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Bedside Diagnosis of Coronary Artery Disease:
A Systematic Review
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URPOSE: To assess the accuracy of bedside findings for diag-
osing coronary artery disease and acute myocardial infarction.
ETHODS: A MEDLINE search was performed to retrieve ar-

icles published from January 1966 to January 2003 that were
elevant to the bedside diagnosis of coronary disease in adults.
ESULTS: In patients with stable, intermittent chest pain, the
ost useful bedside predictors for a diagnosis of coronary dis-

ase were found to be the presence of typical angina (likelihood
atio [LR] � 5.8; 95% confidence interval [CI]: 4.2 to 7.8), se-
um cholesterol level �300 mg/dL (LR � 4.0; 95% CI: 2.5 to
.3), history of prior myocardial infarction (LR � 3.8; 95% CI:
.1 to 6.8), and age �70 years (LR � 2.6; 95% CI: 1.8 to 4.0).
onanginal chest pain (LR � 0.1; 95% CI: 0.1 to 0.2), pain
uration �30 minutes (LR � 0.1; 95% CI: 0.0 to 0.9), and

ntermittent dysphagia (LR � 0.2; 95% CI: 0.1 to 0.8) argued
gainst a diagnosis of coronary disease. In patients with acute
hest pain, the most important bedside predictors for a diagno-
is of myocardial infarction were new ST elevation (LR � 22;
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5% CI: 16 to 30), new Q waves (LR � 22; 95% CI: 7.6 to 62),
nd new ST depression (LR � 4.5; 95% CI: 3.6 to 5.6). A normal
lectrocardiogram (LR � 0.2; 95% CI: 0.1 to 0.3), chest wall
enderness (LR � 0.3; 95% CI: 0.2 to 0.4), and pain that was
leuritic (LR � 0.2; 95% CI: 0.2 to 0.3), sharp (LR � 0.3; 95%
I: 0.2 to 0.5), or positional (LR � 0.3; 95% CI: 0.2 to 0.5)
rgued against the diagnosis of myocardial infarction.
ONCLUSION: The accuracy of bedside predictors depends
n the clinical setting. In the evaluation of stable, intermittent
hest pain, a patient’s description of pain was found to be the
ost important predictor of underlying coronary disease. In the

valuation of acute chest pain, the electrocardiogram was the
ost useful bedside predictor for a diagnosis of myocardial in-

arction. Aside from the extremes in cholesterol values, the anal-
sis of traditional risk factors changed the probability of coro-
ary disease or myocardial infarction very little or not at
ll. Am J Med. 2004;117:334 –343. ©2004 by Elsevier Inc.
ver since William Heberden’s original description
of angina in 1768 (1), clinicians have regarded
chest pain as the principal and often sole diagnostic

lue to coronary artery disease. Coronary artery disease is
he leading cause of death in the United States, responsi-
le for 700,000 deaths per year (2). Chest pain accounts
or up to 10% of acute complaints evaluated in internal

edicine clinics (3) and up to 8% of all visits to emer-
ency departments (4,5).

Despite the prevalence of chest pain and coronary ar-
ery disease, diagnosis is often difficult. More than 80% of
atients presenting to clinics with chest pain receive ad-
itional diagnostic testing, yet only a minority have cor-
nary artery disease eventually confirmed (3). About half
f patients with acute chest pain in emergency depart-
ents are admitted with possible ischemia, yet only 1 in 3

ave myocardial infarction established later (6,7). More-

rom the Department of General Internal Medicine (AAC, SRM), Uni-
ersity of Washington; Harborview Medical Center (AAC); and Seattle-
uget Sound VA Health Care System (SRM), Seattle, Washington.
Requests for reprints should be addressed to Andrea Akita Chun,
D, Department of General Internal Medicine, University of
ashington, Harborview Medical Center, Box 359780, 325 9th Avenue,

eattle, Washington 98104-2499, or anchun@u.washington.edu.
Manuscript submitted October 15, 2003; and accepted in revised
ver, despite this conservative admission policy to coro-
ary care units, 1% to 8% of all patients with myocardial

nfarction, as confirmed by cardiac enzyme measure-
ents, are misdiagnosed and discharged home (6,8 –12).
The purpose of this paper was to assess the accuracy of

edside findings for diagnosing coronary artery disease
nd acute myocardial infarction. Bedside findings are de-
ned as the patient interview, risk factor analysis, physical
xamination, and electrocardiogram (ECG). We com-
ared the value of these bedside findings in the evaluation
f stable, intermittent chest pain with their value in the
valuation of acute chest pain.

ETHODS

sing MEDLINE (January 1966 to January 2003), one
uthor (AAC) performed the following search strategy,
imited to English-language publications and human
ubjects, to retrieve all relevant publications on the bed-
ide diagnosis of coronary artery disease in adults. The
ollowing Medical Subject Heading terms were combined
ith the terms coronary disease/diagnosis and myocardial

nfarction/diagnosis: chest pain/diagnosis, electrocardiog-
aphy, risk factors, physical examination, and medical his-

ory taking. A text word search combining coronary artery

0002-9343/04/$–see front matter
doi:10.1016/j.amjmed.2004.03.021
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Bedside Diagnosis of Coronary Artery Disease/Chun and McGee
isease and myocardial infarction with the following terms
as also used: likelihood and history, physical examina-

ion, risk factors, arcus senilis, earlobe crease, ankle-brachial
ndex, electrocardiogram, atypical chest pain, and GI cock-
ail. The search tool “all related articles” and the bibliog-
aphies of selected articles were consulted to obtain fur-
her citations.

Both authors independently reviewed all relevant arti-
les and included those that satisfied the following four
riteria: the study enrolled patients presenting to clini-
ians with symptoms suggestive of coronary artery dis-
ase; the clinical findings were clearly defined (Table 1);
here was an independent comparison of the bedside
nding with an accepted diagnostic standard; and the
tudy included enough information to calculate sensitiv-
ty, specificity, and likelihood ratios. For coronary artery

able 1. Definition of Findings

Finding (References)

atient Interview
Typical angina (13–20) Sub

n
r

Atypical angina (13,14,16,19,20) Sub
e
m

Nonanginal chest pain (13,14,16,19,20) Pai
s

Angina reproducibility score � 10 (21,22) Wh
m
“

Angina scale (21,22) The
r
“
r
q

hysical Examination
Earlobe crease (23–27) Dee

o
Arcus senilis (28) Gre
Ankle-brachial index (29) The

p
(
s

isk Classification for Predicting Serious Complications
High risk (30–31) EC

d
r

Moderate/low risk (30–31) No
Very low risk (30–32) EC

f

Risk factors � systolic blood pressure �110 mm Hg; rales heard abov
s prior myocardial infarction, or pain that occurs in the postinfarction
CG � electrocardiogram.
isease, the diagnostic standard was cardiac catheteriza- s

Septembe
ion revealing substantial stenosis of any major epicardial
essel. For myocardial infarction, the diagnostic standard
as elevated cardiac isoenzyme levels, diagnostic changes
n the ECG, or both. Study methods were reviewed to
nsure that there were no duplications of patient samples
ncluded in our review. Of the 270 citations that were
nitially reviewed, 64 met the above criteria and were the
asis for our results. The authors of one study (33) pro-
ided additional unpublished information that was in-
luded in our review.

Because some patients with acute coronary syndromes
ithout infarction develop serious complications, we
erformed an additional analysis of bedside findings that
re predictive of life-threatening arrhythmias, heart fail-
re, or recurrent ischemic chest pain. Such bedside find-

ngs would help identify patients requiring more inten-

Definition

al discomfort, precipitated by exertion, improved with rest or
lycerin (or both) in less than 10 minutes (many patients also
radiation to shoulders, jaw, or inner arm).
al discomfort with atypical features; nitroglycerin not always
ve; inconsistent precipitating factors, relieved after 15 to 20
es of rest.
elated to activity, unrelieved by nitroglycerin, otherwise not
tive of angina.
ked “if you go up a hill on 10 separate occasions, on how
of these do you experience chest pain?”, the patient answers

ician scores 1 point for each of the following findings:
ucibility score � 10 (see above); the patient answers “0” or
en asked the question “If you have the pain 10 times in a
ow many times does it occur when you are resting or sitting

y?”; the patient’s pain lasts less than 5 minutes.

gonal crease across the lower ear lobe, from the lower portion
tragus to the edge of the lobe.
ite circular deposits in the periphery of the cornea.
est systolic blood pressure in the posterior tibial or dorsalis

artery divided by systolic blood pressure in the brachial artery
a Doppler stethoscope after the patient has been positioned
for at least 5 minutes).

eals new ST elevation or Q waves; or ECG reveals new ST
sion or T-wave inversion and the patient has two or more
ctors.*
ting criteria for high or very low risk.
ks ST-T-wave changes and Q waves, and the patient lacks risk
s*

bases bilaterally; chest pain that is worse than prior angina or the same
strevascularization setting.
stern
itrog
eport
stern
ffecti
inut

n unr
ugges
en as
any

10”.
clin

eprod
1” wh
ow, h
uietl

p dia
f the
y-wh
high

edis
using
upine

G rev
epres
isk fa
t mee
G lac
actor

e the
or po
ive monitoring, not just those with infarction.
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3

ata Analysis
ny differences between the authors’ 2 � 2 tables were

ettled by consensus. Sensitivity, specificity, and likeli-
ood ratios were calculated using standard definitions
34). When a cell of a 2 � 2 table was 0, 0.5 was added to
ll cells before calculating likelihood ratios or estimating
ooled estimates. Pooled estimates were calculated using
he DerSimonian and Laird random-effects model (35),
hich considers both variance within the study and

mong studies. Data are presented using likelihood ratios
ecause they can be easily applied in the clinical setting to
stimate post-test probability of disease (36).

ESULTS

oronary Artery Disease
he overwhelming majority of patients in these studies
resented to outpatient clinics with stable, intermittent
hest pain and were subsequently referred for coronary
ngiography. Most studies (14,17,19,22,33,37,38) ex-
luded patients with known valvular heart disease or
onischemic cardiomyopathy. Some studies used �50%
tenosis of any epicardial vessel as the diagnostic standard
13,14 –17,19, 22–29,37– 45), whereas others used �70%
o 75% stenosis (18,20,21,33,46 – 48).

The most useful findings that argued for a diagnosis of
oronary artery disease were the presence of typical an-
ina (likelihood ratio [LR] � 5.8), serum cholesterol level
300 mg/dL (LR � 4.0), history of prior myocardial in-

arction (LR � 3.8), and age �70 years (LR � 2.6) (Table
). In contrast, the most useful findings that argued
gainst a diagnosis were nonanginal chest pain (LR �
.1), pain duration �30 minutes (LR � 0.1), intermittent
ysphagia (LR � 0.2), female sex (LR � 0.3), serum cho-

esterol level �200 mg/dL (LR � 0.3), and absence of
lassic risk factors for coronary artery disease (LR � 0.3).

The calculated likelihood ratios were pooled from
tudies that used two diagnostic criteria for coronary ar-
ery disease (�50% stenosis and �70% to 75% stenosis).

hen these diagnostic standards were analyzed sepa-
ately, the pooled likelihood ratios remained the same. In
tudies using �50% stenosis as the diagnostic standard,
he pooled likelihood ratios were 5.6 for typical angina,
.1 for atypical angina, and 0.1 for nonanginal chest pain;
n those using the diagnostic standard of �70% to 75%
tenosis, the pooled likelihood ratios were 5.6 for typical
ngina, 1.3 for atypical angina, and 0.1 for nonanginal
hest pain. The calculated likelihood ratios also included
tudies that combined patients with prior myocardial in-
arction with those without a history of myocardial in-
arction, but again the results were the same if only those
tudies excluding prior myocardial infarction were ana-

yzed. In such studies, the pooled likelihood ratios were n

36 September 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
.8 for typical angina, 1.3 for atypical angina, and 0.1 for
onanginal chest pain.
Other than cholesterol values �300 mg/dL or �200
g/dL, individual risk factors were found to contribute

elatively little to the diagnosis of coronary artery disease.
he pooled likelihood ratios for hypertension, diabetes,

moking, moderate hypercholesterolemia, family history
f coronary artery disease, and obesity were each 2.3 or

ess, meaning that the presence of any of these risk factors
hifted the probability of disease very little. Even combi-
ations of risk factors increased the probability of disease
y only a small amount.

Overall, the physical examination and ECG provided
ittle additional diagnostic information. The presence of
n ear lobe crease increased the probability of coronary
rtery disease minimally (LR � 2.3). Arcus senilis and an
nkle-brachial index �0.9 lacked statistical significance,
nd the findings of chest wall tenderness, a normal ECG,
nd resting ST-T–wave abnormalities were diagnostically
nhelpful.

yocardial Infarction
atients in these studies presented to emergency depart-
ents complaining of chest pain that was unrelated to

rauma and unexplained by the chest radiograph. Most
atients were hospitalized in telemetry or coronary care
nits for further monitoring and testing, although some

nvestigators (7,30,49 –52) followed all patients, includ-
ng those discharged home from the emergency depart-

ent.
The most discriminatory bedside finding in these pa-

ients was the ECG (Table 3). The most useful findings for
iagnosing myocardial infarction were new ST elevation
r ST elevation of unknown duration (LR � 22), Q waves
LR � 22), and ST depression (LR � 4.5). The following
ndings also increased the probability of infarction, al-

hough by much smaller amounts in comparison with
lectrocardiographic findings: systolic blood pressure
100 mm Hg (LR � 3.6), radiation of pain to the arm

right arm: LR � 4.7; left arm: LR � 1.8), an S3 gallop (LR
3.2), diaphoresis on examination (LR � 2.9), diastolic

lood pressure �60 mm Hg (LR � 2.5), and presence of
ugular venous distention (LR � 2.4).

Several bedside findings argued against the diagnosis
f myocardial infarction, the most important of which
as a normal ECG (LR � 0.2). Other findings arguing

gainst infarction included age �40 years; pain that was
leuritic, sharp, or positional; and chest wall tenderness;
ith likelihood ratios ranging from 0.2 to 0.3.
Again, the presence or absence of traditional risk fac-

ors—male sex, hypertension, diabetes, tobacco use, ele-
ated cholesterol level, or a family history of coronary
rtery disease— had little or no diagnostic value in diag-

osing myocardial infarction (all likelihood ratios were

117
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Bedside Diagnosis of Coronary Artery Disease/Chun and McGee
able 2. Diagnosing Coronary Artery Disease in Patients with Stable, Intermittent Chest Pain

Finding (References) No. of Patients

If Finding is:

Sensitivity Specificity

Present Absent

Range (%)
Likelihood Ratio*

(95% Confidence Interval)

lassification of chest pain
Typical angina (13–20) 11,544 50–91 78–94 5.8 (4.2–7.8) �
Atypical angina (13,14,16,19,20) 11,182 8–44 62–94 1.2 (1.1–1.3) �
Nonanginal chest pain (13,14,16,19,20) 11,182 4–22 14–50 0.1 (0.1–0.2) �

ther pain characteristics
Burning pain (22) 250 4 94 0.6 (0.2–1.9) 1.0 (1.0–1.1)
Precipitating factors

Emotional stress (21,22) 380 15–52 32–81 0.8 (0.6–1.0) 1.2 (0.9–1.6)
Food (21,22) 380 13–25 81–91 1.3 (0.3–4.9) 0.9 (0.7–1.2)
Lying flat (21,22) 380 14–22 82–89 1.2 (0.5–3.0) 1.0 (0.8–1.2)
Inspiration (22) 250 1 94 0.2 (0.0–1.0) 1.1 (1.0–1.1)

Alleviating factors
Nitroglycerin (21,22) 380 60–74 29–56 1.2 (0.9–1.6) 0.7 (0.6–0.9)
Nitroglycerin within 5 minutes (21,22) 380 53–63 69–71 1.9 (1.4–2.4) 0.6 (0.5–0.8)

Associated symptoms
Dizziness (22) 250 18 64 0.5 (0.3–0.8) 1.3 (1.1–1.5)
Dyspnea (22) 250 63 30 0.9 (0.8–1.1) 1.2 (0.8–1.8)
Heart burn (21) 130 38 63 1.0 (0.7–1.6) 1.0 (0.7–1.3)
Dysphagia (21) 130 5 80 0.2 (0.1–0.8) 1.2 (1.0–1.4)

Duration of chest pain (21)
�5 minutes 130 86 65 2.4 (1.7–3.4) 0.2 (0.1–0.4)
�30 minutes 130 1 86 0.1 (0.0–0.9) 1.2 (1.0–1.3)

Frequency of chest pain (46)
�1/day 100 50 69 1.6 (0.9–3.0) �
�1/day and �1/wk 100 19 81 1.0 (0.4–2.5) �
�1/wk 100 31 50 0.6 (0.4–1.0) �

Radiation (22)
Left arm 250 35 58 0.8 (0.6–1.2) 1.1 (0.9–1.4)
Right arm 250 21 86 1.5 (0.8–2.8) 0.9 (0.8–1.0)
Neck 250 19 80 1.0 (0.6–1.6) 1.0 (0.9–1.1)

Reproducibility score � 10 (21,22) 380 68–78 62–65 2.0 (1.6–2.4) 0.4 (0.3–0.6)
Angina scale (21,22)

0 points 363 7–19 75–86 0.6 (0.1–2.9) �
1 points 363 11–14 47–69 0.3 (0.2–0.6) �
2 points 363 33–34 76–80 1.5 (1.0–2.1) �
3 points 363 35–47 80–86 2.4 (1.6–3.5) �

isk factors
Male sex (14,15,19,25,27,33,39,40,47) 17,593 72–88 36–58 1.6 (1.5–1.7) 0.3 (0.3–0.4)
Age (years)

�30 (14,33) 14,569 0–1 97–98 0.1 (0–1.1) �
30–49 (14,27,33,40,47)† 15,681 16–38 47–57 0.6 (0.5–0.7) �
50–70 (14,33,40,47) 15,481 62–73 44–56 1.3 (1.3–1.4) �
�70 (14,33,41,47) 15,266 2–52 67–99 2.6 (1.8–4.0) �

Hypertension (22,27,39,42,47,48) 1478 36–60 55–78 1.2 (1.0–1.6) 0.9 (0.7–1.0)
Diabetes mellitus (22,27,39,42,47,48) 1478 10–29 86–97 2.3 (1.7–3.1) 0.9 (0.8–0.9)
Current/past tobacco use (22,27,39,42,47,48) 1478 42–77 47–68 1.5 (1.3–1.6) 0.7 (0.6–0.8)
Cholesterol (mg/dL) (37,38)

�200 1585 10–11 58–71 0.3 (0.2–0.4) �
201–250 1585 27–31 60–65 0.8 (0.7–0.9) �
251–300 1585 34–35 76–83 1.7 (1.2–2.3) �
�300 1585 24–29 93–94 4.0 (2.5–6.3) �

(continued)
September 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 337
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3

lose to 1.0). A prior history of myocardial infarction and
ssociated dyspnea were also unhelpful diagnostically.

We had also sought to determine the diagnostic value
f the response of chest pain to antacid medication (i.e.,
elief of pain with oral administration of 5 to 20 cc of
iscous lidocaine solution plus 20 to 30 cc of magnesium-
luminum antacid), a diagnostic maneuver often used to
ifferentiate between gastroesophageal and cardiac
auses of acute chest pain. Because this test was assessed
n only two studies (63,64) that also failed to use an ac-
epted diagnostic standard for infarction, this analysis
as not performed.

ife-Threatening Complications
sing a simple classification of patients in emergency de-
artments based on the ECG and three additional find-

ngs from the patient interview and examination (Table
), it was possible to stratify patients into risk categories
redicting the development of life-threatening complica-
ions. Compared with low-risk patients, high-risk pa-
ients were almost nine times more likely to experience

ajor complications during the first 24 hours (Table 4).

ISCUSSION

n 1768, Heberden described typical angina as a “most

able 2. Diagnosing Coronary Artery Disease in Patients with

Finding (References) No. of Pati

Family history of coronary artery disease
(22,42,47,48)

1003

Prior myocardial infarction
(13,15,33,39,42,43,47)

8216

Obesity (27,48) 387
Number of risk factors (33)‡

None 6434
Any 1 6434
Any 2 6434
3 or more 6434

hysical examination
Earlobe crease (23–27) 1338
Chest wall tenderness (21,22,44) 442
Ankle-brachial index �0.9 (29) 165
Arcus senilis (28) 200
Electrocardiogram

Normal (13,45) 309
ST-T-wave abnormalities (13,20,43) 2652

Likelihood ratio if finding is present � positive; ratio if finding is abse
Pooled estimate for age 30 to 49 years includes two studies (28,39) tha
Risk factors in this study included smoking (�25 pack-years or more
ypertension (systolic �140 mm Hg), and hyperlipidemia (fasting cho
isagreeable sensation in the breast” that seizes patients d

38 September 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
while they are walking” yet vanishes “the moment they
tand still” (1). Modern definitions of typical angina (Ta-
le 1) retain Heberden’s triad of essential ingredients—
ubsternal discomfort, aggravation by exertion, and relief
ith rest—adding only that typical angina requires relief
ithin 10 minutes of rest or within 10 minutes of taking
itroglycerin. Our review shows that this definition of

ypical angina remains the most compelling argument for
he diagnosis of coronary artery disease in patients with
table, intermittent chest pain. Attempts to improve this
efinition by using more precise angina scoring schemes
Tables 1 and 2) or by isolating specific characteristics of
he patient’s chest pain are less accurate than this global
ssessment of Heberden’s essential features.

Chest pain lacking Heberden’s essential features—
ain unrelated to activity, unrelieved by nitroglycerin,
nd otherwise not suggestive of angina (i.e., nonanginal
hest pain)—was the most compelling argument against
he diagnosis of coronary artery disease in our review.
lthough the term “otherwise not suggestive of angina”
as not precisely defined in the studies reviewed, chest
ain that was sharp, positional, or pleuritic argued
gainst infarction, and presumably these atypical fea-
ures, would argue against coronary artery disease among
atients with stable, intermittent chest pain as well. In-

e, Intermittent Chest Pain—Continued

If Finding is:

Sensitivity Specificity

Present Absent

Range (%)
Likelihood Ratio*

(95% Confidence Interval)

41–65 33–57 1.0 (0.9–1.1) 1.0 (0.9–1.1)

42–69 66–99 3.8 (2.1–6.8) 0.6 (2.1–0.6)

43–45 54–74 1.3 (0.8–2.1) 0.9 (0.7–1.1)

7 78 0.3 (0.3–0.4) �
35 57 0.8 (0.8–0.9) �
39 73 1.4 (1.3–1.6) �
18 92 2.2 (1.9–2.6) �

26–80 33–96 2.3 (1.3–4.1) 0.6 (0.4–0.8)
1–25 69–97 0.7 (0.4–1.1) 1.0 (1.0–1.1)
20 95 4.1 (1.0–17) 0.8 (0.8–0.9)
40 86 3.0 (1.0–8.6) 0.7 (0.6–0.8)

23–33 50–69 0.7 (0.3–1.6) 1.2 (0.8–1.9)
14–44 73–93 1.4 (1.0–1.9) 0.9 (0.9–1.0)

negative.
bined age �30 years and age 30 to 49 years.
half pack per day within 5 years of catheterization), diabetes mellitus,
l level �250 mg/dL).
Stabl

ents

nt �
t com
than

lestero
eed, the point estimate for pleuritic pain in diagnosing
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able 3. Diagnosing Myocardial Infarction in Patients with Acute Chest Pain

Finding (References)
No. of

Patients

If Finding is:

Sensitivity Specificity

Present Absent

Range (%)
Likelihood Ratio*

(95% Confidence Interval)

uality of pain
Oppressive or pressure-like (7,49,50,53–55) 11,504 51–82 31–65 1.3 (1.2–1.5) 0.7 (0.6–0.8)
Severe (51,55) 596 74–80 36–72 1.8 (0.9–3.8) 0.4 (0.3–0.7)
Sharp (7,50) 1088 8–16 59–70 0.3 (0.2–0.5) 1.3 (1.3–1.4)
Burning, indigestion (7) 596 10 93 1.4 (0.7–2.8) 1.0 (0.9–1.0)
Aching (7) 596 10 86 0.7 (0.4–1.3) 1.1 (1.0–1.1)
Worse than prior angina or similar to prior

myocardial infarction (49)
7734 34 81 1.8 (1.6–2.0) 0.8 (0.8–0.9)

Positional (7,49) 8330 3–11 75–87 0.3 (0.2–0.5) 1.1 (1.1–1.2)
Pleuritic (7,49,50) 8822 3–6 74–82 0.2 (0.2–0.3) 1.2 (1.2–1.3)

iming of pain (54)
Duration �60 minutes 278 89 31 1.3 (1.2–1.5) 0.3 (0.2–0.6)
Sudden onset 278 70 34 1.1 (0.9–1.3) 0.9 (0.6–1.3)

ain location
Substernal (49,55) 7934 85–93 20–33 1.2 (1.1–1.3) 0.5 (0.4–0.5)
Radiation

Jaw, neck, left arm or shoulder (49) 7734 48 66 1.4 (1.3–1.5) 0.8 (0.7–0.8)
Left arm (53,54) 2482 34–55 76 1.8 (1.1–2.8) 0.7 (0.5–1.1)
Right arm or shoulder (50,54) 770 15–41 94–95 4.7 (1.9–12) 0.8 (0.5–1.1)

ssociated symptoms
Nausea (50,51,53–55) 3665 24–56 70–84 1.7 (1.3–2.3) 0.8 (0.7–0.9)
Diaphoresis (49–51,53,55) 11,121 24–61 73–84 2.1 (1.8–2.5) 0.7 (0.6–0.8)
Dyspnea (51,53) 2695 36–49 52–66 1.0 (0.9–1.2) 1.0 (0.9–1.1)

isk factors
Male sex (7,49,51,53,54,56,57) 13,721 59–72 33–61 1.3 (1.2–1.4) 0.7 (0.7–0.7)
Age (years)

�40 (7) 596 4 81 0.2 (0.1–0.5) �
40–59 (7) 596 34 57 0.8 (0.6–1.1) �
�60† (7,49,54) 8608 47–74 54–68 1.5 (1.4–1.6) �

Hypertension (53,54,56,57) 4995 30–60 50–74 1.2 (1.1–1.3) 0.9 (0.8–1.0)
Diabetes mellitus (53,56–58) 7411 14–26 82–89 1.3 (1.1–1.6) 1.0 (0.9–1.0)
Tobacco use (51,57) 1870 32–38 65–76 1.3 (1.1–1.5) 0.9 (0.8–1.0)
Elevated cholesterol level (53) 2204 30 83 1.7 (1.3–2.3) 0.8 (0.8–0.9)
Family history of coronary artery disease (53) 2204 24 79 1.2 (0.8–1.6) 1.0 (0.9–1.1)
Prior myocardial infarction (7,49,50,53,56,57) 13,539 14–69 52–90 1.3 (1.0–1.8) 0.9 (0.8–1.0)
Angina (50,53,56,57) 5209 21–51 54–87 1.2 (0.9–1.8) 0.9 (0.8–1.1)
Heart failure (53,56,57) 4717 11–20 68–89 0.7 (0.6–0.9) 1.1 (1.0–1.2)
Obesity (54) 278 48 67 1.4 (1.1–1.9) 0.8 (0.6–1.0)

hysical examination
Systolic blood pressure �100 mm Hg (57) 1592 6 98 3.6 (2.0–6.5) 1.0 (0.9–1.0)
Diastolic blood pressure �60 mm Hg (57) 1592 5 98 2.5 (1.3–4.8) 1.0 (0.9–1.0)
Diaphoresis (49,50) 8226 28–53 73–94 2.9 (1.3–6.6) 0.7 (0.6–0.8)
Jugular venous distention (53) 2204 10 96 2.4 (1.4–4.2) 0.9 (0.9–1.0)
Pulmonary crackles (50,53) 2696 20–38 82–91 2.1 (1.6–2.8) 0.8 (0.7–1.0)
S3 gallop (50) 492 16 95 3.2 (1.6–6.5) 0.9 (0.8–1.0)
Chest wall tenderness (7,49,50) 8822 3–15 64–83 0.3 (0.2–0.4) 1.3 (1.1–1.4)
Reproducible with position change (7,49) 8330 3–11 75–87 0.3 (0.2–0.5) 1.1 (1.1–1.2)

lectrocardiogram‡

Normal (7,52,54,57,59,60) 14,699 1–13 48–77 0.2 (0.1–0.3) 1.5 (1.4–1.6)
Nonspecific ST changes (7,60) 7711 5–7 47–78 0.2 (0.1–0.6) 1.5 (0.9–2.6)

(continued)
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3

oronary disease (LR � 0.2) equaled that for diagnosing
nfarction but lacked statistical significance. As expected,
ssociated dysphagia also argued against the presence of
oronary artery disease, but other symptoms traditionally
ssociated with esophageal disease (e.g., heartburn and
ain aggravated by lying flat) lacked diagnostic value
ecause they were found just as frequently in patients
ith chest pain from coronary artery disease as in pa-

ients with chest pain from noncardiac causes. For the
ame reason, associated dyspnea, pain aggravated by
motional stress, and pain provoked by meals also
acked diagnostic value.

One surprising finding was that traditional risk factors
other than the extremes in cholesterol values and the
bsence of all risk factors) failed to greatly influence the
robability of coronary artery disease or myocardial in-

arction among patients presenting with chest pain. Even
he presence of multiple risk factors failed to increase the
robability of coronary artery disease greatly among pa-
ients referred for catheterization. One possible explana-
ion is that there are important interactions between risk
actors and other patient variables not identified by our
eview; for example, it is possible that hyperlipidemia has
reater diagnostic accuracy in younger than older pa-
ients. Although we could not test this hypothesis for

able 3. Diagnosing Myocardial Infarction in Patients with Ac

Finding (References)
No. of

Patients

ST elevation (50,57,59–62) 15,287
ST depression (50,57,59,60) 13,848
Q wave (50,57,59) 6733
T-wave inversion (50,57,59) 6733
Conduction defect (50,57) 2084

Likelihood ratio if finding is present � positive; ratio if finding absen
Includes one study with age �65 years (49).
All electrocardiographic abnormalities refer to findings that are new o

able 4. Predicting Life-Threatening Complications* in Patien

Risk Category†
(References) No. of Patients

Sen

igh (30–31) 30,683 5
oderate/low (30–31) 30,683 1
ery low‡ (30–32) 31,360

Life-threatening complications (in first 24 hours of hospitalization) inc
lock, insertion of temporary pacemaker, emergency cardioversion), pu
nd ischemia (recurrent ischemic chest pain requiring bypass surgery o
Defined in Table 1.

One study (32) used a systolic blood pressure cutoff of �100 mm Hg as a r

40 September 1, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
ost risk factors, we were able to test it for diabetes and
ound no such interaction; the likelihood ratio for diabe-
es in diagnosing coronary disease was similar for patients
ounger than 50 years (LR � 2.4) as it was for the entire
tudy population (LR � 2.3). Instead, the most likely ex-
lanation why risk factors of proven etiologic importance

n longitudinal studies lack diagnostic utility is that their
ssociation with coronary artery disease is relatively weak
compared with the diagnostic value of typical angina, for
xample) (65,66) or that the same risk factors are linked
o illnesses causing noncardiac chest pain (67), thus lim-
ting their discriminatory value.

Physical examination, once the foundation of car-
iovascular diagnosis in the era of rheumatic heart dis-
ase, has much less diagnostic value in the era of cor-
nary artery disease. One thoroughly investigated
nding, the earlobe crease, does increase the probabil-

ty of coronary artery disease, but by only a small
mount of doubtful clinical utility. Although the ear-
obe crease has been suspected to be nothing more than

surrogate for other cardiovascular risk factors (68),
ost studies show that the finding is independent of

ge (24,25,27,69,70) and cholesterol level (26). Two
ther findings, arcus senilis and an ankle-brachial in-

hest Pain—Continued

If Finding is:

Sensitivity Specificity

Present Absent

Range (%)
Likelihood Ratio*

(95% Confidence Interval)

31–49 97–100 22 (16–30) 0.6 (0.6–0.6)
20–62 88–96 4.5 (3.6–5.6) 0.8 (0.7–0.9)
10–34 96–100 22 (7.6–62) 0.8 (0.8–0.9)

9–39 84–94 2.2 (1.8–2.6) 0.9 (0.8–1.0)
13–14 86–98 2.4 (0.4–15) 1.0 (0.8–1.1)

gative.

nknown duration.

th Acute Chest Pain

ity Specificity Likelihood Ratio If
Finding Is Present

(95% Confidence Interval)Range (%)

92–93 8.7 (4.4–17)
59–66 1.2 (0.6–2.1)
42–53 0.1 (0.1–0.2)

arrhythmias (ventricular fibrillation, cardiac arrest, new complete heart
ilure (cardiogenic shock, use of intraaortic balloon pump, intubation),
utaneous intervention).
ute C

t � ne

r of u
ts wi

sitiv

1–88
3–42
7–13

lude
mp fa
r perc
isk factor, instead of a cutoff of �110 mm Hg.
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ex �0.9, show promise as diagnostic signs but require
urther study.

We found the ECG to be the most important bedside
nding in diagnosing myocardial infarction and pre-
icting early complications in patients with acute chest
ain, which contrasts with its lack of value in diagnos-

ng coronary artery disease among patients with stable
hest pain. Since the ECG is also one of the diagnostic
riteria for infarction in studies of acute chest pain, this
onclusion initially seems to be circular. Nonetheless,
t is important to recognize that only pathologic Q
aves were used as the electrocardiographic diagnostic

tandard in these studies, and that this finding had a
ensitivity of only 10% to 34%, indicating that most, if
ot all, patients with infarction were diagnosed using
ardiac isoenzyme measurements. The most compel-
ing electrocardiographic finding, ST elevation, as well
s the other electrocardiographic findings reviewed in
able 3, were not diagnostic standards in these studies.
There were two additional contrasts between the di-

gnoses of coronary disease and myocardial infarction.
rior history of myocardial infarction increased the
robability of coronary disease in patients with stable,

ntermittent chest pain but failed to increase the prob-
bility of infarction in patients with acute chest pain.
his probably occurs because patients with prior in-

arction are concerned about any recurrent chest pain
nd present to emergency departments frequently with
oncardiac chest pain or with angina but no infarction.
nother contrast was that the finding of chest wall ten-
erness argued against infarction in patients with acute
hest pain, yet the same finding lacked diagnostic value
n patients with stable, intermittent chest pain. This
bservation possibly reflects the high prevalence of
isorders in the chest wall among patients without in-

arction in studies of acute chest pain.
Although no study of the use of antacid medications
et our selection criteria, studies do show that antacid
edications may paradoxically relieve the pain of
yocardial infarction in some patients (63,71), as well

s the pain due to other nondyspeptic disorders such as
holecystitis and pancreatitis (72). These studies also
how that interpretation of this test is difficult because
he antacid is often administered soon before or after
he administration of other active drugs (e.g., narcot-
cs, nitroglycerin, histamine antagonists) (64).

By using the ECG, patient history, and physical ex-
mination, clinicians can stratify patients with acute
hest pain into groups indicating high or very low risk
f developing life-threatening complications. Other

nvestigators have previously shown that this risk strat-
fication method is more accurate than physicians’
sual triage decisions (73) and that this rule identifies

p to one third of patients admitted with suspected

Septembe
cute ischemic chest pain that could be managed safely
ith less intensive care (31).
We conclude that the most important finding when

iagnosing coronary artery disease is the description of
he patient’s pain, and the most important finding
hen diagnosing infarction or predicting life-threat-

ning complications is the ECG. A few physical find-
ngs have modest diagnostic value, but other than the
xtremes in cholesterol values, the analysis of risk fac-
ors changes the probability of coronary artery disease
r infarction very little or not at all.
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