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Abstract 

This opinion paper is aimed to provide an
overview about the state of the art, innovation
and research in ischemic heart disease in the
emergency room, and is a synopsis of the lec-
tures of the 3rd Italian GREAT Network Congress
(Rome, 15-19 October 2012). The leading issues
of a multidisciplinary risk stratification and
diagnosis of patients presenting to the emer-
gency department with suspected ischemic
heart disease will be discussed taking into con-
sideration the variable onset of clinical signs
and symptoms, the role of novel highly-sensitive
troponin immunoassays, the promising use of
an 80-lead electrocardiogram, echocardiography
and risk stratification scores. Preliminary infor-
mation will also be provided about the ongoing
Italian multicentric registry on chest pain
patients in emergency department, an observa-
tional prospective study aimed to collect data
about patients presenting at the emergency
department with typical chest pain suggesting
an acute coronary syndrome. 

Introduction

According to the most recent statistics of the

American Heart Association (AHA), the overall
prevalence of ischemic heart disease (IHD) in
the US is 7%.1 It is also estimated that nearly
800,000 US inhabitants will experiment a new
coronary event, whereas additional 195,000
silent first acute myocardial infarctions (AMIs)
may occur each year. As such, an US inhabitant
is expected to have a coronary event every 25
sec, and someone will die for this nearly every
minute.1

Hence, it is no surprise that patients with
sudden onset of chest pain and suspected
acute myocardial infarction (AMI) represent
one of the largest subset urgently admitted to
the emergency department (ED). In Italy,
around 1 million patients each year present to
the ED with chest pain symptoms. Nearly half
of these (~45%) have an acute coronary syn-
drome (ACS), whereas ~18% are finally diag-
nosed with AMI.2

One of the biggest clinical challenges in IHD
is the timely distinguishing of patients who may
benefit most from urgent management from
those who can be safely excluded for extensive
diagnostic testing and invasive procedures.
There have been remarkable advances in under-
standing the pathophysiology of AMI over the
past decades, and this has led to the develop-
ment of innovative diagnostic and imaging tech-
niques, the establishment of specific chest pain
units, guided protocols and risk scores aimed at
helping the clinician to better stratify patients
with suspected AMI. In these emerging scenar-
ios, biomarkers have played an essential role for
diagnosis and prognostication, being also key
components of the most recent definition of
AMI, even if chest pain management remains an
unresolved dispute for different clinical special-
ists such as emergency physicians, cardiolo-
gists, laboratory professionals, radiologists, and
healthcare administrators.3 The foremost need
in ED is to quickly and accurately rule-out AMI in
acute setting. The clinical and therapeutic deci-
sion making is often done in critical conditions,
namely limited resources, patient overcrowding,
frantic and confusing environments. Additional
challenges are represented by a growing trend
towards ED admission of aged and complicated
patients, who often carry several co-morbidities
which mimic an ACS, or whom may have an
atypical presentation of myocardial ischemia
characterized by non specific signs and symp-
toms. With most countries still experiencing
recession due to the current huge economical
crisis, the substantial costs for diagnosis and
management of patients with IHD pose other
important hurdles to the effective management
of chest pain in ED.
Additional challenges will soon emerge, after

a broad implementation of the new European
guidelines.4,5 Thus, it will become essential to
reorganize and harmonize the clinical pathways
throughout the various national healthcare sys-
tems, along with guarantee of complain by dif-

ferent healthcare organizations. It will also
become necessary to establish whether (and
eventually to what extent) the new guidelines
will be effective to reduce the door-to-balloon
time,6 which is supposed to be the contribution
of new imaging techniques and novel biomark-
ers in different settings and specific realities,
and whether the continuity of care will assume
a better organized role in consolidating in-hos-
pitals care. It is also noteworthy that additional
challenges will emerge from the integration of
the EDs within novel re-organized networks of
coronary units, namely according to the hub and
spoke paradigm. Finally, it will also be important
to verify whether the implementation of new
guidelines will meet the different scientific,
clinical, ethical and legal expectations raised by
the various stakeholders. We do hope that
answers to these questions may be found in the
pages of this document. This collective, opinion
paper is thereby aimed to provide an overview
about the state of the art, innovation and
research on ischemic heart disease in the
emergency room, and it is a synopsis of the lec-
tures of 3rd Italian GREAT Network Congress
(Rome, 15-19 October 2012).

Case Report

Optimization of rule-out
of acute coronary syndrome
in the emergency room
Patients with chest pain admitted to the ED

have a variety of diseases, and only few of them
have an underlining ACS. As such, the first task
of the ED physician is to make a diagnosis to
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distinguish between IHD and other serious dis-
eases, in order to rule out myocardial ischemia
and thereby discharge early and safely those
patients who do not require hospital care. When
the rule-out process produces a negative result,
the rule-in is more complicated, and should take
into account both the diagnosis and the prog-
nostic stratification, in order to identify the
appropriate ward that the patient should be
admitted to and delineate a meaningful diag-
nostic and therapeutic pathway.
The first step in the diagnostic approach of

patients with chest pain admitted to the ED
encompasses an accurate history collection and
careful physical examination, including an esti-
mate of the patient probability to have an ACS,
pain characteristics and the presence of specif-
ic ACS risk factors.7 An electrocardiogram
(ECG) should be recorded as soon as possible
from patient admission, and interpreted by an
experienced healthcare professional. In case of
persistent ST-segment elevation accompanied
by signs and symptoms of IHD [i.e. ST-segment
elevation myocardial infarction (STEMI)], no
additional tests are necessary to complement
the diagnosis and the patient should be imme-
diately treated with reperfusion strategy [pri-
mary percutanous coronary intervention (PCI),
or thrombolysis as a second choice].8 In the
presence of ST depression and/or T wave inver-
sion, the probability of ACS is high and the
measurement of cardiac biomarkers is useful
for the differential diagnosis between unstable
angina and non-ST-elevation myocardial infarc-
tion (NSTEMI), as well as for prognostic strati-
fication.
According to the most recent guidelines of

the European Society of Cardiology (ESC),
American College of Cardiology Foundation
(ACCF), AHA and World Heart Federation
(WHF),4,5,9 the diagnostic approach of patients
with suspected IHD is principally based on the
assessment of cardiospecific troponins (either
T or I), preferably using a sensitive or highly-
sensitive (HS) immunoassay. A paradigm shift
has occurred with the introduction of the novel
HS immunoassays, whose remarkably
improved analytical sensitivity has enabled to
reduce the limit of detection of previous con-
temporary sensitive immunoassays by 5 to
over 10 times,10 so that physiological troponin
values may now be measurable in more than
80% of presumably healthy subjects (compared
to 1 to 30% with contemporary sensitive meth-
ods).11 On the one hand, the improved sensitiv-
ity and negative predictive value enable an
early and accurate rule-out of AMI in the ED
when test results are negative, typically sooner
(6 h) than conventional methods.12 On the
other hand, the ability to measure troponin val-
ues in the vast majority of patients admitted to
the ED – some of whom displaying values
above the 99th percentile of the upper refer-
ence limit (URL) of a normal population –

decreases the specificity and positive predic-
tive value for myocardial ischemia because an
increased troponin concentration may be sus-
tained by a variety of other (typically cardiac)
conditions.13 Accordingly, a more accurate
interpretation of signs, symptoms and ECG
findings is necessary for preventing over-diag-
nosis or misdiagnosis of myocardial infarction
(MI), especially NSTEMI. Another essential
aspect is the use of the so-called delta bio-
marker approach, according to which troponin
values must not be considered a static meas-
ure, but rather they should be used in a kinet-
ic pattern where a progressively increasing
concentration is suggestive for an evolving
myocardial damage (typically an AMI), where-
as mostly unchanged values are indicative for
stable cardiac disease. The still unresolved
problems here are: i) the identification of an
appropriate variation threshold, which should
be inherently dependent upon several biologi-
cal variables such as age, gender and ethnici-
ty; and ii) the possible use of absolute (i.e. per-
centage) variation.14,15

When a high suspicion for ACS remains
after non-diagnostic HS troponin results and
ECG findings, stress-imaging testing (i.e.
stress echo or myocardial scintigraphy) can
also be used in the ED, while for differential
diagnosis of structural cardiac or vascular dis-
eases, a multidetector computer tomography
(CT) scan or a cardiac magnetic resonance
can help to confirm and/or rule out a diagnosis
of pulmonary embolisms, aortic dissection,
myocarditis and other conditions. Although the
rule-out of AMI should mostly rely on non-diag-
nostic values of HS troponin immunoassays
(i.e. lower than 99th percentile URL) after 3 to
6 h, the exclusion of ACS (including unstable
angina) needs a multifaceted approach, entail-
ing clinical judgment on history, physical
examination, and ECG.16 It is also noteworthy
that ruling out an ACS does not necessarily
entails that the patient does not suffer from an
another serious disease. In this respect, the
meaningful clinical judgment has a pivotal role
for best managing patients with chest pain in
the ED.

Biomarkers for early diagnosis
of acute coronary syndrome:
only troponin?
According to the working group of the

National Institute of Health (NIH), a biological
marker is defined as a characteristic objective-
ly measured and assessed as an index of a
physiological or pathological process, as well
as an indicator of pharmacologic response to
therapy.17 Biomarkers can hence be assessed
for a vast array of purposes, including screen-
ing and diagnosis of patients with certain
pathologies or abnormal conditions, classifica-
tion, staging and prognostication of diseases

and prediction or monitoring of therapeutic
responses. According to recent and reliable
evidence, patients presenting to the ED with
suspected ACS can receive a final diagnosis of
AMI in less than 3 h, with both diagnostic sen-
sitivity and a negative predictive value of
100%. To do this, methods characterized by an
appropriate analytical sensitivity capable of
obtaining measurable values in at least 50% of
subjects are used.18 It is noteworthy, however,
that neither the sensitivity nor the negative
predictive value of HS immunoassays achieve
a value of 100% in samples collected on ED
admission, so that the search for diagnostic
algorithms combining troponin(s) with early
biomarkers may still be seen as an appealing
perspective.19

A variety of tests have been proposed over the
past decades for the diagnostic approach of IHD,
either alone or in combination with troponin.20

These mostly – but not exclusively – include
inflammatory mediators or reactants (i.e. high-
sensitive C reactive protein, procalcitonin,
cytokines and interleukins), indices of plaque
instability (i.e. platelet-leukocyte aggregates,
CD40 ligand), biomarkers of ischemia (i.e.
ischemia-modified albumin, heart-fatty acid-
binding protein, pregnancy-associated plasma
protein-A, choline, free fatty acids), markers of
myocardyocite necrosis (i.e. myoglobin, crea-
tine kinase isoenzyme MB, glycogen phosphory-
lase BB, circulating microRNAs), cardiac hor-
mones or peptides (i.e. adrenomedullin and
mid-regional pro-adrenomedullin, copeptin,
neopterin, natriuretic peptides), thrombotic
biomarkers (i.e. D-dimer, fibrin/fibrinogen
degradation products, thrombus precursor pro-
tein, soluble fibrin monomer, prothrombin frag-
ment 1+2, thrombin-antithrombin and plasmin-
antiplasmin complexes), as well as other less
specific indices such as mean platelet volume
(MPV), red blood cell distribution width (RDW)
or plasma glucose.21,22

Although a huge amount of data has been
produced and published on the clinical useful-
ness of these parameters, it seems reasonable
to conclude that the growing development and
clinical use of HS troponin immunoassays will
dramatically limit the practical significance of
the measurement of additional biomarkers for
risk stratification and early diagnosis of IHD.
This is mainly attributable to the fact that the
diagnostic accuracy of most of these tests is
comparable – at best – to that of HS troponin
immunoassay. Indeed, some of them require
research technologies that are currently unsuit-
able for large volumes and optimal turnaround
time (e.g. manual immunoassays, cumbersome
separative techniques, flow cytometry), others
are simply too expensive to comply with the lim-
itations of government funding that will be a
hallmark of national healthcare systems for sev-
eral years to come. Medium- and long-term risk
stratification of both cardiac and non-cardiac
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complications offer a more reasonable and per-
vasive perspective for biomarkers of cardiac
functions. Among them, natriuretic peptides,
mid-regional adrenomedullin and copetin, for
example, may help identify those patients with
an increased risk of heart and renal impairment
after an AMI, thus enabling a tailored treatment
and a better outcome.23,24

Multi-leads electrocardiogram
evaluation of acute chest pain
in the emergency department
As previously mentioned, the evaluation of

patients with symptoms of suspected ACS who
present to the ED is expensive and time con-
suming, and always starts with the 12-lead
ECG. This rapid, non-invasive and relatively
inexpensive diagnostic tool should be per-
formed at the earliest, preferably within 10
min from patient presentation. When its find-
ings are diagnostic for an ACS, a series of rec-
ommended clinical interventions should fol-
low. However, with existing technology, the 12-
lead ECG is non-diagnostic in approximately
50% of patients.25 Thereby, the currently avail-
able ECG cannot be considered a precise tool.
Even when findings of an AMI are detected,
only 90% of patients will be found to have
catheterization and biomarker findings consis-
tent with this diagnosis.26 Conversely, when
used as a screening tool, the 12-lead ECG has
a sensitivity for AMI in the range 25 to 57%. 
Though practically unchanged since 1940,

great improvements in computer processing
technology have transformed the 12-lead ECG
into a device capable of performing electrical
body surface mapping. This is accomplished by
the application of 80 ECG leads placed circum-
ferentially on the patient thorax. The data
obtained can be presented as 80 individual
lead tracings, or alternatively color-coded, and
projected onto the image of a thorax. Following
a scheme where green represents normal
baseline ST segments, red represents ST ele-
vation, and blue ST depression, the presence of
AMI can be rapidly identified. When body sur-
face mapping information is presented in this
latter fashion, the use of 80-lead ECG provides
a remarkable 81% increase in sensitivity for
detecting AMI compared to a standard 12-lead
ECG.27 Most improvements in sensitivity with
the 80-lead ECG occur as a result of superior
detection of AMI in those anatomic regions
known to be challenging for the 12-lead ECG.
For example, this includes a 13.5 fold improve-
ment in the rate of a correct diagnosis of pos-
terior AMI, and a 1.4 times improvement in
detecting right ventricular (RV) infarcts, even
when a V4R lead is added to the routine 12-
lead ECG.
When considering the entire AMI popula-

tion, only 33% is found to suffer STEMI with
conventional ECG. However, by using the 80-

lead ECG, the rate of detected STEMI increases
to 50%. An improved detection of patients suf-
fering from acute STEMI is able to identify
those in whom early intervention designed to
establish reperfusion [either percutaneous
coronary intervention (PCI) or thrombolysis]
may provide additional clinical benefit. It is
noteworthy that because 80-lead ECG is
mechanically performed in identical fashion as
the 12-lead, similar challenges exist in obtain-
ing clear tracing in excessively hirsute,
diaphoretic, or morbidly obese patients. When
this occurs, the usual strategies for sticker
adherence must be employed. Similarly to the
12-lead ECG, the 80-lead ECG can suffer from
interpretation confounders. This may need the
clinical correlation to differentiate suspected
acute ST segment changes consistent with
AMI in the setting of pericarditis, benign early
repolarization, left ventricular (LV) aneurysm,
left bundle branch block (LBBB) and others,
although the increased number of leads may
provide insight as to the correct diagnosis that
is not available with the 12-lead.
In ED, tools to allow early safe discharge of

suspected ACS patients would be imminently
useful, and thus the utility of this application
of body surface mapping has been examined.
In a secondary analysis of the OCCULT trial,28

1816 patients prospectively defined as being at
low to moderate risk of ACS were risk stratified
by initial laboratory findings and an 80-lead
ECG. Patients were excluded if they had an ini-
tially elevated troponin (n=217), creatinine
>2.0 ng/mL (n=52), or if the 80-lead ECG was
abnormal (n=156). Thus, from the original
group, 87.9% patients remained and they could
be categorized shortly after arrival as presump-
tively low risk. When the 30 day outcomes of
this low risk patient group were evaluated,
there were 0.4% deaths, 0.8% AMI, and 2.4%
re-hospitalized.28 This suggests that, combined
with initial laboratory findings, the 80-lead
ECG may identify a population of early ED dis-
charge candidates. 

Discussion

Diagnosis and risk stratification of IHD is
challenging, and may often result in a very
high number of inappropriate admissions. On
the other side, 2%-10% of the patients dis-
charged as non coronary chest pain experience
an AMI, with a mortality rate that is 2-fold
higher than that of patients admitted to the
hospital.1 According to these concerning fig-
ures, the evaluation of patients in ED should
always be made within the rules of AMI net-
works established in each country or region.
Though STEMI networks are very clearly
defined, less defined protocols exist for NSTE-
MI and unstable angina. In some countries, all

patients with ECG changes and/or positive tro-
ponin results are referred to the catheteriza-
tion laboratory within the next 24 h. 
The diagnostic process is multifaceted and

take profit from a variety of complementary
tools, such as clinical examination, ECG, bio-
markers, echocardiography, other imaging and
stress tests. Although the role of biological
markers and ECG has already been clearly
emphasized so far, echocardiography has the
peculiar potentiality to detect LV wall motion
disorders in patients with non-diagnostic ECG
and normal troponin values, and this is the
only abnormality that can be found in some
patients. Echocardiography can detect global
LV dysfunction, early complications of AMI, and
may also provide a fast answer about other eti-
ologies of chest pain such as aortic dissection,
pericarditis or pulmonary embolism.29 The use
of risk stratification scores such as the throm-
bolysis in myocardial infarction (TIMI) risk
score or the global registry of acute coronary
events (GRACE) score, can both be indicative
or misleading, depending on the patient’s
characteristics.30 It is unquestionable, howev-
er, that a patient with a high TIMI score has a
high probability of an adverse outcome, where-
as the GRACE score may provide additional
hemodynamic information. Basically, the
GRACE score provides information on the risk
of in-hospital death, 6-month-death and also
helps to address the patient with NSTEMI
towards immediate or delayed coronary inter-
vention. The GRACE score was validated on a
big cohort of patients, showing a very big prog-
nostic difference for those patients with a
score >140 points, especially when treated by
an early invasive strategy.31

Patients presenting with ACS complicated by
acute heart failure are a very high risk popula-
tion, which may receive the highest benefits
from acute revascularization. In daily practice,
this strategy is difficult to be established, and
this is due to objective difficulties in identifying
a personalized therapeutic management for
these patients. All the diagnostic tools should
hence be used in patients with suspected ACS,
since a tailored diagnostic workup remarkably
increases the diagnostic accuracy, the appropri-
ateness and efficacy of treatment, and it finally
improves the outcomes effectively.32

Conclusions

Although some registries already exist
about the management and treatment of
patients with ACS in cardiology settings,5 there
is still a lack of published information about
patients with chest pain in the ED setting.
Moreover, international guidelines for
approaching chest pain in patients referred to
the ED exist, still they are applied quite differ-
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ently all over the world, or even among differ-
ent EDs of the same country. This is mainly
due to the different organization of EDs, where
the presence of cardiologist(s) is granted in
some cases, but not in others. To describe the
current approach to chest pain in EDs in Italy,
the GREAT network has thereby designed an
observational registry.
The Italian multicentric registry on chest

pain patients in ED is an observational
prospective study aimed to collect data about
patients presenting to the ED with typical
chest pain in different Italian centers. The
objective is to enroll more than 10,000 patients
in 10 different centers (Genoa, Parma, Rome,
Milan, Pavia, Naples, Catania, Bologna, Venice
and Novara), and include at least 2000 patients
with a final diagnosis of ACS. In this registry,
patients data will be collected according to spe-
cific areas of interest, i.e. age, gender, haemo-
dynamic parameters (e.g. arterial blood pres-
sure, heart rate, oxygen saturation, sinus
rhythm, additional symptoms, killip class,
etc.), ECG findings, risk factors (history of
coronary artery disease, smoke, hypercholes-
terolemia, body mass index, hypertension, dia-
betes, family history, chronic kidney disease),
drugs taken at home, results of laboratory
workout and, in particular, biomarkers testing
at 0, 3, 6 and eventually 12 h after ED admis-
sion (other cardiac biomarkers may be includ-
ed in the schedule after the beginning of the
study). Moreover, the patient final disposition,
final diagnosis, medications administered in
ED, risk scores such as TIMI or GRACE risk
score, and re-hospitalization after discharge
will be recorded.
Since the quantitative assessment of chest

pain is one of the most debated topics in the
literature, chest pain classification (classified
from 1 to 3 according to the probability to be
typical for ACS) will be also evaluated. On the
basis of these registry results, it would be pos-
sible to compare them with the data from other
existing cardiology registries. The peculiarity
of this registry would also include the possibil-
ity to present a picture of the true population
referring to ED for chest pain patients in Italy
and the different approach for rule-out and
rule-in of the ED physicians. The study is
expected to start in January 2013 and conclud-
ed within 1 year. Preliminary data will be pre-
sented to next GREAT meeting in Rome,
October 2013.
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