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   Abstract 

 The evaluation of patients admitted at the emergency depart-
ment (ED) for chest pain is challenging and involves many 
different clinical specialists including emergency physicians, 
laboratory professionals and cardiologists. The preferable 
approach to deal with this issue is to develop joint protocols 
that will assist the clinical decision-making to quickly and 
accurately rule-out patients with non life-threatening condi-
tions that can be considered for early and safe discharge or 
further outpatient follow-up, rule-in patients with acute coro-
nary syndrome and raise the degree of alert of the emergency 
physicians on non-cardiac life-threatening emergencies. The 
introduction of novel biomarkers alongside the well-estab-
lished troponins might support this process and also provide 
prognostic information about acute short-term or chronic long-
term risk and severity. Among the various biomarkers, copep-
tin measurement holds appealing perspectives. The utility of 
combining troponin with copeptin might be cost-effective due 
to the high negative predictive value of the latter biomarker in 
the rule-out of an acute coronary syndrome. Moreover, in the 
presence of a remarkably increased concentration (e.g., more 
than 10 times the upper limit of the reference range), to reveal 
the presence of acute life-threatening conditions that may 
not necessarily be identifi ed with the use of troponin alone. 
The aim of this article is to review current evidence about the 
clinical signifi cance of copeptin testing in the ED as well as 
its appropriate placing within diagnostic protocols.  

   Keywords:    acute myocardial infarction;   biomarkers;   chest 
pain;   copeptin;   troponin.     

  Chest pain in the emergency department: 

the central role of the patient and the clinical 

questions 

 Chest pain is a general symptom associated with a broad 
spectrum of cardiac as well as non-cardiac diseases. It charac-
terizes patients in benign conditions of pulmonary, gastroin-
testinal, musculoskeletal, and psychogenic origins, who often 
do not require hospital admission, as well as those needing 
urgent triage and treatment  (1) . In Italy, approximately 1 
million patients each year present to the emergency depart-
ment (ED) with chest pain symptoms. Forty fi ve percent of 
these have acute coronary syndromes (ACS), whereas nearly 
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17.6 %  have a fi nal diagnosis of acute myocardial infarction 
(AMI)  (2, 3) . 

 The remarkable advances in understanding the pathophysi-
ology of ACS and AMI that has achieved over the last 20 years 
have led to the validation of new diagnostic techniques, devel-
opment of specifi c chest pain units (CPU), introduction of 
evidence-based protocols, integration of novel biomarkers or 
improved assays, and validation of risk scores to assist clini-
cians to better stratify the patients with suspected ACS  (4 – 8) . 

 The problem of chest pain management is not marginal, 
since at least one third of all chest pain patients are hospi-
talized for an average of about 4 days without a fi nal dis-
charge diagnosis related to cardiac disease, whereas nearly 
2 % –8 %  are inadvertently discharged despite having an ACS 
 (9 – 11) . In a large study from the US including 10,689 chest 
pain patients, the number of missed diagnosis in the ED was 
estimated to be relatively low, i.e., 2.1 %  for AMI and 2.3 %  
for unstable angina, respectively, although these patients had 
high mortality  (7) . 

 Thus, the management of these patients poses a major chal-
lenge for the ED, to quickly and correctly identify all ACS and 
contextually avert unnecessary invasive procedures and inap-
propriate use of hospital and healthcare resources. The inadver-
tent discharge of ACS patients is associated with a short-term 
mortality of 2 %  – 4 %  and a two-fold increase in risk-adjusted 
mortality as compared with hospitalized patients  (12) . 

 Despite a slight change of mortality rates in recent years, 
AMI still represents the leading cause of death in industri-
alized countries  (13) , while its prevalence is also sharply 
increasing in third-world countries. An effective management 
of chest pain patients requires two distinct approaches, both 
meeting the immediate need for ruling out of AMI and the 
longer term need for ACS risk stratifi cation. ACS represents 
a pathophysiological continuum, ranging from a transitory 
decrease of myocardial perfusion (i.e., ischemia) at rest, to 
infarction of myocardial tissue and irreversible injury (i.e., 
necrosis). The importance of focusing on ruling out ACS, and 
not only AMI, refl ects the need to identify patients with unsta-
ble angina (UA) to prevent the morbidity and the mortality 
associated with untreated cardiac ischemia  (14 – 17) . 

 Currently, the main goal of an effective step-wise workup 
for chest pain is to provide early discrimination of patients 
with life-threatening conditions, requiring urgent triage and 
care (e.g., AMI, pulmonary embolism and aortic dissection), 
from those carrying more benign entities not requiring admis-
sion, or that could be safely discharged for further testing 
 (18) . The aim of the diagnostic strategy is to focus on the 
differentiation between high- and low-risk patients, with the 
primary endpoint to correctly identify patients that can be 
considered for an early discharge (i.e.,  ‘ rule-out strategy ’ ). To 
this purpose, a minimal set of effective diagnostic tests with 
a high negative predictive value (NPV) for ACS should be 
performed and interpreted together, according to defi ned pro-
tocols and validated diagnostic algorithms  (19) . 

 Scoring systems are often used for stratifying risk, but 
they present several limitations. They are generally derived 
from selected populations enrolled in clinical trials and often 
exclude patients in the highest and lowest risk categories  (20) . 

Therefore, in clinical practice, some variables (i.e., ECG fi nd-
ings, biomarkers of necrosis, renal dysfunction, older age, 
evidence of hemodynamic instability) common to different 
scoring systems seem to be more effective to identify patients 
at lower risk and allow consideration for management in the 
CPU or outpatient setting in current clinical practice  (21) . 

 It is important to achieve an effective clinical decision 
regarding the diagnosis and treatment. This is not a trivial task 
since the percentage of repeated visits to the CPU by patients 
with negative evaluations can be as high as 21 %   (22, 23) . 
These patients often require attention to possible psychologi-
cal issues, but also a more careful reassessment, to rule-out 
potential cardiac causes of symptoms and to plan other diag-
nostic investigations. The availability of a broad spectrum of 
second level diagnostic tools should be optimized, due to the 
considerable prevalence of chest pain patients with uncon-
ventional risk profi les requiring additional tests upon presen-
tation, in order to improve the diagnostic accuracy (in terms 
of NPV) of the conventional fi rst level tools  (24, 25) . 

 Myocardial perfusion imaging should be assessed in 
patients with diabetes mellitus and previous history of cor-
onary artery disease (CAD) as well as increased risk for 
ACS because the diagnostic performance of conventional 
tests may be limited by these co-morbidities at presentation  
(26, 27) . In particular, female patients may exhibit a higher 
rate of false-positive tests, often due to labile ST-segment 
changes, baseline ECG alterations and breast artifact. AMI 
can also be easily misdiagnosed since patients may initially 
present with atypical symptoms, such as shortness of breath, 
abdominal pain, symptoms of congestive heart failure and a 
young age, all factors suggestive for a lower risk for ACS 
 (28) . Thus, in certain clinical settings exercise treadmill test 
(ETT), along with myocardial imaging or stress echocar-
diography are specifi cally recommended  (29 – 32) . Although 
young patients are generally considered at lower risk for ACS 
under normal conditions, the presence of co-morbidities, met-
abolic syndrome, and the use of cocaine and other drugs may 
shift these patients from a lower to a higher risk category  (16) . 
Within the diagnostic approach, CT angiography is increas-
ingly being used in the assessment of chest pain, although this 
frequently varies according to local practice and availability.  

  A cost-effective diagnostic pathway to meet the 

needs of the different stakeholders 

 Many stakeholders  (33, 34)  are involved in the appropriate 
diagnostic pathway and care of patients that present to the 
ED with chest pain. Healthcare facilities and hospitals should 
consider both a cost-effective diagnostic pathway and contex-
tually offer services that consider the patient ’ s best interest. 
This assessment needs ideally to maximize the benefi t for the 
national healthcare system, the local hospital as well as the 
patient health  (35 – 38) . 

 Several national and international guidelines have been 
released to meet this goal, which offer standardized diagnos-
tic approaches in order to ensure fast and effective triage, 
avoid unnecessary expenditures, patient complications and 
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hospital/ED overcrowding. However, these are often under-
used due to differences in local clinical practice and cost 
restrictions  (2, 3, 39) . 

 The laboratory is one of the primary stakeholders in the 
integration of new biomarkers or improved assays, since it 
can help evaluate test effectiveness, as well as offer consider-
ations on test appropriateness  (40, 41) . Other key stakehold-
ers in the evaluation of new biomarkers for patients with chest 
pain include the ED (usually the main point of patient presen-
tation), cardiology departments, and hospital administration. 

 In particular, the hospital administration needs to face the 
economic aspects related to introduction of new diagnos-
tic and therapeutic tools, including the proposed context of 
use, the potential clinical benefi ts and the cost effectiveness 
 (42 – 45) . 

 Chest pain assessment is a critical point for organizational, 
economical and clinical perspectives. The  ‘ economic ’  role of 
novel or traditional biomarkers and their cost effectiveness 
should be evaluated in the local scenario, thus considering 
the number of subjects presenting to the ED, the available 
diagnostic tools and the effi ciency of the continuity of care 
between the hospital and the country health organization.  

  The role of biomarkers 

 Biomarkers do play a key role in the diagnosis and risk 
assessment of patients referring for chest pain. The detec-
tion of blood troponin levels, by highly sensitive assays, is 
a basic diagnostic aid for either identifying low-risk patients 
who can be discharged early and safely, or high-risk patients 
who must be treated timely and more aggressively  (46) . 
Current recommendations for the triage and management 
of chest pain patients advise that all patients suspected for 
ACS must be tested with serial troponin T (TnT) or troponin 
I (TnI) measurements  (47) . The improved analytic sensitivity 
of the highly sensitive troponin assays (hsTns) has increased 
the detection of myocardial injury, limiting the potential use-
fulness of additional biomarkers of necrosis  (48) . However, 
the increased diagnostic sensitivity for myocardial necrosis 
has also complicated the triage and management of chest pain 
patients  (49) . In fact, the introduction of these more sensi-
tive assays has considerably increased the number of posi-
tive tests on admission as compared with the previous and 
less sensitive assays. Therefore, the biochemical indication 
of myocardial injury provided by hsTns has even increased 
the need to defi nitely ascertain the presence of ischemia  
(50, 51) . This concept has also been clearly highlighted in the 
recent Universal Defi nition of Myocardial Infarction docu-
ment, which has been revised after the introduction of these 
assays  (52) . Currently, there is a general consensus that this 
improved analytical sensitivity enables the detection of myo-
cardial injury due to a broad spectrum of pathologies (both 
cardiac and extra cardiac), which may be sustained by mech-
anisms other than myocardial ischemic, as well as myocyte 
physiologic remodeling  (53 – 57) . 

 Although one single troponin value exceeding the conven-
tional diagnostic threshold for AMI might refl ect a serious 

and probably irreversible myocardial injury, the defi nite diag-
nosis of AMI on the basis of a single measurement is impos-
sible, since it cannot allow unequivocal discrimination of 
ischemic from non-ischemic causes in the challenging con-
text of ACS or AMI  (54) . Current guidelines recommend the 
interpretation of a rise or fall of serial hsTn measurements, to 
help discriminate acute injury from chronic causes, thereby 
addressing ischemia as the leading mechanism for myocar-
dial injury  (48) . However, there is still poor consensus about 
the required degree (i.e., percentage) of variation during serial 
measurements, nor on the timing of sampling when using 
hsTn assays. Although some assays can discriminate an acute 
event with an increment of 20 %  – 30 % , recent studies also 
emphasize that higher deltas are needed to account for the 
biological variability of these biomarkers  (47, 58) . As such, it 
is diffi cult to state a general rule since the Reference Change 
Value (RCV) must be calculated according to the analytical 
variability of the assay and to the biological variability of the 
relative troponin isoform  (48, 59 – 61) . 

 Biomarkers, such as troponin, were originally introduced to 
help understand the underlying etiologies of signs and symp-
toms characterizing patients presenting with chest pain. They 
help to standardize defi nitions and gain a new joined perspec-
tive. The development of more sensitive assays and technolo-
gies also add a higher degree of complexity in the clinical 
decision-making  (50) . In this framework, the effi ciency of 
hsTn testing is strongly threatened by the high prevalence of 
patients with co-morbidities or conditions affecting troponin 
release and thus diminishing the diagnostic performances 
(i.e., specifi city) of the marker for specifi cally ruling out an 
AMI  (50) . 

 Despite recommendations, guidelines, and the recent 
advances on establishing the RCVs, there are still several 
unsolved issues, concerning both the pathophysiological and 
analytical characteristics of this marker  (53, 62, 63) . Therefore, 
the use of additional biomarkers refl ecting the ischemic etiol-
ogy of the event might be advisable to improve AMI rule-out 
and to lower the still considerable number of improper CPU 
admissions. Several biomarkers have been proposed over the 
past several decades, both alone and in combination with tro-
ponins, to aid the rule-in and rule out of AMI  (51, 64, 65) . 
Although several reports show additive effect of natriuretic 
peptides plus troponin on the prognostic value for risk strati-
fi cation in patients with acute coronary syndromes  (66) , no 
data are available with these biomarkers to improve the abil-
ity of physicians to make a fast diagnosis of ACS in chest pain 
patients. Currently, copeptin is gaining much interest, since 
preliminary evidence seems to attest the potential to increase 
the diagnostic value of troponin and therefore to enhance the 
early rule-out of AMI.  

  The role of copeptin 

 Copeptin is a 39 amino acid peptide produced stoichiomet-
rically with arginine vasopressin peptide (AVP) from the 
precursor pre-provasopressin. It is thought to be produced 
primarily by the magnocellular neurons of the hypothalamus 
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and released from the posterior pituitary in response to hemo-
dynamic and osmotic stimuli [reviewed in  (67 – 70) ]. As such, 
it closely mirrors the production of AVP, which is in turn one 
of the key hormones for maintaining fl uid balance, vascular 
tone and cardiovascular homeostasis. Interestingly, de novo 
synthesis of vasopressin in the heart, as well as release of the 
hormone into cardiac effl uents has been shown in a model of 
pressure overloaded rat hearts, with vasopressin concentra-
tions suffi cient to cause local and systemic effects  (71) . 

 Vasopressin acts on three main receptors, where it medi-
ates antidiuretic effects, strong arteriolar vasoconstriction and 
ACTH secretion during stress response. The rapid release of 
AVP and copeptin refl ects endogenous stress levels and the 
individual response  (72, 73) . Early and relevant increases 
of both markers in the bloodstream may be triggered by 
the onset of acute and life-threatening conditions, such as 
AMI and stroke, causing a homeostatic imbalance  (74, 75) . 
Biomarkers, such as copeptin or AVP, which fi nd their ideal 
place upstream to necrosis biomarkers, have hence been pro-
posed to improve the early diagnosis of AMI, by anticipating 
the typical delayed release of cardiac troponins (i.e., 3 – 4 h 
after an AMI) and contributing an independent pathophysi-
ologic response to endogenous stress. An increase of AVP is 
also reported to have a role in the pathogenesis of both heart 
failure and AMI remodeling. A net copeptin increase after 
AMI has been described in patients with ECG signs of cardiac 
injury  (76, 77) . Under fi lling of the left ventricle consequent 
to AMI, results in baroreceptor stimulation, or even the direct 
damage to the cardiac baroreceptors. These have both been 
proposed as the most likely causes of vasopressin/copeptin 
secretion from the posterior pituitary. 

 Although vasopressin has provided important informa-
tion on the pathophysiological mechanisms underlying sev-
eral endocrine disorders, its diagnostic usefulness has been 
seriously challenged by a variety of technical and analytical 
issues  (67, 68, 78) . Vasopressin has a high biological instabil-
ity (even stored at  – 20 ° C), which is also worsened by a very 
short in vivo half-life, platelet binding, and additional cum-
bersome pre-analytical preparation. Moreover, the small pro-
tein size challenges detection by sandwich immunoassays and 
therefore requires the use of less sensitive competitive immu-
noassays. Conversely, copeptin is reported to be extremely 
stable, which would make its measurement much more robust 
in clinical practice. Detection does not require any extraction 
step or complex preanalytical procedures (e.g., the addition 
of protease inhibitors). The current assay requires minimal 
plasma/serum volumes (i.e., approx. 50  μ L) and the overall 
time for completing the analysis is between 20 min and 30 
min (as compared with 12 – 24 h for AVP), which makes it 
suitable for the application in urgent (stat) clinical settings 
 (78) . Considering the potential application of copeptin, it 
seems important to emphasize some characteristics of this 
molecule that may strengthen its high diagnostic accuracy as 
compared with other biomarkers. 

 In healthy volunteers the median copeptin levels are   <  5 
pmol/L (95 %  CI 1 – 2 pmol/L) and albeit higher values are 
detected in males than females, only a slight difference (i.e., 
approx. 1 pmol/L), has been reported  (78, 79) . Moreover, at 

variance with troponin and other  ‘ diagnostic ’  biomarkers, the 
plasma levels of copeptin are not signifi cantly infl uenced by 
age  (78) . Copeptin levels are usually decreased in patients 
with diabetes insipidus, hyponatremia and other conditions 
associated with reduced AVP concentration  (80) . 

 Interestingly, a gradient of copeptin levels has been 
observed in relation with different degrees of stress. Changes 
in plasma osmolarity or water deprivation cause only mod-
erate increases (up to approx. 20 pmol/L), whereas median 
levels from 20 pmol/L to 45 pmol/L, may be associated with 
advanced and acute heart failure. A signifi cant increase, typi-
cally   >  100 pmol/L, occurs in acute life-threatening condi-
tions, such as severe sepsis, septic shock, hemorrhagic shock, 
ischemic stroke and AMI  (67) . Copeptin was also reported to 
have superior diagnostic performance over cortisol for dis-
criminating different degrees of stress, and it was hence pro-
posed as a reliable prognostic marker in patients with acute 
illness  (73) . 

 Copeptin levels refl ect disease and can discriminate 
patients in life-threatening conditions from patients with more 
favorable outcomes. In the emergency setting, this biomarker 
can aid in the management of chest pain patients, since its 
measurement simultaneously with troponin, meets both the 
immediate need for AMI rule-out and possibly the longer term 
requirement of ACS risk stratifi cation. Although the combina-
tion of negative copeptin and troponin markers (together with 
the clinical features) can effi ciently rule-out an acute cardiac 
event, a single elevation of copeptin levels above a threshold 
of 100 – 150 pmol/L can also alert ED physicians to the onset 
of an acute condition, requiring an immediate differential 
diagnosis and urgent treatment. In this perspective, copeptin 
levels are likely to improve the information provided by risk 
scoring algorithms in current use. Accordingly, the introduc-
tion of copeptin in the chest pain pathway may help in the 
overall process, by guiding early intervention, optimizing the 
management of individual patients, and fi nally enhancing the 
appropriate allocation of healthcare resources. 

 There are however several important drawbacks of copep-
tin in the context of AMI exclusion. Copeptin provides little 
clinical information when measured alone, due to its non-
specifi c elevation in many pathophysiological conditions. For 
this reason it should be assessed along with other more spe-
cifi c biomarkers, such as cardiac troponins. The concentration 
of copeptin increases almost immediately after onset of chest 
pain, then rapidly decreases over the fi rst 6 – 12 h, so that its 
measurement appears more signifi cant in patients that present 
at the ED with chest pain onset within 6 – 8 h. Finally, patients 
with unstable angina do not always display increased levels 
of copeptin, which makes this marker more useful for ruling 
out AMI, but not necessarily ACS  (79, 81) . 

 Copeptin is sometimes but not always elevated in ACS, so 
it should be used only in consideration of clinical judgment 
for the rule-out of AMI, primarily NSTEMI  (81) . The bio-
marker provides a physiologic pathway other than myocyte 
necrosis, which enables a redundant safety pathway to rule-
out AMI and other life-threatening conditions  (81) . 

 Basically, evidence for a role of vasopressin in AMI was 
recognized in the mid-1970s  (82, 83) . Since copeptin mirrors 
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AVP changes in the bloodstream, it was not surprising to detect 
an immediate increase of copeptin levels after the onset of 
AMI. The release of the marker is characterized by an almost 
instantaneous increase at the onset of symptoms. Levels then 
appear to decrease in the next 2 – 5 days, often stabilizing at 
concentrations signifi cantly higher than in healthy controls 
 (84) . Moreover, the highest copeptin levels are prognostic 
for death and re-hospitalization for heart failure. In particu-
lar, patients with a concentration within the highest quartile 
showed an increase of short-term event rate (  >  40 % ) during a 
60 day follow-up. 

 These results stimulated further studies (Table  1  ) to evalu-
ate whether copeptin assessment, in combination with tro-
ponin, might improve the AMI rule-out in patients presenting 
with chest pain to the ED  (81) . 

 In one study consisting of 487 patients presenting with 
chest pain to the ED and with an AMI prevalence of 17 % , 
higher copeptin levels were detected at ED presentation, 
showing an immediate increase in the fi rst 4 h after the onset 
of chest pain symptoms, when troponin levels measured with 
a traditional assay were often still undetectable or non-diag-
nostic. During the following hours, copeptin levels declined 
while troponin levels simultaneously increased. The evi-
dence of distinct kinetics suggested that each marker might 
provide a different and thereby additive diagnostic value to 
the other, thus increasing the diagnostic performances of the 
overall two-biomarker strategy to rule-out AMI, particularly 
in the early diagnostic window. The discriminating capability 
vs. AMI of the fi rst single troponin level recorded at the ED 
presentation was signifi cantly improved by adding copep-
tin detection, since the combination of TnT and copeptin at 
presentation resulted in an area under the curve (AUC) of 
0.97, which was signifi cantly higher than the AUC of 0.86 
obtained from TnT alone. However, since biomarker testing 
must be contextualized in a defi ned diagnostic pathway, the 
authors proposed to integrate the information on the clini-
cal history and patient risk together with an algorithm based 
on these biomarkers. The algorithm considered the negative 
result of both markers, respectively dichotomized accord-
ing to specifi c threshold levels (  <  14 pmol/L for copeptin 
and   <  0.01  μ g/L for Roche TnT assay). According to this 
strategy, a negative result of both troponin and copeptin at 
presentation achieved a remarkable NPV   >  99 %  for ruling-
out AMI. 

 A second multicenter trial, enrolling 1386 patients with 
a prevalence of suspected ACS and AMI of 21 % , assessed 
the added diagnostic value of copeptin to conventional TnI 
in the early diagnosis of AMI  (79) . When considering a fi rst 
sampling at ED admission, the addition of copeptin to TnI 
measurement signifi cantly improved the c-statistic from 0.85 
to 0.94. This result was obtained in the overall population, 
whereas in a subset of patients presenting within 3 h after 
the onset of chest pain the combination of the two biomark-
ers remarkably increased the c-statistic from 0.77 to 0.91. In 
a subset of patients, the study also compared the combined 
use of copeptin and TnI measured by a highly sensitive assay 
(Siemens Advia). In this subset, TnI displayed an AUC of 
0.96, whereas the combination of both biomarkers slightly 

improved the AUC, up to 0.97. Nevertheless, the combination 
of both markers (considering a TnI threshold at the 99th per-
centile of 0.04 ng/mL and a copeptin threshold at the 97.5th 
percentile of 13 pmol/L) signifi cantly improved the NPV 
value for AMI from 95 %  to 98.3 % . When referring to the rule 
out of ACS, the NPV changed from 81.6 %  for TnI alone to 
84.4 %  for the combination of both markers. In this case it is 
also noteworthy that the use of different thresholds for copep-
tin (respectively at the 95th, 97.5th and 99th percentiles) did 
not modify signifi cantly the NPV. 

 More recently, Karakas et al. measured both hsTnT and 
copeptin in 366 consecutive patients that presented to the ED 
within 24 h after the onset of chest pain of suspected car-
diac origin lasting at least 5 min and with a negative initial 
conventional TnT test (i.e.,   <  0.03  μ g/L)  (87) . Although the 
statistical analysis of the data revealed that copeptin con-
centration was not independently predictive of ACS and did 
not improve the diagnostic value of the single hs-cTnT mea-
surement, there are some further aspects in this study that 
should be highlighted. First, the number of patients with a 
defi nitive diagnosis of AMI was very low (8 out of 366, i.e., 
2 % ), whereas unstable angina could only be diagnosed in 27 
patients (i.e., 7 % ). It is rather understandable that the diag-
nostic performance of copeptin in the setting of AMI diagno-
sis should however be redefi ned on a much larger population 
of diseased patients before drawing defi nitive conclusions. 
The timing of testing was also questionable, inasmuch as the 
biology of copeptin (i.e., early raise after neuroendocrinolog-
ical stress) would make it a more suitable biomarker for the 
early diagnosis of AMI, rather than in the following hours. 
Accordingly, it was also reported that copeptin concentra-
tions on admission were remarkably higher in the group of 
patients presenting 0–4 h from the onset of the symptoms. 
Finally, in patients with raised copeptin concentrations, a 
signifi cantly increased rate of regional left-ventricular dys-
function was observed, thereby confi rming the important 
prognostic information and risk stratifi cation signifi cance of 
this promising biomarker. 

 The net clinical benefi t of introducing copeptin in the ED 
to improve the diagnostic accuracy of AMI rule-out (with 
both conventional or hsTn assays) is still under evaluation. 
The integration of copeptin in the diagnostic algorithm 
reported by Reichlin may potentially be a cost-effective 
strategy, since serial sampling of troponin and continuous 
ECG monitoring would no longer be useful in patients test-
ing negative for both biomarkers (i.e., nearly two thirds 
of patients in this case series)  (81) . On the contrary, serial 
measurement and prolonged monitoring may be limited to 
patients positive either for troponin or copeptin, who repre-
sent nearly one third of the entire enrolled population. This 
strategy may accelerate the rule-out of AMI, and globally 
result in a cost saving by reducing the number of patients 
requiring a second (and even a third) troponin sampling in 
the ED  (95) . This is noteworthy, considering that the intro-
duction of hsTn assays has further worsened the issue of 
inappropriate and redundant requests of this biomarker, 
posing a relevant burden on the laboratory budget  (96) . In 
several cases the indiscriminate measurement (and often the 
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  Conclusions 

 The evaluation of chest pain patients is critical and involves 
several different clinical specialties including the ED, 
Laboratory and Cardiology departments. Each has its own 
competency in contributing to the development of protocols 
that will help (among other goals) to quickly and correctly 
(a) rule-out patients with benign non life-threatening (non-
cardiac conditions) that can be considered for discharge or 
further outpatient follow-up; (b) rule-in patients with ACS 
(unstable angina, NSTEMI, STEMI); and (c) alert the ED 
about non-cardiac life-threatening emergencies. The use of 
biomarkers can undoubtedly assist this process, as well as add 
prognostic information regarding acute short-term or chronic 
long-term risk and severity. 

 The recent introduction of highly sensitive troponins has 
improved the overall ability to identify higher-risk chest 
patients, but at the expense of decreasing the specifi city of this 
marker for acute myocardial infarction. The utility of combin-
ing additional biomarkers to troponin, such as copeptin, may 
provide additional value by its high NPV to aid in the clinical 
exclusion (rule-out) of AMI; or in the case of a dramatically 
increased concentration (  >  10  ×   the upper limit of the refer-
ence range), to reveal the presence of acute life-threatening 
conditions that may not necessarily be identifi ed with the use 
of a single biomarker, such as troponin (Figure  1  ). 

 Although guidelines are helpful in creating a certain  ‘ stan-
dardization ’  of care, they are frequently developed by using 
highly selected patient inclusion criteria and often drafted in 
the context of a mono-discipline point-of-view. Integration 
of different specialties involved in acute patients ’  care might 
yield a better integration of the different criteria, such as 
clinical considerations, test performance, and diagnostic 
accuracy. 

 Novel biomarkers and other diagnostic tools need to be 
validated by different stakeholders before incorporation into 

serial monitoring) of troponin tests to all chest pain patients, 
likewise as a screening marker and without a specifi c suspi-
cion of ACS, has remarkably increased the costs of the over-
all diagnostic management  (97) . A misleading interpretation 
of guidelines has also contributed to worsen this aspect (i.e., 
in some institutions the third sampling is still drawn rou-
tinely in all patients, even though it adds no vital informa-
tion regarding patient treatment, and increases the extension 
of the admission period and costs)  (98) . 

 Taken together, the available data suggest that a biomarker 
strategy integrating copeptin might potentially reduce inap-
propriate troponin request and testing at least in patients 
with low/moderate pretest probability  (99)  and in those with 
early presentation at the ED (i.e.,   <  4 h from the onset of the 
symptoms), thereby lowering the incremental cost due to the 
introduction of hsTn testing. It is also noteworthy that the 
introduction of copeptin in combination with troponin can 
improve the risk assessment of chest pain patients. Several 
studies have reported that copeptin levels above well-defi ned 
thresholds are associated with acute life-threatening condition 
 (67, 68, 72 – 75, 90, 91, 100) . This evidence might be used as 
a (rule-in) warning to ED physicians regarding patients who 
need urgent triage and a more aggressive treatment. In fact, 
according to the signifi cant increase of copeptin in the indi-
viduals displaying a marked stress reaction, the emergency 
setting seems to be the ideal environment to fully exploit the 
information carried by the measurement of this marker and 
assess the risk for an acute life-threatening condition  (85, 86, 
88, 92, 93) . 

 The role of copeptin in the assessment of the life risk in 
subjects admitted to the ED, lies beyond the early diagnosis 
of AMI. Elevated copeptin concentrations have been associ-
ated with increased 90-day mortality, heart failure (HF) read-
missions, and HF related ED visits in patients with elevated 
copeptin, especially in those with hyponatremia. Copeptin 
was highly prognostic for 90-day adverse events in patients 
with acute HF, adding prognostic value to clinical predictors, 
serum sodium, and natriuretic peptides. When combined, 
sodium and copeptin provided incremental prognostic value 
to clinical predictors of mortality and NT-proBNP  (94) . 

 Chest pain assessment is a critical point that affects a life-
threatening patient condition, but with a considerable impact 
on hospital costs. The  ‘ economic ’  role of novel or traditional 
biomarkers (or combinations) are moving beyond the tra-
ditional approach based on the evaluation of the predictive 
value of the new combination of tests in large populations. 
The cost-effectiveness should be assessed locally, taking into 
consideration the local prevalence of subjects with chest pain 
admitted to the ED, the diagnostic strategies within the ED, the 
turnaround time, as well as the organization of the Coronary 
Unit in the healthcare network. In a recently published ran-
domized controlled trial which compared rapid diagnosis 
based on point of care (in ED) to conventional diagnosis, the 
point-of-care biomarker strategy reduced the length of stay, 
but did not reduce overall costs  (45) , thereby highlighting the 
importance of evaluating the introduction of new diagnostic 
tools in consideration of benefi ts and costs from all involved 
stakeholders.  

-

-

Copeptin

Troponin

Only these patients
can be considered

for exclusion of AMI
with copeptin

Careful consideration
of clinical information,

ECG (risk, other
factors)

Negative

Results from 1st blood sample

-
+
-

+

+
-
+

-

+
+
+

+

Need further
evaluation

AMI AMI and adverse
prognosis

 Figure 1    Possible early acute myocardial infarction rule-out for 
emergency department chest pain patients using a combination of 
troponin and copeptin. Copeptin must always be considered together 
with troponin. 
 Only patients with suspected AMI and early chest pain onset (  <  6 – 8 h) 
should be evaluated.    
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routine clinical protocols. The correct application of these 
new tests should offer an overall patient benefi t and a net con-
tribution to improve hospital organization and limit overall 
healthcare expenditures. Moreover, the net economic impact 
should be considered on the basis of overall costs vs. benefi ts 
balance.   
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