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Chest pain and symptoms consistent with myocardial 
ischemia are one of the most common reasons for 

emergency department (ED) evaluation, accounting for ap-
proximately 8% to 10% of the 119 million ED visits yearly.1 
Chest pain is one of the few disease processes in which pa-
tients may initially appear to be well but in fact have an un-
derlying life-threatening condition. Inadvertent discharge 
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The management of patients with chest pain is a common and 
challenging clinical problem. Although most of these patients do 
not have a life-threatening condition, the clinician must distin-
guish between those who require urgent management of a seri-
ous problem such as acute coronary syndrome (ACS) and those 
with more benign entities who do not require admission. Although 
clinical judgment continues to be paramount in meeting this chal-
lenge, new diagnostic modalities have been developed to assist 
in risk stratification. These include markers of cardiac injury, 
risk scores, early stress testing, and noninvasive imaging of the 
heart. The basic clinical tools of history, physical examination, 
and electrocardiography are currently widely acknowledged to al-
low early identification of low-risk patients who have less than 5% 
probability of ACS. These patients are usually initially managed 
in the emergency department and transitioned to further outpa-
tient evaluation or chest pain units. Multiple imaging strategies 
have been investigated to accelerate diagnosis and to provide fur-
ther risk stratification of patients with no initial evidence of ACS. 
These include rest myocardial perfusion imaging, rest echocar-
diography, computed tomographic coronary angiography, and car-
diac magnetic resonance imaging. All have very high negative 
predictive values for excluding ACS and have been successful in 
reducing unnecessary admissions for patients at low to intermedi-
ate risk of ACS. As patients with acute chest pain transition from 
the evaluation in the emergency department to other outpatient 
settings, it is important that all clinicians involved in the care of 
these patients understand the tools used for assessment and risk 
stratification.
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ACC = American College of Cardiology; ACS = acute coronary syn-
drome; ADP = accelerated diagnostic protocol; AHA = American Heart 
Association; CAD = coronary artery disease; CHF = chronic heart fail-
ure; CMRI = cardiac magnetic resonance imaging; CPU = chest pain 
unit; CT = computed tomography; CTCA = computed tomographic 
coronary angiography; ECG = electrocardiography; ED = emergency de-
partment; ETT = exercise treadmill testing; MI = myocardial infarction; 
MPI = myocardial perfusion imaging; TIMI = Thrombolysis in Myocardial  
Infarction

of patients with acute coronary syndrome (ACS) has been 
associated with a short-term mortality of 2%, as well as 
major risk of liability.2 Identifying patients with chest pain 
who are at risk of adverse events is important not only to  
ED physicians but also to all physicians who evaluate such 
patients. In one insurance industry–based study, the physi-
cian group most likely to be sued for missed myocardial 
infarction (MI) was family practitioners (32%), followed 
by general internists (22%) and ED physicians (15%).3

	 Myocardial infarction can be misdiagnosed for a num-
ber of reasons. Misinterpretation of findings on electrocar-
diography (ECG) occurs in 23% to 40% of misdiagnosed 
MIs.4-7 Younger age,4,6,7 physician inexperience,8 and atypi-
cal presentations4,6,7 are more common in these patients. An 
insurance claims–based study found that in 28% of cases 
no diagnostic study, not even ECG, was ordered.3 There-
fore, standardizing the evaluation process is critical for 
identifying patients who initially appear to be low risk but 
who actually have ACS.
	 To meet this challenge, an increasing array of diag-
nostic modalities have been investigated during the past 2 
decades, including new cardiac biomarkers, clinical risk 
scores, early stress testing, and noninvasive imaging of 
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the myocardium and coronary arteries.9,10 These have been 
incorporated into various accelerated diagnostic protocols 
(ADPs) or chest pain unit (CPU) pathways to provide a 
rapid, cost-effective mechanism for evaluation.

INITIAL RISK STRATIFICATION

The goal of the initial evaluation of a patient who presents 
to an outpatient setting with potential ACS has changed 
from diagnosis to risk stratification. In many cases, the ap-
proach is similar for patients being evaluated in the office 
and the ED and should include a history, physical exami-
nation, and ECG. Patients should be classified into 1 of 4 
categories11: (1) those with evidence of ST-segment eleva-
tion on initial ECG; (2) those without ST-segment eleva-
tion but who are at high risk on the basis of  ECG findings, 
hemodynamic instability, or history; (3) those who have no 
objective evidence of ACS but have symptoms that warrant 
evaluation; and (4) those who have an obvious noncardiac 
cause for their symptoms.
	 Category 1 patients should be evaluated for immediate 
reperfusion therapy. Category 2 patients should be admit-
ted to the hospital and, in the absence of contraindications, 
should receive antiplatelet and antithrombotic treatment. 
Patients with ongoing symptoms, persistent ECG changes, 
or hemodynamic instability should be evaluated for emer-
gent coronary angiography. Further treatment of category 
4 patients is based on the alternative diagnosis. Category 3, 
the low-risk chest pain cohort, is an important one because 
it accounts for most patients undergoing ED evaluation. 
Although no single variable (history, physical examina-
tion, ECG findings) can identify a patient at such low risk 
that additional evaluation is unnecessary, the combination 
of multiple clinical parameters can be used to better deter-
mine the initial evaluation process.

ELECTROCARDIOGRAPHY

Whether a patient presents to an office or an ED, the initial 
ECG is the easiest, simplest, most important tool for early 
risk stratification. Current recommendations indicate that 
it should be performed within 10 minutes of ED presenta-
tion11 and may best be considered one of the “vital signs” 
for patients with chest pain. All offices should have this 
capability as well as a  mechanism to provide rapid inter-
pretation. The presence of ST-segment elevation should 
prompt consideration for immediate reperfusion therapy. 
ST-segment depression is associated with a marked in-
crease in risk of MI and ischemic complications.12,13 As lit-
tle as 0.5 mm of ST-segment depression predicts increased 
risk; the greater the extent of depression, the higher the 
likelihood of MI and death.13 Although T-wave inversion is 

usually considered consistent with ischemia, risk is lower 
than with ST-segment depression.12 The presence of signi- 
ficant Q waves is consistent with prior MI; however, when 
evaluated independently of other findings, it is less predic-
tive of adverse cardiac events than ST-segment depression 
or elevation. In the absence of ischemic symptoms, atrial 
fibrillation is associated with a low rate of MI and does not 
mandate evaluation for myocardial necrosis in the absence 
of other high-risk features.14 However, at presentation ini-
tial ECG findings in most patients do not show ischemia; in 
these cases, risk of MI and cardiac complications is low,15-17 
such that in the absence of other high-risk findings, evalua-
tion can occur in settings other than an intensive care unit, 
such as an ED or CPU.
	 Despite its importance, ECG has a number of limita-
tions, including a relatively low diagnostic sensitivity for 
ACS, especially for unstable angina; ischemic changes are 
apparent at the time of presentation in only 20% to 30% 
of patients who have an acute MI.17,18 Conversely, 5% to 
10% of patients with MI have normal findings on ECG at 
presentation.17,18 The sensitivity of ECG is affected by the 
anatomic location of the culprit vessel and is less likely to 
be diagnostic in patients with left circumflex lesions.19

	 Ongoing investigation has sought to identify ways to im-
prove the diagnostic sensitivity of initial ECG. Serial assess-
ment (every 15-30 minutes) should be performed routinely 
in patients with ongoing symptoms or ECG findings that are 
suggestive but not diagnostic of ischemia.11 With continuous 
ST-segment monitoring, an alternative mechanism, 12-lead 
ECG, is performed at prespecified time intervals, and an 
alarm sounds when significant ST-segment changes occur.20 
However, the yield is low in low-risk patient populations.21

	 Other methods that have been evaluated include addi-
tion of posterior leads and multilead ECG devices. Results 
have been mixed for routine use of posterior leads22,23; yield 
is likely higher when used to differentiate the patient with 
anterior ST-segment depression who has ischemia alone 
from one who has acute posterior MI. The use of body 
mapping and multilead ECG devices can increase sensitiv-
ity for identifying patients who have posterior MI or left 
bundle branch block MI.24 However, the cost-effectiveness 
of routine use is unclear.

PATIENT HISTORY

Despite recent advances in newer diagnostic techniques, 
the history remains critically important in the initial eval-
uation of patients with chest pain. Because objective evi-
dence of ACS is present in only a few patients, it is used 
to stratify them into higher- and lower-risk groups, allow-
ing the appropriate level of additional diagnostic testing 
to be targeted.
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	 Patients often do not consider their symptoms as “pain”; 
therefore, questions are better targeted at a description of 
their “discomfort.” The characteristics of the discomfort 
and the presence of associated symptoms are useful for risk 
stratification.8,25,26 Questioning should address symptom 
location, onset, character, severity, radiation, alleviating 
and exacerbating factors, time course, history of similar 
episodes, and associated symptoms, including diaphoresis, 
shortness of breath, and nausea or vomiting.
	 Symptoms that are described as pressure, tightness, 
squeezing, or indigestion or those that are similar to pri-
or ACS events can be considered typical, identifying the 
patient at increased risk (although many of these patients 
will ultimately not be diagnosed as having ACS). Atypical 
symptoms, such as stabbing, pleuritic, and pinprick dis-
comfort, are usually associated with a noncardiac etiology 
and place a patient at lower risk.25 Chest pains described as 
sharp should be further differentiated into those described 
as knife-like or pinprick (atypical) and those that are con-
sidered more typical after further clarification. Symptoms 
such as nausea and vomiting have been associated with 
increased risk.25,26 Symptoms that are relieved by rest or 
sublingual nitroglycerin should not be used as a diagnostic 
test for determining chest pain etiology in the acute setting 
because they are not predictive.27,28

	 Although traditional coronary artery disease (CAD) risk 
factors predict long-term risk of disease, they have limited 
value for identifying patients with ACS who present with 
acute symptoms29-32 and are outweighed in those patients 
by ECG, chest pain characteristics, history of CAD, and 
age. In multiple prior reports, none of the classic CAD risk 
factors have emerged as independent predictors of acute 
MI.29-32 Clinical decisions based on the absence of these 
may underestimate risk in patients who have few risk fac-
tors but have ACS, and therefore their absence alone should 
not be used to determine whether a patient warrants evalua-
tion for ACS.11 

	 Atypical presentations are more likely in elderly per-
sons, in whom dyspnea may predominate over chest pain.33 
Women are more likely than men to have atypical presenta-
tions.34,35 Despite anecdotal evidence, most previous stud-
ies have found no significant increase in the prevalence of 
unrecognized or atypical presenting MI in patients with 
diabetes.34,35

PHYSICAL EXAMINATION

Findings on physical examination are usually normal in 
most low-risk patients undergoing an ACS evaluation. 
However, certain findings can be useful for risk stratifica-
tion and for determining symptom etiology.11 Important 
findings identifying high-risk patients include chronic 

heart failure (CHF) and hemodynamic instability (low 
blood pressure, elevated heart rate). Abnormal vital signs 
are recognized high-risk findings included in a number of 
scoring systems that stratify patients with ACS for sub-
sequent adverse events. Current guidelines indicate that 
a new mitral regurgitation murmur identifies a high-risk 
patient; however, this is uncommon in typical practice.11 
The presence of bruits, which usually indicate peripheral or 
cerebrovascular arterial disease, increases the risk of con-
comitant CAD. The examination should also target poten-
tial noncardiac causes for the patient’s symptoms, such as 
prominent murmurs (endocarditis), friction rub (pericardi-
tis), fever, abnormal lung sounds (pneumonia), and repro-
ducible chest pain after palpation (musculoskeletal). In the 
latter case, there should be no other suggestive findings, 
and symptoms should be completely reproduced by palpa-
tion to be considered noncardiac.

BIOMARKERS

Current recommendations advise that all patients with sus-
pected ACS should undergo serial cardiac biomarker sam-
pling.11,36,37 If baseline data are negative, further sampling 
should be obtained 6 to 8 hours later depending on symp-
tom onset. Creatine kinase and creatine kinase MB were 
the traditional markers for identifying patients with MI; 
however, because of their less than optimal sensitivity and 
specificity, current recommendations indicate troponin as 
the preferred biomarker. Troponin is considered the crite-
rion standard cardiac biomarker for diagnosing MI because 
troponin I and troponin T are not detected in the blood of 
healthy persons. Troponin has many characteristics of an 
optimal diagnostic marker: it has superior sensitivity and 
specificity compared with other markers and helps iden-
tify patients with increased short- and long-term risk of 
cardiac events.11 Elevations identify patients who benefit 
selectively from aggressive treatment, such as antithrom-
botic38 and antiplatelet39 pharmacotherapy, as well as early 
coronary intervention.40 Therefore, it is recommended that 
every marker strategy include either troponin I or troponin 
T. Because many assays for troponin I exist, knowledge 
of a particular assay’s characteristics and reference ranges 
is important for interpreting the results.41 An important 
consideration is that a number of other nonatherothrom-
botic conditions can result in myocardial damage (Table 
1).42 Distinguishing troponin elevations related primarily to 
ACS from non–ACS-related disease is important but can 
be difficult. A serial rise and fall in troponin is more likely 
to be associated with an ACS etiology.37

	 The time to diagnosis has been successfully reduced 
using marker combinations, shorter sampling time points, 
and quantification of serial changes in markers over the 
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course of short time periods. However, current-generation 
troponin assays have improved sensitivity and accuracy at 
lower levels, allowing detection of minimal cardiac damage 
with higher reproducibility than earlier assays. These high-
er-sensitivity troponin assays can more accurately identify 
MI than traditional markers43-45; their use will likely obvi-
ate the need for other markers, such that a “troponin-only” 
marker strategy will become more common.
	 An important consideration is that more sensitive tro-
ponin assays have identified asymptomatic myocardial 
damage in patients who have underlying cardiovascular 
disease.46,47 If sampled in patients presenting to the ED 
for a reason other than ACS, these elevations could lead to 
diagnostic confusion. In most cases, however, levels tend 
to be low, and MI could likely be excluded through serial 
sampling, as already discussed.
	 Many biomarkers have been studied in patients with 
ACS in an effort to provide earlier diagnosis and improve 
short- and long-term prognosis. These have targeted dif-
ferent stages of ACS, such as thrombosis, plaque rupture, 
ischemia, and inflammation. In ACS trials, many of these 

markers have had added value for identifying patients at 
risk of cardiac events, particularly mortality37; however, 
few of these markers are commercially available and those 
that are have added little value when applied to broad, het-
erogeneous populations, such as those presenting to the ED 
with undifferentiated chest pain.48 These markers are used 
in evaluating patients with suspected CHF but are otherwise 
not regularly used in clinical practice (with the exception of 
brain-type natriuretic peptides). An elevated brain-type na-
triuretic peptide level provides powerful risk stratification 
across a broad spectrum of patients with ACS,49 although it 
lacks specificity for ACS, limiting its utility in patients with 
undifferentiated chest pain. Although increases are usually 
associated with impaired left ventricular systolic function, 
increases can be seen in a variety of cardiac conditions that 
result in increased left or right ventricular stretch, such as 
valvular abnormalities or hypertrophy.50 An important con-
sideration is that values considered elevated and predictive 
of adverse events in patients with ACS are significantly 
lower than those seen in most patients with CHF. Another 
commercially available biomarker, high-sensitivity C-reac-

TABLE 1.  Differential Diagnosis of Increased Troponin Level in Patients Without 
Acute Coronary Syndrome or Heart Failure

Acute disease	 Chronic disease
	 Cardiac and vascular		  End-stage renal disease
		  Acute aortic dissection		  Cardiac infiltrative disorders
		  Cerebrovascular accident			   Amyloidosis
			   Ischemic stroke			   Sarcoidosis
			   Intracerebral hemorrhage			   Hemochromatosis
			   Subarachnoid hemorrhage			   Scleroderma
		  Medical intensive care unit patients		  Hypertension
		  Gastrointestinal bleeding		  Diabetes
	 Respiratory		  Hypothyroidism
		  Acute pulmonary embolism	 Iatrogenic disease
		  Adult respiratory distress syndrome		  Invasive procedures
	 Cardiac inflammation			   Heart transplant
		  Endocarditis			   Congenital defect repair
		  Myocarditis			   Radiofrequency ablation
		  Pericarditis			   Lung resection
	 Muscular damage			   Endoscopic retrograde
	 Infectious 				    cholangiopancreatography
		  Sepsis		  Noninvasive procedures	
		  Viral illness			   Cardioversion
	 Other cases of abrupt troponin increase			   Lithotripsy
		  Kawasaki disease		  Pharmacologic sources	
		  Apical ballooning syndrome			   Chemotherapy
		  Thrombotic thrombocytopenic purpura			   Other medications
		  Rhabdomyolysis	 Myocardial injury	
		  Birth complications in infants		  Blunt chest injury
			   Extremely low birth weight		  Endurance athletes
			   Preterm delivery		  Envenomation	
		  Acute complications of inherited disorders			   Snake
			   Neurofibromatosis			   Jellyfish
			   Duchenne muscular dystrophy			   Spider
			   Klippel-Feil syndrome			   Centipede
		  Environmental exposure			   Scorpion
			   Carbon monoxide 			 
			   Hydrogen sulfide	
			   Colchicine	

Adapted from Clin Chem,42 with permission.
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tive protein, appears to have value for long-term prediction 
of cardiac events. However, in low-risk patients with chest 
pain, it is not useful for identifying ACS.51

CLINICAL RISK SCORES

A recommended approach to risk stratification for patients 
with potential ACS is the application of scoring systems 
based on the history and initial clinical presentation. The 
simplest scheme relies on 1 set of cardiac markers, ECG 
findings, and history of CAD (Figure 1). If findings and his-
tory are unremarkable, the patient can be considered low 
risk, with a probability of MI of less than 5% to 6%.15 Some 
of the first validated chest pain algorithms were derived by 
Goldman and colleagues.15,30,31,52 These algorithms are based 
primarily on ECG findings and chest pain characteristics. 
The Goldman algorithm is useful in predicting the need for 
intensive care unit admission, development of cardiovascu-
lar complications, and outcomes; it can therefore be used to 
facilitate decisions regarding disposition, such as whether to 
admit to a cardiac care or observation unit.52 Because the 
risk of MI in lower-risk patients remains greater than 1%, it 
cannot identify patients who can be rapidly discharged from 
the ED without further evaluation.
	 Other risk stratification schemes of varying complex-
ity have been derived from clinical trials.53-55 Likely the 
best known is the Thrombolysis in Myocardial Infarction 
(TIMI) risk score.55 This scoring system comprises 7 equal-
ly rated variables: cardiac biomarker elevation, ST-segment 
depression, older age (≥65 years), aspirin use within the 
past week, 2 or more episodes of chest pain in the past 
24 hours, 3 or more of the standard CAD risk factors, and 

known coronary stenosis of 50% or more. An increase in 
score is associated with a stepwise increase in incidence of 
the combination of death, MI, and need for urgent revascu-
larization. A modified TIMI risk score, in which elevated 
biomarkers or ischemic ECG changes are removed, has 
been studied in lower-risk patients, with mixed results.56,57 
However, even in patients with the lowest TIMI scores (eg, 
0-1), further evaluation is required because the event rate in 
this group is not negligible.57 Because these scores provide 
relatively similar prognostic information,58 no one score 
can be recommended over another.
	 Scoring systems have a number of limitations. Most were 
derived from ACS clinical trials that frequently excluded the 
highest- and lowest-risk patients.53,55 For example, neither 
renal insufficiency nor CHF, 2 variables associated with very 
high risk, is included in the TIMI risk score.55 Because vari-
ables were derived from case report forms and multivariate 
analysis, they are not always logical, and absolute reliance 
on them can result in an inaccurate estimation of risk. Rather 
than any specific scoring system, identification and recogni-
tion of the variables common to different scoring systems, 
such as evidence of hemodynamic instability, older age, 
CHF, renal dysfunction, ECG findings, and injury marker 
variables, are more important in the initial ED evaluation. 
Favorable scores identify lower patient risk and allow con-
sideration for management in a CPU or outpatient setting.

DIFFERENTIAL DIAGNOSIS

When patients present to the ED with chest pain, differen-
tiating ischemic from nonischemic causes is difficult and 
frequently the major focus of the evaluation. Because mor-

FIGURE 1. Risk of myocardial infarction based on presenting characteristics. CAD = coronary 
artery disease; ECG = electrocardiography; MI = myocardial infarction.
Data from N Engl J Med.15
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bidity is high if a cardiac etiology is not diagnosed early, 
the overlap of symptoms necessitates an initial diagnostic 
strategy that assumes symptoms are cardiac-related un-
less other causes are obviously apparent. However, a high 
awareness of the many other causes of chest pain is needed 
(Table 2) to guide the treatment of patients with more com-
mon, less serious disorders and to ensure that life-threat-
ening noncardiac etiologies are not overlooked. Although 
the ED visit should be focused on identifying patients with 
life-threatening diseases, further evaluation on discharge 
from the ED often is warranted to determine the etiology 
of the symptoms, particularly if they recur.
	 Some of the more serious causes of chest pain that can 
be confused with cardiac ischemia include pericarditis, 
aortic dissection, and pulmonary embolism. Chest pain 
from pericarditis is more commonly pleuritic and posi-
tional but can also be a severe, steady retrosternal pain.10 
The presence of a friction rub on examination is diagnos-
tic of pericarditis; however, it is not always apparent at 
initial presentation. Instead, patients with pericarditis may 
present with diffuse ST-segment elevation, and therefore 
the overlap of symptoms and ECG findings can lead to 
misdiagnosis of acute MI, potentially resulting in the inad-
vertent administration of thrombolytic agents or emergent 
coronary angiography.59 In confusing cases, early echocar-
diography may be helpful by demonstrating the presence 
of a pericardial effusion or the presence or absence of wall 
motion abnormalities.
	 Aortic dissection is another cause of chest pain that re-
quires urgent diagnosis because early medical and/or sur-
gical intervention can reduce the high short-term mortal-
ity rate. Fortunately, the incidence of acute dissection is 
substantially lower than that of MI. Patients with aortic 
dissection typically describe a sudden onset of severe rip-
ping or tearing pain, often with radiation to the back. Other 
diagnostic clues include pulse deficits, a substantial differ-
ence in right and left arm blood pressures, focal neurologic 
deficits, or pain that is unrelieved despite large doses of 
narcotics. ST-segment elevation associated with aortic dis-
section is uncommon (<5%-10% of patients with proximal 
aortic dissection),60 usually as a result of involvement of the 
coronary ostia or from hemopericardium, and thus leads to 
inappropriate treatment.
	 Other cardiac causes of chest pain that should be consid-
ered include aortic stenosis, pulmonary hypertension, and 
hypertrophic cardiomyopathy. Up to 20% of patients with 
typical chest pain have angiographically normal coronary 
arteries but impaired coronary vasodilator reserve. This is 
more commonly seen in women and has been attributed to 
abnormal microvascular circulation. Although the symp-
toms are associated with substantial morbidity, patients are 
at low risk of cardiac mortality.61

	 Pulmonary embolism is a potentially life-threatening 
cause of noncardiac chest pain. Typically, it is associated with 
dyspnea, tachypnea, and pleuritic chest pain. Electrocardio-
graphic findings, such as evidence of right heart strain, an-
terior T-wave inversion, and right bundle branch block, may 
mimic ischemic changes; however, the most common ECG 
finding is sinus tachycardia alone.62 Troponin elevations, usu-
ally associated with significant right ventricular strain, iden-
tify a subset with a high mortality.63

	 Esophageal disease commonly causes chest pain that is 
difficult to distinguish from cardiac chest pain. In a study 
of 910 patients who underwent esophageal motility testing 
after cardiac disease was excluded, 28% of the patients had 
esophageal dysmotility, and an additional 21% had base-
line manometric abnormalities that were thought to suggest 
esophageal pain.64 These results and others65 suggest that 
esophageal disorders are a frequent etiology of chest pain 
in patients in whom ACS has been excluded.
	 The prevalence of psychiatric disorders in patients pre-
senting to the ED with chest pain is relatively uncommon.
In one study, 35% of the 229 patients screened met Di-
agnostic and Statistical Manual of Mental Disorders, Re-
vised Third Edition criteria for panic disorder (18%) and/
or depression (23%); however, only 6% were identified by 
ED physicians as having a psychosocial component to their 
chest pain syndromes.66 Formal screening of all patients 
will identify a higher prevalence of psychiatric diagnoses.
	 The frequency of noncardiac causes of chest pain in ED 
patients has been described in a number of studies. Fruer-
gaard et al67 performed one of the few comprehensive stud-
ies that attempted to determine the etiology of chest pain. 
In contrast to most studies that performed selective testing 

TABLE 2. Potential Noncardiac Causes of Chest Pain

	 Pulmonary
		  Pulmonary embolism
		  Pneumothorax
		  Pneumonia
		  Pleuritis
	 Gastrointestinal
		  Gastritis/ulcer
		  Esophageal diseases
		  Reflux
		  Spasm
		  Esophagitis
		  Gallbladder disease
		  Pancreatitis
	 Musculoskeletal
		  Costochondritis
		  Fibrositis
		  Rib fracture
		  Herpes zoster
	 Pyschogenic
		  Anxiety disorders
		  Panic disorder
		  Hyperventilation
		  Somatoform disorders
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after exclusion of ACS, all 148 patients without a clear-cut 
diagnosis in the study by Fruergaard et al underwent mul-
tiple tests designed to identify the etiology of the symptoms 
(Figure 2). Although most (77%) had 1 diagnosis, 21% had 
2, and 3 patients had 3 diagnoses, a finding consistent with 
other studies that have found a frequent overlap in potential 
causes of chest pain.

ADDITIONAL INITIAL DIAGNOSTIC TESTING

Current American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guidelines recommend that 
all patients with suspected ACS undergo ECG and cardiac 
biomarker testing. Recommendations from the American 
College of Radiology assigned a value of 9 (most appropri-
ate) for chest radiographic evaluation of patients with acute 
chest pain who have a low probability of disease.68 Of the 
5000 ED-obtained chest radiographs reviewed in one large 
study, including 629 obtained for a primary symptom of 
chest pain, findings on 25% were serious enough to affect 
clinical decision making.69 However, only limited data are 
available assessing the value of chest radiography in pa-
tients previously defined as low risk on the basis of history 
and physical examination findings.

CHEST PAIN UNITS and ADPs

Chest pain units were developed as a mechanism for the 
rapid assessment and exclusion of ACS in low-risk pa-

tients in a cost-effective manner that avoids routine ad-
mission and prolonged hospital stays. These units provide 
an integrated, protocol-driven approach to further stratify 
low-risk patients by short-term observation and serial as-
sessment of clinical variables, ECG findings, and cardiac 
biomarker levels.9,11,15,70  They are usually directed by an 
emergency physician, but their successful implementation 
requires close coordination with cardiology and other (eg, 
hospitalist, radiologist, nuclear medicine specialist, nurs-
ing) personnel involved in the patient’s management.70 
These units allow the rapid acquisition of diagnostic and 
prognostic information and provide an intermediary step 
in the transition from the ED to either an outpatient or in-
patient setting.
	 If at any point findings on tests (serial ECG, biomark-
ers) are positive, the patient is admitted to the hospital for 
further evaluation. If findings are negative, the patient typi-
cally undergoes subsequent provocative testing. Standard-
izing the approach to evaluating low-risk patients reduces 
both testing variability and costs.

EXERCISE TREADMILL TESTING

Standard exercise treadmill testing (ETT) is a cornerstone 
of risk stratification in CPUs.11,71 Its advantages include 
relatively modest cost, availability, ease of performance, 
and its ability to provide important prognostic information. 
Criteria for selecting this test are the patient’s ability to ex-
ercise and normal findings on a baseline ECG that allows 
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interpretation of exercise-induced ST-segment alterations. If 
findings on ECG are not interpretable, the addition of cardi-
ac imaging is required and may incorporate pharmacologic 
stress, depending on the patient’s ability to exercise.
	 The efficacy and safety of incorporating ETT into cur-
rent CPU protocols has been confirmed by many studies 
of patients who underwent ETT after 12 or fewer hours 
of negative observation.72-77 A Science Advisory of the 
AHA concluded that symptom-limited ETT after 8 to 12 
hours of evaluation in low- to intermediate-risk patients 
is safe.78 This strategy has a very high negative predictive 
value in patients in the CPU for short- and long-term ad-
verse events. Although the positive predictive value is low, 
positive ETT results are uncommon, and the number of 
unnecessary admissions is therefore reduced, decreasing 
costs. An abbreviated protocol has been used successfully 
in selected low-risk patients. Either no or less than a full set 
of serial cardiac biomarkers were obtained before ETT72-76; 
if the markers were negative, ETT was performed. With 
this strategy, no adverse events had occurred at 30 days.72,76 
Although imaging (either echocardiography or myocardial 
perfusion imaging [MPI]) is often added to ETT in low- to 
intermediate-risk patients, current ACC/AHA guidelines 
for stress testing as well as for management of non–ST-
segment elevation ACS recommend ETT without imaging 
in patients who can exercise and do not have substantial 
baseline ECG changes that preclude interpretation.11,79

	 An important variable that adds predictive power is 
functional capacity. Failure to achieve more than 3 meta-
bolic equivalents is associated with increased risk.80 In con-
trast, patients who achieve more than 10 metabolic equiva-
lents and have negative findings on stress ECG have a very 
low incidence of ischemia on MPI.81 Risk stratification can 
be further enhanced by integrating multiple ETT variables 
into scores, such as the Duke treadmill score.82 If patients 
do not reach 85% of age-predicted maximum heart rate and 
ECG reveals no evidence of ischemia, the test is considered 
nondiagnostic and further assessment, such as with stress 
imaging, may be considered.
	 Failure of ETT to reproduce the chest pain prompting 
the ED visit reduces the likelihood of ACS. Although the 
sensitivity of ETT to detect CAD is lower than that of other 
imaging techniques,79 the additional information obtained 
by other techniques may not be cost-effective in a low-risk 
population.83,84

	 The cost-effectiveness of ADPs that include ETT has 
been demonstrated in comparisons of this strategy with 
regular care. In one study, ETT was performed after a 
12-hour observation period in 317 patients with negative 
findings on cardiac marker testing and serial ECG. The 
negative predictive value was 98%, with a cost saving of 
$567 per patient compared with patients admitted for usual 

care.74 In another study, a rapid protocol was associated 
with reduced length of stay (11 vs 23 hours) and cost ($624 
less per patient) compared with usual care. Further study of 
an ADP compared with usual care revealed no difference in 
cardiac events in the 2 groups after 6 months, but the cost 
of care and cardiac procedures were 61% higher in patients 
receiving regular care.85

OUTPATIENT STRESS TESTING

Ideally, ADPs would be available at all times; however, this 
is not feasible for many institutions. An alternative strat-
egy, recognized by ACC/AHA guidelines,11 approves out-
patient ETT in selected low-risk patients with chest pain, 
provided they meet the following criteria: (1) no further 
ischemic chest discomfort, (2) normal or nonischemic find-
ings on initial and follow-up ECG, and (3) normal cardiac 
biomarker measurements. Observational data have found 
this strategy to be safe, with no adverse cardiac events 
during the interval between hospital discharge and outpa-
tient ETT.86 When the preferred strategy of predischarge 
testing is unavailable (eg, nights, weekends), the very low 
short-term likelihood of a cardiac event supports the use 
of outpatient ETT, which appears to be a safe alternative 
to prolonged admission. The utility of outpatient ETT is 
predicated on performance of the test within 72 hours (24 
hours is preferable), reliability of the patient to follow up 
for the test, and close communication between the CPU 
physician and the patient’s personal physician.

ACUTE CARDIAC IMAGING

In some institutions, additional diagnostic imaging is used 
to rapidly stratify the risk of patients before completing se-
rial marker sampling and provocative testing. These include 
acute rest MPI, computed tomographic coronary angiog-
raphy (CTCA), echocardiography, and cardiac magnetic 
resonance imaging. The advantage of adding early imag-
ing (MPI, magnetic resonance imaging, echocardiography) 
is that abnormal perfusion and wall motion occur within 
seconds of ischemia onset, so that MI can be identified 
before the detection of cardiac biomarkers in the blood-
stream. Ischemia, for which no current biomarker exists, 
can likewise be detected.

ACUTE MPI

Acute rest MPI using technetium agents has been shown to 
accurately identify low- and high-risk patients who present 
with chest pain.87 A perfusion defect indicates acute ische
mia, acute infarction, or old infarction. Patients can be in-
jected while they are experiencing symptoms and undergo 



EVALUATION OF CHEST PAIN

Mayo Clin Proc.    •    March 2010;85(3):284-299    •    doi:10.4065/mcp.2009.0560    •    www.mayoclinicproceedings.com292

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

delayed imaging after stabilization. The images obtained 
provide a “snapshot” of myocardial perfusion at the time 
of injection. Normal perfusion is associated with very low 
clinical risk, allowing patients to be discharged with fur-
ther outpatient routine stress testing, if indicated, to detect 
underlying CAD.87 In addition, wall motion and thicken-
ing are simultaneously assessed, allowing differentiation 
of perfusion defects resulting from artifacts or soft tissue 
attenuation from those occurring as a result of ischemia.88 
Left ventricular ejection fraction is also obtained, provid-
ing quantitative determination of systolic function.
	 In one of the few randomized trials performed to assess 
optimal diagnostic strategies in the ED, the value of rest 
MPI was demonstrated in a prospective, multicenter trial of 
2475 patients who presented to the ED with chest pain and 
nonischemic findings on ECG.89 Patients were randomized 
to receive usual care with or without the addition of rest 
MPI. Sensitivity of the 2 strategies was similar (96% and 
97%, respectively). Despite the addition of a potentially 
expensive technology, patients in the rest MPI arm had a 
significantly lower hospitalization rate, resulting in an esti-
mated cost savings of $70 per patient. Cost reductions may 
also occur through more appropriate selection of diagnos-
tic testing, with lower rates of coronary angiography in 
low-risk patients.90 On the basis of its high sensitivity and 
negative predictive value, rest MPI has a class 1 indication 
in current guidelines for evaluating patients with nonische
mic findings on ECG.87

	 Acute rest MPI has several limitations. A perfusion 
defect can indicate a new or old infarct. Recognition of 
MI requires assessment with cardiac biomarkers. To dif-
ferentiate prior infarction from acute ischemia, follow-up 
imaging during a pain-free state is required. Resolution of 
a perfusion defect indicates that the initial defect was sec-
ondary to acute ischemia; if the defect remains unchanged, 
prior MI would be the more likely etiology. Sensitivity of 
MPI is dependent on the total ischemic area; small areas 
of myocardium at risk (3%-5% of the left ventricle) may 
not be detected. Therefore, rest MPI is optimally used in 
conjunction with cardiac biomarker measurement, which 
offers complementary information. Because it can quan-
titate the ischemic area, rest MPI may be a more optimal 
means of assessing ischemic risk than cardiac injury mark-
ers alone. The availability of MPI for off-hour imaging is 
a potential logistical issue. In one study, however, patients 
presenting from midnight to 6 am were injected with tech-
netium Tc 99m sestamibi during that interval, with imag-
ing performed after 6 am; no difference in diagnostic accu-
racy between delayed and immediate imaging was found.91 
Finally, the use of rest imaging does not eliminate the need 
for stress testing in all patients, and therefore subsequent 
outpatient evaluation needs to be coordinated.

	 The optimal use of rest MPI is in conjunction with a 
standardized risk stratification protocol (Table 3). In this 
protocol, patients are stratified according to the heretofore 
mentioned ACC/AHA guidelines. Low-risk patients are 
further stratified into level 3 patients, who are admitted for 
observation, and level 4 patients, who are discharged and 
scheduled for outpatient stress testing if acute MPI findings 
are negative. If MPI findings are positive, both types of pa-
tients are admitted, and care is advanced to the level pro-
vided patients with ACS.92 In one study, patients who had 
positive MPI findings had event rates similar to patients 
initially considered at high risk of cardiac events (level 2 
patients) (Figure 3).

COMPUTED TOMOGRAPHIC CORONARY 
ANGIOGRAPHY

Compared with other imaging techniques, CTCA provides 
anatomic rather than functional information regarding cor-
onary patency. Application of computed tomography (CT) 
to coronary artery imaging has become feasible with the 
advent of multislice CT. The acquisition of CT data is syn-
chronized to the surface ECG and collected for 10 to 20 
seconds while patients hold their breath during injection of 
contrast medium. As with the validation of other tests, most 
studies have examined the diagnostic accuracy in moder-
ate- to high-risk patients who are undergoing coronary 
angiography for clinical indications. Accuracy has been 
high, with a consistently high specificity and a very high 
negative predictive value for exclusion of substantial CAD, 
although positive predictive value has not been as high.93

	 Studies evaluating the utility of CTCA in a population 
of low-risk patients in the ED are limited. Of 368 patients 
with acute chest pain who underwent CTCA in a recent 
study, 31 (8%) had ACS.94 The sensitivity and negative 
predictive value of coronary CTCA for ACS were 100% 
for absence of CAD and 77% and 98%, respectively, for 
significant stenosis. Only 1 ACS occurred in the absence 
of calcified plaque. Of patients with acute chest pain and 
low to intermediate likelihood of ACS, 50% were free of 
CAD by CT and had no ACS.95 Other studies of CTCA in 
the ED setting are consistent with these short-term find-
ings.96,97 However, in many cases, patients evaluated were 
at very low risk and likely would have done well without 
imaging.
	 In a randomized trial of low-risk patients with pos-
sible ACS, CTCA was compared to standard care, which 
included an 8-hour rule-out protocol to exclude MI, fol-
lowed by stress MPI  (Figure 4). 96 Overall diagnostic ac-
curacy was similar, with low event rates in each arm. Cost 
as well as time to diagnosis and discharge (15.0 vs 3.4 
hours) was lower in the CTCA arm.75,96 Of the 9 patients 
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who underwent coronary angiography in the CTCA arm, 
8 had severe disease, 6 of whom underwent revasculariza-
tion. In the stress MPI arm, 3 patients underwent coronary 
angiography, one of whom had severe disease. However, 
this trial also demonstrated the potential limitations associ-
ated with a CTCA strategy. Approximately 25% of patients 
evaluated were ineligible because of underlying arrhyth-
mias, conditions preventing β-blocker administration, and 
renal insufficiency. Of patients who did have CTCA, 25% 
required further diagnostic testing with stress MPI because 
of equivocal CTCA findings. Although CTCA holds prom-
ise for diagnosing patients as having ACS, these data indi-
cate that larger, multicenter studies are required before this 
technology can be considered widely applicable.
	 Computed tomographic coronary angiography has the 
potential to provide a more comprehensive examination 
of patients with chest pain97,98 and to exclude other life-
threatening etiologies, such as pulmonary embolism and 
aortic dissection (“triple rule-out”). Although technically 

feasible, such scans are more challenging, requiring larger 
volumes of contrast medium and longer scan times and  re-
sulting in increased breath-holding times and more radia-
tion.97 Although small-scale studies have suggested that the 
overall image quality is high,97,98 large-scale clinical stud-
ies have not been performed.
	 Computed tomographic coronary angiography has limi-
tations. As already described, up to 25% of patients may 
not be candidates for this technique because of obesity, in-
tolerance to β-blockade, arrhythmia, allergies to contrast 
medium, or renal insufficiency.96 Image interpretation is 
more difficult in the setting of coronary calcification and 
in patients with prior stent placement.99 Increased use of 
CTCA has led to recognition of the potential long-term risk 
of radiation exposure,100 both with CTCA as well as other 
imaging techniques.101 The average radiation dose of a 
64-slice CTCA varies widely depending on sex, body size, 
imaging protocol, and the type of CT. Although total body 
radiation dose is similar to that of rest/stress MPI proto-

TABLE 3. Virginia Commonwealth University Chest Pain Guidelines Using MPI as an Integral Component of the Process

	 Primary risk	 Probability	 Probability 			   Secondary risk
	 assignment	 of AMI	 of ischemia	 Diagnostic criteria	 Disposition	 stratification	 Treatment strategy

Level 1: AMI	 Very high	 Very high	 Ischemic ST-segment	 Admit to the CCU	 Serial ECG	 Primary PCI within	
		  (>95%)	 (>95%)		  elevation			   Cardiac marker 		  90 min	
				    Acute posterior MI				    measurement every					   
									         6-8 h until peak									       
Level 2: definite 	 Moderate	 High	 Findings of ischemia	 Admit to the CCU	 Serial ECG	 ASA
	 or highly 	 (10%-50%)	 (20%-50%)		  on ECG	 Fast track rule-in	 Cardiac marker	 UFH (IV) or LMWH (SC)
	 probable ACS			   Acute CHF		  protocol		  measurement at	 NTG (IV and/or topical)	
				    Known CAD with				    0, 3, 6, and 8 h	 Oral β-blocker		
					     typical symptoms			   If rule-in for AMI	 Clopidogrel		
									         (markers positive),	 GP IIb/IIIa inhibitor if	
									         continue cardiac		  positive findings for TnI	
									         marker measurement	 Catheterization/PCI	
									         every 6-8 h until peak					   

Level 3:	 Low	 Moderate	 No evidence of	 Observation	 MPI	 ASA
	 probable ACS	 (1%-10%)	 (5%-20%)		  ischemia on ECG	 Fast track rule-in	 Cardiac marker 	 Cardiac marker
					     and either:		  protocol		  measurement at		  measurement or MPI
				    Typical symptoms 				    0, 3, 6, and 8 h	 Positive findings: treat	
					     >30 min with no 			   Serial ECG		  per level 2 protocol
					     CAD or					     Negative findings:
				    Atypical symptoms 						      stress testing
					     >30 min and known 
					     CAD
Level 4:  	 Very low	 Low	 No evidence of	 ED evaluation	 MPI	 Positive MPI findings:
	 possible UA	 (<1%)	 (<5%)		  ischemia on ECG 						      admit to level 2
					     and either:						      treatment protocol
				    Typical symptoms 					     Negative MPI findings:
					     <30 min or						      discharge; schedule
				    Atypical symptoms						      outpatient stress testing	
Level 5: very	 Very low	 Very low	 Evaluation must	 ED evaluation	 As appropriate for the	 As appropriate for the
	 low suspicion 	 (<1%)	  (<1%)		  clearly document a		  as deemed		  clinical condition		  clinical condition
	 for AMI or UA				    noncardiac etiology 		  necessary		
					     for the symptoms

ACS = acute coronary syndrome; AMI = acute myocardial infarction; ASA = aspirin; CAD = coronary artery disease; CCU = coronary care unit; CHF = 
chronic heart failure; ECG = electrocardiography; ED = emergency department; GP = glycoprotein; IV = intravenous; LMWH = low-molecular-weight 
heparin; MPI = myocardial perfusion imaging; NTG = nitroglycerin; PCI = percutaneous coronary intervention; SC = subcutaneous; TnI = troponin I; UA = 
unstable angina; UFH = unfractionated heparin.
Adapted from Ann Emerg Med,92 with permission from Elsevier.
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88 Home Coronary angiography
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FIGURE 3. Use of acute myocardial perfusion imaging (MPI) in a risk stratification 
scheme. Risk of cardiac events, either myocardial infarction (MI) or the combina-
tion of MI and revascularization, increased as risk level increased from level 4 to 2. 
Patients who had positive findings on MPI had an event rate similar to level 2 patients 
(high-risk acute coronary syndrome). NS = not significant.
Adapted from Ann Emerg Med,92 with permission from Elsevier.

FIGURE 4. Schematic of patient distribution based on whether patients were randomized to acute computed tomographic 
coronary angiography (CTCA) or standard of care, which uses stress myocardial perfusion imaging (MPI) as the preferred risk 
stratification method. 
Adapted from J Am Coll Cardiol,96 with permission from Elsevier.
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cols, the effective dose to breast and lung tissue is roughly 
3-fold higher, increasing the estimated lifetime attributive 
risk of malignancies to these tissues, particularly in young-
er women.102 This increased risk has resulted in renewed 
emphasis on protocols designed to reduce radiation expo-
sure and on the design of newer scanners. Cost analyses 
have not always included the potential cost of downstream 
imaging and diagnostic testing required to follow up inci-
dental findings, which can be common,103 particularly pul-
monary nodules that may require repeated follow-up lung 
CT. The diagnostic accuracy of CTCA is dependent on the 
experience of those interpreting the images, an important 
consideration given that current diagnostic performance es-
timates are derived primarily from studies done in centers 
with expertise in this area. Because of these issues, CTCA 
may be most useful for evaluating lower-risk patients who 
have nondiagnostic test results by other modalities or pa-
tients with repeated ED visits, in whom the benefit of coro-
nary angiography is likely to be low. Larger multicenter tri-
als that are currently under way should provide additional 
information on patient populations in which CTCA would 
be appropriate and provide data on the diagnostic accuracy 
and cost-effectiveness of this imaging technique compared 
with traditional evaluation tools.

ECHOCARDIOGRAPHY

On the basis of its high degree of reliability for assess-
ing cardiac wall motion, echocardiography has been used 
for diagnosis and risk assessment in patients presenting 
to the ED with symptoms suggesting ACS for more than 
30 years. Regional wall motion abnormalities induced by 
ischemia are detected by echocardiography almost im-
mediately after its onset and precede ECG alterations and 
symptoms.104 Factors that determine the diagnostic accu-
racy of rest echocardiography to detect ACS include infarct 
size and timing of the study in relation to symptoms. More 
than 20% of the transmural thickness of the myocardium 
must be affected for a wall motion abnormality to be de-
tected.105 These factors likely contribute to the wide vari-
ability in negative (57%-98%) and positive (31%-100%) 
predictive values of resting echocardiography for MI found 
in 9 studies that included almost 1000 patients.106 As with 
rest MPI, echocardiography cannot be used to determine 
the age of an abnormality. Probably the greatest limitation 
to its widespread adoption is the logistical difficulty of sup-
plying highly skilled personnel for around-the-clock image 
acquisition and interpretation.
	 Echocardiographic contrast agents can be added to 
improve image quality and endocardial border detection, 
decreasing the number of segments that are not visible.107 
In addition to improving left ventricular opacification, 

echocardiographic contrast agents can be used to quantitate 
myocardial perfusion. Decreased uptake is consistent with 
suboptimal perfusion.108 In a large study, contrast echocar-
diography increased detection and prediction of major 
cardiac events compared with usual care and significantly 
increased prediction of long-term events.109 One important 
limitation of most echocardiographic contrast perfusion 
studies is that most have been limited to single centers; 
additional multicenter validation studies will be necessary 
before widespread adoption.

CARDIAC MAGNETIC RESONANCE IMAGING

Cardiac magnetic resonance imaging (CMRI) has superior 
image quality to most other noninvasive imaging, allowing 
assessment of perfusion, function, and valvular abnormali-
ties during a single imaging session; however, imaging of 
coronary arteries remains inferior to CTCA.110 In patients 
with potential ACS, CMRI may provide “one-stop shop-
ping.” If findings on initial rest imaging are negative, stress 
CMRI with adenosine could be performed immediately, 
eliminating the need for later testing. A number of relative-
ly small single-center studies have evaluated the efficacy 
of acute rest CMRI for ED management of patients with 
chest pain. In a prospective study of 161 patients, sensi-
tivity and specificity for identification of ACS were 84% 
and 85%, respectively.111 Adding T2-weighted imaging to 
assess myocardial edema increased the detection of ACS 
to 93%.112 Adding stress CMRI to the evaluation, another 
study found a sensitivity and specificity for identification 
of CAD of 96% and 83%, respectively, using adenosine 
stress perfusion and late gadolinium enhancement.113 An 
important limitation to using CMRI in the setting of acute 
chest pain is the logistical difficulty of providing imaging 
on a routine basis. Thus, this method is likely to be used 
only in centers capable of supplying the personnel to per-
form and interpret testing.

TRANSITION INTO THE OUTPATIENT SETTING

The chest pain evaluation may represent a potential “teach-
able moment,” as it may be the first and only contact with 
a physician for a number of years, particularly for the 
younger patient who is relatively healthy. Therefore, in 
patients in whom ACS has been excluded, focusing on pri-
mary prevention and addressing risk factors are important. 
Many patients who have undergone a CPU evaluation will 
have had lipids sampled; therefore, early follow-up with a 
primary care physician for subsequent evaluation and treat-
ment is valuable, particularly if treatment is not initiated at 
the time of discharge. Although blood pressures may not be 
representative of baseline pressures due to stress, markedly 
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elevated blood pressures are unlikely to normalize in the 
long term and therefore early follow-up (within 1-2 weeks) 
is important for reassessment. Instructions on smoking ces-
sation are clearly important as well.
	 Patients discharged home from the ED often have had 
varying degrees of evaluation depending on the treating 
physician’s clinical impression of risk of CAD. Patients 
with negative CPU evaluations, including a diagnostic 
study, usually have a noncardiac etiology for their symp-
toms.15 Further evaluation for alternative sources of chest 
pain may be warranted, particularly in patients who have 
recurrent symptoms, and should be directed by their prima-
ry care physician. Identification of the origin and manage-
ment of symptoms may improve quality of life, diminish 
diagnostic uncertainty, and prevent unnecessary returns to 
the ED.

OUTPATIENT OFFICE MANAGEMENT

Patients who call the office reporting active chest pain, in-
cluding those with atypical symptoms, should be directed 
immediately to an ED that can initiate reperfusion therapy. 
Although patients with CAD are more likely to be seen 
in cardiology offices, such patients are increasingly being 
seen by their primary care physician. Because patients may 
develop symptoms at the time of or shortly after arrival, all 
offices should have automatic external defibrillators and be 
capable of performing immediate resuscitation in the event 
of a cardiac arrest; rapid ECG should also be available. In 
large offices with a large number of patients with CAD, it 
may also be prudent to offer cardiac biomarker measure-
ment, and point-of-care devices are making this increas-
ingly feasible.
	 More frequently, patients present after having developed 
symptoms during the past few days but are without active 
symptoms in the preceding 24 to 48 hours. In this scenario, 
as for the ED evaluation, ECG should be performed. If 
findings on ECG are abnormal or suggestive of acute isch-
emia, the patient should be referred immediately to an ED, 
preferably by emergency medical services.
	 The initial diagnostic approach for those without ongo-
ing symptoms or objective evidence of ACS is similar to 
that for the ED evaluation. The history should be focused 
on the type of chest pain and precipitating and relieving 
factors, among other variables. Subsequent diagnostic 
evaluation is based primarily on the initial risk stratifica-
tion afforded by the history and findings on physical ex-
amination and ECG.
	 In addition to determining the trajectory of subsequent 
diagnostic evaluation before the patient leaves the office,  
initial therapy should be considered. Most patients should 
begin taking aspirin and be prescribed sublingual nitrogly- 

cerin (with instructions on how to use it). Patients should 
also be informed what to do if they develop more chest pain 
while awaiting diagnostic evaluation.

CONCLUSION

The initial evaluation of the patient with acute chest pain 
should be prompt and include ECG, measurement of a set 
of initial cardiac markers, and history taking and physical 
examination that focus on hemodynamic variables and evi-
dence of systolic dysfunction. In those in whom the risk 
is moderate to high on the basis of the preceding criteria, 
further evaluation in an inpatient setting (either step-down 
or intensive care unit) is usually required. For most patients 
in whom none of these factors indicates high risk, a short-
term observation protocol with serial marker sampling and 
subsequent provocative testing to exclude both infarction 
and ischemia usually follow. The choice of stress testing 
depends on the patient’s ability to exercise and the inter-
pretability of findings on ECG. Some institutions have 
succeeded in shortening the observation period by using 
newer imaging techniques that can assess function, perfu-
sion, and/or coronary anatomy, excluding both infarction 
and ischemia with a high negative predictive value. The 
choice of imaging tool will be highly dependent on insti-
tutional availability and expertise, with some newer tech-
niques usually limited to high-volume centers.
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