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a b s t r a c t

Objective: Patient history and physical examination are widely accepted as cornerstones of diagnosis in
modern medicine. We aimed to assess the value of individual historical and examination findings for
diagnosing acute myocardial infarction (AMI) and predicting adverse cardiac events in undifferentiated
Emergency Department (ED) patients with chest pain.
Methods: We prospectively recruited patients presenting to the ED with suspected cardiac chest pain.
Clinical features were recorded using a custom-designed report form. All patients were followed up for
the diagnosis of AMI and the occurrence of adverse events (death, AMI or urgent revascularization) within
6 months.
Results: AMI was diagnosed in 148 (18.6%) of the 796 patients recruited. Following adjustment for age, sex
and ECG changes, the following characteristics made AMI more likely (adjusted odds ratio, 95% confidence
intervals): pain radiating to the right arm (2.23, 1.24–4.00), both arms (2.69, 1.36–5.36), vomiting (3.50,
1.81–6.77), central chest pain (3.29, 1.94–5.61) and sweating observed (5.18, 3.02–8.86). Pain in the

left anterior chest made AMI significantly less likely (0.25, 0.14–0.46). The presence of rest pain (0.67,
0.41–1.10) or pain radiating to the left arm (1.36, 0.89–2.09) did not significantly alter the probability of
AMI.
Conclusions: Our results challenge many widely held assertions about the value of individual symptoms
and signs in ED patients with suspected acute coronary syndromes. Several ‘atypical’ symptoms actually
render AMI more likely, whereas many ‘typical’ symptoms that are often considered to identify high-risk

nosti
populations have no diag

. Background

The patient history and physical examination are widely
ccepted as the cornerstones of diagnosis in modern medicine. The
uropean Society of Cardiology (ESC) and American Heart Asso-
iation (AHA) both recommend that the history and examination
hould be utilised in patients presenting to the Emergency Depart-

ent (ED) with suspected acute coronary syndromes (ACS) in order

o assess the likelihood of ACS and to evaluate prognosis.1,2 For
xample, the AHA guidelines state that “chest or left arm pain or
iscomfort as the chief symptom reproducing prior documented

� A Spanish translated version of the summary of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2009.11.014.
∗ Corresponding author at: Stockport Foundation NHS Trust, Emergency Depart-
ent, Poplar Grove, Stepping Hill Hospital, Stockport SK2 7JE, England, United

ingdom. Tel.: +44 0161 419 4101.
E-mail address: rbody@doctors.org.uk (R. Body).

300-9572/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2009.11.014
c value.
© 2009 Elsevier Ireland Ltd. All rights reserved.

angina” is associated with a high likelihood of ACS.1 The ESC guide-
lines state that “the typical clinical presentation of NSTE-ACS is
retrosternal pressure or heaviness radiating to the left arm, neck
or jaw”.2 The guidelines also state that patients who have symp-
toms occurring at rest have a worse prognosis than those whose
symptoms occur on exertion.

While these statements are based upon expert opinion, refer-
ences to primary research are not provided. Previous reports have
shown that certain clinical features do help to predict the presence
or absence of ACS, although they cannot be used alone to confirm
or exclude the diagnosis.3–6 Much of this research was conducted
in the pre-troponin era and has not been validated against modern
gold standards for the diagnosis of AMI. Several studies were sub-
jected to verification bias as not all included patients underwent

gold standard investigations for AMI.7,8 Other studies recruited
carefully selected low risk9,10 or high-risk11,12 cohorts. One large
study of 10,689 patients from the pre-troponin era did not inves-
tigate examination findings or specific symptoms such as the site,
character and radiation of chest pain.13

http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2009.11.014
mailto:rbody@doctors.org.uk
dx.doi.org/10.1016/j.resuscitation.2009.11.014
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We therefore aimed to assess the value of individual symp-
oms and examination findings for predicting a diagnosis of acute

yocardial infarction (AMI) or the occurrence of adverse events in
atients who present to the ED with suspected cardiac chest pain.

. Methods

We prospectively recruited patients in the ED at Manch-
ster Royal Infirmary, a university-affiliated teaching hospital
ith an annual ED census of approximately 145,000 (comprising

pproximately 39,000 major cases, 43,000 minor injuries, 19,000
phthalmological emergencies, 24,000 primary care emergencies,
3,000 presentations to the Walk in Centre and 7000 others). The
tudy was approved by the Local Research Ethics Committee.

All patients aged >25 years who presented to the ED with
uspected cardiac chest pain, with the most significant episode
ccurring within the last 24 h, were eligible for inclusion in the
tudy. We excluded patients if they had another medical condition
equiring hospital admission, renal failure needing dialysis, signif-
cant chest trauma with suspected myocardial contusion, if they

ere pregnant, did not speak English, were prisoners or if all means
f follow-up would be impossible. All patients provided written
nformed consent.

Clinical data were recorded by the initial treating ED physi-
ian at the time of ED presentation using a custom-designed case
eport form (CRF). The presence or absence of each symptom or sign
as denoted by the appropriate marking of yes/no check boxes

n the CRF by the initial treating physician with the following
xceptions. The presence of basal crackles was indicated by the
ppropriate annotations on the diagram of lung fields and their
bsence was indicated by the annotations “clear” or “no crackles”. If
either had been indicated data was considered missing. Hypoten-
ion (systolic blood pressure ≤100 mmHg) was assessed at the time
f presentation to the ED. The CRF asked the treating physician to
eport whether, in their opinion, the initial ECG demonstrated acute
schaemic features. If a yes/no check box contained no markings or
mbiguous markings the data was considered missing. As biochem-
cal results were not available at the point of assessment, recruiting
hysicians were blinded to troponin levels but were not blinded to
ther clinical information such as the ECG.

All patients had blood taken for troponin T-testing ≥12 h after
ymptom onset (Roche diagnostics, 99th percentile <0.01 ng/ml, CV
10% at 0.035 ng/ml). The timing of serial troponin testing was not
ictated by the study protocol and was undertaken at the discretion
f the responsible physicians. Patients were followed up after 48 h,
0 days and 6 months. Mortality data was initially checked using
he National Health Strategic Tracing Service (NSTS) database, a
ational database that includes the mortality status of every patient
egistered with the NHS in England and Wales.14 Electronic hospital
ecords were then checked for every patient. This includes details of
ll ED attendances, all investigation requests and reports, all hos-
ital admissions and all correspondence. Patients were then also
ontacted by telephone or visited. In the event that a patient was
ot contactable, their general practitioner was contacted. These
atients were considered to have completed follow-up if the gen-
ral practitioner had been in contact with the patient during the
ollow-up period and was able to divulge all relevant information.
n the event that a patient had sought attention at another hospital,
opies of all relevant records were obtained from that hospital.
.1. Interobserver reliability

Interobserver reliability of each clinical variable was assessed
y calculating kappa (�) values in a convenience sample of patients
ho were assessed by two independent ED physicians, each of
81 (2010) 281–286

whom were blinded to the other’s assessment and each recorded
their assessment on a separate CRF. The sample size was calcu-
lated by consulting guidelines regarding sample size for reliability
studies.15 In order to demonstrate a � of 0.6 with the minimal
acceptable � set at 0.3 we would require 44 patients to be assessed
by two independent observers.

2.2. Outcome measures

The primary outcome was a diagnosis of AMI and the sec-
ondary outcome was the occurrence of adverse cardiac events
within 6 months. As all patients had symptoms of ischaemia by
virtue of the inclusion criteria, patients were considered to fulfil
criteria for the diagnosis of AMI if they had a troponin T eleva-
tion ≥0.035 ng/ml.16,17 An adverse event was defined as: death
(all cause), AMI (including the index event) or the need for urgent
coronary revascularization. Urgent revascularization was defined
as percutaneous coronary intervention or coronary artery bypass
grafting excluding those procedures that were undertaken on an
elective basis. Patients who were found to have a new angiographic
stenosis of ≥50% (as reported by the responsible interventional car-
diologist) that was not amenable to revascularization were also
considered to have developed this outcome.

2.3. Statistical analysis

We used binary logistic regression to calculate unadjusted odds
ratios (OR) and 95% confidence intervals (CI), which represent a
summary measure of the overall diagnostic value of each individual
symptom or sign for diagnosing AMI and predicting outcome. Age,
sex and the presence or absence of acute ischaemic ECG features
were then entered as covariates in the logistic regression analysis
in order to calculate adjusted ORs that take account of these covari-
ates. Variables that did not predict outcome with p < 0.05 were
not considered to present useful diagnostic or prognostic informa-
tion and were not analysed further. For those symptoms and signs
that did show some overall value for diagnosing AMI or predicting
AMI (p < 0.05), sensitivities, specificities, positive and negative pre-
dictive values (PPV and NPV respectively), positive and negative
likelihood ratios (LR+ and LR− respectively) were calculated. We
also examined the relationships between individual symptoms and
the type of AMI by classifying each AMI as either anterior or antero-
lateral; inferior, posterior or right ventricular; or non-ST elevation
myocardial infarction (NSTEMI) on the basis of ECG changes. The
prevalence of each individual symptom or sign among patients with
each type of AMI was calculated and the proportions were com-
pared by chi-squared test. All statistical analyses were undertaken
using SPSS version 15.0 or MedCalc version 9.5.2.0.

3. Results

3.1. Overview of data collection

804 patients were recruited to the study between January 2006
and February 2007. 8 patients were excluded because they were
found to meet pre-defined exclusion criteria, meaning that 796
patients were entered into the final analysis. No patients were lost
to follow-up within 6 months.

148 (18.6%) patients were diagnosed with AMI on their index
admission. Of those patients, 13 (8.8%) died and 101 (68.2%) needed
urgent revascularization within 6 months. Of the 648 patients who

did not have index AMI, 6 (0.9%) patients died within 6 months, 6
(0.9%) had AMI and 52 (8.0%) needed urgent revascularization.

Therefore, by the end of the 6-month follow-up period, a total
of 19 patients had died (2.4%), 27 patients had AMI (excluding
the index event, 3.4%) and 154 patients needed urgent coronary
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Table 1
Baseline characteristics stratified according to whether the patients met diagnostic criteria for AMI during their index attendance.

Variable Total (N = 796) Diagnosed with AMI (N = 148) Not diagnosed with AMI (N = 648)

Age in years, mean (standard deviation) 58.9 (14.2) 63.1 (13.2) 57.9 (14.3)
Men (%) 481 (60.4) 104 (70.3) 377 (58.2)
Previous angina (%) 258 (32.4) 35 (23.6) 223 (34.4)
Previous myocardial infarction (%) 195 (24.5) 32 (21.6) 163 (25.2)
Hypertension (%) 399 (50.1) 73 (49.3) 326 (50.3)
Hyperlipidaemia (%) 379 (47.6) 57 (38.5) 322 (49.7)
Diabetes mellitus (%) 141 (17.7) 23 (15.5) 118 (18.2)
Smoking (%) 247 (31.0) 69 (46.6) 178 (27.5)
Family history of ischaemic heart disease (%) 379 (47.6) 63 (42.6) 316 (48.8)
Previous coronary intervention (%) 160 (20.1) 22 (14.9) 138 (21.3)
Peripheral vascular disease (%) 15 (1.9) 3 (2.0) 12 (1.9)
Cerebrovascular disease (%) 76 (9.5) 14 (9.5) 62 (9.6)

Grade of treating physician (%)
Senior house officera 71(8.9) 13 (8.8) 58 (9.0)
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Registrar 724 (91.0)
Consultant (attending) 1 (0.1)

a ≥1 and typically < 5 years postgraduate medical experience.
b Typically 4–9 years postgraduate medical experience.

evascularization (19.3%). In total 179 patients (22.9%) developed
n adverse event (death, AMI or the need for urgent revascular-
zation) during 6-month follow-up. Key baseline characteristics of
he patients are shown in Table 1. Altogether, 526 (66%) patients
escribed their ethnic origin as British White, 115 (15%) were Asian
akistani, Asian Indian or Asian Other, 36 (5%) were Irish White, 27
3%) were Black Caribbean, 74 (9%) were of any other ethnic origin
nd 17 (2%) patients did not wish to answer the question.

The presence or absence of chest wall tenderness was not
ecorded for 1 patient. There were no other missing data. The preva-
ence of each clinical feature varied from 0.8% to 87.1% (see web
ppendix, Table 5). The majority (440, 55.3%) of patients had pre-
iously experienced similar episodes of the chest pain, although in
7.5% of these cases the pain had not been identified as myocar-
ial ischaemia. Most subjects (87.1%) experienced chest pain at
est.

.2. Interobserver reliability
Table 2 demonstrates the interobserver reliability of variables
ith a kappa score ≥0.6. The degree of reliability varied, with 4

ariables showing near perfect agreement (� ≥ 0.8), 16 showing
ubstantial agreement (� 0.6–0.8), 3 showing moderate agreement

able 2
nterobserver reliability of clinical variables with a kappa score ≥0.6.

Clinical feature Number with two independent ratin

Previously identified as ischaemic pain 38
Acute ischaemic ECG features 37
Sweating observed 31
Rest pain 41
Duration over 1 h 39
Pain radiates to back 43
Pain radiates to jaw, neck or throat 43
Pain character: sharp/stabbing 42
Pain: left anterior 43
Pain: central 43
Reported nausea 43
Reported vomiting 43
Pain radiates to left shoulder/arm 43
Pain radiates to right shoulder/arm 43
Worsening angina 36
Chest wall tender 34
Basal crackles 35
Any radiation 43
Reported sweating 43
Pain character: dull 42
Reported paraesthesiae 43
135 (91.2) 589 (90.9)
0 1 (0.2)

(� 0.4–0.6), 2 showing slight agreement (� 0.2–0.4) and 5 showing
poor or slight agreement (� < 0.2).18

3.3. Diagnostic value for AMI

The association between individual clinical features and the
diagnosis of AMI is shown in Fig. 1. 11 clinical features had
statistically significant (p < 0.05) diagnostic value. The sensitivi-
ties, specificities and predictive values of those clinical features
are shown in Table 3. Sweating observed by the ED physician
was the strongest predictor of AMI (adjusted OR 5.18, 95% CI
3.02–8.86). Reported vomiting was also a fairly strong predictor
of AMI (adjusted OR 3.50, 1.81–6.77). Pain located in the left ante-
rior chest was found to be the strongest negative predictor of AMI
(adjusted OR 0.25, 0.14–0.46). Surprisingly, patients who described
the pain as being the same as previous myocardial ischaemia
were significantly less likely to be having AMI (adjusted OR 0.42,
0.26–0.69).
Table 6 (web appendix) demonstrates the relative prevalence of
each symptom or sign stratified by type of AMI. Patients with STEMI
were significantly more likely to have pain lasting >1 h than patients
with NSTEMI, with the median symptom duration being 120 min
in patients with STEMI, 90 min in patients with NSTEMI and 60 min

gs Absolute agreement (%) � 95% CI

97.3 0.92 0.78–1.00
94.6 0.87 0.70–1.00
96.8 0.84 0.16–1.00
95.1 0.81 0.54–1.00
89.7 0.80 0.60–0.99
95.3 0.78 0.47–1.00
93.0 0.73 0.43–1.00
92.9 0.73 0.43––1.00
88.4 0.72 0.47–0.95
88.3 0.71 0.47–0.94
86.0 0.69 0.45–0.92
97.7 0.66 −0.01–1.00
86.0 0.65 0.40––0.91
95.3 0.65 0.16–1.00
97.2 0.65 −0.02–1.00
97.1 0.65 −0.02–1.00
94.3 0.64 0.15–1.00
81.4 0.63 0.39–0.86
83.3 0.63 0.39–0.86
83.3 0.62 0.37–0.88
90.7 0.62 0.26–0.98
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ig. 1. Value of individual clinical features for diagnosing AMI, derived by logis-
ic regression. Filled squares denote unadjusted ORs; open squares indicate ORs
djusted for age, sex and ischaemic ECG changes.

n patients without AMI). Patients with anterior or anterolateral
TEMI were significantly more likely to describe their pain as heavy
r pressure-like and significantly less likely to describe their pain
s dull in nature compared to patients with NSTEMI and no AMI.
atients with NSTEMI were no more likely than patients without
MI to report nausea, although patients with STEMI were sig-
ificantly more likely to report this symptom. Hypotension was
ost likely in patients with inferior, right ventricular or posterior

TEMI, whereas elevated jugular venous pressure was most likely

n patients with anterior or anterolateral STEMI. Tachycardia was
ignificantly more likely to be present in patients with anterior or
nterolateral STEMI compared to all other groups, whereas brady-
ardia was significantly more likely in patients with inferior, right
entricular or posterior STEMI.

able 3
haracteristics of each predictive clinical feature as a diagnostic test for AMI.

Predictor Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV

Same as previous ischaemia 22.3 (15.9–29.9) 69.4 (65.7–73.0) 14.
Duration >1 h 77.0 (69.4–83.5) 44.9 (41.0–48.8) 24.
Pain radiates to right shoulder/arm 18.9 (13.0–26.2) 91.8 (89.4–93.8) 34.
Pain radiates to both shoulders/arms 13.5 (8.5–20.1) 94.8 (92.7–96.3) 37.
Pain central 85.1 (78.4–90.4) 34.1 (30.5–37.9) 22.
Pain left anterior 11.5 (6.8–17.8) 68.2 (64.5–71.8) 7.
Reported sweating 59.5 (51.1–67.4) 54.3 (50.4–58.2) 22.
Reported vomiting 16.2 (10.7–23.2) 94.8 (92.7–96.3) 41.
Hypotension 6.8 (3.3–12.1) 97.7 (96.2–98.7) 40.
Basal crackles 16.2 (10.7–23.2) 90.6 (88.1–92.7) 28.
Sweating observed 36.5 (28.7–44.8) 94.3 (92.2–96.0) 59.
Acute ischaemic ECG changes 71.0 (62.9–78.1) 81.3 (78.1–84.3) 46.
Fig. 2. Value of individual historical features for predicting the occurrence of adverse
events within 6 months. Filled squares denote unadjusted ORs (bivariate correla-
tions); open squares denote ORs adjusted for age, sex and ischaemic ECG changes.

3.4. Prognostic value for prediction of adverse events

Fig. 2 demonstrates the ORs of individual clinical features for
predicting adverse events within 6 months. The sensitivities, speci-
ficities and predictive values of the clinical features that were
statistically significant predictors are shown in Table 4. Again,
sweating observed (adjusted OR 3.88, 2.31–6.51) and associated
vomiting (adjusted OR 3.20, 1.75–5.84) were found to be the
strongest positive predictors. The predictive value of pain radiat-

ing to the right arm or shoulder (adjusted OR 2.12, 1.25–3.58) was
found to be greater than that of pain radiating to the left arm or
shoulder (adjusted OR 1.60, 1.10–2.31). Pain radiating to both arms
or shoulders had greater predictive value than either (adjusted OR
2.80, 1.60–4.89). Although they were not found to be of value for

, % (95% CI) NPV, % (95% CI) LR+ (95% CI) LR− (95% CI)

3 (10.0–19.5) 79.7 (76.1–82.3) 0.73 (0.53–1.01) 1.12 (1.01–1.24)
2 (20.4–28.3) 89.5 (85.7–92.6) 1.40 (1.25–1.56) 0.51 (0.38–0.70)
6 (24.4–46.0) 83.2 (80.3–85.9) 2.31 (1.52–3.53) 0.88 (0.81–0.96)
0 (24.3–51.3) 82.8 (79.8–85.4) 2.58 (1.53–4.34) 0.91 (0.85–0.98)
8 (19.4–26.5) 91.0 (86.6–94.2) 1.29 (1.18–1.41) 0.44 (0.29–0.65)
6 (4.5–11.9) 77.1 (73.5–80.5) 0.36 (0.23–0.57) 1.30 (1.20–1.40)
9 (18.8–47.5) 85.4 (81.7–88.7) 1.30 (1.11–1.52) 0.75 (0.61–0.92)
4 (28.6–55.1) 83.2 (80.3–85.8) 3.09 (1.89–5.05) 0.88 (0.82–0.95)
0 (21.2–61.3) 82.1 (79.2–84.7) 2.92 (1.34–6.37) 0.95 (0.91–1.00)
2 (19.0–39.0) 82.6 (79.6–85.3) 1.72 (1.11–2.67) 0.92 (0.86–1.00)
3 (48.5–69.5) 86.7 (83.9–89.1) 6.39 (4.38–9.33) 0.67 (0.60–0.76)
5 (39.8–53.2) 92.5 (90.0–94.5) 3.80 (3.14–4.60) 0.36 (0.28–0.46)
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Table 4
Characteristics of predictive clinical features as diagnostic tests for predicting index AMI or adverse events within 6 months.

Predictor Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, % (95% CI) NPV, % (95% CI) LR+ (95% CI) LR− (95% CI)

Worsening angina 22.3 (16.9–28.5) 85.6 (82.5–88.4) 35.9 (27.7–44.7) 75.3 (71.9–78.6) 1.55 (1.13–2.14) 0.91 (0.84–0.98)
Duration >1 h 71.6 (65.0–77.5) 45.3 (41.2–49.4) 32.1 (27.9–36.5) 81.5 (76.9–85.6) 1.31 (1.17–1.46) 0.63 (0.50–0.79)
Pain radiates to right shoulder/arm 17.1 (12.3–22.8) 92.3 (89.8–94.3) 44.4 (33.4–55.9) 75.5 (75.2–78.6) 2.22 (1.47–3.34) 0.90 (0.84–0.96)
Pain radiates to both shoulders/arms 12.3 (8.2–17.5) 95.2 (93.2–96.8) 48.2 (34.5–62.2) 75.1 (71.8–78.1) 2.57 (1.55–4.29) 0.92 (0.87–0.97)
Pain central 76.8 (70.5–82.3) 33.2 (29.4–37.1) 29.3 (25.5–33.3) 79.8 (74.2–84.7) 1.15 (1.05–1.26) 0.70 (0.53–0.92)
Pain left anterior 20.9 (15.6–27.0) 69.4 (65.5–73.1) 19.7 (14.7–25.6) 70.9 (67.0–74.6) 1.14 (1.04–1.24) 0.68 (0.51–0.91)
Pain sharp/stabbing 10.9 (7.0–15.9) 83.3 (80.0–86.2) 19.0 (12.5–27.2) 72.2 (68.6–75.7) 0.65 (0.42–1.00) 1.07 (1.01–1.14)
Reported sweating 55.9 (49.0–62.7) 54.5 (50.4–58.6) 30.7 (26.2–35.6) 77.4 (73.1–81.4) 1.23 (1.06–1.43) 0.81 (0.68–0.96)
Reported vomiting 14.2 (9.8–19.7) 95.2 (93.2–96.8) 51.7 (38.2–65.1) 75.5 (72.2–78.5) 2.97 (1.82–4.85) 0.90 (0.85–0.95)
Hypotension 7.6 (4.4–12.0) 98.5 (97.1–99.3) 64.0 (42.5–82.0) 74.7 (71.5–77.7) 4.93 (2.21–10.98) 0.94 (0.90–0.98)
Bradycardia 15.6 (11.0–21.3) 90.3 (87.6–92.5) 36.7 (26.8–47.5) 74.8 (71.4–78.0) 1.61 (1.08–2.39) 0.93 (0.88–1.00)
Tachycardia 15.6 (11.0–21.3) 91.5 (88.9–93.6) 39.8 (29.2–51.1) 75.0 (71.7–78.2) 1.83 (1.21–2.76) 0.92 (0.87–0.98)
Basal crackles 16.6 (11.8–22.3) 91.5 (88.9–93.6) 41.2 (30.6–52.4) 75.3 (71.9–78.4) 1.94 (1.30–2.90) 0.91 (0.85–0.97)
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Sweating observed 28.0 (22.0–34.5) 94.5 (92.4–96.2)
Acute ischaemic ECG changes 58.3 (51.3–65.0) 82.4 (79.1–85.4)

iagnosing AMI, bradycardia, tachycardia and crackles at the lung
ases were each found to be weak but statistically significant pre-
ictors of adverse events.

. Discussion

Our results demonstrate that while a number of clinical features
an be used to shift the prior probability, none can be used alone to
eliably confirm or exclude AMI or the occurrence of adverse events.
ome ‘atypical’ symptoms (notably pain radiating to the right arm
r shoulder) were shown to render AMI and the occurrence of
dverse events significantly more likely. Others (for example, pleu-
itic pain, burning or indigestion-like pain and right sided chest
ain) had no diagnostic or prognostic value. Several ‘typical’ symp-
oms were found to have no significant diagnostic or prognostic
alue (including radiation to the jaw, neck, throat, left arm or left
houlder and pain with a tight, squeezing, heavy or pressure-like
haracter). Surprisingly, pain located in the left anterior chest and
ain same as the previous myocardial ischaemia both identified
atients with a lower probability of AMI.

.1. Limitations

It is important to exercise some caution in the interpreta-
ion of these findings. This study was conducted in a single inner
ity ED in the northwest of England. Variations in symptoma-
ology among patients from different ethnic groups has been
ell documented.19,20 Whether our findings can be generalised to
ider patient groups can therefore only be determined by sim-

lar research in heterogeneous cohorts. It should also be noted
hat our findings cannot be extrapolated to patients outside the
D, as varying degrees of patient selection are likely to signifi-
antly alter the predictive value of clinical features. Further, it is
mportant to recognise that the diagnostic value of some features

ay be higher among cohorts of patients with all undifferenti-
ted non-traumatic chest pain (regardless of the suspicion of ACS).
ome clinical features (for example, a pleuritic nature) undoubtedly
nfluence the decision to suspect cardiac pain. It is also impor-
ant to recognise that our analysis only permitted simple yes/no
lassification with regard to each symptom or sign. While this
as the only feasible means to enable this analysis, it is pos-
ible that in true clinical practice the strength of response or
ntensity of a particular symptom may enhance its diagnostic
alue.

For practical and ethical reasons we excluded patients if they
ere unable to speak English or provide written informed consent.
(23.5–29.7) 64.8 (54.1–74.6) 5.11 (3.42–7.63) 0.76 (0.70–0.83)
(47.7–61.0) 84.6 (81.3–87.4) 3.31 (2.69–4.08) 0.51 (0.43–0.60)

Our results may have limited application for these patients, partic-
ularly with regard to symptoms that rely upon good channels of
communication between physician and patient.

4.2. Implications and comparison with previous research

These results challenge current thinking regarding the diagnos-
tic and prognostic values of many clinical features in patients with
suspected cardiac chest pain presenting to the ED. For example, the
assertion by the ESC that chest pain occurring at rest identifies a
high-risk group of patients does not appear to be valid in the undif-
ferentiated ED population. Rest pain was documented in 87% of our
cohort and its presence carried neither diagnostic nor prognostic
value.

Similarly, it would appear that the statement within AHA guide-
lines that “chest or left arm pain. . . reproducing prior documented
angina [is associated with] a high likelihood of ACS” does not appear
to be valid in the ED population. We found that pain same as the
previous myocardial ischaemia identified a population who were
significantly less likely to be having AMI than the remainder of
the cohort and no more likely to have an adverse event within 6
months. Perhaps the previous experiences of these patients have
led to them being more likely to seek emergency medical attention
when their symptoms recur. They may, for example, be afraid that
they may be about to experience another ‘heart attack’ on experi-
encing a transient or mild episode of chest pain. Alternatively they
may have been advised by healthcare professionals to seek help at
the earliest opportunity should the symptoms recur.

‘Typical’ cardiac chest pain is also usually described as central
or substernal in location and, less often, as a left-sided chest pain.
Many patients seem concerned if they experience pain in the left
side of the chest because they perceive that the pain is located in
the same place as the heart. We found that patients with central
chest pain were more likely to be having AMI and had a worse
prognosis than the remainder of the cohort. Meanwhile, patients
with left anterior chest pain were less likely to be having AMI and
had a better prognosis than other patients. Interestingly, pain expe-
rienced in the right side of the chest or in the left lateral chest did
not have predictive value for AMI or adverse events, although the
wide confidence intervals suggest that these analyses may have
been underpowered.
Associated symptoms including vomiting and sweating were
found to carry significant predictive value, results that are con-
sistent with previous investigations in the pre-troponin era.3,4

Sweating observed by the treating physician was an even stronger
positive predictor of AMI and adverse events than sweating as
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eported by the patient. There are several possible explanations
or this. Sweating (or diaphoresis) is a sign of activation of the sym-
athetic nervous system, a common response to pain and to the
cute reduction in cardiac output associated with AMI.21,22 Per-
aps patients who reported sweating but were not observed to be
weating in the ED had less activation of the sympathetic nervous
ystem, for example due to more transient or less severe pain or a
ess marked reduction in cardiac output.

We found that enquiry into the radiation of pain also yielded
otentially valuable clinical information. Interestingly radiation
o both arms or shoulders was a stronger predictor of AMI
nd adverse events than radiation to the right arm or shoul-
er, which in turn was a stronger predictor than radiation to the

eft arm or shoulder. While these findings may appear surpris-
ng, they are in fact remarkably consistent with previous similar
esearch.3,4,10

Some may wonder whether these findings begin to ques-
ion the validity of current definitions of ‘typical’ cardiac chest
ain in the medical literature. However, taken from a different
erspective, 39.2% of the patients who had AMI reported pain
adiating to the left arm or shoulder. 18.9% of patients with AMI
eported radiation to the right arm or shoulder. Because radi-
tion to the right arm or shoulder was less common among
atients without AMI (8.2%), this feature was able to facilitate a
egree of differentiation between patients with and without AMI.
owever, the frequency of radiation to the left arm or shoul-
er in patients with AMI was comparable to that in patients
ithout AMI (36.0%). Therefore, while our findings cannot be
sed to reject the theory that pain radiating to the left arm
r shoulder is a ‘typical’ symptom of AMI, they indicate that
he presence or absence of this feature gives us little capacity
o discriminate between patients with and without AMI in the
D.

. Conclusions

Our findings challenge many widely held assertions about the
alue of individual symptoms and signs in ED patients with sus-
ected ACS. Symptoms that are known to be ‘typical’ or ‘atypical’ of
CS may actually have little ability to differentiate the ED popula-

ion with chest pain. Notably, several ‘atypical’ symptoms actually
ender the diagnosis of ACS more likely, whereas many ‘typical’
ymptoms that are often considered to identify high-risk popula-
ions have no diagnostic value.
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