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Acute chest discomfort and dyspnea are 2 of the most common nontraumatic symp-
toms that prompt emergency department evaluations in the United States. The overlap
between these presenting symptoms is considerable. In addition, each symptom calls
for a broad differential diagnosis that requires rapid refinement according to details in
the history, physical examination, blood biomarkers, and radiographic evaluation.
This article highlights the epidemiology and the evidence supporting critical decision
making, which makes judicious use of the clinical laboratory and diagnostic radiology
in the evaluation of the acutely ill patient with chest discomfort and dyspnea.
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Dyspnea and chest discomfort are common chief complaints among
patients who present to the emergency department (ED). A chief com-
plaint of dyspnea, or shortness of breath, made up 3.5% of the more

than 115 million visits to US EDs in 2003.1 Chest pain is the chief complaint in
about 1% to 2% of outpatient visits as well.2 The priority in patients presenting
with chest pain and dyspnea is to quickly identify or rule out the occurrence of
life-threatening causes such as acute coronary syndromes (ACS), heart failure
(HF), pulmonary embolus (PE), and aortic dissection. Though a presentation
with dyspnea is thought to be associated with a HF presentation it can be a dom-
inant symptom in patients with ACS, just as patients with HF can present with
chest pain. This can be explained by the fact that ischemic events can precipitate
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an HF exacerbation and HF can lead
to an exacerbation of ischemic heart
disease. In the Global Registry of
Acute Coronary Events (GRACE),
over the period of July 1999 to June
2002, 20,881 patients were admitted
to the hospital with ACS, of whom
1763 (8.4%) presented with atypical
symptoms. The dominant presenting
symptom in these patients was dysp-
nea (in 49.3%).3 Ischemia and ACS
play a primary role in 15% of HF
presentations.4

The epidemiology of chest pain
and dyspnea differs markedly be-
tween outpatient and emergency
settings. Cardiovascular conditions
such as myocardial infarction (MI),
angina, PE, and HF are found in
more than 50% of patients present-
ing to the ED with chest pain. The
most common causes of chest pain
seen in outpatient primary care are
musculoskeletal conditions, gas-
trointestinal disease, stable coronary
artery disease (CAD), panic disorder
or other psychiatric conditions, and
pulmonary disease.5,6

Differential Diagnosis
Over 1.5 million patients are admit-
ted annually with a diagnosis of
ACS.7 Patients who present with ACS
represent a heterogeneous popula-
tion, ranging from those with new
onset or progression of anginal symp-
toms who are biomarker negative, to
those who have progressive symp-
toms such as protracted rest angina
who are biomarker positive without
ST elevation on electrocardiogram
(ECG), and those who have chest dis-
comfort and present with ST-segment
elevation myocardial infarction
(STEMI). PE is the second most com-
mon cause of sudden death after
sudden cardiac death. It is often a
difficult diagnosis to make as it can
masquerade as a benign condition
such as an upper respiratory illness
or as a serious condition such as
cardiogenic shock. Thoracic aortic

dissection is not nearly as common
as other causes of chest pain and
dyspnea. It occurs once per 10,000
patients admitted to the hospital;
approximately 2000 new cases are
reported each year in the United
States.8 Cardiovascular manifesta-
tions can mimic those of ACS, HF, or
PE, including symptoms and signs
suggestive of congestive HF, sec-
ondary to acute severe aortic regurgi-
tation or dyspnea, orthopnea, bibasi-
lar crackles, or elevated jugular
venous pressure.9 Anterior chest pain
is a manifestation of ascending aortic
dissection. Neck or jaw pain is a
manifestation of aortic arch dissec-
tion. Interscapular tearing or ripping
pain is a manifestation of descend-
ing aortic dissection.10

Despite the availability of diagnos-
tic aids, including a stethoscope,
chest radiograph, pulmonary func-
tion testing, ECG, and echocardiog-
raphy, defining the root cause of
acute dyspnea and chest discomfort
often remains a challenge. Patients
with comorbidities such as chronic
obstructive pulmonary disease
(COPD), CAD, valvular and hyper-
tensive heart disease, HF, pulmonary
hypertension, diabetes, and anemia
can make identifying the primary
etiology of symptomatic exacerba-
tion difficult. It is estimated that as
many as 20% of patients presenting

with dyspnea due to HF are misdiag-
nosed and up to 13% of patients
with MIs are missed in the ED.

Diagnostic Evaluation
When the history and physical find-
ings are nondiagnostic, biomarkers
(natriuretic peptides [NPs], troponin
[Tn], myoglobin, D-dimer) enhance
our diagnostic accuracy. Diagnostic

challenges can remain for those
patients with biomarkers in the
intermediate or nondiagnostic
range. The availability of advanced
imaging such as 64-slice cardiac
computed tomography (CT) allows
for the rapid and accurate assess-
ment of the coronary arteries for ob-
structive disease, pulmonary arteries
for emboli, and the aorta for dissec-
tion and aneurysm formation.

The initial stage of evaluation of
the patient with dyspnea and/or
chest discomfort is patient observa-
tion. This includes obtaining a com-
plete history from the patient, family
members, and other caregivers, and
performing a comprehensive physi-
cal examination concentrating on
the assessment of the chest and car-
diovascular system. As a part of the
initial clinical assessment a meta-
bolic survey including electrolytes,
blood urea nitrogen, serum creati-
nine, blood counts, and biomarkers
(including Tn and NP), and in cer-
tain cases D-dimer values should be
obtained. A 12-lead ECG and chest
radiograph should also be performed
(Figures 1 and 2).

The clinical history and physical ex-
amination have only modest positive
and negative predictive abilities to 
diagnose the root cause of the
dyspnea/chest pain presentation. In
the case of HF, the positive and nega-

tive likelihood ratios of the history,
physical examination findings, and ra-
diologic assessment fall short of what
is experienced with NP levels (Table 1).

The lack of sensitivity and specificity
of different aspects of the history,
physical examination, and radiologic
assessment can lead to diagnostic
uncertainty among ED physicians
and other treating physicians. This

It is estimated that as many as 20% of patients presenting with dyspnea due
to HF are misdiagnosed and up to 13% of patients with MIs are missed in
the ED.
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inevitably leads to delays in initiat-
ing optimal directed therapy. The
treatment strategy for HF is aimed at
reversing a volume overload state
with diuretics and the use of va-
sodilators after load reduction,
whereas the treatment of a COPD
exacerbation commonly includes
the use of bronchodilators that can
actually have deleterious proar-
rhythmic effects. These effects can
actually exacerbate the condition of
a patient who presents with HF. De-
bates still occur in the ED and on the
clinic ward between cardiologists
and pulmonologists when trying to
attribute a cardiac or pulmonary
cause of the patient’s presentation
with acute dyspnea. The use of bio-
markers such as NPs can often settle

this debate. In a study by Rutten and
colleagues,11 ED physicians deter-
mined the impact of the N-terminal
prohormone B-type NP (NT-proBNP)
assay on their clinical assessment 
of the acutely dyspneic patient
that included a history, physical

examination, chest radiograph, and
ECG. In patients who were classified
as low likelihood for HF, 22% had
high NP levels consistent with a HF
diagnosis and another 33% had in-
termediate levels. NT-proBNP con-

firmed the HF diagnosis in only 45%
of these patients. In patients who
were felt to have a high likelihood
for HF, only 3% had low levels of
NT-proBNP. The use of NPs does not
completely eliminate the debate
that often occurs in defining the

cause of dyspnea, but certainly adds
significant clarity (Table 2).

Acute Coronary Syndromes
Attributing the diagnosis of an acute
chest pain syndrome to ACS is often

Patient Presenting
With Dyspnea

Physical exam,
chest x-ray, ECG,

lab draw (CBC, BMP, BNP)

History of HF

Evaluate for LV dysfunction,
underlying Cor pulmonale,

or acute pulmonary embolism?

If HF present,
implement moderate

treatment (2-4 h)
with IV diuretics;

adjust oral
medications

BNP � 100 pg/mL

HF very unlikely

BNP � 1000 pg/mLBNP 100-400 pg/mL BNP 400-1000 pg/mL Suspect decompensation

HF very
likely

No improvement Improvement

BNP elevated
� 50% from

baseline

BNP decreases
from baseline

No change
in BNP

Discharge
Admit

Decompensation
likely

BNP � 1000 pg/mL

Decompensation
unlikely;
consider

medications,
depression,

sepsis,
pneumonia

BNP not elevated
from baseline

Intensive treatment
(6-12 h) with

diuretics, vasodilators;
draw BNP every 3 h

No Yes

Figure 1. Proposed algorithm for assessing dyspnea. BMP, bone morphogenic protein; BNP, B-type natriuretic peptide; CBC, complete blood count; ECG, electrocardiogram; HF,
heart failure; IV, intravenous; LV, left ventricular. Reprinted with permission from Maisel A.40

Debates still occur in the ED and on the clinic ward between cardiologists
and pulmonologists when trying to attribute a cardiac or pulmonary cause
of the patient’s presentation with acute dyspnea. The use of biomarkers such
as NPs can often settle this debate.
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a major challenge, especially in pa-
tients who are biomarker negative,
as there is no gold standard for the
clinical diagnosis. Because of the fre-
quent inability to determine whether
symptoms are related to ACS during
the initial ED visit, further evaluation
is often needed, resulting in an esti-
mated 5 million admissions per year.
Three-fourths of patients evaluated
in the ED for suspected ACS will be
found not to have acute ischemia.12

The major tools at the disposal of
clinicians for making an early and

accurate diagnosis on presentation
include a comprehensive history,
ECG, and biomarkers such as Tn. A
detailed history remains the corner-
stone for the diagnosis of ACS and in
compelling cases can be sufficient for
the diagnosis. The most important
factors on the initial history, in order
of importance, are the nature of the
angina symptoms, prior history of
CAD, male sex, older age, and an
increasing number of traditional
risk factors.13,14 Symptoms of ACS can
include chest pain, referred pain, nau-

sea, vomiting, dyspnea, diaphoresis,
and light-headedness. Some patients
may present without chest pain; in a
review by McCarthy and colleagues,
it was found that sudden dyspnea was
the sole presenting feature in 4% to
14% of patients with acute MI.15

The results of physical examina-
tion in patients with ACS are fre-
quently normal as there are no
physical findings specific for an ACS
presentation. Ominous physical
findings include a new mitral regur-
gitation murmur, hypotension, 

Symptoms Suggestive of ACS

Noncardiac Diagnosis Chronic Stable Angina Possible ACS

Observe

12 hours or more from symptom onset

No ST-Elevation ST-Elevation

Evaluate for
reperfusion therapy

See ACC/AHA
Guidelines for
ST-Elevation
Myocardial
Infarction

Recurrent ischemic pain or
positive follow-up studies

Diagnosis of ACS confirmed

No recurrent pain; negative
follow-up studies

Admit to hospital

Manage via acute ischemia pathway

Arrangements for outpatient follow-up

Negative

Potential diagnoses:
nonischemic discomfort; low-

risk ACS

Positive

Diagnosis of ACS confirmed
or highly likely

Stress study to provoke ischemia
Consider evaluation of LV function if

ischemia is present (tests may be performed
either prior to discharge or as outpatient)

Definite ACS

Treatment as indicated
by alternative diagnosis

See ACC/AHA
Guidelines for Chronic

Stable Angina

A

B1

C1 C2 C3

B4

D2D1

D3

F2F1

G1

E1

H2H1

I1

H3

B2 B3

Nondiagnostic ECG
Normal Initial serum
cardiac biomarkers

ST and/or T wave changes
Ongoing pain

Positive cardiac biomarkers
Hemodynamic abnormalities

Figure 2. Algorithm for assessing patient with suspicion of acute coronary syndrome (ACS). ACC/AHA, American College of Cardiology/American Heart Association; ACS, acute
coronary syndromes; ECG, electrocardiogram; LV, left ventricular; STEMI, ST-elevation myocardial infarction. Reprinted from Journal of the American College of Cardiology,
Vol. 50, Anderson JL et al, “ACC/AHA 2007 guidelines for the management of patients with unstable angina/non-STElevation myocardial infarction: a report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines for the Management of Patients With
Unstable Angina/Non-ST-Elevation Myocardial Infarction) developed in collaboration with the American College of Emergency Physicians, the Society for Cardiovascular An-
giography and Interventions, and the Society of Thoracic Surgeons endorsed by the American Association of Cardiovascular and Pulmonary Rehabilitation and the Society for
Academic Emergency Medicine,” pp E1-E157, Copyright 2007, with permission from Elsevier.16
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Table 1
The Predictive Likelihood of Various Aspects of the 

Heart Failure Assessment

Positive Negative
Likelihood Likelihood Odds 95% Confidence

Variable Sensitivity Specificity Ratio Ratio Ratio Interval

Chest radiographic findings

Cardiomegaly 79% 80% 3.98 0.26 15.4 11.1-21.3

Cephalization 41% 96% 9.41 0.61 15.4 9.4-25.3

Interstitial edema 27% 98% 12.67 0.72 17.1 8.6-34.2

Alveolar edema 6% 99% 7.00 0.95 7.1 2.5-20.6

Pleural effusion 25% 92% 3.30 0.81 4.1 2.7-6.1

No hyperinflation 3% 92% 0.39 1.05 2.6 1.4-5.0

No pneumonia 4% 92% 0.51 1.05 2.1 1.2-3.7

Medical history

Chronic heart failure 62% 87% 4.71 0.44 10.9 7.7-15.2

Myocardial infarction 43% 87% 3.21 0.66 4.9 3.5-6.8

Hypertension 72% 48% 5.36 0.59 2.3 1.8-3.1

Clinical findings

Orthopnea 66% 57% 1.55 0.59 2.6 2.0-3.4

Jugular vein distention 38% 90% 3.80 0.69 5.5 3.8-7.9

S3 gallop 13% 98% 8.13 0.88 9.1 4.1-20.0

Rales 59% 77% 2.57 0.53 4.8 3.6-6.5

Lower extremity edema 64% 74% 2.41 0.50 4.9 3.7-6.5

Abnormal electrocardiogram 58% 78% 2.66 0.54 4.9 3.7-6.6

B-type natriuretic peptide (pg/mL.)

�100 90% 75% 3.66 0.14 26.2 18.0-38.2

�200 80% 87% 6.08 0.23 26.9 18.7-38.7

�300 71% 90% 7.18 0.32 22.4 15.4-32.6

�400 64% 92% 8.10 0.39 20.9 14.0-31.1

Table 2
Clinical Assessment and NT-proBNP in the ED Patient With Dyspnea

Likelihood of Heart Failure Based on NT-proBNP Level

Low, � 93 pg/mL (men), No Definite High, 
Physician’s Score � 144 pg/mL (women) Diagnosis � 1017 pg/mL

No heart failure VAS score 0%-25%, no. of patients (%) 128 (45) 93 (33) 61 (22)

No definite diagnosis, VAS score 26%-75%, no. of patients (%) 22 (20) 24 (23) 59 (56)

Heart failure VAS score 76%-100%, no. of patients (%) 2 (3) 8 (11) 60 (86)

ED, emergency department; NT-proBNP, N-terminal prohormone B-type natriuretic peptide; VAS, Visual Analog Scale.
Reprinted from American Heart Journal, Vol. 156, Rutten JH et al, “N-terminal pro-brain natriuretic peptide testing in the emergency department: beneficial
effects on hospitalization, costs, and outcome,” pp. 71-77, copyright 2008, with permission from Elsevier.11
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pulmonary rales, a new third heart
sound (S3 gallop), and new jugular
venous distention. The finding of
unequal pulses can indicate the pres-
ence of aortic dissection and a fric-
tion rub supporting the diagnosis of
acute pericarditis (Table 3).16

In the ED, the ECG is initially used
to help identify patients with chest
discomfort due to an ACS and is the
most important diagnostic tool. ST-
segment elevation is the most spe-
cific tool for the diagnosis of MI and
to distinguish a STEMI from those
with non-STEMI (NSTEMI) and other
ACS. Up to 20% of patients present-
ing with ACS have a normal ECG
reading on presentation17; therefore,
a normal ECG result cannot be de-
pended on to reliably rule out the di-
agnosis of ACS. Conversely, among
those with chest discomfort and a
normal ECG, only 7% will go on to
rule in for an acute MI.18

Biomarkers of cardiac necrosis
have assumed great importance for

identifying patients with ACS. The
cardiac Tns (cTnT, cTnI) have be-
come the standard for defining the
diagnosis of MI (elevation of Tn

above the 99th percentile of normal)
along with the presence of at least 1
of the following criteria: ischemic ST-
and T-wave changes, new left bundle
branch block, new Q waves, percuta-
neous coronary intervention–related
marker elevation, or imaging show-
ing a new loss of myocardium.19 Al-
though Tns can be detected in blood
as early as 2 to 4 hours after the
onset of symptoms, elevation can be
delayed for up to 8 to 12 hours (Fig-
ure 3).16,20

Although cardiac Tns accurately
identify myocardial necrosis, they do
not inform as to the cause of necro-

sis because they are specific for car-
diac injury but not for an ACS. The
increasingly widespread use of car-
diac Tns for a variety of clinical pre-

sentations such as sepsis, hyperten-
sive crisis, and the finding of
elevated levels can create confusion
as they usually represent “type 2” or
secondary MI rather than an ACS.21

Therefore, in making the diagnosis
of NSTEMI, cardiac Tns should be
used in conjunction with other
clinical criteria mentioned above
(Table 4).

NPs are also of use in the early as-
sessment of patients with confirmed
ACS. NPs are released from the ventri-
cles into the systemic circulation in
response to cardiac stresses such as HF,
ischemia, pulmonary hypertension,

Table 3
Likelihood That Signs and Symptoms Represent ACS

Intermediate Likelihood— Low Likelihood— 
High Likelihood— Absence of High-Likelihood Features Absence of High- or Intermediate-

Feature Any of the Following: and Presence of Any of the Following: Likelihood Features but May Have:

History

Examination

ECG

Cardiac markers

Chest or left arm pain or 
discomfort as chief symp-
tom reproducing prior 
documented angina

Known history of CAD, 
including MI

Transient MR murmur, 
hypotension, diaphoresis, 
pulmonary edema, or rales

New, or presumably new, 
transient ST-segment 
deviation (� 1 mm) or 
T-wave inversion in multiple
precordial leads

Elevated cardiac Tnl, TnT, or
CK-MB

Chest or left arm pain or discomfort
as chief symptom

Age � 70 y

Male

Diabetes mellitus

Extracardiac vascular disease

Fixed Q waves

ST depression 0.5 to 1 mm or 
T-wave inversion � 1 mm

Normal

Probable ischemic symptoms in 
absence of any of the intermediate-
likelihood characteristics

Recent cocaine use

Chest discomfort reproduced 
by palpation

T-wave flattening or inversion 
� 1 mm in leads with dominant 
R waves

Normal ECG

Normal

ACS, acute coronary syndromes; CAD, coronary artery disease; CK-MB, creatine kinase-myocardial band; ECG, electrocardiogram; MI, myocardial infarction;
MR, mitral regurgitation; Tn1, troponin 1; TnT, troponin T.

Up to 20% of patients presenting with ACS have a normal ECG reading on
presentation; therefore, a normal ECG result cannot be depended on to reli-
ably rule out the diagnosis of ACS.
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PE, and cardiac arrhythmias. NPs
lack the specificity to play a key role
in the diagnosis of ACS but they are
potent predictors of both long- and
short-term mortality in patients with
ACS.22 Measurement of BNP or NT-
proBNP has a class IIb indication for
use to supplement the assessment of
global risk in patients with suspected
ACS.20

Currently, a variety of imaging
modalities can be used as adjuncts to
the clinical evaluation, ECG, and
biomarkers, including echocardiog-
raphy, resting myocardial perfusion
imaging (MPI), cardiac computerized
tomographic angiography (CCTA),
and cardiac magnetic resonance

(cMR). Resting regional myocardial
function as assessed by 2-dimen-
sional echocardiography and resting
coronary perfusion as assessed by
MPI have been reported to provide a
sensitivity and a negative predictive
value of � 90% in patients with 
acute chest pain for ischemia detec-
tion.23 Echocardiography, particu-
larly with contrast, can effectively
identify wall motion abnormalities
in patients with persistent chest dis-
comfort and nondiagnostic ECGs.
Echocardiography for the evaluation
of acute chest pain with suspected
myocardial ischemia in patients with
nondiagnostic laboratory markers
and ECG results, and in whom a rest-

ing echocardiogram can be per-
formed during pain, receives an ap-
propriate recommendation from the
2007 ACCF/ASE/ACEP/ASNC/SCAI/
SCCT/SCMR Echocardiography Ap-
propriateness Criteria.24

Resting MPI enables clinicians to
safely triage low-risk patients to
delayed stress testing or discharge.
However, MPI has limitations, in-
cluding an increased incidence of
equivocal findings in obese pa-
tients, lower sensitivity in patients
without ongoing symptoms, inabil-
ity to distinguish between older
and newer perfusion defects, there-
fore being unsuitable in patients
with previous myocardial damage.
Perhaps most importantly, alterna-
tive diagnoses such as aortic dissec-
tion or PE cannot be evaluated with
MPI. MPI is considered appropriate
in patients with suspected ACS
irrespective of Thrombolysis In
Myocardial Infarction risk score
or whether the Tn levels were
elevated.25

CCTA has been shown to be a ro-
bust technique in the clinical setting
of acute chest pain. A comparison of
CCTA versus a standard diagnostic
evaluation in lower-risk patients pre-
senting with acute chest pain in the
ED was performed by Goldstein and
colleagues.26 CCTA was found to
have the same diagnostic accuracy as
“standard procedures” but was able
to provide a diagnosis in a shorter
time or at a lower cost. In the more
recently published Rule Out My-
ocardial Infarction Using Computer
Assisted Tomography (ROMICAT)
trial,27 early CCTA was able to en-
hance the management of ACS pa-
tients with normal Tns and either
normal or nondiagnostic ECG results
in the ED. They found that 50% of
patients with low- to intermediate-
risk ACS had no ACS and were able to
be managed as outpatients. The neg-
ative and positive predictive accuracy
was 98% and 35%, respectively.
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Figure 3. Timing of release of various biomarkers after acute myocardial infarction. CK, creatine kinase; CK-MB,
creatine kinase-myocardial band. Reprinted with permission from Anderson JL et al.16

Table 4
Non-CAD Causes of Troponin Elevation

Tachyarrhythmia Pulmonary emboli

Hypertension Subarachnoid hemorrhage

Myocarditis Sepsis

Myocardial Contusion Hypothyroidism

Acute and chronic HF Shock

Renal Failure Rhabdomyolysis

Drug toxicity (anthracyclines) Burns

Acute neurological diseases Cardiac infiltrative diseases

CAD, coronary artery disease; HF, heart failure.
Adapted from Journal of the American College of Cardiology, Vol. 48, “Biomarkers in acute cardiac disease:
the present and the future,” pp. 1-11, copyright 2006, with permission from Elsevier.21
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CCTA seems to have a place in assess-
ing low- to intermediate-risk pa-
tients, particularly those with nor-
mal, nondiagnostic, or borderline
ECGs and Tns. CCTA has a class IIa
recommendation as an alternative to
stress testing in patients with sus-
pected ACS with a low to intermedi-
ate probability of CAD in patients
with normal ECGs and cardiac bio-
markers. CT of the chest is currently
considered the gold standard for eval-
uation of the 2 most common serious
alternative chest pain diagnoses: aor-
tic dissection and PE. A single, rapid
comprehensive imaging study that
could reliably diagnose or exclude
CAD, aortic dissection, and PE would
allow quicker and more appropriate
triage of this acutely ill population.

Cardiac MR has also been evaluated
in the setting of ACS and has been
found to be quite useful, as it provides
information regarding ventricular
function, early and late regions of in-
farction, and proximal coronary
anatomy. In a study of 161 patients
with ACS with nondiagnostic ECGs
and biomarkers, cardiac MRI was
found to have a sensitivity and speci-
ficity of 84% and 85%, respectively.28

Pulmonary Embolism
It is estimated that 600,000 episodes
of PEs occur each year in the United
States, resulting in 100,000 to
200,000 deaths.29 PE remains a
challenging diagnostic dilemma due
to the lack of specific signs and symp-
toms and the suboptimal accuracy of
first-line tests, such as chest radiogra-
phy, venous ultrasound, and ventila-
tion perfusion imaging. The clinical
presentation and routinely available
laboratory data such as results on
electrocardiography, chest radiogra-
phy, and analysis of arterial blood
gases cannot be relied upon to con-
firm or rule out PE. Although symp-
toms and signs such as dyspnea,
pleuritic chest pain, tachypnea, and
tachycardia can raise the suspicion of

embolism and indicate a need for fur-
ther evaluation, these findings are in-
consistent in patients with embolism
and are nonspecific (Table 5).30

One-third of patients with deep
venous thrombosis (DVT) have no
symptoms and lower extremity
venous imaging has a high false-
negative rate in the presence of

nonocclusive thrombi. In two-thirds
of patients with PE, no DVT was
identified. Over 50% of patients who
undergo ventilation perfusion imag-
ing have a “nondiagnostic” scan re-
sult. As in the case of ACS, biomark-
ers and advanced imaging modalities
have enhanced our ability to make
the diagnosis correctly and more
rapidly. The D-dimer assay has a high
negative predictive accuracy when
the levels are less than 500 with
sensitivity of 95%.31 D-dimer is the
terminal product of the fibrin degra-
dation process. The presence of ele-

vated D-dimer values is proof that a
fibrin clot is present and the fibri-
nolytic system is active. The sensitiv-
ity and specificity of the D-dimer test
in one evaluation was 100.0% (95%
confidence interval [CI], 91.6-100.0)
and 27.7% (95% CI, 21.2-34.9), re-
spectively.32 Brain NPs and Tns add
prognostic information. CT scanning

has substantial diagnostic value
when it is used in conjunction with
a tool for assessing the clinical prob-
ability of embolism, ultrasonography
of the legs, D-dimer testing, or some
combination of these techniques. CT
has become the first-line modality
for imaging in patients suspected of
having PE; the negative predictive
value of a normal CT study is high,
approaching 98%.33

Aortic Dissection
Acute aortic dissection (AoD) has an
incidence of 2.9 to 3.5 cases per

Table 5
Rules for Predicting the Probability of PE

Variable No. of Points

Risk factors
Clinical signs and symptoms of DVT 3.0
An alternative diagnosis deemed less likely than PE 3.0
Heart rate �100 beats/min 1.5
Immobilization or surgery in the previous 4 wk 1.5
Previous DVT or PE 1.5
Hemoptysis 1.0
Cancer (receiving treatment, treated in the past 6 mo, or palliative care) 1.0

Clinical probability
Low � 2.0
Intermediate 2.0-6.0
High � 6.0

DVT, deep venous thrombosis; PE, pulmonary embolism.
Adapted with permission from Wells PS, Anderson DR, Rodger M, et al. Derivation of a simple clinical
model to categorize patients probability of pulmonary embolism: increasing the models utility with
the SimpliRED D-dimer. Thromb Haemost. 2000;83:416-420.30

PE remains a challenging diagnostic dilemma due to the lack of specific
signs and symptoms and the suboptimal accuracy of first-line tests such as
chest radiography, venous ultrasound, and ventilation perfusion imaging.
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100,000 patient years, much lower
then the incidence of STEMI. Dur-
ing the initial evaluation of acute
chest pain syndromes a correct diag-
nosis of acute AoD in patients ini-
tially known to have the disease oc-
curred in only 15% to 43% of
cases.34 Historical information that
needs to be obtained in patients
presenting with the sudden onset
of chest, back, or abdominal pain
where there may be a suspicion of
AoD includes a history of aortic
pathology in an immediate family
member and history of aortic valve
disease. High-risk pain characteris-
tics include an abrupt onset of se-
vere pain and one that has a
ripping, tearing, stabbing, or sharp
quality. Patients under the age of
40 years with this type of clinical
presentation need to be questioned
and examined for features of
Marfan syndrome, Loeys-Dietz syn-
drome, vascular Ehlers-Danlos syn-
drome, Turner syndrome, and other
connective tissue disorders
associated with thoracic aortic dis-
ease (Figure 4).35 Several biomarkers,

including plasma smooth muscle
myosin heavy-chain protein, D-
dimer, and high-sensitivity C-reac-
tive protein are under investigation
for use in patients with AoD.36-39

Definitive identification or exclu-
sion of thoracic aortic disease or one
of its anatomic variants requires
dedicated aortic imaging. Selection
of the most appropriate imaging
study depends on patient-related fac-
tors such as hemodynamic stability
and renal function and institutional
capabilities. Routine chest radiograph
may occasionally detect abnormali-
ties of aortic contour or size that
require definitive aortic imaging
and should be performed in low- and
intermediate-risk patients. Chest ra-
diograph may establish an alterna-
tive diagnosis for the acute chest
pain syndrome. Urgent and defini-
tive imaging of the aorta using
transesophageal echocardiogram, CT
imaging, or MR imaging is recom-
mended to identify or exclude tho-
racic AoD in patients at high risk for
the disease. CT has the ability to
image the entire aorta, including

lumen and wall, and to distinguish
among types of acute aortic syn-
dromes (intramural hematoma, pen-
etrating atherosclerotic ulcer, and
acute AoD) with short acquisition
times. CT imaging has been shown
to have sensitivities up to 100% and
specificities of 98% to 99% for the di-
agnosis of AoD.

Conclusions
The differential diagnosis of acute
chest pain and dyspnea includes 
life-threatening conditions such as
ACS, HF, AoD, and PE. Making the
correct diagnosis in the shortest pe-
riod of time will lead to more rapid
initiation of optimal therapies which
have the best opportunity to improve
outcomes. A comprehensive history,
careful physical examination, ECG,
biomarkers (including cardiac Tn and
NPs), and adjunctive cardiovascular
imaging are the necessary steps in an
integrated, accurate, and rapid 
diagnostic evaluation of the acutely
ill patient with chest discomfort and
dyspnea.

Main Points
• Acute chest discomfort and dyspnea are 2 of the most common nontraumatic symptoms that prompt emergency

department evaluations in the United States. The overlap between these presenting symptoms is considerable. The
priority in patients presenting with chest pain and dyspnea is to quickly identify or rule out the occurrence of life-
threatening causes such as acute coronary syndromes (ACS), heart failure, pulmonary embolus, and aortic dissection.

• When the history and physical findings are nondiagnostic, biomarkers (natriuretic peptides [NPs], troponin [Tn], myo-
globin, D-dimer) enhance our diagnostic accuracy. Diagnostic challenges can remain for those patients with biomark-
ers in the intermediate or nondiagnostic range. 

• The initial stage of evaluation of the patient with dyspnea and/or chest discomfort is observation. A complete history
from the patient, family members, and other caregivers should be obtained, and a comprehensive physical examina-
tion concentrating on the assessment of the chest and cardiovascular system must be performed. The lack of sensitiv-
ity and specificity of different aspects of this initial evaluation can lead to diagnostic uncertainty among treating
physicians, and inevitably leads to delays in initiating optimal directed therapy.

• Biomarkers of cardiac necrosis have assumed great importance for identifying patients with ACS. The cardiac Tns have
become the standard for defining the diagnosis of myocardial infarction. NPs lack the specificity to play a key role in
the diagnosis of ACS but they are potent predictors of both long- and short-term mortality in patients with ACS.

• Cardiac computed tomography angiography has been shown to be a robust technique in the clinical setting of acute
chest pain. Cardiac magnetic resonance in the setting of ACS is also quite useful, as it provides information regarding
ventricular function, early and late regions of infarction, and proximal coronary anatomy.
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STEP 2
Bedside risk
assessment

STEP 1
Boxes with accompanying text are labeled
and numbered with the      symbol.

Identify
patients

at risk for
acute AoD 

Consider acute AoD in all patients presenting with:
   • Chest, back, or abdominal pain
   • Syncope
   • Symptoms consistent with perfusion deficit 
      (i.e. CNS, mesenteric, myocardial, or limb ischemia)

STEP 3
Risk-based
diagnostic
evaluation

STEP 4
Acute AoD

identified or
excluded

No high-risk
features present.

Proceed with diagnostic
evaluation as clinically

indicated by presentation.

EKG consistent
with STEMI?

Immediate surgical
consultation and

arrange for expedited
aortic imaging.

Initiate appropriate
therapy.

History and physical
exam strongly

suggestive of specific
alternate diagnosis.

Alternate diagnosis
confirmed by further

testing?

Aortic Dissection Present?

Proceed to Treatment Pathway

If high clinical suspicion for
aortic dissection exists, consider

secondary imaging study.

Consider aortic imaging study for TAD
based on clinical scenario (particularly in
patients with advanced age, risk factors

for aortic disease, or syncope).

Alternative diagnosis
identified?

Initiate appropriate
therapy.

Unexplained hypotension or
widened mediastinum on CXR?

Low Risk
Any single high-risk

feature present.

High Risk
Two or more high-risk

features present.

Intermediate Risk

T1

T5 T4

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

Likely primary ACS. In absence of
other perfusion deficits strongly 
consider immediate coronary re-
perfusion therapy. If coronary 
angiography performed, is culprit 
lesion identified?

T6

CXR with clear
alternate diagnosis?

T7

T9

T12

T10

T

T8

T3

Focused bedside pre-test risk assessment for acute AoD.

High-Risk Conditions

• Martan syndrome
• Connective tissue disease
• Family history aortic disease
• Known aortic valve disease
• Recent aortic manipulation
• Known thoracic aortic
   aneurysm

1
High-Risk Pain Features

Chest, back, or abdominal
pain described as the following:
• Abrupt in onset/severe in
   intensity and
• Ripping/tearing/sharp or
   stabbing quality

2
High-Risk Exam Features

• Evidence of perfusion deficit
   • Pulse deficit
   • Systolic BP differential
   • Focal neurologic deficit
      (in conjunction with pain)
• Murmur of aortic insufficiency
   (new or not known to be old
   and in conjunction with pain)
• Hypotension or shock state

3

� �

Determine pre-test risk by combination
of risk conditions, history, and exam.

Expedited aortic imaging

Aortic Imaging Study
• TEE (preferred if clinically unstable)
• CT       (Image entire aorta:
• MR       chest to pelvis)

T11

T2

Figure 4. Aortic dissection (AoD) evaluation algorithm pathway. ACS, acute coronary syndromes; BP, blood pressure; CNS, central nervous system; CT, computed tomography;
CXR, chest X-ray; EKG, electrocardiogram; MR, magnetic resonance; TAD, thoracic aortic dissection; TEE, transesophageal echocardiogram; STEMI, ST-segment elevation my-
ocardial infarction. Reprinted from Journal of the American College of Cardiology, Vol. 55, “2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the Di-
agnosis and Management of Patients with Thoracic Aortic Disease,” pp. e27-e129, copyright 2010, with permission from Elsevier.35
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