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Chronic chest pain
GUIDELINE CATEGORY

Diagnosis
Evaluation

CLINICAL SPECIALTY

Cardiology
Emergency Medicine
Family Practice
Gastroenterology
Geriatrics

Internal Medicine
Nuclear Medicine
Pulmonary Medicine
Radiology

INTENDED USERS

Health Plans

Hospitals

Managed Care Organizations
Physicians

Utilization Management

GUIDELINE OBJECTIVE(S)

To evaluate the appropriateness of initial radiologic examinations for chronic chest
pain with low to intermediate probability of coronary artery disease

TARGET POPULATION

Patients with chronic chest pain with low to intermediate probability of coronary
artery disease

INTERVENTIONS AND PRACTICES CONSIDERED
Diagnosis/Evaluation

1. X-ray, chest and barium swallow and upper gastrointestinal (GI) series
2. Ultrasound (US)

e Echocardiography, transthoracic, stress

e Echocardiography, transthoracic

e Echocardiography, transesophageal

e Abdomen
3. Nuclear medicine (NUC)

e Myocardial perfusion scan

e Technetium (Tc)-99m ventilation-perfusion scan, lung

e Tc-99m 3-phase bone scan (area of interest)
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4. Computed tomography (CT)
e Chest, without contrast
e Coronary, calcium
5. CT angiography
e Chest, noncoronary
e Coronary arteries
6. Magnetic resonance imaging (MRI)
e Heart, with stress with or without contrast
e Heart function and morphology with or without contrast
e Chest with or without contrast
7. Invasive
e Coronary angiography with ventriculography
e Pulmonary arteriography

MAJOR OUTCOMES CONSIDERED

Utility of radiologic examinations in differential diagnosis

METHODOLOGY

METHODS USED TO COLLECT/SELECT EVIDENCE
Searches of Electronic Databases
DESCRIPTION OF METHODS USED TO COLLECT/SELECT THE EVIDENCE

The guideline developer performed literature searches of recent peer-reviewed
medical journals, and the major applicable articles were identified and collected.

NUMBER OF SOURCE DOCUMENTS
Not stated

METHODS USED TO ASSESS THE QUALITY AND STRENGTH OF THE
EVIDENCE

Weighting According to a Rating Scheme (Scheme Not Given)
RATING SCHEME FOR THE STRENGTH OF THE EVIDENCE
Not stated
METHODS USED TO ANALYZE THE EVIDENCE

Review of Published Meta-Analyses
Systematic Review with Evidence Tables

DESCRIPTION OF THE METHODS USED TO ANALYZE THE EVIDENCE
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One or two topic leaders within a panel assume the responsibility of developing an
evidence table for each clinical condition, based on analysis of the current
literature. These tables serve as a basis for developing a narrative specific to each
clinical condition.

METHODS USED TO FORMULATE THE RECOMMENDATIONS
Expert Consensus (Delphi)

DESCRIPTION OF METHODS USED TO FORMULATE THE
RECOMMENDATIONS

Since data available from existing scientific studies are usually insufficient for
meta-analysis, broad-based consensus techniques are needed to reach agreement
in the formulation of the appropriateness criteria. The American College of
Radiology (ACR) Appropriateness Criteria panels use a modified Delphi technique
to arrive at consensus. Serial surveys are conducted by distributing questionnaires
to consolidate expert opinions within each panel. These questionnaires are
distributed to the participants along with the evidence table and narrative as
developed by the topic leader(s). Questionnaires are completed by the
participants in their own professional setting without influence of the other
members. Voting is conducted using a scoring system from 1-9, indicating the
least to the most appropriate imaging examination or therapeutic procedure. The
survey results are collected, tabulated in anonymous fashion, and redistributed
after each round. A maximum of three rounds is conducted and opinions are
unified to the highest degree possible. Eighty percent agreement is considered a
consensus. This modified Delphi technique enables individual, unbiased
expression, is economical, easy to understand, and relatively simple to conduct.

If consensus cannot be reached by the Delphi technique, the panel is convened
and group consensus techniques are utilized. The strengths and weaknesses of
each test or procedure are discussed and consensus reached whenever possible.
If "No consensus" appears in the rating column, reasons for this decision are
added to the comment sections.

RATING SCHEME FOR THE STRENGTH OF THE RECOMMENDATIONS
Not applicable

COST ANALYSIS

A formal cost analysis was not performed and published cost analyses were not
reviewed.

METHOD OF GUIDELINE VALIDATION
Internal Peer Review

DESCRIPTION OF METHOD OF GUIDELINE VALIDATION
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Criteria developed by the Expert Panels are reviewed by the American College of
Radiology (ACR) Committee on Appropriateness Criteria.

RECOMMENDATIONS

MAJOR RECOMMENDATIONS
ACR Appropriateness Criteria®

Clinical Condition: Chronic Chest Pain -- Low to Intermediate Probability
of Coronary Artery Disease

Radiologic
Procedure Rating Comments RRL*
X-ray chest 9 Min
us 8 To exclude ischemic cardiac disease. None
echocardiography
transthoracic stress
NUC myocardial 8 To exclude ischemic cardiac disease. High
perfusion scan
CTA chest 8 Important exam for pulmonary Med
(noncoronary) embolism and thoracic aortic
aneurysm/dissection. To rule out PE
and evaluate lung pathology.
Appropriate for chronic anginal chest
pain.
CTA coronary 8 Can be used to assess for coronary High
arteries atherosclerosis, anomalous coronary
artery, and pericardial disease. High
negative predictive value will exclude
coronary artery disease and allow
triage management to focus on more
likely diagnoses. To eliminate
unnecessary catheterizations.
MRI heart with 7 Generally less available than nuclear None
stress with or medicine studies. Analysis for
without contrast myocardial contractile function, valve
function, myocardial scar, and flow-
limiting coronary artery stenosis. See
comments regarding contrast in the
text below under "Anticipated
Exceptions."
X-ray barium 6 If gastroesophageal reflux, Med
swallow and upper esophagitis, achalasia, or esophageal
GI series tumor is considered a likely source of
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Radiologic

Procedure Rating Comments RRL*
chest pain.
us 6 Can be used to assess for valve None
echocardiography disease or pericardial disease as a
transthoracic cause for chronic chest pain.
US abdomen 6 If cholecystitis, stones, or biliary None
disease is considered a cause of
referred chest pain.
CT chest without 6 Med
contrast
INV coronary 6 If ischemic cardiac disease remains Med
angiography with in the differential.
ventriculography
MRI heart function 5 To assess for myocardial contractile None
and morphology function, valve function, and
with or without myocardial scar. See comments
contrast regarding contrast in the text below
under "Anticipated Exceptions."
us 4 If TTE is inadequate and there is no None
echocardiography suspicion of esophageal disease.
transesophageal
MRI chest with or 4 May be used instead of chest CT in None
without contrast patients with iodinated contrast
contraindications, or if chest CT is
inadequate. See comments regarding
contrast in text under "Anticipated
Exceptions."
NUC Tc-99m V/Q 4 May be used in patients with Med
scan lung suspected chronic PE in patients with
iodinated contrast contraindications.
NUC Tc-99m 3- 4 Med
phase bone scan
area of interest
INV arteriography 4 If CT or V/Q scan imaging is High
pulmonary inadequate and chronic PE is
principal suspected etiology, or if
concurrent pulmonary arterial
pressures are to be obtained
CT coronary 3 A zero score may be useful in Med

calcium

excluding cardiac etiology.
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Radiologic
Procedure Rating Comments RRL*
Rating Scale: 1=Least appropriate, 9=Most appropriate *Relative
Radiation
Level

Note: Abbreviations used in the table are listed at the end of the "Major
Recommendations” field.

Summary of Literature Review

Chronic chest pain can arise from a variety of etiologies. However, of those
potential causes, the most threatening arise from cardiac disease. Chronic
noncardiac chest pain (NCCP) most commonly is related to gastroesophageal
reflux disease (GERD) or other esophageal diseases. Alternatively, it may be
related to costochondritis, arthritic or degenerative diseases, old trauma, primary
or metastatic tumors, or pleural disease. Rarely, NCCP may be referred pain from
organ systems below the diaphragm, such as the gallbladder.

Nevertheless, cardiac disease must be a primary consideration. Chronic cardiac
chest pain may be caused by either coronary artery disease (CAD) or non-CAD-
related etiologies. The latter includes ischemic syndromes in the absence of
epicardial CAD as well as nonischemic cardiac pain. Some examples of causes of
non-CAD-related ischemia include aortic stenosis, hypertrophic cardiomyopathy,
uncontrolled hypertension, the presence of an anomalous coronary artery, or
syndrome X. Non-ischemic etiologies of cardiac-related chest pain are most
commonly related to the pericardium and include chronic pericarditis or primary or
metastatic tumors.

In evaluating the patient presenting with chronic chest pain, the clinician must
first determine whether the chest pain is anginal or nonanginal, (i.e., myocardial
ischemia must first be excluded). Typical angina is substernal chest pain or
discomfort that is provoked by exertion or emotional stress and relieved by rest or
nitroglycerin. However, a history of atypical angina (chest pain or discomfort that
lacks one of the characteristics of typical angina) may be given. A history and
physical examination, including laboratory tests for diabetes and hyperlipidemia
and resting electrocardiography, will allow the clinician to estimate the patient's
probability of CAD. Patients with chronic chest pain and risk factors indicating a
high to intermediate probability of CAD should undergo a stress nuclear medicine
examination or stress echocardiography. If either of these are positive in a patient
with risk factors indicating a high probability of CAD, coronary catheterization
angiography (CCA) should be performed. In a patient with intermediate
probability of CAD and positive stress imaging, multidetector computed
tomography (MDCT), coronary angiography, or CCA can be performed. In patients
unable to exercise, MDCT coronary angiography may be performed in lieu of a
stress imaging examination. Those patients with a low probability of CAD and
those in whom CAD has been excluded should be further evaluated for an
alternative cause. The use of a screening chest radiograph should be used to
further narrow potential etiologies in these low-risk patients.
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Guidelines exist in the literature for diagnosing chronic stable angina (ischemia-
related chest pain). Yet, there is no significant literature presentation of diagnostic
algorithms for patients with chronic chest pain of determined non-ischemic
etiology. There are procedure-related articles that include some of these patients,
but no randomized, controlled trial to provide an evidence-based practice. When
to order a chest x-ray, chest computed tomography (CT), barium swallow, bone
scan, or virtually any diagnostic imaging in patients with chronic NCCP is poorly
documented. The ordering of diagnostic tests is governed by the impression of the
primary physician.

Approach to Patients with Chronic Chest Pain

In general, this category of patients is defined as having pain that does not
change in character over a period of time; it may wax and wane, but the intensity
and duration generally show little change. For this reason, acute coronary
syndrome (ACS), myocardial infarction (MI), and aortic dissection are not
considered in the differential.

However, findings of chronic chest pain may represent underlying CAD. A great
many patients present with what has been characterized as "atypical chest pain."
For this reason evaluation for CAD should be undertaken in patients with a high to
intermediate pretest probability of CAD. The principal test used is single-photon
emission computed tomography myocardial perfusion imaging (SPECT MPI).
Evaluation with SPECT MPI is suitable for the patient with chronic chest pain. The
intervention performed with a SPECT MPI scan is either mechanical stress or
pharmacological intervention. If the patient is in an emergency department
setting and has angina, then a simple resting myocardial perfusion imaging study
with a technetium agent may suffice. Overall, echocardiography is competitive
with SPECT MPI.

When echocardiography is performed, either stress or dobutamine is commonly
used. In any situation where a SPECT MPI study could be performed, a stress or
dobutamine echocardiogram may be substituted. In certain cases, if aortic
valvular stenosis is considered the cause of ischemia or if a pericardial effusion is
in question, an echocardiogram at rest may be the preferred examination. Cardiac
magnetic resonance imaging (MRI) without pharmacologic stress could also be
performed if valve disease, pericardial disease, or tumor is thought to be the
cause of the chest pain, especially if the echocardiogram is inadequate.

Most recently coronary 64-row multidetector computed tomography angiography
has been used to assess both acute and chronic chest pain. Like stress SPECT MPI
or echocardiography, it can also be used to assess patients with a high to
intermediate probability of CAD. It may be especially useful, and used instead of
SPECT MPI or echocardiography in patients with atypical chest pain, where
etiologies other than CAD are also in question. It has particular utility for
noninvasively and accurately demonstrating the origin and course of anomalous
coronary arteries. It may also be used in cases where the SPECT MPI or
echocardiography examinations were nondiagnostic or the results were
questionable.

Dobutamine stress functional cardiac magnetic resonance imaging (MRI) may also
play a role in the assessment of chronic chest pain. This is especially true in
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instances where the echocardiographic examination is nondiagnostic. In settings
where the study may be adequately monitored, dobutamine stress functional
cardiac MRI provides high sensitivity and specificity for ischemia by the induction
of wall motion abnormality. Adenosine stress cardiac MRI perfusion imaging is
easier to perform and has been shown to be relatively sensitive for the presence
of CAD, but slightly less specific, and it may be limited in its coverage of the left
ventricle.

As described above, it should be noted that chronic chest pain can occur in
ischemic syndromes in the absence of epicardial CAD. The diagnosis of syndrome
X, in particular, has been shown to best be made with adenosine stress perfusion
cardiac MRI, which demonstrates diffuse subendocardial hypoperfusion. Its utility
in comparison to SPECT MPI may be because of its higher spatial resolution.

Cardiac catheterization may used if less invasive imaging was consistent with the
presence of significant CAD.

Approach to Patients with Chronic Chest Pain of Determined Noncardiac
Etiology

In attempting to stratify the diagnostic tests, a chest x-ray would almost certainly
be indicated to exclude bony pathology or chest masses. As GERD is the most
common cause of NCCP, a barium swallow could be performed or, alternatively,
esophageal pH monitoring, manometry, or endoscopy. The remainder of the
diagnostic imaging progression depends strongly upon the clinical history and
signs and symptoms of the patient. For instance, studies performed could include
a chest CT scan (if coronary MDCT angiography was not already obtained) to
exclude chest syndrome in a sickle cell patient or a lung mass in a patient with
chest pain, cough, and weight loss. A right upper quadrant ultrasound might be
obtained in a patient with suspected gallstones or chronic cholecystitis. A bone
scan could be obtained in someone with a primary malignancy and pain upon rib
palpation.

Chronic pulmonary emboli can also cause chest discomfort, and in these patients
a contrast-enhanced pulmonary CT angiogram may be performed. A ventilation-
perfusion scan may be performed as an alternative in patients with iodinated
contrast contraindications. An invasive pulmonary angiogram is a second
alternative, especially if the pulmonary CT angiogram is inadequate or pulmonary
arterial pressure measurements are required.

Anticipated Exceptions

The description term "chest pain" is so amorphous and subjective that exceptions
to the above plan may be justified in individual cases; so much is dependent on
the judgment of the physician at the time the patient is seen and the particular
presentation of the patient.

Nephrogenic systemic fibrosis (NSF, also known as nephrogenic fibrosing

dermopathy) was first identified in 1997 and has recently generated substantial

concern among radiologists, referring doctors and lay people. Until the last few

years, gadolinium-based MR contrast agents were widely believed to be almost

universally well tolerated, extremely safe and non-nephrotoxic, even when used in
9 of 15



patients with impaired renal function. All available experience suggests that these
agents remain generally very safe, but recently some patients with renal failure
who have been exposed to gadolinium contrast agents (the percentage is unclear)
have developed NSF, a syndrome that can be fatal. Further studies are necessary
to determine what the exact relationships are between gadolinium-containing
contrast agents, their specific components and stoichiometry, patient renal
function and NSF. Current theory links the development of NSF to the
administration of relatively high doses (e.g., >0.2mM/kg) and to agents in which
the gadolinium is least strongly chelated. The U.S. Food and Drug Administration
(FDA) has recently issued a "black box" warning concerning these contrast agents
(http://www.fda.gov/cder/drug/InfoSheets/HCP/gcca 200705HCP.pdf).

This warning recommends that, until further information is available, gadolinium
contrast agents should not be administered to patients with either acute or
significant chronic kidney disease (estimated glomerular filtration rate [GFR] <30
mL/min/1.73m?), recent liver or kidney transplant or hepatorenal syndrome,
unless a risk-benefit assessment suggests that the benefit of administration in the
particular patient clearly outweighs the potential risk(s).

Abbreviations

CT, computed tomography

CTA, computed tomography angiography
GI, gastrointestinal

INV, invasive

Med, medium

Min, minimal

MRI, magnetic resonance imaging
NUC, nuclear medicine

PE, pulmonary embolism

Tc, technetium

TTE, transthoracic echocardiography
US, ultrasound

V/Q, ventilation perfusion

Relative Radiation Level | Effective Dose Estimated Range
None 0
Minimal <0.1 mSv
Low 0.1-1 mSv
Medium 1-10 mSv
High 10-100 mSv

CLINICAL ALGORITHM(S)

None provided
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EVIDENCE SUPPORTING THE RECOMMENDATIONS

TYPE OF EVIDENCE SUPPORTING THE RECOMMENDATIONS

The recommendations are based on analysis of the current literature and expert
panel consensus.

BENEFITS/HARMS OF IMPLEMENTING THE GUIDELINE RECOMMENDATIONS

POTENTIAL BENEFITS

Selection of appropriate radiologic procedures for evaluation and diagnosis of
chronic chest pain in patients with low to intermediate probability of coronary
artery disease

POTENTIAL HARMS

Recently some patients with renal failure who have been exposed to gadolinium
contrast agents (the percentage is unclear) have developed nephrogenic systemic
fibrosis (NSF), a syndrome that can be fatal. The U.S. Food and Drug
Administration (FDA) has recently issued a "black box" warning concerning these
contrast agents. This warning recommends that, until further information is
available, gadolinium contrast agents should not be administered to patients with
either acute or significant chronic kidney disease (estimated glomerular filtration
rate [GFR] <30 mL/min/1.73m?), recent liver or kidney transplant or hepatorenal
syndrome, unless a risk-benefit assessment suggests that the benefit of
administration in the particular patient clearly outweighs the potential risk(s).

Relative Radiation Level (RRL)

Potential adverse health effects associated with radiation exposure are an
important factor to consider when selecting the appropriate imaging procedure.
Because there is a wide range of radiation exposures associated with different
diagnostic procedures, a relative radiation level indication (RRL) has been included
for each imaging examination. The RRLs are based on effective dose, which is a
radiation dose quantity that is used to estimate population total radiation risk
associated with an imaging procedure. Additional information regarding radiation
dose assessment for imaging examinations can be found in the American College
of Radiology (ACR) Appropriateness Criteria® Radiation Dose Assessment
Introduction document (see "Availability of Companion Documents” field).

QUALIFYING STATEMENTS

QUALIFYING STATEMENTS

An American College of Radiology (ACR) Committee on Appropriateness Criteria
and its expert panels have developed criteria for determining appropriate imaging
examinations for diagnosis and treatment of specified medical condition(s). These
criteria are intended to guide radiologists, radiation oncologists, and referring
physicians in making decisions regarding radiologic imaging and treatment.
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Generally, the complexity and severity of a patient's clinical condition should
dictate the selection of appropriate imaging procedures or treatments. Only those
exams generally used for evaluation of the patient's condition are ranked. Other
imaging studies necessary to evaluate other co-existent diseases or other medical
consequences of this condition are not considered in this document. The
availability of equipment or personnel may influence the selection of appropriate
imaging procedures or treatments. Imaging techniques classified as
investigational by the U.S. Food and Drug Administration (FDA) have not been
considered in developing these criteria; however, study of new equipment and
applications should be encouraged. The ultimate decision regarding the
appropriateness of any specific radiologic examination or treatment must be made
by the referring physician and radiologist in light of all the circumstances
presented in an individual examination.

IMPLEMENTATION OF THE GUIDELINE

DESCRIPTION OF IMPLEMENTATION STRATEGY
An implementation strategy was not provided.
IMPLEMENTATION TOOLS
Personal Digital Assistant (PDA) Downloads

For information about availability, see the "Availability of Companion Documents" and "Patient
Resources" fields below.
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