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ABSTRACT

Background: Chest pain can be caused by various condi-
tions, with life-threatening cardiac disease being of great-
est concern. Prediction scores to rule out coronary artery
disease have been developed for use in emergency set-
tings. We developed and validated a simple prediction rule
for use in primary care.

Methods: We conducted a cross-sectional diagnostic study
in 74 primary care practices in Germany. Primary care physi-
cians recruited all consecutive patients who presented with
chest pain (n = 1249) and recorded symptoms and findings
for each patient (derivation cohort). An independent expert
panel reviewed follow-up data obtained at six weeks and
six months on symptoms, investigations, hospital admissions
and medications to determine the presence or absence of
coronary artery disease. Adjusted odds ratios of relevant
variables were used to develop a prediction rule. We calcu-
lated measures of diagnostic accuracy for different cut-off
values for the prediction scores using data derived from
another prospective primary care study (validation cohort).

Results: The prediction rule contained five determinants
(age/sex, known vascular disease, patient assumes pain is of
cardiac origin, pain is worse during exercise, and pain is not
reproducible by palpation), with the score ranging from 0 to
5 points. The area under the curve (receiver operating char-
acteristic curve) was 0.87 (95% confidence interval [CI] 0.83—
0.91) for the derivation cohort and 0.90 (95% Cl 0.87-0.93)
for the validation cohort. The best overall discrimination was
with a cut-off value of 3 (positive result 3-5 points; negative
result <2 points), which had a sensitivity of 87.1% (95% Cl
79.9%-94.2%) and a specificity of 80.8% (77.6%-83.9%).

Interpretation: The prediction rule for coronary artery dis-
ease in primary care proved to be robust in the validation
cohort. It can help to rule out coronary artery disease in
patients presenting with chest pain in primary care.

hest pain is common. Studies have shown a lifetime
prevalence of 20% to 40% in the general population.*
Its prevalence in primary care ranges from 0.7% to
2.7% depending on inclusion criteria and country,>* with coro-
nary artery disease being the underlying cause in about 12% of
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primary care patients.*®* General practitioners are challenged to
identify serious cardiac disease reliably and also protect
patients from unnecessary investigations and hospital admis-
sions. Because electrocardiography and the cardiac troponin
test are of limited value in primary care,*” history taking and
physical examination remain the main diagnostic tools.

Most published studies on the diagnostic accuracy of signs
and symptoms for acute coronary events have been conducted
in high-prevalence settings such as hospital emergency
departments.®*® Predictive scores have also been developed
for use in emergency departments, mainly for the diagnosis of
acute coronary syndromes.”** To what degree these apply in
primary care is unknown.

A clinical prediction score to rule out coronary artery dis-
ease in general practice has been developed.”” However, it did
not perform well when validated externally. The aim of our
study was to develop a simple, valid and usable prediction
score based on signs and symptoms to help primary care
physicians rule out coronary artery disease in patients present-
ing with chest pain.

Methods

We conducted a cross-sectional diagnostic study with a delayed-
type reference standard® in a primary care setting. Coronary
artery disease was the reference condition and included stable
coronary artery disease and acute coronary syndromes.

Derivation cohort

Participating physicians and patients

We approached 209 primary care physicians in the State of
Hesse, Germany, of whom 74 (35%) agreed to participate in
the study. Participating physicians were asked to recruit all
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patients who had chest pain that was either the reason for the
consultation or was described by the patient during the consul-
tation when asked by the physician. The recruitment period
lasted 12 weeks for each practice and for logistical reasons was
staggered in four waves between October 2005 and July 2006.

Every patient above 35 years of age with pain localized on
the anterior chest wall in the area between the clavicles, the
lower costal margins and the posterior axillary lines was to be
included. Patients whose chest pain had subsided for more
than one month, whose chest pain had been investigated
already or who saw their physician for follow-up of their
chest pain were excluded.

Data collection

Primary care providers took a standardized history and per-
formed a physical examination using a report form that had
been pilot tested and modified accordingly. Patients were
contacted by phone six weeks and six months after the index
consultation. Study assistants blinded to the results of the
index tests asked about the course of the patient’s chest pain
and treatments, including hospital admissions and medica-
tions. Random audits were performed by the study assistants
by searching routine documentation of participating practices
to identify cases of chest pain not included in the study.

Reference standard

A reference panel of one cardiologist, one primary care physi-
cian and one research staff member of the Department of
General Practice at the University of Marburg reviewed base-
line and follow-up data for every patient. The panel decided
on whether coronary artery disease was present or absent at
the time of the index consultation (delayed-type reference
standard). It based its decision on all of the results available
after the follow-up period (index questionnaire, the attending
physician’s provisional diagnosis, coronary angiography, if
available, and results of noninvasive tests such as electrocar-
diography, exercise test and echocardiography). This design
is based on the assumption that serious diseases such as coro-
nary artery disease would manifest themselves within the
mentioned period. A diagnosis of coronary artery disease was
based on recommendations from the German Program for
Disease Management Guidelines.®

Statistical analysis
For the univariable analysis, we calculated the sensitivity,
specificity, positive and negative predictive values, positive
and negative likelihood ratios, and diagnostic odds ratio for
each item covered by the case report form. To arrive at a
smaller subset of criteria, we selected index-test items that
had a p value of less than 0.05 and likelihood ratios indicating
at least moderate diagnostic accuracy (a positive likelihood
ratio greater than 2 or a negative ratio less than 0.5). Those
items were included as independent variables in the multivari-
able logistic regression analysis. The dependent variable was
coronary artery disease.

We used the variables found to be significant in the multi-
variable analysis to build an initial score. The odds of having
coronary artery disease was compared between patients with
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and without each risk factor by calculating odds ratios (ORS)
with 95% confidence intervals (Cls). We used the regression
coefficient rounded to the next integer as a weighting factor
for the different variables and calculated the area under the
curve (receiver operating characteristic curve). To derive the
best possible user-friendly version of the score, we used a
backward stepwise procedure to exclude different variables
and analyzed whether this would lead to a reduction of the
area under the curve.®

In a sensitivity analysis, we simplified the preduction rule
by excluding contributing variables through stepwise reduc-
tion. The guiding principle of this process was to prevent sig-
nificant changes in the area under the curve and the false-
negative rate.

The final prediction rule consisted of five variables (includ-
ing one compound variable). The prognostic ability of the pre-
diction rule to discriminate between patients with and without
coronary artery disease was assessed by analyzing the area
under the curve. We calculated measures of diagnostic accu-
racy (sensitivity, specificity, likelihood ratios and predictive
values) for different cut-off points of the prediction scores.

Additional details of the methodology appear in Appendix 1
(available at www.cmaj.ca/cgi/content/full/cmaj.100212/DC1).

Table 1: Characteristics of patients and primary care
physicians in the derivation and validation cohorts

No. (%) of participants*

Derivation Validation

Characteristic cohort cohort
Patients n = 1249 n=672
Age, yr

Mean (SD) 59 (13.9) 55 (19.3)

Range 35-93 12-95
Male sex 701 (56.1) 352 (52.4)
Patient new to practice 101 (8.1) 66 (9.8)
Chest pain was reason for 1092 (87.4) 355 (52.8)
consultation
Chest pain was described at time 660 (52.8) 316 (47.0)
of consultation
Known cardiovascular disease 183 (14.7) 94 (14.0)
Physicians n=74 n =58t
Age, yr

Mean (SD) 49 (6.8) 47 (6.3)

Range 33-64 34-57
Male sex 48 (64.9) 50 (86.2)
Urban practice location 47 (63.5) 36 (62.1)
No. of years in private practice

Mean (SD) 12.7 (8.1) 12.2(7.2)

Range 1-28 1-24

Note: SD = standard deviation.

*Unless stated otherwise.

tSupervised residents (n = 6) from the academic outpatient department
were not included in this description. Residents attended to 26 patients. Five
of the six residents were women; all were below 40 years of age and had
less than 10 years of experience.
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Validation cohort
We performed external validation of the prediction rule using
data from the TOPIC (Thoracic Pain in Community) study, a
multicentre clinical study involving primary care patients
with chest pain.® Patients in that study were recruited between
March and June 2001 by general practitioners in 58 indepen-
dent urban and rural practices and one primary care outpatient
clinic in western Switzerland. Physicians consecutively en-
rolled all patients over 16 years of age who reported chest
pain during their visits. The presence of chest pain was ascer-
tained according to the usual practice of each physician.
Additional follow-up information was obtained after 3 and 12
months. All final diagnoses at 12 months’ follow-up were
retained and grouped into six categories, one of which was
coronary artery disease.

Four of the five variables on which our prediction rule is
based could be derived directly from the data for the valida-

Patient consultations
with 74 primary care physicians
n = about 190 000

\4
Consecutive patients with chest pain
approached to participate in the study
n = 1355

— Excluded n =106
e Refused n =99
¢ Did not meet inclusion
criteria n=7

Y
Patients with available data on signs

and symptoms of chest pain
n = 1249

— Excluded n =50

¢ Dropped out of study n=3

e History of trauma n =39

¢ Diagnosis of coronary artery
disease not possible n=8

Y

Patients included in derivation cohort
for the development of the
prediction score*
n=1199

Y

Patients with complete data included
in multivariable logistic regression
analysis for final score model
n=773

Figure 1: Flow chart showing selection of patients whose data
were used to develop the prediction rule (derivation cohort).
*Includes 60 patients lost to follow-up and 11 who died; both
groups provided enough data to be included in the cohort.
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tion cohort. For the fifth variable (patient assumes pain is of
cardiac origin), we used induced anxiety (defined as a posi-
tive answer to the question “Are you feeling very worried
about your chest pain?”) as a proxy variable.

Additional details appear in Appendix 1.

Results

Derivation cohort

The majority of participating physicians were male and had
practices in urban areas (Table 1). Physicians approached
1355 consecutive patients with chest pain; 106 were excluded
(99 refused to participate, and 7 did not meet the inclusion
criteria). We obtained data on symptoms and signs for the
reamining 1249 patients (Figure 1).

We excluded patients with a history of trauma (n = 39),
those who dropped out (n = 3) and those in whom coronary
artery disease could not be diagnosed by the reference panel
(n = 8). Although 60 patients were lost to follow-up (did not
answer phone or moved) and 11 died during the follow-up
period, enough data were available for them to be included in
the final sample. The final sample included 1199 patients for
analysis (Figure 1). Of these, 180 (15.0%) were given the ref-
erence diagnosis of coronary artery disease by the panel,
including 44 (3.7%) with acute coronary syndromes.

Development of the prediction rule

Fourteen variables were significantly associated with coronary

artery disease in the univariable analysis. Ten of these variables

were found to be significant in the multivariable regression

analysis and were used to develop the prediction rule (Table 2).
In the sensitivity analysis, we found that the removal of 5

of the 10 variables and weighting of the remaining 5 variables

Table 2: Independent variables that contributed to the
development of a prediction score to rule out coronary artery
disease in primary practice

Regression Adjusted OR

Variable coefficient (95% Cl)
Age/sex (female > 65, 1.06 2.90 (1.47-5.71)
male > 55)*

Known clinical vascular disease* 1.62 5.04 (2.78-9.15)
Known heart failuret 1.06 2.88 (1.26-6.50)
Known diabetes mellitust 0.74 2.10 (1.05-4.23)
Stinging paint -0.72 0.49 (0.26-0.93)
Cought -2.44 0.09 (0.01-0.91)
Localized muscle tensiont -0.74 0.48 (0.25-0.92)
Pain worse during exercise* 1.48 4.38 (2.36-8.11)
Pain not reproducible by 1.15 3.15 (1.48-6.73)
palpation*

Patient assumes pain is of 1.1 3.04 (1.45-6.39)

cardiac origin*
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*After sensitivity analysis, these variables contributed equally to the final
model of the score.

tThese variables were excluded stepwise in the sensitivity analysis because
they did not yield additional predictive value for the area under the curve.
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affected the area under the curve only minimally. The area
under the curve of the 24 other, more complicated, score
models ranged from 0.87 to 0.89.

The final prediction rule contained five determinants and
ranged from 0 to 5 points (Table 3).

Goodness of fit

When applied to the patients in the derivation cohort, the area
under the curve (Figure 2) was 0.87 (95% CI 0.83-0.91).

Table 4 shows the number of patients with complete
data who did and did not have coronary artery disease for
each score value. For a cut-off value of 3 (positive result 3—
5 points, negative result < 2 points), the score had a sensi-
tivity of 86.4% (95% CI 78.5%-91.7%), a specificity of
75.2% (95% CI 71.8%-78.3%), a positive predictive value
of 34.9% (95% CI 29.3%-40.9%), a negative predictive
value of 97.3% (95% CI 95.5%-98.4%) and a false-nega-
tive rate of 2.7%. Additional details about the sensitivity
analysis of the reference standard, replacement of missing
values and internal validation through bootstrapping appear
in Appendix 2 (available at www.cmaj.ca/cgi/content/full
/cmaj.100212/DC1).

Validation cohort
The validation cohort comprised 672 patients with chest
pain (mean age 55 years); 66 (9.8%) were new patients to
the practice (Table 1).°* A total of 85 patients (12.6%) had
coronary artery disease, including 10 (1.5%) with acute
coronary syndromes.

Goodness of fit

When applied to the validation cohort, our preduction rule
showed consistent results. The area under the curve (Figure 2)
was 0.90 (95% CI 0.87-0.93). Estimates of the diagnostic
accuracy of three different cut-off values of the prediction
rule are shown in Table 5. The use of a lower cut-off value of
1 or 2 (positive result 1-5 points or 2-5 points) maximized
sensitivity up to 100%, albeit with a significant drop in speci-
ficity. A cut-off value of 3 (positive result 3-5 points) was
associated with the best overall discrimination, with a sensi-
tivity of 87.1% (95% CI 79.9%-94.2%), a specificity of
80.8% (95% CI 77.6%-83.9%) and a negative predictive
value of 97.7% (95% CI 96.4%-99.1%).

Table 3: Components of the prediction rule used to
determine the presence or absence of coronary artery disease
in patients with chest pain in primary care

Component Assigned points

Age/sex (female > 65, male > 55)
Known clinical vascular disease*
Pain worse during exercise

Pain not reproducible by palpation

= == = N

Patient assumes pain is of cardiac origin

*Coronary artery disease, occlusive vascular disease or cerebrovascular
disease.
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Interpretation

Using data from 1199 patients who presented with chest pain
to 74 primary care physicians in Germany (derivation cohort),
we developed a prediction rule as a diagnostic aid for primary
care physicians to rule out coronary artery disease in patients
presenting with chest pain. The rule consists of five determi-
nants (age/sex, known clinical vascular disease, patient
assumes pain is of cardiac origin, pain worse during exercise
and pain not reproducible by palpation) that can be easily
identified during clinical consultation. When applied to a vali-
dation cohort of patients with chest pain in 58 primary care
practices in Switzerland, we found that a cut-off value of 3
(positive result 3-5 points, negative result < 2 points) had the
best overall discrimination, with a sensitivity of 87.1% (95%
Cl 79.9%-94.2%) and a specificity of 80.8% (95% CI
77.6%-83.9%).

The main purpose of the prediction rule is to offer pri-
mary care physicians an effective tool to rule out coronary
artery disease in patients at low risk with sufficient confi-
dence. This always involves a clinical trade-off: avoiding
over-investigation on the one hand while ensuring that very
few people with cardiac-related chest pain are sent home
with false reassurance. With a cut-off value of 2 (positive
result 2-5 points, negative result <1 point), the prediction
rule had a high sensitivity (98.8%) for ruling out coronary
artery disease, albeit with the above mentioned trade-off. A
cut-off value of 3 (positive result 3-5 points) provided the
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Figure 2: Sensitivity and specificity analysis (receiver operating
characteristic curves) for the performance of the prediction rule
in detecting coronary artery disease in primary care at various
cut-off points in the derivation and validation cohorts. In the
derivation cohort, the area under the curve was 0.87 (95% confi-
dence interval [Cl] 0.83-0.91). For the validation cohort, the area
under the curve was 0.90 (95% CI 0.87-0.93). Higher values for
the area under the curve indicate better overall performance.
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best overall discrimination. With a sensitivity of 87.1%, this
value would mean that about one in seven people with car-
diac-related chest pain would be missed. However, because
primary care physicians work in a low-prevalence setting,
only 2% of patients presenting with chest pain would ini-
tially be classified wrongly as negative. Applying a strategy
of “watchful waiting” would still allow for a diagnosis of
coronary artery disease at a later point.

Three patients (0.6%) with acute coronary syndromes in
the derivation cohort and two (0.4%) in the validation cohort
had a false-negative result at the cut-off value of 3 points. At
first glance, this might be a reason for concern. Given that
chronic coronary artery disease is much more prevalent than
acute disease, our analysis is dominated by subacute or
chronic presentations; therefore, the reliability of results
might be higher in patients with chronic disease. In acute
emergency situations, vital signs and symptoms should also
be taken into account.

Another clinical prediction rule to identify coronary artery
disease in primary care has been developed. However, exter-
nal validation showed a noticeable drop in the area under the
curve when applied to our data.”” Scores developed in emer-
gency departments include a broad range of different vari-
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ables, including age, sex, risk factors and pain characteris-
tics.®2# One study determined the usefulness of pain repro-
duced by palpation of the chest wall for defining low-risk
patients.** However, most of these studies used other refer-
ence diagnoses such as acute coronary syndromes, and all
were performed in a setting where the prevalence of coronary
artery disease is much higher than that in a primary care set-
ting.**** Sox and colleagues developed a logistic function for
chest pain in a secondary care setting to estimate the probabil-
ity of coronary artery disease.* Like our score, theirs also
contained age, pain during exertion and history of myocardial
infarction as variables. However, when applied to a low-
prevalence setting, there was a strong reduction in the predic-
tive power of their score.

Previous reviews could not define an important role for
signs and symptoms in general in the diagnosis of coronary
artery disease and acute coronary syndromes.®*® Among the
individual variables that were evaluated, age and history of
prior myocardial infarction were effective for diagnosing typi-
cal angina (coronary artery disease),’ and the absence of chest-
wall tenderness on palpation was effective for diagnosing
acute coronary syndromes.®*® The variable “patient assumes
pain is of cardiac origin” was not used in other studies and
therefore remains a unique variable in our
study population.

Table 4: Number of patients with and without coronary artery disease for each

score value

Strengths and limitations

Derivation cohort
n=773%

Validation cohort
n==672

The diagnostic tests we evaluated had
been chosen according to the results of
an exploratory analysis of primary care

With coronary  Without coronary

With coronary Without coronary

physicians’ practice.®® Our study proce-

Score artery disease artery disease artery disease artery disease dures ensured recruitment of consecutive

patients from a large number of urban
> 21 3 ? ! and rural practices. An independent ref-
4 28 29 36 23 erence panel reviewed the diagnostic
3 40 134 29 89 data, and we performed external valida-
2 12 232 10 204 tion of the prediction rule using data
1 1 188 1 223 from a patient cohort derived from a sim-
0 1 84 0 47 ilar setting, albeit in the context of a dif-

ferent country and health care system.
Total 103 670 85 587 Therefore, this phase 111 diagnostic study

*Excludes 476 patients who had missing values in one or more of the five variables measured by the

prediction rule.

followed a clearly defined design, and its
results should have immediate relevance
for clinical practice.?*

Table 5: Measures of diagnostic accuracy of three cut-off values of prediction score for coronary artery disease in validation cohort

Positive Negative Positive Negative
Sensitivity, Specificity, likelihood ratio likelihood ratio  predictive value, predictive value,

Cut-off value % (95% ClI) % (95% ClI) (95% ClI) (95% Cl) % (95% ClI) % (95% Cl)

1 (positive 1-5 points, 100.0 8.0 1.09 0.00 13.6 100.0
negative 0 points) (96.5-100.0) (5.8-10.2) (1.06-1.11) (0.00-0.25) (10.9-16.3) (96.5-100.0)

2 (positive 2-5 points, 98.8 46.0 1.83 0.03 21.0 99.6
negative < 1 point) (96.5-100.0) (42.0-50.0) (1.69-1.98) (0.00-0.18) (16.7-24.9) (98.9-100.0)

3 (positive 3-5 points, 87.1 80.8 4.52 0.16 39.6 97.7
negative < 2 points) (79.9-94.2) (77.6-83.9) (3.76-5.44) (0.09-0.28) (32.6-46.6) (96.4-99.1)
Note: CI = confidence interval.
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