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ABSTRACT
Myocardial infarction is the largest manifestation of Coronary artery disease. Coronary heart
disease is the single largest cause of increasing disease burden and is one of the leading causes of death in
developing countries. Acute Myocardial Infarction is not only widely prevalent but it is also notoriously
time consuming to diagnose and prognosticate. Troponin is the preferred biomarker for the detection of
myocardial necrosis and is a Class I indication for the diagnosis of Myocardial Infarction. Considering the
limitations of Troponin, the quest for a perfect marker continues. Some like Copeptin, which have shown
promise, have been a hub of much debate and interest. In the past years, since the development of
Copeptin assay, it has been studied as a diagnostic and prognostic marker in different diseases. In
the present paper we will focus our discussion on the utility of testing Copeptin in Acute Myocardial
Infarction to assess its clinical role and validation of its use.
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INTRODUCTION
Myocardial Infarction: the magnitude of problem
Myocardial infarction [MI] describes the process of myocardial cell death due to
ischemia, or the perfusion imbalance between supply and demand within the coronary
arteries as a result of an acute thrombotic process. Myocardial infarction is the largest
manifestation of Coronary artery disease. Coronary heart disease [CHD] is the single largest
cause of increasing disease burden [1] and is one of the leading causes of death in developing
countries. Three-fourths of global deaths due to CHD occur in the low and middle-income
countries. The CHD death rate, however, varies dramatically across the developing countries
with varying incidence, prevalence, and mortality rates reflecting the different levels of risk
factors, other competing causes of death, availability of resources to combat CHD, and the
stage of epidemiologic transition that each country or region finds itself. Incidence of CHD has
declined appreciably in the developed countries [3]. Despite the declines CHD remains the
leading cause of death in the UK [3], the USA, and other wealthy countries [2]. Thus to combat
the CHD epidemic emerging in the developing world is a priority.
Coronary heart disease [CHD] is the single largest cause of death in the developed
countries and is one of the leading causes of disease burden in developing countries as well.
CHD causes more deaths and disability and incurs greater economic costs than any other
illness in the developed world. According to data from National Health and Nutrition
Examination Survey 2007–2010, the overall prevalence for MI is 2.9% in US adults ≥20 years of
age. MI prevalence is 4.2% for men and 1.7% for women. Projections show that by 2030,
prevalence of CHD will increase ≈18% from 2013 estimates [4].
Diagnostic difficulties of MI
Acute Myocardial Infarction [AMI] is not only widely prevalent but it is also notoriously
time consuming to diagnose and prognosticate. Rapid assessment of these patients is critical to
direct further diagnostic and therapeutic strategies. The diagnostic cornerstones and test
complementing clinical assessment in current AMI guidelines are Electrocardiography [ECG]
and cardiac troponin [5, 6]. They allow for diagnosis of AMI within the first 3 h after
presentation of patients in the Emergency department [7] and offer the opportunity to initiate
appropriate, treatment [8,9].The vast majority of these patients with suspected AMI, however,
finally prove not to have AMI [10]. Thus current rule out method of AMI is time-consuming and
expensive [11].
One-quarter to one-third of patients with AMI present without significant ECG changes
indicative of acute ischemia; therefore, ECG is of little help to rule out AMI [10, 12].
Another baffling factor is non Q wave MI. In a recent study the absolute numbers,
prevalence and incidence of unrecognized Q-wave MIs has been found to be low [13], but the
prevalence and incidence of recognized MI in the same study is also low, therefore a notable
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proportion of all detected MIs were unrecognized Q-wave MIs. 33% of prevalent MIs and 25%
of incident MIs were unrecognized Q-wave MIs [13]. There can be conditions confounding the
ECG diagnosis of AMI. ECG abnormalities that mimic myocardial ischemia or MI are numerous.
Pre-excitation, obstructive, dilated or stress cardiomyopathy, cardiac amyloidosis, Left Bundle
Branch Block, left anterior hemiblock, Left Venticular Hypertrophy, right ventricular
hypertrophy, myocarditis, acute cor pulmonale, or hyperkalemia may be associated with Q
waves or QS complexes in the absence of MI [14].
Biomarkers: a perfect solution
The outcome of patients after AMI has improved with advances in medical therapy, but
still it remains a leading cause of morbidity and mortality. Risk stratification at an early stage
after AMI remains important and may be useful in helping to select treatment regimens in the
future. Clinical features may be useful for predicting patients who are at risk of developing
complications after AMI, but they lack sensitivity and specificity. Biomarkers are emerging as a
useful tool for predicting prognosis in patients. Biochemical marker testing has revolutionized
the approach to diagnosis and management of Myocardial infarction.
The earliest biomarkers employed in the detection of ischemia included aspartate
aminotransferase, total lactate dehydrogenase, and its isoenzymes [15]. However, these
biomarkers are no longer used since they have a wide tissue distribution limiting the specificity
for myocardial necrosis. The next generation of cardiac biomarkers included creatine kinase
[16], its isoenzyme Creatine kinase MB [CK -MB]. However, CK-MB also constitutes 1%–3% of
the creatine kinase in skeletal muscle and is present in a small fraction in other organs such as
the small bowel, uterus, prostate, and diaphragm [17]. Therefore, the specificity of CK-MB can
be reduced in the setting of major injury to these organs, especially skeletal muscle. When
compared to CK-MB and other cardiac biomarkers, troponin [I or T] has demonstrated nearly
absolute myocardial tissue specificity as well as high clinical sensitivity for myocardial ischemia
[18, 19] Thus, with the development and clinical availability of troponin assays [cTnT], troponin
has largely supplanted CK-MB for the initial detection of MI. Troponin is the preferred
biomarker for the detection of myocardial necrosis and is a Class I indication for the diagnosis
of MI [20]. B-type natriuretic peptide and its more stable counterpart, N-terminal pro-B-type
natriuretic peptide [NTproBNP], covering a range of acute coronary syndromes [21]. There has
been many more biomarkers like heart fatty acid binding protein, glycogen phosphorylase-BB,
NT-pro-brain natriuretic peptide, D-dimer, high sensitivity C-reactive protein,
myeloperoxidase, matrix metalloproteinase- 9, pregnancy associated plasma protein-A,
soluble CD40 ligand claiming to detect myocardial ischemia earlier have not demonstrated an
added benefit with the exception of heart fatty acid binding protein, compared with the
measurement of cardiac troponin alone [22].
Limitations of Troponin
Firstly, despite extensive research and evolving diagnostic technology, patients with
symptoms possibly resulting from an acute coronary syndrome usually undergo investigation
July-September

2013

RJPBCS

Volume 4 Issue 3

Page No. 24

ISSN: 0975-8585
for at least 6 hours [and often longer] before AMI can be excluded confidently [23, 24]. The
major limitation of current troponin assays is a sensitivity deficit at presentation due to a
delayed increase of circulating levels [25]. Prolonged monitoring over 6 to 9 h and serial blood
sampling is required for exclusion of AMI. Most patients [74% to 88%] admitted to Emergency
Department of hospitals, making up more than one-quarter of acute medical admissions. Only
minority of these [approximately 25%] ultimately are diagnosed with an acute coronary
syndrome, and many fewer are diagnosed with AMI [26, 27, 28].This contributes to
overcrowding in the Emergency Department, and a hike in associated costs [29, 30].
Secondly, serum biomarkers of myocardial necrosis should be used with caution since
there can be alternative, non-thrombotic mechanisms of troponin elevation. The diagnosis of
myocardial infarction should be reached at when both biomarkers are detected and the clinical
setting is consistent with myocardial ischemia. Many disease states can be associated with an
increase in cardiac biomarkers in the absence of AMI. These elevations arise from pathologic
mechanisms other than thrombotic coronary artery occlusion, and require treatment of the
underlying cause rather than the administration of antithrombotic and antiplatelet agents [31,
32]
Alternative, non-thrombotic causes and mechanisms of troponin elevation include
tachycardia, heart failure, infiltrative disorders, myocarditis, sepsis, anemia, pulmonary
embolus, intracranial hemorrhage, stroke, drug toxicity, and renal failure. Thirdly, false positive
troponin elevations can occur due to hemolysis and assay interference with heterophilic
antibodies [33]. It is estimated that heterophilic antibodies cause about one false result in every
2000 investigations with modern immunoassays [34]. To minimize the occurrence of false
positive troponins, non-specific blocking antibodies have been added to modern assays to
reduce interference with the results [34].
Apart from these, although the exact mechanism of troponin elimination is
unknown, given its relatively large molecular size, troponin is believed to be cleared by the
reticuloendothelial system [35]. However; recent evidence suggests that troponin T is
fragmented into molecules small enough to be renally excreted, which may explain the high
prevalence of troponin T elevation in patients with renal failure [36]. High-sensitivity assays
for both troponin T and I are commercially available and are beginning to come into clinical
use. Advances in immunoassay technology have resulted in multiple second-generation
troponin I assays and a fourth generation troponin T assay, with a fifth-generation assay in
development. The troponin T assays are produced by a single manufacturer, making results
comparable. In contrast, there are several methodologies employed in troponin I assays
across many manufacturers, and a lack of calibrator standardization has resulted in
significant variation in troponin I results among different assays [37]. Re infarctions cannot
be detected using Troponins, though these are common complication of AMI within first
week since the levels remain elevated for long. The rapid and reliable rule out of AMI,
therefore, represents one of the largest unmet needs in clinical medicine.
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Copeptin: an alternate to existing markers
These drawbacks has made it essential that the answers should be sought elsewhere,
hence the need of research and path breaking trials using other markers to meet with
multiple challenges when applied in the clinical setting. One biomarker which is generating a
lot of interest and speculation is Copeptin, the C- terminal end of pro vasopressin [a
precursor of arginine vasopressin]. The arginine-vasopressin system plays a crucial role in the
regulation of the individual endogenous stress response [38].
It is released from the hypothalamus in response to changes in plasma osmolality and
arterial hypovolaemia. In general, AVP plasma values are increased in patients with chronic
heart failure [39] and recent studies also point towards similar increase in AMI. Arginine
vasopressin or anti diuretic hormone is a nonapeptide, synthesized within the magno
cellular neurons of the hypothalamic supraoptic nuclei and paraventricular nuclei. It is
transported along their axons to the posterior pituitary for storage before ultimate release into
the blood
stream.
AVP contributes to osmoregulation and cardiovascular homeostasis and it may have a
role in cardiopulmonary resuscitation [40]. Vasopressin is synthesized as part of a 166amino acid long precursor protein called preprovasopressin. It consists of a signal peptide, AVP,
neurophysin II, and Copeptin [41]. This
preprohormone is cleaved as it is transported along
the axon [42]. The C-terminal end of provasopressin is a 39- amino acid glycopeptides present
in serum [43] with a leucine-rich core segment [44,45]. It has been suggested that the
function of Copeptin is to help in the folding of the vasopressin precursor which, in the
absence of
this glycopeptide, is less stable [46].The diagnostic use of AVP has been described
in various disorders like heart failure and septic shock [47]. There are concerns about the
validity of measurement of AVP in plasma, because it is known to be unstable in isolated
plasma, even when stored at -20 C [48]. AVP binds to platelet and is rapidly cleared from plasma
[49]. Investigation of the role of the vasopressin was thus hampered by the instability of this
peptide. Copeptin has emerged as an alternate in the same clinical settings since it is
secreted in equimolar amounts to vasopressin [50]. This glycopeptide is stable for days after
blood withdrawal and can be quickly and easily measured.
Gene & structure
Vasopressin gene is located in chromosome 20 [p13][51]. The gene is composed of
three exons: the first exon encodes the nonapeptide, the second exon encodes the central
portion of the neurophysin II, and the third exon encodes the C-terminal part of the
preprohormone, Copeptin. The structure of Copeptin has recently been characterized with
size-exclusion chromatography and found to have a molecular mass around 5 kDa[52].
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Method of estimation of Copeptin
Currently Copeptin is measured with a sandwich immunoassay [53]. It uses two
purified sheep polyclonal antibodies to the C-terminal region. Antibody raised against a
peptide representing amino acids 132 to
147 of prepro AVP is bound to
polystyrene tubes, while other antibody raised against a peptide representing amino acids
149 to 164 of prepro AVP is labelled with methyl acridinium N- hydroxysuccinimide ester and
used as tracer, for chemiluminescence detection. The assay requires 50 µl serum or plasma
and yields results within 3 hours. The analyte shows ex vivo stability for at least 7 days at
room temperature and for 14 days at 4°C.
Normal Copeptin levels
The median Copeptin level in 359 healthy individuals was found to be 4.2pmol/l
[53]. Copeptin showed a relatively broad distribution in healthy individuals 1.0 –13.8 pmol/L.
This distribution is
similar to that reported by Robertson
et al [54] for AVP.
Stratification according to sex and age revealed lower values in females [men, 5.2 pmol/L,
women, 3.7 pmol/L] but there was no major difference in median
Copeptin
concentrations after stratification according to age groups.
Applicability of Copeptin as a marker in diseases of infectious and non infectious variety
In the past years Copeptin has been studied as a diagnostic and prognostic
marker in different diseases. As a diagnostic marker Copeptin has been evaluated in
patients with diabetes insipidus, it offers an alternative to the laborious and ambiguous
water deprivation test [55]. As a prognostic marker, Copeptin levels were found to be
independent predictors of survival in critically ill patients suffering from hemorrhagic and
septic shock [56], community- acquired pneumonia [57], and acute exacerbations of chronic
obstructive pulmonary disease [58].
Copeptin levels also have prognostic implications in diseases of non infectious
aetiology, foremost example being heart failure. Studies have been conducted assessing use
of Copeptin as a marker in heart failure. They inferred that Copeptin is
an excellent
predictor of outcome in advanced heart failure patients, its value being superior to that of
BNP [59, 60]. Neuhold et al [2008] reported that Copeptin levels were found to escalate
with New York Heart Association [NYHA] Functional class. In patients with NYHA functional
classes II and III, Copeptin was not only found to be most potent single predictor of mortality
but was superior to BNP or NT proBNP [61]. Studies have pointed out that prognostic
information provided by Copeptin provided prognostic information independent of
natriuretic peptides [62, 63].
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Copeptin in Myocardial infarction
Huge interest has been evoked by the possibility of Copeptin improving the scenario
of early diagnosis of acute MI [64, 65] and its possible role in prognostication. Early detection
of AMI using cardiac biomarkers of myocardial necrosis remains much limited since these
biomarkers do not rise early in the first hours from onset of AMI. But early identification of
myocardial infarction in chest pain patients is crucial to identify patients at risk and to deliver
a fast treatment initiation. Studies have been performed to determine whether Copeptin, an
indirect marker for arginin-vasopressin, adds diagnostic information to cardiac troponin in
early evaluation of patients with suspected myocardial infarction.
Early detection using combination of Copeptin with conventional Troponin T assay
Many studies have compared combination of Copeptin with conventional TnT and the
performance of conventional TnT alone. Study by Keller et al included patients with
suspected acute coronary syndrome and Copeptin, troponin T [TnT], myoglobin, and creatine
kinase-myocardial band were determined at admission and after 3 and 6 h. Combined
measurement of Copeptin and TnT on admission improved the c-statistic from 0.77 to 0.9 in
patients presenting within 3 h after chest pain onset [CPO] [p < 0.001]. Those presenting
within 3 hours of chest pain the combination of Copeptin with a conventional TnT provided a
negative predictive value of 92.4%. They concluded that combined determination of troponin
and Copeptin provides a remarkable negative predictive value virtually independent of CPO
time and therefore aids in early and safe rule-out of myocardial infarction [66]. Similarly in
another study 487 consecutive patients presenting to the emergency department with
symptoms suggestive of AMI had their levels of Copeptin measured at presentation.
Copeptin levels were significantly higher in AMI patients compared with those in patients
having other diagnoses. The combination of troponin T and Copeptin at initial presentation
resulted in an area under the Receiver-operating characteristic curve of 0.97, which was
significantly higher than the 0.86 for troponin T alone [p < 0.001]. A Copeptin level <14
pmol/l in combination with a troponin T <0.01 Micro g/l correctly ruled out AMI with a
sensitivity of 98.8% and a negative predictive value of 99.7% [67]. Thus the additional use of
Copeptin seems to allow a rapid and reliable rule out of AMI already at presentation and may
thereby obviate the need for prolonged monitoring and serial blood sampling in the majority
of patients.
Early detection using combination of Copeptin with high sensitivity Troponin T assay
Copeptin has a distinct release pattern in patients with ST-elevation AMI, peaking
within the first hour after symptom onset before conventional cardiac biomarkers and falling
to normal ranges within the first day. Studies have been carried out comparing the release
pattern of high sensitivity cardiac troponin [hs-cTnT], conventional cardiac troponin with
Copeptin. Patients undergoing successful primary percutaneous coronary intervention [PCI]
for a first ST-elevation AMI presenting within 12 h of symptom were included in the study
where blood samples were taken on admission and at four time points within the first 24 h
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after PCI. In contrast to all other markers, Copeptin levels were found to be already elevated
on admission and were higher with a shorter time from symptom onset to reperfusion and
lower systolic blood pressure. Copeptin levels peaked immediately after symptom onset and
normalized within 10 h. In contrast, CK-MB, cTnT, and hs-cTnT peaked after 14 h from
symptom onset and decreased more gradually. The study concluded that Copeptin is
elevated in the early hours after the onset of an ST-elevation AMI when other conventional
cardiac biomarkers are still low, further studies are required to determine the exact role of
Copeptin in AMI suspects presenting within the first hours after symptom onset. [68].
Similar studies have been done to compare the performance of hs-cTnT along with
Copeptin, and the performance of hs-cTnT alone, measured at admission and subsequently
after 3 hour gap in patients of acute coronary syndrome of <6 hours’ duration after onset of
symptoms. Meune et al performed a study where fifty-eight consecutive patients of
coronary syndrome were included. Measured on admission, hs-cTnT concentration
was>14ng/mL [99th percentile] in 22 patients with acute coronary syndrome; repetition of
the measurement at 3hours and 6hours identified three and four additional patients,
respectively. The combination of Copeptin with hs-cTnT determined on admission identified
26 patients with acute coronary syndrome, with a negative predicted value of 82.6%. The
area under the receiver operating characteristic curve was 0.90 for hs-cTnT measured on
admission, and 0.94 if repeated at 3hours and 6hours or combined with Copeptin
measurement at admission. Though the increase was found to be statistically non-significant
this prospective study demonstrated that a dual marker strategy that combines hs-cTnT
with Copeptin increased slightly the detection of acute coronary syndrome at admission
[69].
Another trail prospectively tested whether Copeptin adds information to that provided
by an hscTnT assay in the early evaluation of patients with suspected acute myocardial
infarction, particularly non–ST-segment elevation myocardial infarction. Giannitsis et al
enrolled 503 patients with suspected acute coronary syndrome and onset of chest pain
occurring within the previous 12 h. Copeptin was measured on presentation, and hscTnT was
measured serially at baseline and after 3 and 6 h. For ruling out AMI, an hscTnT concentration
>14 ng/L [99th percentile] plus a Copeptin concentration >14 pmol/L yielded a diagnostic
sensitivity of 97.7%, a diagnostic specificity of 55.9%. Receiver Operator Curve analysis of the
continuous biomarker values on admission demonstrated no added value of using this marker
combination for ruling out AMI when hscTnT was used as the standard for diagnosing. They
concluded that a strategy using Copeptin with hscTnT at pre specified cutoffs improves the
ruling out of AMI, compared with using hscTnT alone; thus, this strategy could help to obviate a
prolonged stay in the emergency department [70].
Prognostication using combination of Copeptin with Troponin T
Elevated cTn may represent a surrogate parameter integrating prognostic information
from associated diseases. An elevated cTn is associated with an adverse outcome [71]. The
reasons for troponin elevations in the absence of myocardial ischemia are not fully understood
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but may be associated with higher burden of atherosclerosis [72], more complex coronary
lesions [73], depressed LV function, associated cardiac co morbidities, and severely impaired
renal function [74]. Use of high sensitivity cTn assays has further improved risk stratification by
detecting patients at risk who were previously not detected by conventional cTn assays
including small MIs [75], patients in earlier stages of chronic pulmonary hypertension or acute
and chronic heart failure [76,77]. In ACS several other biomarkers have been identified to
provide independent and additive prognostic information to cTn. However little is known about
the added value of these biomarkers when hsTn is used instead of conventional cTn. Recently in
a study it was found that Copeptin not only improved rapid rule-out AMI but also helped to
identify patients at higher risk for adverse outcomes [78].
Prognostication using combination of Copeptin with other markers
Not only is Copeptin a good prognostic marker for heart failure but also an emerging
prognostic marker in patients
suffering
from AMI. AMI is associated with left
ventricular dysfunction and clinical heart failure. Copeptin has been labeled as a significant
independent predictor of death or heart failure in post MI settings and may provide
prognostic information as pointed out by various studies. Comparison between the
prognostic value of Copeptin and an established marker, N-terminal pro-B-type natriuretic
peptide was done and it was found that Copeptin is elevated in patients who died or were
readmitted with heart failure compared with survivors. Both markers were significant
independent predictors of death or heart failure at 60 days. The study concluded that Copeptin
may predict adverse outcome, especially in those with an elevated N-terminal pro-B-type
natriuretic [>900 pmol/L]. Copeptin is thus a strong prognostic marker in patients with heart
failure after an acute myocardial infarction [79].
Kelly et al [2008] performed a similar study in which subjects having AMI were
assessed during
the follow up. Copeptin was found to be associated with ventricular
remodeling [80].
Comparison of the prognostic value of Copeptin, with B type natriuretic peptide [BNP],
and N-terminal pro-BNP [NT-proBNP], on death or a composite cardiovascular endpoint in
patients who developed heart failure after an AMI was done in another study. From a subset of
224 patients of the OPTIMAAL study, blood samples were drawn at a mean of 3 days after AMI.
A doubling of Copeptin was related to a 1.83times increased risk of mortality [P < 0.0001].
Receiver operating characteristic curves indicated that Copeptin was a stronger predictor of
mortality compared with both BNP and NT-proBNP[81].
One of a very recent study Biomarker Copeptin in patients with acute myocardial
infarction has also endorsed similar views that Copeptin not only improves early diagnostic
performance for AMI when used in combination with troponin for the initial blood draw in
patients presenting to the emergency department with symptoms consistent with acute
coronary syndromes but is prognostic for outcome.
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CONCLUSION
An obstacle with hsTn assays is that the higher sensitivity results in a substantially higher
rate of patients with analytically true positive troponin results not due to ACS, reflecting acute
or chronic myocardial injury [82]. It may be challenging to discriminate between AMI and noncoronary cardiac or extracardiac reasons of elevated cTn. Use of additional biomarkers or a
panel of biomarkers appears attractive for the better understanding of the pathophysiological
process behind AMI, and for refined risk stratification. However, current guidelines preclude
any other biomarker for routine use because the incremental value over highly sensitive
troponin tests has not been evaluated yet [83]. One of the main contenders of this honor
remains Copeptin, use of which will simplify, and therefore complement the judgment of
clinicians and/or validated clinical severity score. This warrants more studies as Copeptin can be
possibly used in the panel of investigations in those at presenting with chest pain in ER.
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. Lancet 2007;370: 1929–
1938.
Hardoon S L, Morris R W, Whincup P H, Shipley M J, Britton A R, Masset G, Stringhini S
et al. European Heart J 2012;33: 478-485.
Hardoon SL, Whincup PH, Lennon LT, Wannamethee SG, Capewell S, Morris RW.
Circulation 2008; 117:598–604.
Donald L J, Adams R, Carnethon M, Simone G D, Ferguson T B, Flegal K, Ford E et al.
Circulation 2009; 119: 480-486.
Thygesen K, Alpert JS, White HD. J Am Coll Cardiol 2007;50:2173–95.
Alpert JS, Thygesen K, Antman E, Bassand JP. J Am Coll Cardiol 2000; 36:959–69.
MacRae AR, Kavsak PA, Lustig V,Bhargava R, Vandersluis R, Palomaki GE, et al. Clin
Chem 2006; 52:812– 8.
Anderson J L, Adams C D, Antman E M, Bridges C R, Califf R M, Casey Jr D E, Chavey II W
E et al. Circulation 2011; 123: e426-e579.
Antman, E. M., M. Hand, P. W. Armstrong, E. R. Bates, L. A. Green, L. K. Halasyamani, J.
S. Hochman et al. Circulation 2008; 117: 296-329.
Hector P J, Aufderheide TP, Ruthazer R, Woolard R H, Feldman J A, Beshansky J R,
Griffith J L, and Selker H P. N England J Med 342, no. 16 (2000): 1163-1170.
Peacock WF. J Am Coll Cardiol 2008; 51:2181–3.
Speake D, Terry P. Emerg Med J 2001;18:61–2.
MacDonald M R, Petrie M C, Home P D, Komajda M, Jones N P, Nielsen H B, Gomis R et
al. Diabetes care 2011; 34 (60): 1394-1396.
Thygesen K, Alpert J S, Jaffe A S, Simoons M L, Chaitman B R, White H D. J Am Coll
Cardiol 2012; 60:1581-1598.
Apple FS, Jesse RL, Newby LK, Wu AH, Christenson RH. Circulation 2007; 115(13):e352–
e355.
Jaffe AS, Babuin L, Apple FS. J Am Coll Cardiol. 2006; 48(1):1–11.
Roberts R, Sobel BE. Ann Intern Med. 1973; 79 (5):741–743.
July-September

2013

RJPBCS

Volume 4 Issue 3

Page No. 31

ISSN: 0975-8585
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]

Gerhardt W, Nordin G, Ljungdahl L. Scand J Clin Lab Invest Suppl. 1999;230:83–89.
Morrow D A, Cannon C P, Jesse R L, Newby L K, Ravkilde J, Storrow A B, Wu A H B et al.
Clin Chem. 2007;53(4):552–574.
Jaffe A S, Ravkilde J, Roberts R, Naslund U, Apple F S, Galvani M, Katus
H. Circulation 2000;102: 1216-1220.
Eriksson H. J Internal Med 1995; 2: 135 – 14.
McCann CJ, Glover BM, Menown IB, Moore MJ, McEneny J, Owens CG, et al. Eur Heart J
2008;29:2843–50.
Anderson J L, Adams C D, Antman E M, Bridges C R, Califf R M, Casey D E, Chavey W E et
al. J Am Coll Cardiol. 2007; 50(7 ): e1-e157.
Bassand J P, Hamm C W, Ardissino D, Boersma E, Budaj A, Fernández-Avilés F, Fox K AA
et al. European Heart J 2007; 28(13): 1598-1660.
Melanson SE, Morrow DA, Jarolim P. Am J Clin Pathol 2007;128:282– 6.
Goodacre S, Cross E, Arnold J, Angelini K, Capewell S, Nicholl J. Heart 2005; 91:229 –30.
Ekelund U, Nilsson HJ, Frigyesi A, Torffvit O. BMC Emerg Med 2002;2:1471–227X.
Lindsell CJ, Anantharaman V, Diercks D, et al. Ann Emerg Med 2006;48:666–677.
Polanczyk CA, Kuntz KM, Sacks DB, Johnson PA, Lee TH. Ann Intern Med 1999;131:909 –
18.
Forberg JL, Henriksen LS, Edenbrandt L, Ekelund U. BMC Emerg Med 2006;6:6.
Jaffe AS, Babuin L, Apple FS. J Am Coll Cardiol. 2006; 48[1]:1–11.
Jeremias A, Gibson CM. Ann Intern Med. 2005;142[9]:786–791.
Mohammed AA, Januzzi JL Jr. Cardiol Rev.2010; 18[1]:12–19.
Shayanfar N, Bestmann L, Schulthess G, Hersberger M. Swiss Med Wkly. 2008;138[31–
32]:470.
Freda BJ, Tang WH, van Lente F, Peacock WF, Francis GS. J Am Coll Cardiol.
2002;40[12]:2065–2071.
Diris JH, Hackeng CM, Kooman JP, Pinto YM, Hermens WT, van Dieijen-Visser MP.
Circulation 2004;109[1]:23–25.
Tate JR. Clin Chem Lab Med. 2008; 46[11]:1489–1500.
Itoi K, Jiang YQ, Iwasaki Y, Watson SJ. J Neuroendocrinol 2004;16:348 –355.
Chatterjee K. Am J Cardiol. 2005; 95:8B–13B.
Wenzel V, Krismer AC, Arntz HR, Sitter H, Stadlbauer KH, Lindner KH. N Engl J Med.
2004;350:105–11.
de Bree FM, Burbach JP. Cell Mol Neurobiol.1998;18:173–191.
Brownstein MJ, Russel JT, Gainer H. Science 1980; 207: 373-378.
Altstein M, Whitnalla M H, Housea S, Keya S, Gainer H. Peptides 1988; 9 [1] : 87105.
Holwerda DA.
Eur J Biochem 1972;28(3):334–339.
Holwerda DA. Eur J Biochem. 1972;28(3):340–346.
Barat C,
Simpson L, Breslow E. Biochemistry 2004; 43: 8191-8203.
Dunser MW, Mayr AJ, Ulmer H, Knotzer H, Sumann G, Pajk W, et al. Circulation 2003;
107:2313–2319.
Robertson GL, Klein LA, Roth J, Gorden P. Proc Natl Acad Sci U S A 1970;66[4]:1298–
1305.
July-September

2013

RJPBCS

Volume 4 Issue 3

Page No. 32

ISSN: 0975-8585
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]

Preibisz JJ, Sealey JE, Laragh JH, Cody RJ, Weksler BB. Hypertension 1983;5:1129–
1138.
Smyth DG, Massey DE. Biochem Biophys Res Commun 1979;87:1006-1010.
Dutil J, Moujahidine M, Lemieux C, Jankowski M, Gutkowska J, Deng AY. Cytogenet Cell
Genet 2001; 93: 57-59.
Struck J, Morgenthaler NG, Bergmann A. Peptides 2005;26 (12) :2500-2504.
Morgenthaler NG, Struck J, Alonso C, Bergmann A. Clin Chem 2006;52:112–119.
Robertson GL, Mahr EA, Athar S, Sinha T. J Clin Invest 1973, 52: 2340–2352.
Katan M, Morgenthaler N, Dixit K C, Rutishauser J, Brabant G, Muller B, et al. J Clin
Endocrinol Metab 2007; 92:2640-264.
Morgenthaler NG, Muller B, Struck J, Bergmann A, Redl H, Christ- Crain M. Shock
2007;28:219-226.
Muller B,
Morgenthaler
N,
Stolz D, Schuetz P, Muller C, Bingisser
R, et al. Eur J Clin Invest 2007; 37:145-152.
Stolz D, Christ-Crain M, Morgenthaler NG, Leuppi J, Miedinger D, Bingisser R, et al.
Chest 2007; 131:1058-1067.
Stoiser B, Mörtl D, Hülsmann M, Berger R, Struck J, Morgenthaler NG et al. Eur
J Clin Invest 2006; 36 (11):771-778.
Gegenhuber A, Struck J, Dieplinger B, Poelz
W, Pacher
R, Morgenthaler NG,
et al. J Card Failure 2007; 13(1):42-49.
Neuhold S, Huelsmann M, Strunk G, Stoiser B, Struck J, Morgenthaler N G, et al. J Am
Coll Cardiol 2008; 52: 266-272.
Masson S, Latini R, Carbonieri E, Moretti L, Rossi MG, Ciricugno S, et al. Eur J Heart
Failure 2010; 12(4):338-47.
Neuhold
S, Huelsmann M, Strunk G, Struck J, Adlbrecht C, Gouya G, et al. Clin
Chem 2010; 56:121-126.
Shand JA, Menown IB, McEneaney DJ. Biomarkers in Medicine 2010; 4(3): 385-393.
Chan D, Ng LL. BMC Med. 2010; 8[1]: 34.
Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E, Bickel C et al. N Eng J Med 2009;
361(9 ): 868-877.
Reichlin T, Hochholzer W, Stelzig C, Laule K, Freidank H, Morgenthaler N G, Bergmann
A et al. J Am Coll Cardiol 2009; 54 (1 ): 60-68.
Gu Y L, Voors A A, Zijlstra F, Hillege H L, Struck J, Masson S, Vago T et al. Clin Res
Cardiol 2011;100(12): 1069-1076.
Meune C, Zuily S, Wahbi K, Claessens Y E, Weber S, Chenevier-Gobeaux C. Arch
Cardivas Dis 2011; 104[1], 4-10.
Giannitsis E, Kehayova T, Vafaie M, Katus H A. Clin Chem 2011;57: 1452-1455.
Agewall S, Giannitsis E, Jernberg T, Katus H. Eur Heart J. 2011; 32: 404-11.
Eggers KM, Lind L, Ahlström H, Bjerner T, Ebeling B C, Larsson A, Venge P et al. Eur
Heart J. 2008; 29: 2252-8.
Korosoglou G, Lehrke S, Mueller D, Hosch W, Kauczor HU, Humpert PM, Giannitsis E
et al. Heart 2011; 97: 823 31.
Irfan A, Twerenbold R, Reiter M, Reichlin T, Stelzig C, Freese , Haaf P et al. Am J Med
2012; 125: 491-498.
July-September

2013

RJPBCS

Volume 4 Issue 3

Page No. 33

ISSN: 0975-8585
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]

Celik S, Giannitsis E, Wollert KC, Schwöbel K, Lossnitzer D, Hilbel T, Lehrke S et al. Clin
Res Cardiol. 2011; 100: 1077-85.
Filusch A, Giannitsis E, Katus HA, Meyer FJ. Clin Sci 2010; 119: 207-13.
Pascual-Figal DA, Casas T, Ordonez-Llanos J, Manzano-Fernández S, Bonaque JC,
Boronat M, Muñoz-Esparza C et al. Am Heart J. 2012; 163: 1002-10.
von Haehling S, Papassotiriou J, Morgenthaler NG, Hartmann O, Doehner W, Stellos K,
Wurster T, Schuster A, Nagel E, Gawaz M, Bigalke B. Int J Cardiol. 2012; 162: 27-32.
Khan S Q, Dhillon O S, Brien R J O, Struck J, Quinn P A, Morgenthaler N G, Squire I B et
al. Circulation 2007; 115(16): 2103-2110.
Kelly D, Squire IB, Khan SQ, Quinn P, Struck J, Morgenthaler NG et al. J Card
Failure 2008; 14:739-745.
Voors A A, Haehling S V, Anker S D, Hillege H L, Struck J, Hartmann O, Bergmann A,
Squire I, Veldhuisen D J V, Dickstein K . European Heart J 2009;30: 1187-1194.
Mueller M, Biener M, Vafaie M, Doerr S, Keller T, Blankenberg S, Katus HA, Giannitsis
E. Clin Chem. 2012; 58: 209-18.
Hamm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H, Caso P et al. Eur Heart J
2011; 32: 2999-3054.

July-September

2013

RJPBCS

Volume 4 Issue 3

Page No. 34

