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Purpose: Hospital admissions for chest pain are frequent and costly. The use of objective criteria to
determine the need for hospitalization may save money. Here we compare the 2002 American College of
Cardiology/American Heart Association (ACC/AHA) guidelines for the management of patients with un-
stable angina and non ST-segment elevation myocardial infarction to clinical judgment as diagnostic
tests to predict which patients with chest pain will develop positive cardiac troponin-I.

Methods: Researchers conducted a retrospective chart review of patients admitted to a military com-
munity hospital for chest pain over a 2-year period. The study determined sensitivity and specificity for
both the ACC/AHA guidelines and consensus of clinical judgment to predict which subjects would de-
velop positive cardiac troponin-I.

Results: Positive cardiac troponin-I was very low (7 of 386). Both the ACC/AHA guidelines and clini-
cal judgment had sensitivities of 100% (95% CI, 65–100) to predict positive cardiac troponin-I. The
ACC/AHA guideline was 13% specific (95% CI, 12–13), with clinical judgment at 48% (95% CI, 47–48).
Classification as low risk had a high negative predictive value (ACC/AHA guideline, 1.00 [95% CI, 0.95–
1.00]; clinical judgment, 1.00 [95% CI, 0.99–1.00]).

Conclusion: Patients categorized as low risk by either method could probably be discharged from
the emergency department without developing positive troponin-I. (J Am Board Fam Med 2008;21:
101–107.)

People with chest pain constitute a large portion of
annual admissions to hospitals in the United States,
accounting for 722,000 (4%) of admissions in 2002.
At an estimated cost of $7500 per hospital stay, this
totals over $5.4 billion annually.1,2 Many of these
admissions are because of fear of litigation if the
diagnosis of acute coronary syndrome (ACS) is
missed.3–5 Some of this fear may be well-founded:
up to14% of those admitted in whom ACS is ruled
out can have a cardiac event and 2% can die within
6 months.6 Of 2992 patients diagnosed with non-
cardiac chest pain, 2.8% had an adverse cardiac
events within 30 days.7

Although a low threshold for admitting patients
with chest pain may avoid missing a life-threaten-

ing diagnosis, it also results in both a substantial
fiscal drain and a considerable number of false pos-
itive results, which lead to invasive testing and
patient anxiety. To address these issues, several
attempts have been made to study various risk fac-
tors in concert with examination and laboratory
findings to develop algorithms that would clearly
delineate low-risk from high-risk patients present-
ing to an emergency department with chest pain.8,9

No one study has found any combination that per-
fectly stratified all patients, but the majority of
studies found similar key factors that aided in the
prediction of patient outcome. The 2002 American
College of Cardiology/American Heart Association
(ACC/AHA) guidelines for the management of pa-
tients with unstable angina and non-ST segment
elevation myocardial infarction include the follow-
ing as predictors for ACS: sex; age; smoking/to-
bacco use; comorbidities of hypertension, hyper-
cholesterolemia, or diabetes; pain characteristics
such as duration, quality, radiation, circumstances
of onset (ie, at rest or during exertion or stress), and
reproducibility on examination; characteristic elec-
trocardiogram findings; and elevated cardiac en-
zymes.10 Based on these findings, patients are gen-
erally stratified as low, intermediate, or high risk;
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however, the difficulty lies in the disposition of the
low- and intermediate-risk patients because of the
inherent ambiguity in several of the risk factors.
The majority of studies that have delineated out-
comes have been performed in larger tertiary care
centers with entire wards dedicated to monitoring
patients with chest pain or with catheterization
teams available on site to perform emergent revas-
cularization procedures.11

To evaluate whether mandatory application of
the ACC/AHA guidelines in a community hospital
setting could more accurately diagnose ACS when
compared with clinician judgment without increas-
ing patient risk, we performed a retrospective anal-
ysis of chest pain admissions to a community hos-
pital. We used positive troponin-I as the “gold
standard” against which we compared these diag-
nostic tests.12

Methods
The study used a retrospective, non-interventional
chart review for diagnostic accuracy. All patients
over the age of 18 admitted to Eglin AFB Hospital
in Florida (has 45 beds and serves a population of
45,000) for chest pain from 1 June 2002 to 1 July
2004 were included in the study. The protocol
excluded patients admitted during this period from
the emergency department who had measurable
troponin-I on initial laboratory evaluation and
those for whom records were incomplete.

Data Collection and Processing
A pilot study of 30 charts allowed improvements in
data collection. Researchers formalized definitions
and recorded conventions during the pilot study.
None of the pilot data collected was used in the
final analysis. Power analysis of this data revealed
the need to review 385 charts to detect a difference
that could be generalized to a population of over 1
million.

Researchers reviewed charts in chronological or-
der starting with 1 June 2002 and ending 30 June
2004. Researchers reviewed a total of 405 inpatient
charts after charts with ICD-9 codes for chest pain
and acute myocardial infarction were collected by
records technicians. Those with specific ICD-9
codes for pericarditis, chest wall trauma, etc were
not used. Researchers recorded data by hand on
paper tracking sheets and collected demographic
data (Table 1), including name, identification num-

ber, date of admission, and date of discharge. These
data included each of the criteria put forth in the
2002 ACC/AHA guideline for evaluation of chest

Table 1. Characteristics of Study Patients and
Prevalence of 2002 American College of Cardiology/
American Heart Association Guideline Criteria

Finding

Percent with finding
(no. of patients with
positive troponin-I

with finding)

Age (years) 57.4 �13.6
Sex

Male 53
Female 47

Subjective symptoms
Chest pain 99 (7)
Shortness of breath 5 (0)
Syncope/near syncope 3 (0)
Arm pain 2 (0)
Palpitations 1 (0)
Nausea 1 (0)

Risk level
ACC/AHA guideline

Low 13
Intermediate 2
High 85

Clinical judgment
High 47
Low 53

History of CAD 34 (6)
History of diabetes mellitus 22 (5)
Positive troponin-I within 30 days 2 (7)
Rest pain 59 (5)
Duration �20 minutes or increased

tempo of pain
64 (6)

New CP similar to previous anginal
episode

15 (2)

New S-T depression or bundle branch
block

6 (1)

T-wave inversions with CP 10 (2)
New onset pulmonary edema

(rales on exam)
3 (0)

New mitral regurgitant murmur 3 (1)
Abnormal vital signs

(tachycardia, bradycardia, hypotension)
12 (2)

Fixed Q-waves on ECG 12 (3)
T-wave inversions in lateral leads with

large R-waves
21 (4)

Previous use of daily aspirin 41 (4)
Normal ECG 44 (1)
Reproducible chest pain 1 (0)
Cocaine use 0 (0)

ACC/AHA, American College of Cardiology/American Heart
Association; CAD, coronary artery disease; CP, chest pain;
ECG, electrocardiogram.
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pain (see Appendix 1). Investigators documented
troponin-I results (3 consecutive values), additional
cardiac testing performed with results, risk assess-
ment using ACC/AHA criteria, risk assessment using
researchers’ clinical judgment, and the final outcome
of the presence or absence of cardiac damage.

Clinical judgment was assigned based on a con-
sensus of 2 experienced family physicians (range,
75–300 admissions for chest pain). After looking at
documentation from the emergency department we
assigned risk assessment based on our judgment,
giving particular weight to symptoms of chest pain
from exertion that was relieved by rest and EKG
changes (ST segment depression or inverted T
waves). Discordant assessments were discussed and
the physicians reached a consensus. After assigning
risk, the ACC/AHA guidelines and troponin-I lev-
els were evaluated.

Risk category was assigned based on the ACC/
AHA guidelines. Patients with at least 2 high-risk
features were categorized as “high risk.” Research-
ers categorized patients as “intermediate risk” if
they had one intermediate-risk factor with zero
high-risk factors. “Low risk” patients had normal
studies and benign chest pain.13 Records were ex-
cluded if initial troponin-I was positive or if pa-
tients were transferred for definitive care before
admission. These patients were excluded because
they had either a positive gold-standard test or had
S-T elevation or severe depressions necessitating
immediate intervention.

A codebook of definitions and recording conven-
tions was created and strictly followed during the data
collection phase. Each chart was reviewed and data
were recorded in the datasheet by 2 independent
reviewers who examined the entire inpatient chart.
The principal investigator (S.H.) was one of the re-
viewers and securely kept the datasheets. An indepen-
dent rater reviewed 20 randomly selected charts to
ensure inter-rater variability; 99.4% of data points
agreed (� � 0.96). Investigators met twice each
month to assess progress, assign risk scores, and iden-
tify difficulties with data collection. A research assis-
tant entered the data into a spreadsheet (Microsoft
Excel, Redmond, WA) with double password protec-
tion, and statistical calculations were made with this
program.

Outcome Measure and Primary Data Analysis
The primary outcome measure was the presence of
positive cardiac troponin-I (greater than 0.4 ng/

mL) on any of the serial laboratory evaluations.
This was considered the “gold standard” diagnostic
test. Comparison was made between those subjects
placed in one of 3 groups: (1) low-risk category
versus the combination of intermediate- and high-
risk categories per ACC/AHA guidelines; (2) low-
risk and intermediate-risk category versus high-risk
categories per ACC/AHA guidelines; and (3) high
or low risk based on clinical judgment. The sensi-
tivity and specificity for each set of criteria in de-
tecting patients with eventual positive cardiac tro-
ponin-I were calculated. Likelihood ratios and
predictive values of each comparison group were
also calculated with respect to future positive car-
diac troponin-I values (within 30 days). Because the
prevalence of positive troponin-I was low in our
population (1.8%), attention was given to likeli-
hood ratios. Approval of the project with a Health
Insurance Portability and Accountability Act
waiver was obtained through the 96th Medical
Group Institutional Review Board.

Results
There were significant differences in the numbers
of patients stratified into low-, intermediate-, and
high-risk groups when the use of ACC/AHA guide-
lines was compared with clinical judgment. Only 49
patients (12.7%) were categorized as low risk by the
ACC/AHA guidelines whereas 180 patients
(46.6%) were categorized as low risk by clinical
judgment. Intermediate risk was assigned to only 9
patients (2.3%) by the ACC/AHA guidelines. High
risk encompassed 328 patients (85%) by the ACC/
AHA guidelines but only 206 (53.4%) by clinical
judgment.

The outcome measure of positive troponin-I
(�0.4 ng/mL) occurred infrequently; only 7 of 386
subjects (1.8%) overall had this laboratory finding.
The remainder (379 subjects; 98.2%) had negative
troponin-I. Of the subjects with positive tropo-
nin-I, the youngest subject was 65 years old.

Sensitivity and Specificity Analyses
Both the ACC/AHA guidelines high- and interme-
diate-risk groups and clinical judgment high-risk
groups had sensitivities of 1.00 (95% CI, 0.65–1.00)
to detect patients who went on to develop positive
cardiac troponin-I. Specificity calculations were
much lower (Table 2). Patients classified as low risk
by either method had negative likelihood ratios of
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zero (ACC/AHA guidelines, 0 [95% CI, 0–2.81];
clinical judgment, 0 [95% CI, 0–0.75]). The clas-
sification of patients as high risk by clinical judg-
ment resulted in a positive likelihood ratio of 1.91
(95% CI, 1.22–1.91) whereas ACC/AHA guideline
classification of intermediate or high risk resulted
in a positive likelihood ratio of 1.15 (95% CI,
0.75–1.15) (Table 3).

Limitations
This study group had a very low incidence of pos-
itive troponin-I. This low incidence of ACS con-
founds calculations of sensitivity and specificity. A
prospective study with randomization into 2 groups
(clinician judgment versus ACC/AHA guidelines)
would have reduced bias. In addition, experienced
clinicians were used as the investigators; if junior
staff or residents were used, this data may be less

valid. In addition, this study was conducted at com-
munity hospital serving only Department of De-
fense beneficiaries. This population may not be
generalizable to all patient populations.

Patients in whom the troponin-I was detect-
able at sub-threshold levels and later became
undetectable proved difficult to categorize in our
study, just as they would in a clinical setting. It is
unclear if this level of troponin-I actually indi-
cates myocardial damage or if it represents arti-
fact. For the purposes of our study, we catego-
rized these patients as not having had any
myocardial damage so long as the troponin-I
remained below the 0.4 ng/mL level. Although
this is certainly a limitation of the study, it is also
in keeping with the goal of the study to incorpo-
rate issues commonly found in a community hos-
pital setting.

Table 2. Utility to Detect Positive Troponin-I Values When Grouped by Risk

Risk Score
Positive Troponin-I (�0.4)

(n � 7)
Negative Troponin-I (�0.4)

(n � 379)
Total

(n � 386)

American College of Cardiology/American Heart Association guidelines’ utility to detect positive troponin-I values when
grouped by high versus intermediate and low risk

High risk 7 321 328
Intermediate � low risk 0 58 58
Total 7 379 386
American College of Cardiology/American Heart Association guidelines’ utility to detect positive troponin-I values when

grouped by high and intermediate versus low risk

High � intermediate risk 7 330 337
Low risk 0 49 49
Total 7 379 386
Clinical judgment’s utility to detect positive troponin-I values when grouped by high versus low risk

High risk 7 199 206
Low risk 0 180 180
Total 7 379 386

Table 3. Comparison of American College of Cardiology/American Heart Association Guideline and Clinical
Judgment Using Troponin-I for Diagnosis of Patients Having Myocardial Infarction Within 30 Days

Intervention Sensitivity Specificity

Positive
Likelihood

Ratio

Negative
Likelihood

Ratio PPV NPV

2002 ACC/AHA guidelines
(high vs. intermediate and low risk)

1.00 (0.65–1.00) 0.15 (0.15–0.15) 1.18 (0.77–1.18) 0 (0–2.37) 0.02 (0.01–0.02) 1.0 (0.96–1.00)

2002 ACC/AHA guidelines
(high and intermediate vs. low risk)

1.00 (0.65–1.00) 0.13 (0.12–0.13) 1.15 (0.75–1.15) 0 (0–2.81) 0.02 (0.01–0.02) 1.00 (0.95–1.00)

Clinical judgment (high vs. low risk) 1.00 (0.65–1.00) 0.48 (0.47–0.48) 1.91 (1.22–1.91) 0 (0–0.75) 0.03 (0.02–0.03) 1.00 (0.97–1.00)

Values in parentheses are 95% CI.
PPV, positive predictive value; NPV, negative predictive value.
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Discussion
In this retrospective study we determined that both
ACC/AHA guidelines and clinical judgment could
function as a safe and efficient method to rule out
future positive cardiac troponin-I in patients eval-
uated in a community hospital emergency depart-
ment. This finding is significant because other
studies have found that formal criteria and clinician
judgment can disagree in up to one-third of cases.14

In a rural practice network, diagnostic accuracy was
high and not statistically different with the addition
of the ACI time insensitive prediction instrument
(TIPI) score versus clinician judgment (86.8%
ACI-TIPI off vs 89.0% ACI-TIPI on; P � .15).15

Clinician judgment is perhaps an accurate predictor
of whether a patient has ACS for settings in which
volume is low and referral bias is lacking,.

Most research about the diagnostic accuracy of
chest pain protocols has focused on tertiary hospi-
tals with chest pain centers, and attempts have been
made to find clinical predictor rules that rule out
ACS. Prospective validation of the Thrombolysis in
Myocardial Infarction risk score reveals that in-
creasing scores indeed correlate with outcome.
However, even in patients with a score of zero,
1.7% have an adverse cardiac outcome in 30 days.16

Alternatively, patients younger than 40 (mostly
women and African-American) with no cardiac his-
tory, a normal electrocardiogram, and initial nor-
mal cardiac markers had a 0.14% (95% CI, 0.1–
0.2) risk of ACS.17 Although community hospitals
account for large volumes of patients in aggregate,
they do not have the individual volumes to justify
dedicated chest pain centers. Without these spe-
cialized wards, the use of clinical predictor rules
may be clumsy, especially when these rules and
guidelines include the factors that physicians in-
clude when evaluating patients.

Because our study showed 100% sensitivity for
both the ACC/AHA guidelines and clinical judg-
ment in identifying those patients who go on to
have positive troponin-I (�0.4 ng/mL) and rela-
tively poor specificity, the utility of adding paper-
work (often perceived as cumbersome by physi-
cians) to the work-up of the patient with chest pain
is probably low. In an urban emergency room set-
ting, serial electrocardioram, 2-hour serum marker
measurements, and selective nuclear stress testing
in conjunction with physician judgment identifies
and excludes myocardial infarction and 30-day ACS

during the initial evaluation of patients with chest
pain.18 In our study, the negative likelihood ratio
for those who were assigned to the low-risk cate-
gory was 0 for developing positive troponin-I, so
patients in this category could possibly be dis-
charged from the emergency department without
admission to the hospital. This strategy could be
especially beneficial to patients followed by family
physicians who have strong patient relationships. In
one study, patients referred for exercise testing and
given a normal result had a perceived longer life
expectancy and decreased anxiety and uncertainty 1
week after exercise testing as compared with before
(P � .01).19

Not only are there increased emotional and psy-
chological costs associated with hospital admission
for chest pain, but monetary costs are significant as
well. A strategy of overnight admission and enzyme
and exercise testing has an incremental cost of
£120,369 per quality adjusted life year in the
United Kingdom.20 Avoiding these admissions
would be better for patients and society.

The authors would like to thank James Whitworth for his
support with reviewing the manuscript and designing the study,
and Diane Dodendorf for her assistance in coding data.
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Appendix 1. Codebook for Assigning Risk Factors to Individual Patients

Chart Heading Explanation Definition/Rating

Sex Gender M, male
F, female

Age Age in years Whole numbers (1–100)
DOA Date of admission mm/dd/yy
DOD Date of discharge mm/dd/yy
Sx Symptoms Descriptive verbage
Rest pain Chest pain at rest 0 � absent

1 � present
Dur/up tempo Duration of chest pain 0 � �20 min

1� �20 min
Hx CAD History of coronary artery disease 0 � absent

1 � present
New CP � angina New chest pain same as prior anginal symptoms 0 � absent

1 � present
New STD/ BBB New ST segment depression or bundle branch block 0 � absent

1 � present
TWI w/Sxs T-wave inversions with symptoms of chest pain 0 � absent

1 � present
Rales Pulmonary rales on exam 0 � absent

1 � present
New MR New onset mitral regurgitation murmur 0 � absent

1 � present
Abnl VS Abnormal vital signs (tachycardia, bradycardia, hypotension only) 0 � absent

1 � present
Prior ASA Prior use of daily aspirin 0 � absent

1 � present
DM History of diabetes mellitus 0 � absent

1 � present
Fixed QW Fixed Q-wave on electrocardiogram 0 � absent

1 � present
Nml EKG Normal electrocardiogram 0 � absent

1 � present
TWI/F lg R T-wave inversions or flattening in lateral leads with large R-waves 0 � absent

1 � present
Repro CP Reproducible chest pain 0 � absent

1 � present
Cocaine use History of cocaine use 0 � absent

1 � present
TpI 1/2/3 Troponin I: 1st, 2nd, 3rd sets 0 � absent

1 � present
Add test Additional test 0 � not done

1 � negative evaluation
2 � abnormality on evaluation
3 � evidence that test was done

but results not available
Risk Risk score 0 � low risk

1 � moderate risk
2 � high risk

Outcome Cardiac damage 0 � no cardiac damage
1 � cardiac damage
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