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Abstract

Background: The clinical assessment of patients with chest pain of recent onset remains difficult. This study
presents a critical review of clinical predictive tools for the assessment of patients with chest pain.

Methods: Systematic review of observational studies and estimation of probabilities of coronary artery disease
(CAD) in patients with chest pain. Searches were conducted in PubMed, Embase, Scopus, and Web of Science to
identify studies reporting tools, with at least three variables from clinical history, physical examination or ECG,
produced with multivariate analysis, to estimate probabilities of CAD in patients with chest pain of recent onset,
published from inception of the database to the 31st July 2015. The references of previous relevant reviews were
hand searched. The methodological quality was assessed with standard criteria. Since the incidence of CAD has
changed in the past few decades, the date of publication was acknowledged to be relevant in order to use the
tool in clinical practice, and more recent papers were considered more relevant. Probabilities of CAD according to
the studies of highest quality were estimated and the evidence provided was graded.

Results: Twelve papers were included out of the 19126 references initially identified. The methodological quality of
all of them was high. The clinical characteristics of the chest pain, age, past medical history of cardiovascular
disease, gender, and abnormalities in the ECG were the predictors of CAD most commonly reported across the
studies. The most recent papers, with highest methodological quality, and most practical for use in clinical settings,
reported prediction or exclusion of CAD with area under the curve 0.90 in Primary Care, 0.91 in Emergency
department, and 0.79 in Cardiology. These papers provide evidence of high level (1B) and the recommendation to
use their results in the management of patients with chest pain is strong (A).

Conclusions: The risk of CAD can be estimated on clinical grounds in patients with chest pain in different clinical
settings with high accuracy. The estimation of probabilities of CAD presented in these studies could be used for a
better management of patients with chest pain and also in the development of future predictive tools.
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Background
Chest pain of recent onset is a common presenting
symptom. In Primary Care up to 15 % of patients with
chest pain have coronary artery disease (CAD), including
angina pectoris and myocardial infarction, and this pro-
portion increases to 22 % in Emergency departments
and 28 % in Cardiology clinics [1–3]. However, the diag-
nosis of CAD among patients reporting chest pain re-
mains difficult. Nonetheless, despite these acknowledged
difficulties current guidelines state that clinical assessment

alone may be sufficient to confirm or exclude the diagno-
sis of CAD in patients with stable chest pain [4–6]. Clin-
ical history and physical examinations should be the first
step of this clinical assessment and guide further diagnos-
tic tests [4–6]. Many patients referred for further tests are
now offered investigations which have high costs and
some involve exposure to ionising radiation [4, 6]. Both
unnecessary investigations and failure to diagnose CAD
are important issues from a resource and clinical outcome
perspective.
Predictive tools can help clinical decision making. Statis-

tical models can accommodate a large number of factors
and produce consistent results, improving the accuracy of
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clinical judgment, which is not as consistent, especially
with less experienced clinicians [7]. Framingham, QRisk,
and ASSIGN are validated risk predictive tools of cardio-
vascular disease (CVD), widely used in clinical practice, but
they have not been validated in patients presenting with
chest pain [8–10]. The recommendations included in the
NICE guidelines for the clinical estimation of the risk of
CAD in patients with stable chest pain, are based on a sin-
gle study published in 1993 [4, 11]. However, it is acknowl-
edged in the guidelines that this study may overestimate
the risk of CAD in Primary Care, the setting where doctors
usually have to base their decisions purely on the clinical
assessment. More recent studies may also allow a more ac-
curate estimation of the risk of CAD in different settings.
This systematic review aims to identify in the current lit-

erature predictive tools for clinical assessment of patients
with chest pain, in primary and secondary care, and to as-
sess their diagnostic performance. This evidence could in-
form both the management of patients with chest pain
and the development of future diagnostic tools.

Methods
The Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) criteria were used to undertake this re-
view (Additional file 1) [12]. Searches were conducted in
PUBMED, EMBASE, SCOPUS and the Web of Science,
from database inception to the 31st of July 2015.
We aimed to identify original studies in compliance

with the following inclusion criteria:

1. Studies including patients with chest pain of recent
onset

2. Studies using diagnosis of CAD as main outcome
3. Multivariate analysis to identify independent

predictors of CAD
4. A predictive tool combining at least three predictors

was derived
5. The predictive tool included variables from the history,

physical examination, or electrocardiogram (ECG)
6. The predictive tool did not include variables from

blood tests, cardiac stress testing, coronary
angiography or coronary scans

7. A computer was not required by the clinician to
estimate risk of CAD with the proposed tool

Studies were excluded if they were limited to specific
patient characteristics (e.g. patients of a specific age
group), or they included mixed exposure or outcome
measures (e.g. chest pain or other symptoms in relation
to CAD and pneumonia), unless separate results for
chest pain and CAD were reported. Studies presenting
computerized clinical decision support were not included
in this review as our objective was to inform the decision
taken by clinicians after clinical assessment, which is

recommended to be the first approach to patients with
chest pain, and the guide of all subsequent management.
In some clinical settings, clinical history and physical
examination may be the only assessment available [4–6].
The search strategy was defined with the help of a med-

ical librarian and is presented in the Additional file 2. The
titles and abstracts identified in the initial search were
checked against inclusion criteria. A number of full text
studies were selected and assessed for inclusion or exclu-
sion. The bibliography of all relevant reviews identified in
the initial search was also checked for further articles
[13–25]. There were no restrictions on the basis of lan-
guage, sample size or duration of follow-up. Relevant data
was extracted from each study using a predefined tem-
plate. Corresponding authors were contacted if any cla-
rification was required. Two reviewers (LA and EG)
independently selected the studies, assessed the quality
and extracted all the data. Any discrepancies were re-
solved by consensus and by a third reviewer (VG).
The quality of the studies was assessed with the

QUADAS tool [26]. Since the prevalence of CAD has
changed in the past few decades the date of publication
was acknowledged to be relevant in order to use the tool
in clinical practice; more recent papers were considered
more relevant [27, 28]. The predictive value of a tool is
different for each clinical setting [29], therefore articles
based in Primary Care, Emergency departments and Car-
diology departments were assessed separately. The results
from the studies were not summarised because it is diffi-
cult to produce sensible summaries using aggregate data
meta-analysis when there are multiple different predictors
used in each paper. The probabilities of CAD in patients
with different clinical presentations, in each clinical set-
ting, were estimated using the tool derived in the studies
considered to be methodologically robust and epidemio-
logically up to date. For the Primary Care and Cardiology
studies [30, 31], the predicted probabilities were calculated
using the formula 1/(1 + e-r) where e is the base of natural
logarithm and r is the linear predictor. For the Emergency
department studies, one paper presented a tool to rule out
CAD, which did not require any calculations [32], and an-
other one presented a formula for calculation [33]. Details
of the calculations are provided in Additional file 3. The
authors of the studies used to calculate probabilities of
CAD were contacted to make sure that a correct inter-
pretation of their tool was being made. The evidence pro-
vided by the papers used to estimate probabilities of CAD
was graded according to the levels of evidence proposed
by the Oxford Centre for Evidence Based Medicine [34].

Results
The initial search produced 19126 references from which
231 full text papers were assessed for inclusion. An add-
itional nine full text studies were also assessed, from the
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593 references of the reviews identified in the initial
search. The first and second reviewer agreed in the inclu-
sion or exclusion of 229 articles and the third reviewer
assessed and decided over the inclusion of the 11
remaining articles. Finally, 12 papers were included in this
review. All papers assessed in full text were in English ex-
cept one, that was in Italian and was assessed by two re-
viewers (EG and VG) with knowledge of that language.
Additional file 4 shows the number of references assessed
at each stage.
Three studies had been conducted in Primary Care,

(Table 1) [30, 35, 36] six in Emergency departments,
(Table 2) [37–40] [32, 33] and four in Cardiology depart-
ments (Table 3) [11, 31, 35, 41]. One study assessed both
patients from Cardiology and Primary Care [35]. The
number of patients in the derivation samples ranged from
284 to 8176 with five studies including over a thousand
patients [11, 30, 31, 35, 41]. All studies were conducted in
the United States or Europe except one that was con-
ducted in Brazil. The quality of the studies was high, with
all of them scoring ≥9 in the 13 items assessment scale
(Additional file 5) [26].
A number of outcomes were reported in different

studies, which included CAD, myocardial infarction

(MI), angina, cardiovascular death, and revascularisation
interventions. Outcomes were defined using combina-
tions of different methods including clinical presenta-
tion, ECG abnormalities, biochemical markers, need for
revascularisation and diagnosis at discharge. The specific
outcome used by each individual study is presented in
Tables 1, 2 and 3. Most studies were conducted during
the clinical management of patients and only one study
clearly reported that the outcome measure was similar for
all patients independently of their initial symptoms [35].
All studies derived the tools using predictors that were

independently associated with the outcome in a multi-
variate regression model. One paper used cox regression,
and reported associations of individual predictors as haz-
ard ratios, and all the other papers used logistic regres-
sion and presented the associations as odd ratios. The
clinical characteristics of the chest pain were associated
with the outcome of 11 studies, five of them specifically
reported exertional pain, and three reported typicality of
chest pain, to be associated with the outcome. Age was
associated with outcome in nine studies. Past medical
history of cardiovascular disease was associated with
outcome in nine studies. Gender in eight studies, abnor-
malities in the ECG in six, and symptoms associated

Table 1 Characteristics of the studies based in Primary Care

Author Country Patients
for score
derivation (n)

Outcome Patients with
outcome n (%)

Maximum
time between
assessment
and outcome
measure

Variables Performance

Soxa 1990
[35]

USA 1074 MI
Angina
Coronary insufficiency

424 (39.5) 1 year Age
Gender
Exertional pain
Patient stops activities
when pain occurs
PMH of MI
Smoking
Pain relived by NTG

For score > 4
S:0.99
Sp:0.18
PPV:0.45
NPV:0.98

Gencer 2010
[36]

Switzerland
Germany

661 CAD 85 (12.9) 1 year Age
Gender
CV Risk Known
Pain location
Pain duration
Exertional pain
Pain on palpation
PMH of CVD

AUC: 0.95 (0.92-0.97)

For scores < 5
(Lowest 5 % for patients
with CAD):S:0.98
Sp:0.71
NPV:0.99

Bösner 2010
[30]

Germany
Switzerland

1199 CAD 180 (15.0) 6 months Age
Gender
Exertional pain
PMH of CVD
Patient assumes pain
of cardiac origin
Pain on palpation

AUC: 0.90 (0.87-0.93)

For a cut-off value of 3
(risk of CAD > 35 %): S:0.86
(0.79-0.92)
Sp:0.75
(0.72-0.78)
PPV:0.35
(0.29-0.41)
NPV:0.97
(0.96-0.98)

MI Myocardial Infarction, PMH Past Medical History, NTG Nitroglycerine, AUC Area Under the Curve, S Sensitivity, Sp Specificity, PPV Positive predictive value, NPV
Negative predictive value
aThis study included both patients from Cardiology and Primary Care
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with chest pain in two studies. However, the description
of clinical symptoms, past medical history of cardiovas-
cular disease, abnormalities of the ECG, and the symp-
toms associated with chest pain, were not recorded
consistently across studies.
The three Primary Care studies reported reclassification

of patients with different clinical presentation against spe-
cified thresholds. Two of them assessed the performance
with measures of discrimination quantified with Area
Under the receiver operating Curve (AUC) as well
[30, 36]. These two studies also reported internal valid-
ation of their diagnostic tool with bootstrapping tech-
niques, and validation in external populations in different
countries, which showed in both cases, results consistent
with the ones obtained in the main analysis [30, 36]. The

study by Bösner et al. was the most recent, had the largest
sample size, presented a clinical tool with the lowest num-
ber of variables, high predictive value, and the most con-
sistent results in the derivation and validation [30]. The
estimation of probabilities of CAD according to the diag-
nostic tool described in this study is presented in Table 4.
This tool provides evidence graded as 1B and recommen-
dation to use it in a Primary Care setting was graded A
(maximum strength).
Five of the six studies conducted in Emergency

departments had MI as an outcome, four of them
had unstable angina as well, and one study used the
probability of not having CAD as an outcome. The
performance of the tool was reported with AUC in five
studies [32, 33, 37, 38, 40], and measures of reclassification

Table 2 Characteristics of the studies based in Emergency departments

Author Country Patients
for score
derivation (n)

Outcome Patients with
outcome n (%)

Maximum time
from assessment
to out come

Variables Performance

Tierney 1985
[37]

USA 284 MI 35 (12.3) 3 months Diaphoresis PMH of MI
ST elevation
Q wave

AUC: 0.85
For patients with
2 factors (risk of
MI > 25 %): S:0.79
Sp:0.89
PPV:0.49
NPV:0.97

Grijeels 1995
[38]

Netherlands 815 MI
Unstable Angina

400 (49.1) At dis-charge Gender
Radiation of pain
Nausea or sweating,
PMH of CVD
Abnormal ECG

AUC: 0.71

Goodacre 2002
[39]

UK 893 MI
Cardiac death
Arrhythmia
Revascularisation

81 (9.1) 1 year Radiation of pain
Burning pain
Nausea/vomiting
Exertional pain
Tender chest wall

Radiation of pain:
PPV:0.14 (0.11-018)
NPV:0.94 (0.91-0.95)
Exertional pain:
PPV: 0.17 (0.12-0.24)
NPV: 0.92 (0.90-0.94)

Bassan 2004
[40]

Brazil 566 MI
Unstable Angina

269 (47.5) Outcome recorded
during acute clinical
management

Age
Chest pain characteristics
PMH of CAD
Diabetes
ST depression,
T wave inversion

AUC: 0.90
(0.88-0.93)
Using cut-off
probability of
CAD 10 %
S: 0.99
Sp:0.41
PPV:0.60
NPV:0.98

Björk 2006
[33]

Sweden 634 MI
Unstable Angina

130 (20.5) Outcome recorded
during acute clinical
management

Age
Hypertension
Angina pectoris
PMH of MI
PMH of CABG
Short symptoms
duration
Abnormal ECG

Derivation cohort
AUC: 88.0
For S 0.95
Sp:0.5
PPV:0.33
NPV:0.98

Sánchez 2007
[32]

Spain 732 Not having CAD 533 (72.8) 1 month Age
Oppressive pain
Pain location
PMH of CAD
Diabetes

AUC: 0.91
(0.89-0.93)
S:0.17
Sp:1
PPV:1
NPV:0.31

CABG Coronary Artery Bypass Graft
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against specified thresholds were also provided in five
studies [32, 33, 37, 39, 40]. Two studies measured the
calibration of their tool with the Hosmer-Lemeshow test.
[32, 37] One paper reported internal validation [33] and
another two reported external validation in different
populations [32, 37].
The study by Sánchez et al. [32] was the most re-

cent one, and presented a tool to triage patients in
the Emergency department and identify those who
don’t need admission into a chest pain unit. In their
observation all the patients in which the following
five features were not present were confirmed not to
have CAD:

– Age over 40
– Previously known CAD
– Diabetes
– Oppressive chest pain
– Retrosternal chest pain.

This model was validated in the same Emergency
department four years later on 4231 patients and again
100 % (n = 231) of patients without any of the five fea-
tures were confirmed not to have CAD [42]. This tool
provides evidence graded as 1B and recommendation to
use it in a clinical setting is of the maximum strength
(grade A).
Another predictive tool, derived in an emergency de-

partment, considered to be methodologically robust and
clinically relevant was developed by Björk et al. [33] It
estimates the probability of CAD using nine variables
providing an AUC 0.88. Björk et al. used a cross valid-
ation procedure and obtained results consistent with the
ones observed in the derivation of the tool. It provides
evidence graded as 1B and recommendation to use it in
a clinical setting is of the maximum strength (grade A).
An estimation of probabilities of CAD based on this tool
is presented in Table 5. The full predictive model is pre-
sented in Additional file 3.

Table 3 Characteristics of the studies based in Cardiology departments

Author Country Patients (n) Out come Patients with
outcome

Maximum
time between
assessment
and outcome
measure

Variables Performance

Soxa 1990 [35] USA 1074 MI
Angina
Coronay
inssufficiency

424 (39.5) 1 year Age
Gender
Exertional pain
Patient stops activities
when pain occurs
PMH of MI
Smoking
Pain relived by NTG

For score > 4
S:0.99
Sp:0.18
PPV:0.45
NPV:0.98

Pryor 1993 [11] USA 168 CAD 109 (64.9) 90 days Age
Gender
Chest pain typicality
PMH of MI
Diabetes
Smoking,
Hyperlipidaemia
ST-T wave changes
Q Waves

AUC:0.87 (0.82-0.93)

Sekhri 2008 [41] UK 8176 CAD 501 (6.1) 4 years Age
Gender
Diabetes
Chest pain typicality
Bundle branch block
Change in ST or
T Q waves

For clinical assessment:
AUC:0.73 (0.71-0.75)
For clinical assessment
+ECG: AUC:0.74 (0.72-0.76)

Genders 2012 [31] USA
Finland
UK
Hungary
Austria
Italy
Russia
Netherlands
Belgium
Germany
Switzerland

5677 CAD 1634 (28.8) Outcome recorded
during acute clinical
management

Age
Gender
Chest pain typicality
Diabetes
Hypertension
Dislipaemia
Smoking
Body Mass Index

AUC:0.79
Net reclassification
compared with model
based only on age
gender and typicality:
35 %

aThis study included both patients from Cardiology and Primary Care
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One paper based in Cardiology department recruited
participants from outpatient rapid access chest pain
clinics [41], another one recruited participants referred
for non invasive testing [11], one from angiography units
[35], and the last one included both patients having CT
coronary angiography and catheter based coronary angi-
ography [31]. The performance of the tool was reported
with AUC in three studies [11, 31, 41]. The study by
Genders et al. [31] was the only one that reported mea-
surements of calibration, together with the measures of
discrimination and reclassification, of its predictive tool.
It was also the most recent and was conducted in 18
hospitals in 11 different countries. It included patients
with symptoms suggestive of stable angina undergoing
angiography. It was also the only study in which the pre-
dictive tool was validated (using cross validation), and
results were consistent with the ones obtained in the
derivation. The estimation of probabilities of CAD
according to the prediction rule described in this study
is presented in Table 6. This tool provides evidence

graded as 1A and recommendation to use it in a clinical
setting of the maximum strength.

Discussion
CAD can be confirmed or ruled out on clinical grounds
in patients with chest pain in Primary Care, Emergency
departments and Cardiology clinics with levels of dis-
crimination up to 91 %, based on AUC. The clinical
characteristics of the chest pain, age, past medical his-
tory of cardiovascular disease, gender, and abnormalities
in the ECG were the predictors of CAD most commonly
reported across the studies.
The comprehensive search and critical assessment of

articles, conducted by three reviewers, following stand-
ard guidelines for reviews of observational research, rep-
resents a strength of this study [12]. It provides strong
evidence of the performance, including discrimination
calibrations and reclassification measures, of the diag-
nostic tools to predict CAD in different clinical settings.
The diversity of the methods used across studies may

Table 4 Probabilities of Coronary Artery Disease (as percentages) in patients with chest pain in Primary Care

Female <65 or Male <55 Female ≥65 or Male ≥55

Known CVD No known CVD Known CVD No known CVD

Pain
reproducible
by palpation

Pain not
reproducible
by palpation

Pain
reproducible
by palpation

Pain not
reproducible
by palpation

Pain
reproducible
by palpation

Pain not
reproducible
by palpation

Pain
reproducible
by palpation

Pain not
reproducible
by palpation

Pain worse
during exercise

Patient attributes
pain to cardiac
origin

21 63 5 24 48 86 15 53

Patient attributes
pain to cardiac
origin

8 34 2 9 23 65 5 26

Pain not worse
during exercise

Patient attributes
pain to cardiac
origin

5 25 1 6 16 55 3 19

Patient attributes
pain to cardiac
origin

2 9 0 2 6 27 1 7

(Based on the tool by Bösner et al.) [30]. CVD: Clinical vascular disease
Note that probabilities are rounded to 0 decimal places, so a probability of 0 % does not imply impossibility

Table 5 Probabilities of Coronary Artery Disease (as percentages) in patients with chest pain in Emergency departments

Age 40 Age 50 Age 60 Age 70

HTN+ HTN- HTN+ HTN- HTN+ HTN- HTN+ HTN-

Symp-toms dura- tion Cd + Cd- Cd+ Cd- Cd+ Cd- Cd+ Cd– Cd+ Cd- Cd+ Cd- Cd+ Cd- Cd+ Cd-

0-6 h AP+ 26 16 13 8 33 22 18 11 42 28 24 15 50 36 31 20

AP- 11 7 5 3 15 9 7 4 20 12 10 6 27 17 14 8

7-12 h AP+ 22 14 11 6 29 18 15 9 36 24 20 12 45 31 26 16

AP- 9 5 4 2 13 7 6 3 17 10 8 5 23 14 11 7

>12 h AP+ 7 4 3 2 10 6 5 3 13 8 6 4 18 11 9 5

AP- 3 1 1 1 4 2 2 1 5 3 2 1 7 4 3 2

(Based on the tool by Björk et al. [33])
Note: Estimations for patients without congestive heart failure, previous myocardial infarction, previous CABG or signs of acute coronary syndrome in the ECG
HTN Hypertension, AP pectoris within previous month, Cd Chest discomfort at arrival to hospital
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have an effect on the external validity of each individual
one.
Previous systematic reviews on the value of the clinical

assessment of patients with suspected CAD have focused
on studies based in Emergency departments [17, 24, 43],
have reported the prognostic value of individual signs
and symptoms [13, 14, 23], or include predictors not
available on clinical history or examination, such as

biomarkers [17, 18]. However, clinicians working in pri-
mary and secondary care base their decisions on combi-
nations of signs and symptoms and in many cases are
not supported by laboratory or radiology tests. The re-
sults of this study complement a review that assessed
scores for CAD that included laboratory tests. They pre-
sented TIMI and GRACE scores, as the most extensively
investigated, with GRACE showing better performance,

Table 6 Probabilities of Coronary Artery Disease (as percentages) in patients with symptoms suggestive of stable angina undergoing
angiography

Female Age 40 Age 50 Age 60 Age 70 Age 80

T A Ns T A Ns T A Ns T A Ns T A Ns

DM+ HTN+ Dislip+ Smk+ 20 8 5 31 15 8 46 24 15 61 37 24 74 53 37

Smk- 13 6 3 22 10 5 35 17 10 50 27 17 65 41 27

Dislip- Smk+ 14 6 3 23 10 6 36 17 10 51 28 17 66 42 28

Smk- 9 4 2 16 7 4 26 12 7 39 20 12 55 31 20

HTN- Dislip+ Smk+ 15 6 3 24 11 6 37 19 11 53 30 18 67 44 30

Smk- 10 4 2 17 7 4 27 13 7 41 21 12 57 33 21

Dislip- Smk+ 10 4 2 17 7 4 28 13 7 42 22 13 58 34 22

Smk- 7 3 1 12 5 3 20 9 5 32 15 9 46 25 15

DM- HTN+ Dislip+ Smk+ 14 4 2 23 7 4 35 12 7 50 21 12 65 33 20

Smk- 9 2 1 16 5 2 26 8 4 39 14 8 54 23 14

Dislip- Smk+ 9 3 1 16 5 3 26 8 5 40 15 8 55 24 14

Smk- 6 2 1 11 3 2 18 5 3 30 10 5 44 17 10

HTN- Dislip+ Smk+ 10 3 2 17 5 3 28 9 5 42 16 9 57 26 15

Smk- 7 2 1 12 3 2 20 6 3 31 10 6 46 18 10

Dislip- Smk+ 7 2 1 12 3 2 20 6 3 32 11 6 47 18 11

Smk- 4 1 1 8 2 1 14 4 2 23 7 4 36 12 7

Male

DM+ HTN+ Dislip+ Smk+ 48 26 16 63 40 26 76 55 39 86 69 55 92 81 69

Smk- 37 18 11 52 29 18 67 43 29 79 59 43 87 73 58

Dislip- Smk+ 38 19 11 53 30 19 68 44 30 80 60 44 88 73 59

Smk- 28 13 7 41 21 13 57 33 21 71 48 33 82 63 48

HTN- Dislip+ Smk+ 40 20 12 55 32 20 69 46 32 81 62 46 89 75 61

Smk- 29 14 8 44 23 14 59 35 22 73 50 35 83 65 50

Dislip- Smk+ 30 14 8 44 23 14 60 36 23 73 51 36 84 66 51

Smk- 21 9 5 34 16 9 48 26 16 64 40 26 76 55 40

DM- HTN+ Dislip+ Smk+ 38 13 8 53 22 13 68 35 22 79 50 34 88 65 49

Smk- 28 9 5 41 15 9 57 25 15 71 38 25 82 54 38

Dislip- Smk+ 28 9 5 42 16 9 58 26 16 72 39 26 82 55 39

Smk- 20 6 3 32 11 6 46 18 10 62 29 18 75 43 29

HTN- Dislip+ Smk+ 30 10 5 44 17 10 60 27 17 73 41 27 84 57 41

Smk- 21 6 4 33 11 6 48 19 11 63 31 19 76 45 30

Dislip- Smk+ 22 7 4 34 12 7 49 20 12 64 32 20 77 46 31

Smk- 15 4 2 25 8 4 38 14 8 53 23 13 68 35 22

(Based on the tool by Genders et al.) [31]
DM Diabetes Mellitus, HTN Hypertension, Dislip Dislipaemia, Smk Smoking (positive if the patient is a current smoker or an ex-smoker), T Typical chest pain, A Atypical
chest pain, Ns Non-specific chest pain
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and reported that there are other potentially useful risk
scores that had not been validated [18].
Future studies may derive diagnostic tool, or validate

[44] the ones presented in this review, in larger datasets
and use more uniform measures for predictors and out-
comes. Ideally the outcome to be used in future studies
should include all clinically relevant cases of CAD rather
than specific ones such as only angina or only MI. The
performance of future predictive tools should also in-
clude measures of discrimination, calibration, which was
only reported in three papers included in this review
[31, 32, 37], and reclassification [45]. Measures of impact,
that is whether the predictive tool is used by physicians,
changes therapeutic decisions, improves the clinical pro-
cess and patient outcome, or reduces costs, should also be
reported [44]. As computers become more available, and
use of software more accepted in clinical settings [46, 47],
further research may also look at computer aided clinical
decision support tools for patients with chest pain of re-
cent onset.
The guidelines from the European Society of Cardi-

ology acknowledges that non-invasive, imaging-based
diagnostic methods for CAD have typical sensitivities
and specificities of approximately 85 %, therefore 15 %
of all diagnostic results will be false. For this reason they
recommend no testing if the probabilities of CAD esti-
mated on clinical grounds are <15 % or >85 %, assuming
that these patients are healthy or have stable CAD
respectively [6]. The NICE, and the American Heart
Association, guidelines use thresholds for further tests
between 10 % and 90 % [4, 5]. Authors of future predict-
ive tools may therefore consider reporting measures of
reclassification against these defined, non arbitrary,
thresholds for clinical intervention [45], which were only
used in one study included this review [40].

Conclusions
The predictors of CAD observed in our review may be
considered by clinicians, and also by researchers in the
development of further diagnostic tools. The estimated
probability of CAD presented in this review can be used
in the assessment of patients with chest pain in primary
care, emergency departments and cardiology clinics.
However, despite the good performance of some of the
predictive tools, none can guarantee a completely accur-
ate diagnosis of CAD, therefore clinical judgement re-
mains an essential element for the clinical decision.

Additional files

Additional file 1: MOOSE statement. (DOCX 16 kb)

Additional file 2: Search strategy. (DOCX 13 kb)

Additional file 3: Prediction Models. (DOCX 22 kb)

Additional file 4: Number of references assessed for inclusion.
(DOCX 33 kb)

Additional file 5: Methodological quality of studies included in the
review26. (DOCX 16 kb)

Abbreviations
CAD: Coronary artery disease; AUC: Area Under the receiver operating Curve.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
All authors meet all criteria for authorship and had full access to all of the
data (including statistical reports and tables) in the study and can take
responsibility for the integrity of the data and the accuracy of the data
analysis. All authors contributed to the conception and design of the study.
LA, EG and VG identified the relevant papers to be included, assessed their
quality and extracted the data. All authors planned the analysis, which was
conducted by CC. LA wrote the first draft that was later modified with
feedback from all other authors. All authors read and approved the final
manuscript.

Funding
Luis Ayerbe was funded by an NIHR Clinical Lectureship. Claire L Coleman
was funded by a NIHR Research Methods Fellowship. This article therefore
presents independent research funded by the NIHR. The views expressed are
those of the authors and not necessarily those of the NHS, the NIHR or the
Department of Health
This project was conducted with no direct involvement from funders.

Author details
1Centre for Primary Care and Public Health, Queen Mary University of
London, Yvonne Carter Building, 58 Turner Street, London E1 2AB, UK.
2Family Medicine Unit, Department of Medicine, Autónoma University of
Madrid, Madrid, Spain. 3Department of Cardiology, Barts Health NHS Trust,
London, UK.

Received: 3 September 2015 Accepted: 15 January 2016

References
1. Bosner S, Becker A, Haasenritter J, Abu Hani M, Keller H, Sonnichsen AC,

et al. Chest pain in primary care: epidemiology and pre-work-up
probabilities. Eur J Gen Pract. 2009;15:141–6.

2. Christenson J, Innes G, McKnight D, Boychuk B, Grafstein E, Thompson CR,
et al. Safety and efficiency of emergency department assessment of chest
discomfort. CMAJ. 2004;170:1803–7.

3. Taylor GL, Murphy NF, Berry C, Christie J, Finlayson A, MacIntyre K, et al.
Long-term outcome of low-risk patients attending a rapid-assessment chest
pain clinic. Heart. 2008;94:628–32.

4. National Institute of Health and Care Excellence. Chest Pain of recent onset:
Assessment and diagnosis of recent onset chest pain or discomfort of
suspected cardiac origin Available at: www.nice.org.uk/guidance/cg95.
Accessed July 2015.

5. Qaseem A, Fihn SD, Williams S, Dallas P, Owens DK, Shekelle P. Diagnosis of
stable ischemic heart disease: summary of a clinical practice guideline from
the American college of physicians/American college of cardiology
foundation/American heart association/American association for thoracic
surgery/preventive cardiovascular nurses association/society of thoracic
surgeons. Ann Intern Med. 2012;157:729–34.

6. Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj A,
et al. ESC guidelines on the management of stable coronary artery disease:
the Task Force on the management of stable coronary artery disease of the
European Society of Cardiology. Eur Heart J. 2013;34:2949–3003.

7. Adams ST, Leveson SH. Clinical prediction rules. BMJ. 2012;344:d8312.
8. Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A,

et al. Predicting cardiovascular risk in England and Wales: prospective
derivation and validation of QRISK2. BMJ. 2008;336:1475–82.

9. Hingorani AD, Vallance P. A simple computer program for guiding
management of cardiovascular risk factors and prescribing. BMJ. 1999;318:101–5.

Ayerbe et al. BMC Cardiovascular Disorders  (2016) 16:18 Page 8 of 9

dx.doi.org/10.1186/s12872-016-0196-4
dx.doi.org/10.1186/s12872-016-0196-4
dx.doi.org/10.1186/s12872-016-0196-4
dx.doi.org/10.1186/s12872-016-0196-4
dx.doi.org/10.1186/s12872-016-0196-4
http://www.nice.org.uk/guidance/cg95


10. Woodward M, Brindle P, Tunstall-Pedoe H. Adding social deprivation and
family history to cardiovascular risk assessment: the ASSIGN score from the
Scottish Heart Health Extended Cohort (SHHEC). Heart. 2007;93:172–6.

11. Pryor DB, Shaw L, McCants CB, Lee KL, Mark DB, Harrell FE, et al. Value of
the history and physical in identifying patients at increased risk for coronary
artery disease. Ann Intern Med. 1993;118:81–90.

12. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
group. JAMA. 2000;283:2008–12.

13. Bruyninckx R, Aertgeerts B, Bruyninckx P, Buntinx F. Signs and symptoms in
diagnosing acute myocardial infarction and acute coronary syndrome: a
diagnostic meta-analysis. Br J Gen Pract. 2008;58:105–11.

14. Panju AA, Hemmelgarn BR, Guyatt GH, Simel DL. The rational clinical
examination. Is this patient having a myocardial infarction? JAMA.
1998;280:1256–63.

15. Borjesson M, Dellborg M. Before intervention - is the pain really cardiac?
Scand Cardiovasc J. 2003;124–127.

16. Achar SA, Kundu S, Norcross WA. Diagnosis of acute coronary syndrome.
Am Fam Physician. 2005;72:119–26.

17. Hess EP, Thiruganasambandamoorthy V, Wells GA, Erwin P, Jaffe AS,
Hollander JE, et al. Diagnostic accuracy of clinical prediction rules to
exclude acute coronary syndrome in the emergency department setting: a
systematic review. CJEM. 2008;10:373–82.

18. D'Ascenzo F, Biondi-Zoccai G, Moretti C, Bollati M, Omede P, Sciuto F, et al.
TIMI, GRACE and alternative risk scores in Acute Coronary Syndromes: a
meta-analysis of 40 derivation studies on 216,552 patients and of 42
validation studies on 31,625 patients. Contemp Clin Trials. 2012;33:507–14.

19. Coventry LL, Finn J, Bremner AP. Sex differences in symptom presentation
in acute myocardial infarction: a systematic review and meta-analysis. Heart
Lung. 2011;40:477–91.

20. Yelland M, Cayley Jr WE, Vach W. An algorithm for the diagnosis and
management of chest pain in primary care. Med Clin North Am.
2010;94:349–74.

21. Birnbaum Y, Wilson JM, Fiol M, de Luna AB, Eskola M, Nikus K. ECG
diagnosis and classification of acute coronary syndromes. Ann Noninvasive
Electrocardiol. 2014;19:4–14.

22. Lee TH, Goldman L. Evaluation of the patient with acute chest pain. N Engl
J Med. 2000;342:1187–95.

23. Chun AA, McGee SR. Bedside diagnosis of coronary artery disease: a
systematic review. Am J Med. 2004;117:334–43.

24. Nehme Z, Boyle MJ, Brown T. Diagnostic accuracy of prehospital clinical
prediction models to identify short-term outcomes in patients with acute
coronary syndromes: a systematic review. J Emerg Med. 2013;44:946–54.e946.

25. Zbierajewski-Eischeid SJ, Loeb SJ. Recognizing myocardial infarction in
women. Nursing. 2010;40:1–7.

26. Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development
of QUADAS: a tool for the quality assessment of studies of diagnostic
accuracy included in systematic reviews. BMC Med Res Methodol. 2003;3:25.

27. Lampe FC, Morris RW, Walker M, Shaper AG, Whincup PH. Trends in rates of
different forms of diagnosed coronary heart disease, 1978 to 2000:
prospective, population based study of British men. BMJ. 2005;330:1046.

28. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al.
Explaining the decrease in U.S. deaths from coronary disease, 1980–2000.
N Engl J Med. 2007;356:2388–98.

29. Diverse Populations Collaborative Group. Prediction of mortality from
coronary heart disease among diverse populations: is there a common
predictive function? Heart. 2002;88:222–8.

30. Bosner S, Haasenritter J, Becker A, Karatolios K, Vaucher P, Gencer B, et al.
Ruling out coronary artery disease in primary care: development and
validation of a simple prediction rule. CMAJ. 2010;182:1295–300.

31. Genders TS, Steyerberg EW, Hunink MG, Nieman K, Galema TW, Mollet NR,
et al. Prediction model to estimate presence of coronary artery disease:
retrospective pooled analysis of existing cohorts. BMJ. 2012;344, e3485.

32. Sanchez M, Lopez B, Bragulat E, Gomez-Angelats E, Jimenez S, Ortega M,
et al. Triage flowchart to rule out acute coronary syndrome. Am J Emerg
Med. 2007;25:865–72.

33. Bjork J, Forberg JL, Ohlsson M, Edenbrandt L, Ohlin H, Ekelund U. A simple
statistical model for prediction of acute coronary syndrome in chest pain
patients in the emergency department. BMC Med Inform Decis Mak.
2006;6:28.

34. Levels of Evidence. Oxford, United Kingdom: Oxford Centre for Evidence
based madicine, 2009. Available at www.cebm.net Accessed: July 2015

35. Sox Jr HC, Hickam DH, Marton KI, Moses L, Skeff KM, Sox CH, et al. Using the
patient's history to estimate the probability of coronary artery disease: a
comparison of primary care and referral practices. Am J Med. 1990;89:7–14.

36. Gencer B, Vaucher P, Herzig L, Verdon F, Ruffieux C, Bosner S, et al. Ruling
out coronary heart disease in primary care patients with chest pain: a
clinical prediction score. BMC Med. 2010;8:9.

37. Tierney WM, Roth BJ, Psaty B, McHenry R, Fitzgerald J, Stump DL, et al.
Predictors of myocardial infarction in emergency room patients. Crit Care
Med. 1985;13:526–31.

38. Grijseels EW, Deckers JW, Hoes AW, Hartman JA, Van der Does E, Van
Loenen E, et al. Pre-hospital triage of patients with suspected myocardial
infarction. Evaluation of previously developed algorithms and new
proposals. Eur Heart J. 1995;16:325–32.

39. Goodacre S, Locker T, Morris F, Campbell S. How useful are clinical features
in the diagnosis of acute, undifferentiated chest pain? Acad Emerg Med.
2002;9:203–8.

40. Bassan R, Pimenta L, Scofano M, Soares JF. Accuracy of a neural diagnostic
tree for the identification of acute coronary syndrome in patients with chest
pain and no ST-segment elevation. Crit Pathw Cardiol. 2004;3:72–8.

41. Sekhri N, Feder GS, Junghans C, Eldridge S, Umaipalan A, Madhu R, et al.
Incremental prognostic value of the exercise electrocardiogram in the initial
assessment of patients with suspected angina: cohort study. BMJ.
2008;337:a2240.

42. Lopez B, Sanchez M, Bragulat E, Jimenez S, Coll-Vinent B, Ortega M, et al.
Validation of a triage flowchart to rule out acute coronary syndrome. Emerg
Med J. 2011;841–846.

43. Steurer J, Held U, Schmid D, Ruckstuhl J, Bachmann LM. Clinical value of
diagnostic instruments for ruling out acute coronary syndrome in patients
with chest pain: a systematic review. Emerg Med J. 2010;27:896–902.

44. Toll DB, Janssen KJ, Vergouwe Y, Moons KG. Validation, updating and
impact of clinical prediction rules: a review. J Clin Epidemiol. 2008;61:1085–94.

45. Wright C, Dent T. Quality standadrs in risk prediction. PHG Foundation:
Summary of an expert meeting; 2010.

46. Marc DT, Khairat SS. Why do physicians have difficulty accepting clinical
decision support systems? Stud Health Technol Inform. 2013;192:1202.

47. Medlock S, Eslami S, Askari M, Brouwer HJ, Van Weert HC, de Rooij SE, et al.
Attitudes and experience of Dutch general practitioners regarding
computerized clinical decision support. Stud Health Technol Inform.
2013;186:56–60.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ayerbe et al. BMC Cardiovascular Disorders  (2016) 16:18 Page 9 of 9

http://www.cebm.net

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References



