
Abstract. – Background: The use of bio-
markers has been demonstrated useful in many
acute diseases both for diagnosis, prognosis
and risk stratification. 

Objectives: The purpose of this review is to
analyze several biomarkers of potential use in
patients referring to Emergency Department with
acute dyspnea.

State of the Art: The role of natriuretic pep-
tides has a proven utility in the diagnosis, risk
stratification, patient management and prediction
of outcome in acute and chronic heart failure (HF).
New immunoassays are available for the detection
of mid-region prohormones in patients with acute
dyspnea such as Mid-region pro-adrenomedullin
(MR-proADM) and Mid-region pro-atrial natriuretic
peptide (MR-proANP). Also procalcitonin, copeptin
and D-dimer, which are markers of inflammation,
bacterial infections and sepsis, seem to be useful
in the differential diagnosis of dyspnea. Conven-
tional and high-sensitivity troponins are funda-
mental, not only in the diagnosis of acute coronary
syndromes, but also as indicators of mortality in
patients with acute decompensated heart failure. 

Perspectives: Further studies with randomized
controlled clinical trials will be needed to prove
the theoretical clinical advantages offered by a
shortness of breath biomarkers in terms of diag-
nostic, prognostic, cost effective work-up and
management of patients with acute dyspnea. 

Conclusions: A multimarker pannel approach
performed by rapid and accurate assays could
be useful for emergency physicians to promptly
identify different causes of dyspnea thus man-
aging to improve diagnosis, treatment and risk
stratification. 
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Introduction

In the past years many definitions of dyspnea
have been given such as “sensation of breathless-

European Review for Medical and Pharmacological Sciences

Role of biomarkers in patients with dyspnea

C.S. GORI, L. MAGRINI, F. TRAVAGLINO, S. DI SOMMA

Emergency Department, 2nd Medical School, Sapienza University of Rome, Sant'Andrea
Hospital, Rome (Italy). Great Network Association

Corresponding Author: Salvatore Di Somma, MD; e-mail: salvatore.disomma@uniroma1.it 229

ness”, “shortness of breath”1, “awareness of respi-
ratory distress”2, “difficult, labored or uncomfort-
able breathing”3. Sometimes these definitions con-
fuse the real symptom reported by patient with the
clinical sign observed by physicians4. Therefore,
dyspnea can be defined as an unpleasant or uncom-
fortable sensation of difficult breathing experi-
enced by an individual not only due to pathophysi-
ological but also social, psychological and environ-
mental factors. This subjective experience is not al-
ways consistent with the clinical and instrumental
findings. Frequently, in Emergency Department
(ED) many patients with dyspnea have other asso-
ciated symptoms such as fever, cough, chest pain
or palpitations. These accompanying symptoms or
signs are important clues about the etiology of dys-
pnea. In acute settings it is important to promptly
recognize the causes of shortness of breath thus
managing to start early treatment and improve pa-
tients’ outcome. Many causes of dyspnea can ex-
pose patient to life threatening events if the correct
diagnosis is not established. The differential diag-
nosis of dyspnea is very broad but acute heart fail-
ure (AHF), acute coronary syndrome (ACS) and
pulmonary embolism (PE) are the main diseases to
be excluded for their potential severity and mortali-
ty5. Patients referring to ED for dyspnea may have
more than one underlying etiology from different
organs and systems (Table I)6-8. The differential di-
agnosis of dyspnea could be even more challeng-
ing in case of ED overcrowding. Current literature
reveals important diagnostic, prognostic and ther-
apeutic implications of several biomarkers used
in many acute diseases. 

The aim of this work the usefulness of several
biomarkers not only in the diagnosis but also in
the etiology, severity, treatment and risk assess-
ment in patient presenting in ED with dyspnea. 

Clinical Approach to Acute 
Dyspnoeic Patient

The main purpose of emergency physician is
to identify rapidly acute and serious life threaten-
ing causes of dyspnea such as Acute Coronary
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Organs and Systems Causes

Upper airways Laryngospasm and angioedema
Airway obstruction (secretions, tumors, foreign body, hemorrhage, tracheal or
laryngeal stenosis)

Tracheomalacia 
Lower airways and lungs Pneumonia

Pneumothorax
Pleural effusion
Parenchimal and endobronchial tumors
Asthma, emphysema, bronchitis (COPD)
Interstitial fibrosis of any cause
Acute Respiratory Distress Syndrome (ARDS)

Cardiovascular system Congestive heart failure
Cardiogenic pulmonary edema
Pericardial effusion
Dysrhytmias
Decreased cardiac output (cardiomyopathies, cardiogenic shock) 
Pulmonary embolism
Pulmonary hypertension
Ischemic heart disease: unstable angina and myocardial infarction
Valvular disease

Neuromuscolar system Cerebrovascular events
Cerebral traumatic injuries
Amyotrophic lateral sclerosis
Spinal cord injuries above C3 with diaphragm paralysis
Multiple sclerosis
Myasthenia gravis
Guillain-Barrè syndrome
Polymyositis
Muscolar dystrophy

Metabolic, renal and Metabolic acidosis
hematologic disorders Diabetic ketoacidosis

Renal failure and tubular acidosis
Hyperthyroidism
Hypothyroidism
Cushing’s syndrome
Obesity
Anemia and metahemoglobinemia

Toxins, poisons and drugs Botulism
Tetanus
Organophosphate poisoning
Carbon monoxide poisoning
Drugs

Psychogenic disorders Hyperventilation syndrome
Anxiety and panic disorders
Depression
Somatization disorder

Table I. Etiological classification of dyspnea.
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pnea, any accompanying symptoms, current drug
therapy and any concomitant diseases. Although
many patients may have more than one underly-
ing etiology for their shortness of breath, a de-
tailed medical history can often identify the pri-
mary process resulting in dyspnea. 

After a general initial observation, an accurate
physical examination should start with patients’
vital signs measurement including pulse oxime-

Syndromes (ACS), Acute Heart Failure (AHF)
and Pulmonary Embolism (PE), Pneumonia and
acute exacerbation of Chronic Obstructive Pul-
monary Disease (COPD)5. Although several and
innovative techniques can be used in the differen-
tial diagnosis, clinical history and physical exam-
ination remain the cornerstones of this approach.
A rapid clinical history should be useful to evalu-
ate the onset, duration and intensity of acute dys-
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Disease Clinical signs

Acute decompensated heart failure and Tachypnea, peripheral edema, jugular venous distension, hepatojugular 
acute coronary syndrome reflux, rales, wheezing, crackles, decreased tactile fremitus, S3 or S4, hyper or

hypotension, arrhythmias, diaphoresis
Pulmonary embolism Tachypnea, tachycardia, hypoxia, hypotension, fever, increased pulmonic 

component of second heart sound, concomitant deep venous thrombosis
Pneumonia Fever, tachypnea, inspiratory crackles, increased tactile fremitus, bronchial

breath sounds
Chronic obstructive pulmonary diseases Tachypnea, tachycardia, prolonged exspiratory phase, wheezing, decreased

breath sounds, cyanosis agitation or letargy, accessory muscle use,
supraclavicular retractions, halting speech, diaphoresis

Table II. Clinical findings in patient with dyspnea.

try and a systematic evaluation should be con-
ducted in order to identify any signs of the most
common underlying diseases (Table II).

Medical history and physical examination are
essential tools in the differential diagnosis of
dyspnea, but instrumental and laboratory investi-
gations are needed to confirm clinical suspicions.
In ED an electrocardiogram should be performed
in all patients with shortness of breath, thus man-
aging to exclude heart diseases as principal deter-
minants of dyspnea. It is important to remind that
silent electrocardiographic findings in ACS may
lie in the location of the lesion, since up to 50%
of infarctions in the left circumflex distribution
may be silent9-11. Chest radiography is a quick,
available and non expensive screening tool when
a pulmonary or cardiac cause of dyspnea is sus-
pected. It is useful to look for cardiomegaly,
pleural effusions, interstitial and vascular edema,
pneumothorax and lung consolidations. Echocar-
diography is a non invasive, rapid and safe exten-
sion of the clinical examination providing essen-
tial information not only on cardiac anatomy but
also on systolic and diastolic function. The use of
this technique in the vital early minutes after the
arrival of critically ill patients should improve the
diagnosis and treatment of a variety of conditions
such as breathlessness, undifferentiated shock,
chest pain and cardiac arrest12. 

A routine diagnostic evaluation of patients
with dyspnea includes a complete blood count
serum electrolytes, serum creatinine, estimated
glomerular filtration rate (GFR), glucose, liver
function tests, and urinalysis. The measurement
of serum digoxin level is important in patients
taking this drug because of the occurrence of ad-
verse drug reactions is common, owing to its nar-
row therapeutic index. Arterial blood gas analy-
sis is a diagnostic and rapid tool used to evaluate

acute changes of blood pH including modifica-
tions of normal partial pressures of oxygen and
carbon dioxide. Many blood gas analyzers will
also report concentrations of lactate, hemoglobin,
several electrolytes, oxyhemoglobin, carboxyhe-
moglobin and methemoglobin13.

While pulmonary angiography is a reliable but
invasive test used when the results of non-inva-
sive imaging are equivocal, the multi detector
computed tomography (MDCT) has become the
method of choice to diagnose suspected PE in
routine clinical practice. It allows adequate visu-
alization of the pulmonary arteries up to at least
the segmental level with a sensitivity of 83%, a
specificity of 96% and a positive predictive value
of 86%14.

Pulmonary function tests (PFTs), if available
in ED, may be useful in the assessment of dysp-
neic patient. These tests can contribute to distin-
guish an obstructive from a restrictive pulmonary
disease pattern6. 

B-Type Natriuretic Peptide (BNP) and 
N-terminal fragment (NT-proBNP)

B-Type Natriuretic Peptide (BNP) is a 32-
amino-acid polypeptide secreted by cardiac ven-
tricles in response to excessive stretching of car-
diomyocytes due to ventricular volume expansion
and pressure overload15. BNP is co-secreted along
with a 76 amino acid N-terminal fragment (NT-
proBNP) which is biologically inactive. BNP
binds to and activates the atrial natriuretic factor
receptors NPRA, and to a lesser extent NPRB, in
a fashion similar to atrial natriuretic peptide
(ANP) but with 10-fold lower affinity. NPRA and
NPRB are atrial natriuretic peptide receptors
linked to guanylyl cyclases to convert GTP to
cGMP. cGMP will then stimulate cGMP-depen-
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dent protein kinase (PKG) which induces vascu-
lar smooth muscle relaxation with a consequent
decrease of total peripheral resistance and venous
return (preload) to the heart. The biological half-
life of BNP, however, is twice as long as that of
ANP, and that of NT-proBNP is even longer,
making these peptides better targets than ANP for
diagnostic blood testing BNP accurately reflects
current ventricular status The half-life of NT-
ProBNP is 1 to 2 hours vs. 20 minutes for BNP16. 

Due to the relatively long half-lives of natri-
uretic peptides, abrupt changes in left ventricu-
lar filling pressures may not be reflected by
rapid changes in peptides. Conditions other
than heart failure associated with elevated na-
triuretic peptide levels include: LV hypertro-
phy, tachycardia, right ventricular overload,
myocardial ischemia, hypoxemia, renal dys-
function, advanced age, liver cirrhosis, sepsis,
and infection. Natriuretic peptide levels may be
relatively low in patients with obesity and flash
pulmonary oedema17.

Both BNP and NT-proBNP levels in the blood
are currently use not only to diagnose acute con-
gestive heart failure (CHF) but also to correlate
with the severity of symptoms and prognosis18.

Diagnosis of heart failure is considered unlike-

ly when B-type natriuretic peptide level is below
100 pg per millilitre (pg/ml). In this case alterna-
tive causes of dyspnea had to be investigated. If
B-type natriuretic peptide level is more than 500
pg/ml, heart failure has to be considered the main
diagnosis thus initiating appropriate therapy. For
patients with B-type natriuretic peptide levels be-
tween 100 and 500 pg per milliliter, it is impor-
tant to evaluate both heart failure and many other
causes of dyspnea. When using NT-proBNP, a
cut point of 300 pg/ml is proposed to “rule out” a
diagnosis of HF, while higher age-dependent cut
points are suggested to “rule in” HF. Patients
with NT-proBNP levels >450 pg/ml (<50 years),
>900 pg/ml (50-75 years), and >1800 pg/ml (>75
years) all have a high likelihood of heart failure
as the diagnosis (Figure 1)19,20. 

In acute conditions rapid B-type natriuretic
peptide assay may be useful in differentiating
cardiac from pulmonary causes of shortness of
breath making a differential diagnosis in patient
referring to ED with acute dyspnea in conjunc-
tion with other clinical and instrumental informa-
tion such as clinical history, physical examina-
tion, blood, tests, electrocardiography, chest X
ray and echocardiography. In acute setting this
biomarker could also reduce time to the initiation
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For heart failure diagnosis

Figure 1. BNP Consensus Algorithm20.

Patients presenting
with dyspnoea

Physical examination,
chest x-ray,

ECG, BNP level

BNP < 100 pg/ml

HF very improbable
(2%)

BNP 100-400
pg/ml

Clinical suspicion of
HF or past history

of HF

HF probable (75%)

BNP > 400 pg/mL

HF very probable
(95%)



of the most appropriate therapy, time to dis-
charge and total cost of treatment thus improving
the management of patient referring to ED with
acute dyspnea15.

Adrenomedullin (ADM) and 
Mid-region pro-Adrenomedullin molecule
(MR-proADM)

Adrenomedullin (ADM) is a 52-amino acid
ringed-structure peptide with C-terminal amida-
tion, originally isolated from human pheochromo-
cytoma. ADM mediates vasodilatory and natri-
uretic properties through the second messenger
cyclic adenosine 3’,5’-monophosphate (cAMP),
nitric oxide and the renal prostaglandin system.
ADM immunoreactivity and its gene are widely
distributed in cardiovascular, pulmonary, renal,
gastrointestinal, cerebral and endocrine tissues.
ADM is also synthesized and secreted from vas-
cular endothelial and smooth muscle cells21. It is a
potent vasodilator with hypotensive, inotropic and
natriuretic effects stimulated by cardiac pressure
and volume overload. It can be considered a va-
sodilatory peptide with potent hypotensive ef-
fects. Recent studies suggest that ADM plasma
concentration is increased in several diseases such
as hypertension, congestive heart failure, chronic
renal failure and septic shock22-24. ADM plasma
measurement is limited because of its biologic in-
stability and short half-life of 22 minutes. 

The Mid-region fragment of pro-Adrenome-
dullin (MR-proADM) is a peptide consisting in 24
to 71 amino acids, secreted in equimolar amounts
than ADM but more stable in plasma and easier to
measure. As described elsewhere mean MR-
proADM in healthy individuals is 0.33 ± 0.07
nmol/L (range 0.10-0.64 nmol/L)25. ADM gene
transcription and the subsequent MR-proADM re-
lease in acutely dyspnoeic patients is due to three
possible mechanism: volume overload, bacterial
endotoxins, proinflammatory cytokines and im-
paired removal of circulating biomarker during
lung injury and kidney dysfunction26. 

According to the current literature MR-
proADM assessment is used not only in the diag-
nosis and risk stratification of patients with sep-
sis and community-acquired pneumonia27,28, but
also as a prognostic marker in those with COPD
and acute myocardial infarction29,30. 

The combination of MR-proADM with NT-
proBNP, BNP and other biomarkers can be use-
ful in the risk stratification for all-cause mortality

in patients with acute destabilized heart fail-
ure31,26. Recent studies demonstrated that MR-
proANP is as useful as BNP for AHF diagnosis
in dyspneic patients and may provide additional
clinical utility when BNP is difficult to interpret.
Moreover, MR-proADM identifies both patients
with high 90-day mortality risk and adds prog-
nostic value to BNP32. 

Atrial Natriuretic Peptide (ANP), 
ProANP and Mid-region Pro-Atrial 
Natriuretic Peptide (MR-proANP)

Atrial Natriuretic Peptide (ANP) is a 28-
amino acid peptide produced, stored and re-
leased by cardiac atrial and ventricular myocytes
in response to many signals such as hyperv-
olemia, hypernatremia, angiotensin-II, sympa-
thetic stimulation of β-adrenoceptors and en-
dothelin. The hormone is constitutively ex-
pressed in the ventricle in response to stress in-
duced by increased afterload as in case of aortic
stenosis or ischemic insult. ANP can bind to
three different receptors with intrinsic guanylate
cyclase activity: natriuretic peptide receptor A
(NPRA), natriuretic peptide receptor B (NPRB)
and natriuretic peptide receptor C (NPRC). ANP
mediates body water homeostasis by inibiting
renin and aldosterone secretion. As a result of
this inhibition there is an increased glomerular
filtration rate (GFR) due to a greater sodium and
water excretion. ANP is also a potent vasodilator
that relaxes vascular smooth muscle in arterioles
and venules, thereby reducing blood pressure33.
The classical endocrine effects of natriuretic
peptides to modulate fluid and electrolyte bal-
ance and vascular smooth muscle tone are com-
plemented by autocrine and paracrine actions
that include regulation of coronary blood flow
and, therefore, myocardial perfusion; modula-
tion of proliferative responses during myocardial
and vascular remodeling; and cytoprotective an-
ti-ischemic effects34. 

There are evidences that ANP increases in pa-
tients with acute coronary artery disease and
heart failure. This concept might be the basis for
the development of new therapeutic strategies in
such diseases35. 

The amino-terminal portion of proANP
(termed NT-pro-ANP, or proANP) is secreted at
the same molar ratio as ANP. Because it has a
much longer half-life than has ANP, it has been
suggested that proANP is a more reliable ana-
lyte36. However, results from various competitive
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immunoassays and high-performance liquid
chromatography analyses indicate that pro-ANP
may be subject to further fragmentation37,38. Con-
sequently, sandwich immunoassays for proANP
might underestimate actual levels of proANP and
immunoassays for measurement of mid-regional
pro-ANP (MR-proANP) may have an advantage
due to its blood sample stability39. The trigger for
MR-proANP release is cardiac overload and in-
creased cardiac wall stretch, both being specific
pathophysiological conditions in patients with
acute destabilized HF. Recent literature suggests
that MR-proANP can be considered a valid natri-
uretic peptide marker for patients with HF. It is
equivalent to BNP or NT-proBNP in the diagno-
sis of acute HF in patients presenting with short-
ness of breath to ED. The MR-proANP cut-off
point to make diagnosis of HF is 120-130
pmol/L40. MR-proANP seems to be superior to
BNP and NT-proBNP for predicting 90-day mor-
tality in patients with dyspnea due to AHF32. The
role of MR-proANP has been evaluated in other
diseases. MR-proANP levels not only are in-
creased in LRTI, especially in community ac-
quired pneumonia, but its measurement might be
useful in risk stratification and correlation with
severity of pneumonia41,42. Moreover, MR-
proANP levels increase progressively with the
severity of sepsis and are independent predictors
of mortality in ventilator-associated pneumonia43.
In critically ill patients increased circulating na-
triuretic peptides have been shown to correlate
with the myocardial depression occurring in sep-
tic shock44 and to be a valuable tool for risk as-
sessment in septic patients45. MR-proANP levels
are increased also in patients with stroke, particu-
larly in those with cardioembolic strokes where
this biomarker seems to predict 90-day mortality
and functional outcome accurately46. In view of
these potential applications, MR-proANP mea-
surement can be a useful complementary tool to
make a differential diagnosis in patients referring
to ED for dyspnea, in order to improve decisions
regarding therapy and site of care.

Troponins 
People with acute dyspnea are one of the most

common cohort of patients referring to ED. Thus
it is important to distinguish patients with poten-
tial life-threatening diseases and to differentiate
those with ACS from those with noncardiac eti-
ology early in the evaluation. In ED biomarkers
elevations are foundamental for the diagnosis of

myocardial infarction because both symptoms ad
electrocardiogram changes may be absent or
non-specific47. 

The preferred biomarker for myocardial
necrosis is cardiac troponin (I or T), which has
nearly absolute myocardial tissue specificity as
well as high clinical sensitivity, thereby reflect-
ing even microscopic zones of myocardial necro-
sis. The 3-unit troponin complex (troponin I, T
and C) is located on the actin filament and regu-
lates skeletal and cardiac muscle contraction.
There are tissue-specific isoforms of troponin I,
T and C, but there is just one cardiac troponin I
(cTnI) isoform in myocardial tissue48,49. Eleveted
troponin levels then persist in the blood owing to
the slow release and degradation of the structural
pool, since the half life of troponin and its com-
plex is about 2 hours. The prolonged window
during which troponin levels are elevated allows
for increased clinical detection of cardiac events
and greater clinical sensitivity. Cardiac troponin
concentrations begin to rise 4-6 hours with a
maximum peak 18-24 ours after the onset of
symptoms50. There is huge variability in the sen-
sitivity of assays. The appropriate cut-off value
for each assay is unique and cannot be compared
with any other. An increased value for cardiac
troponin is defined as a measurement exceeding
the 99th percentile of a normal reference popula-
tion. Detection of a rise and/or fall of the mea-
surements is essential to the diagnosis of acute
myocardial infarction. The discriminatory per-
centile must be determined for each specific as-
say. It is important to underline that troponin ele-
vations reflect myocardial damage without indi-
cating its mechanism51. Measurement of total
CK is not recommended for the diagnosis of my-
ocardial infarction, because of the large skeletal
muscle distribution and the lack of specificity of
this enzyme. Elevation of CK-MB can occur in
trauma, rhabdomyolysis, myopathies or during
the peripartum period. The specificity of CK-MB
can be enhanced by calculating CK-MB/CK ra-
tio which can be reduced in patients with con-
comitant heart and skeletal muscle injury52. A
TnI cut-off corresponding to the 10% coefficient
of variation (0.1 microg/L) demonstrates a cu-
mulative sensitivity of 93% with a corresponding
specificity of 81% at 2 hours. The sensitivity is
considerably higher compared to CK-MB and
myoglobin53. 

In critically ill patients troponin elevations can
be due to occult coronary artery diseases, toxic
substances or direct damage secondary to me-
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chanical or electrical energy such as cardiac trau-
ma54, cardioversion and direct-current shock55,56.
A variety of toxic insults may exacerbate under-
lying ischemic heart disease as occurs in sepsis
or cardiotoxicity of high dose chemotherapy. In
septic shock, clinically unrecognized myocardial
cell injury is a marker of left ventricular dysfunc-
tion. The latter condition tends to occur more of-
ten in severely ill older patients with underlying
cardiovascular disease57.

During pulmonary embolism, acute right ven-
tricular strain or infarction due to increased pul-
monary arterial resistance can be a possible
cause of troponin elevation which usually re-
solves in 40 hours or less58. 

Moreover, spontaneous progression of severe
congestive heart failure is structurally character-
ized by cellular degeneration and multiple foci of
myocardial cell death. Cardiac troponin I can be
then considered a sensitive and specific molecu-
lar marker of congestive heart failure in patients
with severely reduced left ventricular perfor-
mance59. Recent evidences suggest that a positive
cardiac troponin test is associated also with high-
er in-hospital mortality60.

Recently, new sensitive troponin assays have
been introduced thanks to the continuous im-
provement of technology. These troponins have a
higher sensitivity than the previous assays and an
improved precision at the lower limit of detection
that is below the 99th percentile in a normal ref-
erence population. These new sensitive troponins
can substantially improve not only the early diag-
nosis of acute myocardial infarction but also its
prompt evidence-based treatment. Moreover, re-
cent evidences suggest that these assays may re-
main of limited value for the diagnosis of unsta-
ble angina61. 

Procalcitonin (PCT) and Copeptin
In ED the use of biomarkers can contribute

not only to distinguish cardiac from non-cardiac
dyspnoeic patients but also to recognize more
than one underlying etiology. One of the most
common causes of acute exacerbation of COPD
is due to respiratory tract infections by bacteria
or viruses both presenting with similar clinical
features62. Procalcitonin (PCT) is the prehormon
of calcitonin which is normally secreted by the
C cell of the thyroid in response to hypercal-
cemia. Currently it is believed that other cells
such as adypocytes, hepatocytes, lung epithelial
cells, muscle cell and peripheral blood monu-
clear cells are able to release PCT in response to

microbial, inflammatory and sepsis-related cy-
tokines (bacterial toxins, lypopolysaccharides,
Tumor Necrosis Factor α, IL-1b, IL-2 and IL-
6)63,64. In contrast with the short half-life of cal-
citonin of 10 minutes, PCT has a half-life of 22-
35 h and it is stable in samples. The production
of PCT is not attenuated by non-steroidal and
steroidal anti-inflammatory drugs. Currently
PCT is described as a marker of bacterial infec-
tion65 but it has also a proven utility to predict
the risk for mortality in patients with communi-
ty-acquired pneumonia66, in critically ill patients
with sepsis67 and in those with ventilator-associ-
ated pneumonia68. As previously reported else-
where, a PCT level <0.1 µg/L indicates a low
probability of bacterial infection, a level > 0.1
and < 0.25 µg/L indicates a possible bacterial in-
fection and a PCT level > 0.25 µg/L indicates a
high probability of bacterial infection65.

PCT serum concentrations increase up to sev-
eral thousand-fold in microbial infections and this
increase correlates with infection’s severity or in-
adequate response to antibiotic therapy. Recent
literature suggests that repeated PCT measure-
ments can be useful not only to start an earlier an-
tibiotic guided therapy but also to avoid or reduce
drug administration if unnecessary69,70. The ratio-
nal use of a PCT antibiotic guided therapy could
contribute to reduce or avoid the emergence of
antibiotic related side effects and multidrug resis-
tance bacteria especially in patient with non pneu-
monic acute exacerbation of COPD (71). While
PCT assessment has been extensively studied in
sepsis, its role in cardiovascular disease is poorly
understood. Recent studies suggest PCT associa-
tion with major adverse cardiac events, left ven-
tricular dysfunction and remodelling following
acute myocardial infarction72.

In acute conditions PCT measurements in
combination with other biomarkers could help
physicians in discriminating the most frequent
causes of dyspnea and the real need for an antibi-
otic therapy.

Copeptin, also known as the arginine vaso-
pressin (AVP) associated glycopeptides is a 39
amino acids derived from a 169 amino acids
precursor termed preprovasopressin73. Due to its
stability in plasma and serum samples, copeptin
can be measured using a remarkably sensitive
sandwich immunoluminometric assay. When
measured in healthy individuals,  median
copeptin plasma levels are 4.2 pmol/L, with a
range of 1 – 13.8 pmol/L74. This biomarker can
be used as a diagnostic and prognostic tool in
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different clinical conditions. Its plasma levels
are increased in patients with CHF75, acute my-
ocardial infarction76, lower respiratory tract in-
fection77, acute exacerbation of COPD78 and in
those with sepsis or septic shock79. Moreover,
combined measurement of plasma copeptin with
other biomarkers such as BNP and NT-proBNP
could provide prognostic value in terms of pre-
diction of outcome in patients with CHF75 and
risk stratification at an early stage after AMI76.
Copeptin is also a good prognostic marker to
assess poor short- and long-term prognosis in
acute exacerbation of COPD requiring hospital-
ization78. 

D-dimer
Acute pulmonary embolism (PE) is a com-

mon, serious and potentially lethal condition that
a good emergency physician should consider if
any suspicion exists, because a prompt diagnosis
and treatment can dramatically reduce the high
morbidity and mortality of the disease. The vari-
ability of presentation sets the patient and clini-
cian up for potentially missing the diagno-
sis80. The classic presentation with abrupt onset
of pleuritic chest pain, shortness of breath, and
hypoxia is rarely the case. Other associated
symptoms are back pain, shoulder pain, upper
abdominal pain, syncope, hemoptysis, new onset
of wheezing, or a new cardiac arrhythmia. The
diagnosis of pulmonary embolism is difficult be-
cause the clinical diagnosis is nonspecific and
all of the objective tests have limitations81,82. It is
well known that more than half of all patients
with pulmonary embolism remain undiagnosed. 

D-dimer assay can be considered as a first-
line standard test used in the evaluation of pa-
tients with suspected pulmonary embolism. The
fibrin fragment D-dimer is produced by degra-
dation of crosslinked fibrin by plasmin. D-
dimer levels are elevated in plasma in the pres-
ence of an acute clot because of simultaneous
activation of coagulation and fibrinolysis83. Cur-
rently there is a number of available assays with
different characteristics84. Modern ELISA test
kits and ELISA-derived assays have a sensitivi-
ty of >95% and a specificity of about 40%.
Hence, a normal D-dimer level renders acute PE
or deep venous thrombosis unlikely, with a high
negative predictive value (NPV) of D-dimer. In
the Emergency Department, a negative ELISA
D-dimer test can exclude PE without further
testing in approximately 30% of patients85. A
positive result, however, only indicates the ne-

cessity of further diagnostics such as CT an-
giography which is the main thoracic imaging
test for investigating suspected PE86. Age, preg-
nancy and a range of pathological conditions of-
ten lead to fibrin formation such as cancer, in-
flammation, infection, necrosis, aortic dissec-
tion and postoperative patients. In these patho-
logical conditions the positive predictive value
(PPV) of D-dimer is low83. 

Recent literature investigated the use of com-
bined biomarkers in patients with suspected pul-
monary embolism. The measurement of amino-
terminal pro-B-type natriuretic peptide in addi-
tion to D-dimer improves specificity for acute
pulmonary embolism without sacrificing nega-
tive predictive value87.

Conclusions

We considered several biomarkers that are al-
ready used in many Emergency Departments
thanks to their reliability, reproducibility and
rapid execution in patients arriving with acute
dyspnea in ED. These biomarkers, such as natri-
uretic peptides (BNP and NT-proBNP), PCT,
MR-proADM, MR-proANP and Troponins, can
help emergency physicians in making a differen-
tial diagnosis in dyspnoeic patients thus exclud-
ing the most severe and life-threatening diseases.
Currently many other biomarkers have been
studied but they are still not used routinely in
acute conditions cause of their poor repro-
ducibility, high costs and the lack of standard-
ization. Among these it is important to mention
the soluble isoform of a interleukin-1 receptor
family member ST2 (sST2), adiponectin, chro-
mogranin A and the C-terminal endothelin-1
precursor fragment (CT-proET-1) that are impor-
tant predictors of one-year mortality in patients
with diagnosed ADHF31. However, each emerg-
ing biomarker will probably offer some addi-
tional informations concerning the pathophysiol-
ogy of acute dyspnea and suggest the most ap-
propriate treatments. 

A multimarker pannel approach performed by
rapid and accurate assays could be useful for
emergency physicians to promptly identify dif-
ferent causes of dyspnea thus managing to im-
prove diagnosis, treatment and risk stratification. 

The increasing research experience will facili-
tate more efficient assessments of new biomark-
ers but clinical history and physical examination
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remain the cornerstones of ED physicians for pa-
tients with acute dyspnea. 
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