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Abstract

Heart failure (HF) is a common condition, especially in older patients. Considering the increase of life
expectancy the total number of HF patients is expected to grow in the future, which makes HF an important focus
of research. New high-throughput techniques, such as the “omics” (genomics, transcriptomics, metabolomics)
have brought new insight into disease pathophysiology, facilitating the discovery of an impressive number of can-
didate biomarkers. In this review we consider different perspectives on the evaluation and clinical potential of
biomarkers in heart failure as their usefulness in clinical settings is constantly being evaluated in order to bring
them closer to the point-of-care. In addition, we examine recent advances in the methods of detection and quan-
tification of biomarkers.
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Rezumat

Insuficienţa cardiacă este o afecţiune cu o prevalentă ridicată, în special în rândul pacienţilor vârstnici.
Pe  viitor,  se  preconizează  creşterea  numărului  de  pacienţi  cu  insuficienţă  cardiacă,  luând  în  considerare
creşterea speranţei  de viaţă,  ceea ce  sporeşte  interesul  ştiinţific  pentru  această  patologie.  Noile  tehnologii
„omice”  cum  ar  fi  genomica,  proteomica  sau  metabolomica  au  contribuit  la  elucidarea  fiziopatologiei
insuficienţei cardiace prin furnizarea unui număr impresionant de potenţiali biomarkeri. In acest review vom
prezenta diferiţii biomarkeri candidaţi şi uzuali pentru insuficienţa cardiacă şi utilitatea lor clinică, precum şi
progresele făcute pentru creşterea sensibilităţii, selectivităţii şi  reproductibilităţii metodelor lor de detecţie şi
cuantificare. 

Cuvinte cheie: insuficienţă cardiacă, biomarker, diagnostic, prognostic, strategie multi-marker.
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Introduction

Heart failure (HF) is the result of a wide
range of cardiovascular disorders that influence neg-
atively the heart’s property to fill or to pump blood.
Due to its multiple etiologies, HF is a common con-
dition, affecting approximately 1-2% of the popula-
tion in developed countries, with a prevalence of
more than 10% within the 70-years-or-older age-
group  (1).  Considering  the  increase  of  life  ex-
pectancy and the reduction of age-adjusted mortality
through disease management, the total number of
HF patients is expected to grow in the future, which
makes HF an important focus of research. 

New high-throughput techniques, such
as  the  “omics”  (genomics,  transcriptomics,
metabolomics)  have  brought  new insight  into
disease  pathophysiology.  The  introduction  of
mass spectrometry in the analysis  of  proteins
has opened the door to a plethora of candidate
biomarkers for HF. 

Through the process of validation, per-
formed by multiple reactions monitoring (MRM)
or  antibody assays,  the number  of  biomarkers
decreases. Proteins are then further subjected to
MRM or enzyme-linked immunosorbent assays

(ELISA) to test their applicability in clinical tri-
als (5). Table I shows some of the important cri-
teria in the development of a biomarker in HF, in
order to possess clinical utility.

Biomarkers in HF are classified accord-
ing to the pathologic processes in which they
may  be  involved,  such  as  inflammation  pro-
cesses, oxidative stress, extracellular matrix re-
modeling, hypertrophy, fibrosis, neurohormonal
activation,  myocyte  injury,  myocyte  stress  or
even apoptosis (4, 7, 8). 

HF biomarkers  can  have  cardiac  origin
and effect, whereas others are the markers of pro-
cesses that indirectly affect the heart.  Many HF
biomarkers provide information regarding patho-
logic processes associated with HF and thus have
the potential to be targets of future therapies. Table
II  shows examples of candidate biomarkers in HF.

Biomarkers of myocyte stress and apop-
tosis in HF

The  natriuretic  peptides,  brain  natri-
uretic  peptide  (BNP)  and  its  amino-terminal
fragment  (NT-proBNP),  are  the  most  studied
HF biomarkers.  Currently,  they are the  “gold

standard” biomarkers for HF. They can be
used  in  diagnosis/exclusion,  prognosis
and management of HF. All the major so-
cieties  such as the  European Society  of
Cardiology, the American College of Car-
diology and the American Heart Associa-
tion recommend their clinical use in their
guidelines (1). 

A cutoff  value  for  BNP or  NT-
proBNP of 100 pg/mL has a high speci-
ficity  and  sensitivity  for  HF  (9).  Other
pathologies such as obesity, renal failure,
anemia, stroke, pulmonary heart disease,
cardiotoxic  drugs  can  increase  BNP or
NT-proBNP values  (7).  Table  III shows
examples of findings of major studies that
evaluated the clinical use of BNP and NT-
proBNP in HF. Automated immunoassays
have been developed by many companies
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and their  utility  is  constantly  tested  (10,  11).
New, simpler,  cost-effective  methods  for  BNP
detection such as the  immunosensors are being
tested  as  candidates  for  the  detection  of NT-
proBNP. They detect NT-proBNP in serum such
as  the  regeneration-free  immunosensor  with
novel Fab fragment monoclonal antibodies that
detects NT-proBNP from 0.04 to 2.5 ng/ml with
a limit of 0.03 ng/ml (12) or in whole blood such
as the combination of a microfluidic system with
an  immunoassay  based  on  an  electrochemical
immunosensor with magnetic nanoparticles, bi-
otin-avidin system (BAS) and fragment antigen
binding  (Fab)  antibodies  (13)  or  the  electro-
chemical immunosensor based on the nanostruc-
tural gold and carbon nanotubes composite, gold
nanochains (AuNCs) and horseradish peroxidase
(HRP)  complex  labeled  secondary  antibodies
(AuNCs-HRP-Ab(2)) (14).

An increase of the A-type natriuretic pep-
tide (ANP) and adrenomedullin (ADM) concen-
trations was associated with HF and low left ven-
tricular  ejection  fraction  (LVEF)  (4,  8).  The
midreagional  proADM  (MR-proADM)  and
proANP (MR-proANP) are the more stable frag-
ments of ANP and ADM; they have a longer half

life and thus are easier to measure. The BACH
trial (Biomarkers in Acute Heart Failure) has un-
derlined their clinical utility in the diagnosis (MR-
proANP ≥ 120 pg/mL is associated with HF) and
prognosis (MR-proADM values predict 90-days
survival with an accuracy of 73%) of HF (20). It
has been suggested that both MR-proADM and
MR-proANP may be useful in obese patients or in
patients  with  renal  failure,  where  BNP or  NT-
proBNP are less accurate (4). Both proADM and
proANP can be detected by sandwich immunolu-
minometric assay using two specific  polyclonal
antibodies for the amino acids 45-92 of proADM
and 1-98 of pro ANP, respectively (21, 22).

ST2 is an inflammatory cytokine, mem-
ber of the interleukin (IL-1) receptor family. ST2
is thought to be involved in modifying immuno-
logic processes through its soluble (sST2) and
membrane-bound (ST2L) forms, produced dur-
ing myocardial strain (23). The physiologic lig-
and for ST2 is IL-33, which binds to ST2L and
produces  beneficial  effects  such  as  antihyper-
trophic, antifibrotic and antiapoptotic effects, but
when it binds to sST2, all of its effects are neu-
tralized (24). High levels of sST2 can be corre-
lated  to  ventricular  remodeling  and  disease
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Table I. Criteria for new HF biomarkers.

Attributes of a HF biomarker Reference

1.It is easily and quickly measured, at a reasonable price
2.Has a strong correlation to HF
3.Enables patient management (early detection of disease, diagnosis, risk stratification, 
therapeutic intervention, monitoring) 

Morrow and de 
Lemos (2).

1.Confirms or excludes the diagnosis of HF and enables risk stratification of patients with
HF
2.Can be used for screening for cardiac dysfunction
3.Can guide the management of HF

Tang et al (3).

1.It should be the result of an exhaustive and up-to-date evaluation process
2.It should be easily and shortly quantified, with high accuracy and should have known 
biological variation
3. Can provide information regarding HF pathophysiology that can help determine diag-
nosis, prognosis, progression or management of HF
4.It must offer new clinically useful information to enable further decision making

Van Kimmenade 
and Januzzi (4).
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severity in HF. Together with natriuretic peptides
and highly sensitive troponins, ST2 has a power-
ful prognostic value (25). Presage ST2 Assay has
been approved by the Food and Drug Adminis-
tration  as  a  novel  high-sensitivity  imunoassay
for the  measurement of  soluble ST2 in  human
plasma and it is established as a linear and stable
method of detection (26, 27).

Growth differentiation factor 15 (GDF-
15) is a member of the transforming growth fac-

tor-β cytokine superfamily with high hopes of be-
coming an important biomarker in HF. It  is in-
volved  in  cell  differentiation  and  tissue  repair
(28). A novel method of detection for GDF-15 is
the microparticle-based solid-phase proximity lig-
ation assay which has been tested against the tra-
ditional sandwich ELISA and was found to be su-
perior (29). GDF-15 levels are high (>1200 ng/L)
in acute myocardial infarction and HF in response
to cardiac ischemia and pressure overload. GDF-
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Table II. Biomarkers used in Heart Failure and their clinical relevance (4, 8)

Pathologic
processes Biomarkers Prognostic

value
Diagnostic

value
Cardiac
origin

Potential
targets of
therapy

Inflammation

C-reactive protein
Tumor necrosis factor α
Fas (APO-1)
Interleukins 1, 6, 18
Pentraxin-3 
Adiponectin 
Osteoprotegerin

+
+
+
+
+
+
+

Risk 
Risk
Risk
Risk
Risk
Risk
Risk

-
-
-
-
-
-
-

-
-
-
-
-
-
-

Oxidative 
stress

Oxidized low-density lipoproteins
Myeloperoxidase
Urinary biopyrrins
Urinary and plasma isoprostanes
Plasma malondialdehyde

+
+
+
+
+

-
-
-
-
-

-
-
-
-
-

+
+
+
+
+

Extracellular 
matrix remod-
elling

Hypertrophy

Fibrosis 

Matrix metalloproteinases (MMP)
Tissue inhibitors of metalloproteinases (TIMP)
Collagen propeptides

Propeptide procollagen type I
Plasma procollagen type III

Type I collagen telopeptide
Galectin 3

+
+

+
+
+
+

-
-

-
-
-
-

+
+

+
+
+
+

+
+

+
+
+
-

Neuro-hor-
monal activa-
tion

Norepinephrine
Renin
Angiotensin II
Aldosterone
Arginine vasopressin
Endothelin 
Chromogranin A

+
+
+
+
+
+
+

-
-
-
-
-
-
-

-
-
-
-
-
-
-

+
+
+
+
+
+
+

Myocyte in-
jury

Cardiac-specific troponins I and T
Myosin light-chain kinase I
Heart-type fatty acid protein
Creatine kinase MB fraction 

+
-
-
-

+
Risk
Risk
Risk

+
+
+
+

+
+
+
+

Myocyte stress

Brain natriuretic peptide
N-terminal pro-brain natriuretic peptide
Midregion fragment of proadrenomedullin
ST2

+
+
+
+

+
+
+
+

+
+
+
+

+
+
+
+

Apoptosis Growth differentiation factor-15 (GDF-15) + - + -
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15 can be used both as a prognostic and diagnos-
tic biomarker for HF as it can help predict all-
cause mortality and identify patients with HF and
preserved ejection fraction (30, 31).

Biomarkers of inflammation in HF

The cytokine hypothesis of HF states that
cardiac injury, for example ischemia, can trigger
stress responses such as liberation of proinflam-
matory  cytokines  like  tumor  necrosis  factor
(TNF-α), IL-1, IL-6 and IL-18. The expression of
such cytokines affects ventricular function and fa-
cilitates the installation of HF (32). 

TNF-α measurement can have a prognos-
tic value in HF patients but can also predict the de-
velopment of HF in asymptomatic patients (33).
Sandwich ELISA using a well plate is a common
procedure, but it is considered time-consuming. A
recent study shows the advantages of performing
sandwich ELISA on a microchip of cyclic olefin
copolymer with 4 straight microchannels for the
detection of IL-6 or TNF-α (34). Using a magnetic
bead surface coverage assay,  Tekin et al have de-
tected attomolar quantities of TNF-α (35).

C-reactive protein (CRP) has been asso-
ciated with HF and cardiovascular risk in many
studies,  but  lacks  specificity  to  heart  disease
(36). It is believed that CRP may have protective
effects but also negative effects in HF, such as
up-regulation of TNF-α and IL-6 (37). Recently,
a battery of aptamers has been patented for the
detection and measurement of CRP. They repre-
sent a more accurate and sensitive method of de-
tection than the traditional antibodies (38).  

Pentraxin 3 (PTX3) has been shown to
have prognostic value in patients with HF (39).
PTX3, TNF-α and IL-6 were found to be signif-
icantly elevated in patients  with  HF and pre-
served ejection fraction (39).  Novel detection
methods  for  PTX3 use  high  sensitive  plasma
ELISA assay system with monoclonal antibod-
ies,  which  have  a  limit  of  detection  of  0,1
ng/mL,  a  significantly  greater  sensitivity  that
the commercially available kits (40). 

Osteoprotegerin (OPG) is a member of
the tumor necrosis factor receptor superfamily
has been associated with  ventricular  dysfunc-
tion. OPG can predict survival after myocardial
infarction in HF patients (8). Increased serum
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Table III. Findings of major studies that evaluated BNP and NT-proBNP

Study Findings Year

Breathing Not Prop-
erly Study (9).

BNP had a sensitivity of 90% and a specificity of 74% for accurately diag-
nosing HF at a cutoff value of 100 pg/mL.

1999-
2000

ADHERE Study (15). There was a linear relationship between increasing admission BNP values
and increasing in-hospital mortality.

2007

Italian RED Study 
(16).

Assessment of BNP values at admission, at 24hours after admission and at
discharge had a great prognostic value for future cardiovascular events, in-
dependent of left ventricular ejection fraction (LVEF).

2010

PRIDE Study (17). NT-proBNP testing alone was superior to clinical judgment alone for the di-
agnosis of acute congestive HF.

2005

ICON Study (18). Clear  established correlation between symptom severity  and NT-proBNP
concentrations. An adjustment of NT-proBNP cutoff values according to age
must  be made:  <  50 years,  NT-proBNP ≥450 pg/mL;  50-75 years,  NT-
proBNP ≥900 pg/mL; >75 years, NT-proBNP ≥1800 pg/mL.

2006

IMPROVE CHF 
Study (19).

 Adding NT-proBNP to clinical judgment  reduced the duration of ED visit
by 21%, the number of patients rehospitalized over 60 days by 35%, and di-
rect medical costs of all medical services.

2007
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OPG levels have been found in ischemic car-
diomyopathy HF patients (41).

Biomarkers of oxidative stress in HF

Markers  of  oxidative  stress,  such  as
myeloperoxydases (MPOs)  have  demonstrated
positive correlation with New York Heart Associ-
ation (NYHA) functional class and diastolic dys-
function (42). MPO values > 99 pmol/L, together
with BNP have shown an increased prognostic
value than BNP alone (43). MPO can be detected
by  cytochemistry, flow cytometry and immuno-
histochemistry, but the results of one study show
the importance of using more than one method of
detection, for higher accuracy (44).

Biomarkers of extracellular-matrix re-
modeling in HF

Remodeling of the ventricles is an impor-
tant process in the progression of HF. An imbal-
ance between matrix metalloproteinases (MMPs)
and  tissue  inhibitors  of  metalloproteinases
(TIMPs) leads to modifications of the extracellu-
lar matrix with further modifications of the size
and shape of myocytes (8). There are at least 25
MMPs described in literature. Of all the MMPs so
far only MMP2, MMP3, MMP7 and MMP9 have
been linked to HF (45). They are zinc-containing
endopeptidases. They degrade proteins by cleav-
age of peptide bonds and can be detected by zy-
mography,  while  TIMP1  (tissue  inhibitor  of
MMP1) can be detected by reverse zymography
(46). TIMP1 has been found to predict all-cause
mortality in chronic HF patients (47). 

Galectin-3 (GAL-3) is secreted by acti-
vated  macrophages  and  stimulates  cardiac  fi-
brosis by stimulation of  collagen I deposition
and  irreversible  cross-linking  in  myocytes.
GAL-3 may be an indicator of cardiac remodel-
ing and fibrosis in HF (48). Quantitative pro-
teomic  analysis  employing  isobaric  labeling
(iTRAQ – isobaric tag for relative and absolute
quantitation) has been used for the detection of

cardiovascular biomarkers in pregnant women,
among which GAL-3 (49).  Park et al used d-
(+)-Galactose-conjugated  single-walled  carbon
nanotubes as biosensors and succeeded in en-
hancing the sensitivity for GAL-3 (50).

Biomarkers of neurohormonal activation
in HF

It is well known that in HF there is an
activation of compensatory mechanisms such as
the sympathetic nervous system and the renin-
angiotensin-aldosterone system (51). The utility
of  neurohormones as diagnostic or  prognostic
tools in HF is questionable as therapeutic agents
such  as  beta-blockers,  angiotensin  converting
enzyme inhibitors  (ACEI),  aldosterone  recep-
tors  blockers  (ARBs)  particularly  target  them
(52).  Nevertheless, there are some markers of
neurohormonal activation that have proven di-
agnostic or prognostic utility.

Endothelin-1  (ET-1) is  considered  a
marker of  sympathetic activation but  it  is  not
specific  to  HF (53).  ET-1 has been measured
and characterized by Laricchia-Robbio et al by
using  a surface  plasmon  resonance-based
biosensor  and ELISA (54).  However,  ET-1 is
difficult  to  measure because of  its  instability,
and its tendency to bind to receptors and plasma
proteins. The stable surrogate of ET-1, C-termi-
nal pro-endothelin-1 (CT-proET1) has also been
positively  correlated  with  the  risk  of  cardiac
death or heart failure (55).  Papassotiriou et al
have  reported  a  robust  method  of  indirectly
measuring  ET-1  by  determining  CT-proET-1.
CT-proET-1 has been measured using a sand-
wich  immunoluminometric  assay  with  two
polyclonal  antibodies  for  amino  acids  (AA)
168-212 of pre-proET-1 (56). 

Arginine  vasopressin  (AVP) is  released
from the hypothalamus in states such as hypov-
olemia or hyponatremia. Its levels are high in HF,
but as it has a very short half life, AVP is difficult to
analyze.  Thomas et  al developed a  liquid chro-
matography coupled to quadrupole high resolution
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time-of-flight mass spectrometry method of detect-
ing AVP in the urine to probe for doping control
purposes. The method has proven high accuracy,
robustness and a low limit of detection/quantifica-
tion (57). C-terminal provasopressin (copeptin) is a
more stable propeptide of AVP. Copeptin has been
shown to have prognostic value in HF and was cor-
related with NYHA functional class (58). Copeptin
can be measured using a  sandwich immunolumi-
nometric assay with two polyclonal antibodies for
132-164 AA of pre-provasopressin (59).

Biomarkers of myocyte injury in HF

Myocardial  injury  has  been shown to
be  more  common  than  previously  thought
among HF patients. Loss of cardiomyocytes is
associated  with  ventricle  remodeling  and  in
general  with a worse outcome (60).  With the

emergence of highly sensitive troponin assays,
cardiac troponin T (cTnT) was detected in 92%
of HF patients in comparison to only 10% in the
past  (60).  Cardiac  troponin I  (cTnI)  at  levels
≥0.04 ng/mL is considered an independent pre-
dictor of death. Levels of cTnT higher than 0.2
ng/mL,  in  patients  with  HF,  were  associated
with a high hazard ratio for death (60). There
are currently six highly sensitive immunoassays
commercially available, five for cTnI and one
for  cTnT (61).  Some of  them use  the  “2+2”
concept of combining four antibodies: two for
capture and two for detection. These antibodies
are sensitive to factors that may influence mea-
surement,  such  as  posttranslational  modifica-
tions (proteolytic degradation, phosphorilation)
or complexing with other molecules (heparin,
heterophile  or  human  antimouse  antibodies).
Recently, Moreira et al have tested a novel arti-
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Table IV. Examples of multimarkers panels for HF

Markers Findings Ref.

NT-proBNP, troponin I, 
CRP, cystatin C

Improvement of risk stratification for death from cardiovascular 
causes among elderly men.

Zethelius et al 
(66).

NT-proBNP, CRP, MPO Addition of CRP and MPO enhanced the specificity of NT-proBNP 
in the screening for LVSD.

Ng et al (67).

Hemoglobin, cTnI, BNP Anemia is associated with elevated BNP and increased mortality in 
HF. Elevation of BNP and cTnI, in patients with HF and anemia has
prognostic value of future events.

Ralli et al 
(68).

NT-proBNP, CRP, ST2, 
hemoglobin, blood urea 
nitrogen (BUN)

Simultaneous measurement of multiple biomarkers in acute dysp-
nea provides additional prognostic information.

Rehman et al 
(69).

NT-proBNP, galectin-3 Combination of NT-proBNP and Gal-3 has shown good prediction 
for prognosis in acute HF.

Van Kimme-
nade et al (70).

NT-proBNP, MR-
proANP, MR-proADM

Combination of the three biomarkers can provide prognostic infor-
mation regarding cardiovascular and all-cause mortality that could 
be used in elderly patients presenting with symptoms suggestive 
of heart failure.

Alehagen et al
(71).

hs-cTnT, hs-CRP, and 
Cys-C along with clinical
risk factors

The score identifies patients with low, intermediate and high risk of 
HF.

Eurlings et al 
(72).

sST2, GDF-15, hsTn I The multimarker score adds prognostic value to standard risk fac-
tors for predicting death, overall cardiovascular events, and heart 
failure.

Wang et al 
(73).
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ficial antibody for cTnT that showed high selec-
tivity and sensitivity (62). Moreover, Abad et al
have  demonstrated  that  cTnT  can  be  deter-
mined in the range of 0.05-1.0 ng/mL using a
cyclo-olefin polymer based microfluidic device
for  capturing magnetic  beads  and  performing
electrochemical detection (63).  A  detection
limit of 2 pg/mL for cTnI was reached by using
nanoparticle-based  electrochemiluminescence
immunosensor labels in a high sensitive sand-
wich-type immunoassay (64).

Multimarker approach

Even though the  field  of  multimarker
evaluation is still at the beginning in HF, many
studies, as seen in  Table IV, have investigated
the use of a multimarker strategy in refining di-
agnosis  or  risk  stratification  among  patients
with HF. Each biomarker is a valuable addition
to the multimarker profile, increasing the accu-
racy of the result (65).  

To support this, new multiplex detection
methods are being investigated, such as the pho-
tonic suspension array for multiplex immunoas-
say which is a low cost, automated and simulta-
neous detection method for BNP, cTnI and CRP,
used successfully for the investigation of HF pa-
tients (74). Park et al also developed a “lab-on-
a-disc” comprising a multiplex immunoassay for
the detection of high sensitivity CRP, cTnI, and
NT-proBNP based  on  a  bead-based  sandwich
type enzyme-linked immunosorbent assay in ap-
proximately 20 minutes (75). 

Conclusions

Advances  in  detection  methods  bring
biomarkers closer to point-of-care testing. Al-
though  there  are  currently  many  candidate
biomarkers for HF, only BNP and NT-proBNP
are routinely being used in clinical settings for
the  diagnosis,  prognosis  and  management  of
HF. More studies are needed to determine the
clinical utility of candidate biomarkers and es-

tablish the clinical significance of their values
in proximal fluids. Many biomarkers have the
potential  to be targets of future therapies, this
being a starting point for drug design research.
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Abbreviations

HF = heart failure
MRM = multiple reaction monitoring
ELISA = enzyme-linked immunosorbent assays 
BNP = brain natriuretic peptide 
NT-proBNP = amino-terminal fragment
BAS = biotin-avidin system 
Fab = fragment antigen binding 
AuNCs = gold nanochains 
HRP = horseradish peroxidase 
AuNCs-HRP-Ab(2) = gold nanochains and 

horseradish peroxidase complex labeled 
secondary antibodies 

ANP = A-type natriuretic peptide
 ADM = adrenomedullin
LVEF = left ventricular ejection fraction 
MR-proADM = midreagional proADM
MR-proANP = midreagional proANP
BACH = Biomarkers in Acute Heart Failure trial
IL = interleukin 
GDF-15 = growth differentiation factor 15
TNF-α = tumor necrosis factor 
CRP = C-reactive protein
PTX3 = pentraxin 3
OPG = osteoprotegerin 
MPOs = myeloperoxydases 
NYHA = New York Heart Association 
MMPs = matrix metalloproteinases 
TIMPs = tissue inhibitors of metalloproteinases
TIMP1 = tissue inhibitor of MMP1
GAL-3 = Galectin-3 
iTRAQ = isobaric tag for relative and absolute 

quantitation
ACEI = angiotensin converting enzyme inhibitors 
ARBs = aldosterone receptors blockers 
ET-1 = Endothelin-1 
CT-proET1 = C-terminal pro-endothelin-1 
AVP = Arginine vasopressin 
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Copeptin = C-terminal provasopressin 
cTnT = cardiac troponin T  
cTnI = cardiac Troponin I 
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