1% had AKI (defined as serum creatinine > 0.3 mg increase
from baseline as per RIFLE and AKIN criteria) with
investigators carrying out serial measures at 5 time-points (0,
6, 12, 24, 48 h). In detecting AKI, Cystatin C achieved an
AUC of > 0.86 comparable to serum creatinine. Moreover,
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serum Cystatin C was able to discriminate between those with
initial elevations in serum creatinine which returned to
baseline in 48 h and those that went on to develop AKI.

Haase et al.,'® demonstrated that plasma NGAL and
serum Cystatin C were the strongest predictors of developing
AKI (defined as per RIFLE criteria) in patients post-cardiac
surgery. Cystatin C achieved an AUC of 0.76, compared to
NGAL 0.77 in detecting AKI on arrival. Overall, Cystatin C
and NGAL performed better in detecting early AKI and
predicting length of stay.

Several studies thus far have successfully evaluated the
performance of Cystatin C in detecting early AKI, a clinical
entity that needs to be dealt with rapidly to prevent progression
to cardiorenal syndrome in patients with acute HF.

6 Prognostic markers

6.1 Procalcitonin

Procalcitonin has been established as a biomarker indicative
of ongoing inflammation and infection. The use of procalcitonin
has been suggested to aid in diagnosis and prognosis of
patients with microbial infections. Several studies thus far
have defined procalcitonin as an acute phase reactant, superior to
conventional inflammatory markers such as C-reactive protein
(CRP) and cytokines.*"  Human procalcitonin has a molecular
weight of 14.5 kDa, a 116 amino acid structure and is encoded by
the CALC-I gene located on the short arm of chromosome 11.1%%)
In healthy individuals, post-translational processing of procal-
citonin in thyroidal C-cells produces biologically active mature
calcitonin.!"***' In infective conditions, procalcitonin mRNA
up-regulation is seen in neuroendorine cells, parenchymal cells
(adipose tissue) and peripheral blood mononuclear cells
(PBMC) in response to endotoxin release or mediated via
pro-inflammatory cytokines such as tumor necrosis factor
(TNF), IL-6 and IL-8.[656570)

6.1.1 Procalcitonin in HF

Picariello et al.”" assessed 52 patients with acute coronary

syndrome to establish if procalcitonin levels correlated with
CRP as a marker for inflammation. Patients were divided
into 3 sub-groups, cardiogenic shock (group A), uncomplicated
STEMI (group B) and NSTEMI/UA (group C). Results
revealed that procalcitonin levels were significantly higher
(> 0.5 ng/mL) specifically in group A compared to the other
groups (6.61 ng/mL, P < 0.001), whereas CRP levels were
significantly elevated in all three groups. Logistic regression
showed that procalcitonin and CRP levels had no significant
correlation in group A patients, suggesting that procalcitonin
levels were more sensitive to and indicative of severe inflam-
matory process as seen in patients with cardiogenic shock.

The role of procalcitonin in predicting cardiovascular
mortality in 2,131 patients with CAD showed that procalcitonin
levels were significantly elevated in those with cardiovascular
events on follow up (0.016 ng/mL, P = 0.0085) and in those
that died from cardiovascular causes (0.021 ng/mL, P <
0.0001).7") Kaplan-Meir analysis revealed a high event rate
and cardiovascular mortality in those with procalcitonin
levels > 0.023 ng/mL. Elevated procalcitonin levels were
found to be significantly associated with body mass index
(BMI) > 30 kg/m* (P < 0.0001), male gender (P < 0.0001)
and diabetes mellitus (P < 0.0001). Furthermore, procalcitonin
levels independently predicted future cardiovascular mortality
on Cox regression analysis (HR: 1.34; 95% CI: 1.08-1.65, P =
0.0070). According to the study, although the prognostic
capabilities of procalcitonin surpassed conventional risk
markers, it did not provide any additional information when
compared with CRP. Procalcitonin levels were elevated in those
with severe myocardial damage and associated with 6-month
mortality suggesting that procalcitonin dynamics, especially in
non-infective conditions and in patients with cardiovascular
diseases, were influenced by severe myocyte injury resulting
from ischemia./””!

Often patients that present to the emergency department
with congestive signs of HF have superimposed pneumonia
which is hard to distinguish based on laboratory tests. A
follow-up study using the BACH cohort analyzed the diagnostic
and prognostic performance of procalcitonin in patients with
pneumonia presenting to the emergency department with
shortness of breath.”” The results revealed that procalcitonin
added to the physicians clinical decision making in the emergency
department, increasing their accuracy to > 83% for diagnosing
pneumonia. Also, patients with high procalcitonin levels and
untreated with antibiotics had the worst prognosis. Procalcitonin
levels were obtained in 99.4% of patients and had an inter-quartile
range from 0.05 ng/mL to 0.13 ng/mL, a median of 0.07 ng/mL
and < 0.05 ng/mL in healthy subjects. Procalcitonin also added
to the diagnostic value of chest X-ray, increasing the AUC
from 0.798 to 0.864 for diagnosing pneumonia.

6.1.2 Procalcitonin in impaired renal function

Patients with CHF often have impaired renal function
necessitating dialysis, occurring as result of acute/chronic
renal failure or secondary to cardiac or systemic infection.
Managing such patients is always a daunting task. Herget-
Rosenthal et al.™ evaluated 68 patients with end-stage renal
failure or acute renal failure requiring hemodialysis prospectively
to assess the diagnostic performance of procalcitonin to other
conventional markers in detecting infection/sepsis. Eighty
nine percent patients were correctly classified based on
procalcitonin levels > 1.5 ng/mL as having severe infection
or sepsis. A cut-off of 1.5 ng/mL achieved highest sensitivity
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(89%), highest specificity (81%) and accuracy (85%) com-
pared to CRP and total white cell count in diagnosing severe
infection or sepsis. In the absence of infection, rising
procalcitonin levels are due to reduced renal elimination. A
study conducted on patients with chronic kidney disease
without signs of infection or inflammation receiving renal
replacement therapy showed that procalcitonin levels were
conversely proportional to renal function and increased in
parallel to depleting renal function.™ The study also assessed
the role of PBMC in secreting procalcitonin in patients with
reduced renal function and showed that PBMC’s secreted
higher amounts of procalcitonin in such patients.

Results from the BACH trial follow-up study showed that
procalcitonin levels taken during follow-up identified pati-
ents requiring antibiotic use (procalcitonin levels > 0.21 ng/mL,
P < 0.01), enabling adequate treatment of these patients
which could have been potentially missed.”"! Patients with
procalcitonin levels > 0.21 ng/mL had a lower survival rate
(80.5% compared to 92% in those with procalcitonin < 0.05
ng/mL). As mentioned earlier, distinguishing patients with
acute HF and superimposed pneumonia can be challenging,
this study showed that procalcitonin levels (> 0.1 ng/mL) in
addition to MR-proANP (> 350 pmol/L) were able to
accurately diagnose those with community acquired pneu-
monia and concomitant acute HF. Thus, combining procalc-
itonin with MR-proANP proved useful in differentiating
acute HF patients with pneumonia.

6.2 Mid-Region pro-ADM (MR-proADM)

ADM, a 52-amino-acid peptide, was first discovered in
1993 when it was isolated from a pheochromocytoma. ADM is
homologous to the copeptin family and is expressed by many
endothelial tissues throughout the body including the adrenal
medulla, lungs, kidneys, gastrointestinal organs, and heart.[”>”"®
ADM is secreted as an inactive precursor (pro-ADM) and
subsequently cleaved into the active form where it acts as a
potent vasodilator through the nitric oxide pathway and
increases diuresis and natriuresis.”” ™) ADM has been shown
to be a promising biomarker. Recent studies have shown
that ADM levels increase after cardiac events, and its plasma
levels have been shown to be inversely related to left ventricular
function. However, the use of ADM as a biomarker has been
hindered over the years due to its short plasma half-life of
22 min, making an accurate measurement difficult to attain.
Recently, a more stable product of the pro-ADM peptide has
been discovered and shown to be a promising prognostic tool,
MR pro-ADM, a surrogate peptide of ADM.™)

Recent studies have shown that MR pro-ADM is a
promising prognostic tool for a wide variety of diseases, and
in some cases, is a stronger prognostic indicator than the

natriuretic peptides. In patients with symptoms of HF or a
previous acute myocardial infarction, MR pro-ADM has been
shown to be a good predictor of future cardiovascular events
and death.™ This is further confirmed by the BACH study
where it was shown that MR-proADM levels (cutoff of
1.985 nmol/L) had a predictive accuracy for survival at 90
days of 73% in patients presenting to the emergency department
with shortness of breath. This is in comparison to BNP which
only had a predictive accuracy of 62%.™!

Another study by Haehling et al.*? showed that high
levels of MR-proADM correlated with an increased risk of
death within 12 months, independent of age, creatinine, left
ventricular ejection fraction, NT-proBNP, and NYHA class.
MR-proADM has also been shown to be useful in the prognosis
of patients with non-ST elevation myocardial infarction. In an
additional study, levels of MR-proADM were taken 36 h
after the onset of symptoms and at discharge. It was determined
that a high MR-proADM level at admission was associated
with death and early mortality (better than GRACE score
and NT-proBNP), while high levels at discharge were associated
with HF readmission.™ Levels and predictive strength of
MR-proADM have also been shown to differ based on the
type and severity of HF. MR-proADM has been shown to
be better as an independent predictor of death for patients
with mild to moderate symptomatic HF and non-ischemic
heart injury, thus showing that MR-proADM is a promising,
yet situational biomarker.™ MR-proADM shows great
promise as a potential cardiac biomarker, although certain
characteristics should be taken into consideration.

While MR-proADM has been shown as a strong predictive
marker for a variety of cardiac disease, it is also a biomarker
for other diseases that present with shortness of breath, including
chronic obstructive pulmonary disorder pneumonia, and pul-
monary embolism.™*? And while MR-proADM adds prognostic
strength to NT-proBNP, it by no means can replace BNP
and troponin as a diagnostic and prognostic tool.® However,
since MR-proADM levels have been shown to differ based
on NYHA class and severity of HF, it has potential to help
identify those patients that may benefit from more invasive
therapy. Overall, MR-proADM shows great promise as an
independent prognostic tool for cardiac disease, although
further investigation should be performed to further clarify
its use as a biomarker.

6.3 Copeptin

Arginine vasopressin (AVP), which is also known as
antidiuretic hormone, is produced in the neurohypophysis of
the paraventricular and supraoptic nuclei of the hypothalamus.
An excess of AVP levels can affect cardiac contractility and
vascular tone by inducing hyponatremia and edema in CHF.
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Its role in the progression of CHF and exacerbation of left
ventricular dysfunction make it a viable target for the treatment
of CHF.® Due to its small size, fast clearance rate, and high
fraction of the platelet-bound form, AVP is very difficult to
measure in vitro.™ Additionally, it is unstable (half-life of
5-15 min) when extracted in plasma form, even at low
storage temperatures (—20°C).***! Thus, AVP levels can
never be measured accurately and efficiently in a practical
manner in a clinical setting. This is where a new biomarker,
copeptin, comes into play.

AVP comes from a 166-amino acid-long precursor protein,
preprovasopressin, which is composed of a signal peptide,
AVP, neurophysin II, and copeptin.**°! Copeptin (CT-pro-
AVP), a 39-amino acid-long glycosylated peptide with a
leucine-rich core segment, is named for the C-terminal
portion of this precursor molecule.™ Given that the hormones
are secreted stoichiometrically, the release of copeptin essen-
tially mirrors that of AVP.”"! However, copeptin has been
shown to be a more stable counterpart, able to stand at room
temperature in serum or plasma form without degrading
significantly.”>%"

6.3.1 Copeptinin HF

In an extension of the BACH study,™ copeptin was measured
in 557 patients with acute HF. 90-day mortality was found
to be greater in patients with increased copeptin levels (P <
0.001, HR 3.85). The combined endpoints of mortality,
readmissions, and emergency department visits were even
more likely with these risen levels. Copeptin added to the
prognostic value of other clinical predictors in patients with
acute HF for 90-day increased mortality.

Other studies have also shown that copeptin alone can be
superior to other biomarkers involved in HF. In the OPTIMAAL
study,” higher copeptin levels were found to have a significant
association with mortality. ROC curves demonstrated that
copeptin was a stronger predictor of mortality compared
with both BNP and NT-proBNP. Changes of copeptin levels
after one month significantly added prognostic information
to the baseline value. In a multi-variable Cox proportional
hazards model, a doubling of copeptin was related to a 1.83
times increased risk of mortality. Likewise, in a study conducted
on 287 patients with acute dyspnea in the emergency department,
copeptin was the strongest predictor for short-term mortality
in all patients (HR 3.88, P < 0.001), and especially in those
with acute decompensated HF (HR 5.99, P <0.0001).

While copeptin can predict outcomes in HF patients, it
has been proven that AVP can have physical effects on the
heart as well. In the Kelly et al.”® study, copeptin was
associated with left ventricular (L'V) dysfunction, volumes,
remodeling, and clinical HF post-acute myocardial infarction.
Its levels were directly proportional with the wall motion

index score, and inversely proportional to LV ejection faction at
discharge and follow-up and with ventricular volumes at
follow up. Patients with increasing LV end-systolic volume
had greater levels of copeptin. There was also an increased
risk in subjects with copeptin levels > 6.31 pmol/L.

6.3.2 Copeptin in renal dysfunction

As described in the Bhandari et al.® study, copeptin
showed a significant correlation to eGFR in males (r=—0.186,
P <0.001) and a less defined correlation in females (r=-0.097,
P =0.095). In addition, copeptin was found to be involved in
the development of urinary albumin excretion in patients. In
the PREVEND study,”® urinary albumin excretion is twice as
high in individuals within the upper quintiles of plasma
copeptin than those in the lowest quintile. This high urinary
albumin excretion in individuals with high copeptin levels is
a reflection of the increase in permeability of the glomerular
filter to albumin or a decrease in the reabsorption of
albumin.

How AVP induces albuminuria is unclear, but there is an
obvious connection between the two phenomena. An increase in
AVP leads to an increase in urinary albumin excretion, a sign of
early renal damage and progression of renal failure.”” This
suggests an indirect involvement of AVP in kidney dysfunction.

Due to evidence of its participation in HF and renal
failure from the previous studies, copeptin is a potential
prognostic marker in cardiorenal syndrome. Its successor,
AVP has been shown to contribute to the progression of
cardiac and renal failure. In HF, AVP limits the contractility
of the heart by inducing hyponatremia and edema. In renal
dysfunction, AVP secretion gave rise to urinary albumin
excretion and decreased glomerular filtration rate.

The CHART 2 study,””™ investigated albuminuria, the
link between cardiac and renal failure, in HF patients with
preserved ejection fractions. This was a large study that
enrolled 2,465 patients with overt HF with ejection fractions
> 50%. A urinary dipstick test (UDT) was performed in
each of these patients for trace of proteinuria. It was found
that patients with eGFR < 60 had more severe positive
dipsticks compared with those with eGFR > 60. HF patients
with preserved ejection fractions patients with positive UDT
had significantly higher mortality compared with those with
a negative UDT in each stratum of eGFR levels.

Copeptin is stoichiometrically released with AVP, which
reflects urinary albumin excretion in a general population of
patients. Copeptin may be used as a marker of albuminuria,
which in turn can be used as a marker for cardiorenal syndrome.

7 Conclusions

The incoming of ultrasensitive assays allowing a faster
interpretation along with a multi-marker strategy remain the
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Table 1. Strength of evidence for individual markers in diagnosis, risk stratification and guided treatment for acute heart failure.
Diagnostic capability Risk Stratification Biomarker guided treatment

Natriuretic peptides -+ + T+
Procalcitonin e +++ —+
NGAL ++ ++ ++
Cystatin C +++° +

MR-proADM - -+

Copeptin - -+ T+
Troponin +++ ++ 4+

NGAL: Neutrophil gelatinase-associated lipocalin; MR-proADM: Mid-regional pro Adrenomedullin; “Heart Failure; *Pulmonary Infection; ‘Acute Kidney

Injury.

mainstay for managing HF patients. As any clinical test,
care must be taken in the interpretation of biomarker levels
subject to confounders.” For instance, the presence of grey-
zone values can be complexing while interpreting BNP/
NT-proBNP levels, as in such patients, their elevated levels
are confounded by the presence of right sided HF, pulmonary
embolism and diastolic failure."® Studies have established
that biomarkers by no means are stand-alone tests but simply
additive tools to be used in diagnosis and risk stratification.
Table 1 demonstrates the strength of evidence for all bio-
markers in comparison to natriuretic peptides. Majority of
HF patients initially present via the emergency department,
and therein the role of biomarker testing has shown to
improve clinical decision making and reduce future re-hospita-
lizations. Another facet of biomarker testing involves the
serial monitoring of their levels to chart disease progression,
thus, achieving better management of HF patients with poor
renal function by reducing unwanted/over-use of pharma-
cological drugs. Preserving renal function is challenging in
HF patients and the rationale behind the use of biomarkers
in such instances lie in their ability to rapidly reflect ongoing
pathophysiological changes. Inpatient complications need
extensive treatment and markers such as procalcitonin has
shown substantial promise by predicting clinical outcomes.
The role of biomarkers has certainly evolved in the last
decade and continues to evolve with growing research poin-
ting towards their use in standard therapy.
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