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ABSTRACT

Objective To identify and assess the performance of
clinical decision rules (CDR) for chest pain in general
practice.

Design Systematic review of diagnostic studies.

Data sources Medline/Pubmed, Embase/Ovid, CINAHL/
EBSCO and Google Scholar up to October 2018.

Study selection Studies that assessed CDRs for
intermittent-type chest pain and for rule out of acute
coronary syndrome (ACS) applicable in general practice,
thus not relying on advanced laboratory, computer or
diagnostic testing.

Review methods Reviewers identified studies, extracted
data and assessed the quality of the evidence (using
Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2)), independently and in duplicate.

Results Eight studies comprising five CDRs met the
inclusion criteria. Three CDRs are designed for rule out of
coronary disease in intermittent-type chest pain (Gencer
rule, Marburg Heart Score, INTERCHEST), and two for
rule out of ACS (Grijseels rule, Bruins Slot rule). Studies
that examined the Marburg Heart Score had the highest
methodological quality with consistent sensitivity (86%—
91%), specificity (61%—81%) and positive (23%—35%)
and negative (97%—-98%) predictive values (PPV and NPV).
The diagnostic performance of Gencer (PPV: 20%—-34%,
NPV: 95%-99%) and INTERCHEST (PPV: 35%—43%, NPV:
96%-98%) appear comparable, but requires further
validation. The Marburg Heart Score was more sensitive
in detecting coronary disease than the clinical judgement
of the general practitioner. The performance of CDRs that
focused on rule out of ACS were: Grijseels rule (sensitivity:
91%, specificity: 37%, PPV: 57%, NPV: 82%) and Bruins
Slot (sensitivity: 97%, specificity: 10%, PPV: 23%, NPV:
92%). Compared with clinical judgement, the Bruins Slot
rule appeared to be safer than clinical judgement alone,
but the study was limited in sample size.

Conclusions In general practice, there is currently no
clinical decision aid that can safely rule out ACS. For
intermittent chest pain, several rules exist, of which the
Marburg Heart Score has been most extensively tested and
appears to outperform clinical judgement alone.

INTRODUCTION

Chest pain is a common symptom for
contacting the general practitioner (GP).
During office hours, 1.5% of all consultations
and 4% of all new episodes are related to
chest pain.'” The highest frequency of chest

Strengths and limitations of this study
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» The study provides an up-to-date overview on chest
pain rules applicable in general practice.

» We applied stringent inclusion criteria and stan-
dardised quality assessment tools.

» Various diagnostic study designs were included (ie,
derivation, validation).

» Chest pain rules that relied on advanced diagnostic
testing (ie, HEART, TIMI or GRACE) were not included.

» Decision rules based on exclusively non-chest pain
symptoms (ie, dyspnoea) were not part of the liter-
ature search.

pain consultations is in the age category 45
to 64 years, with notable differences between
men and women in its presentation.' * *°
The initial task for GPs is differentiating less
frequent but urgent diagnoses of chest pain,
such as acute coronary syndrome, or pulmo-
nary embolism, from more common but less
urgent diagnoses (such as gastro-oesophageal
reflux, musculoskeletal pain or anxiety).'™
To make this important differentiation, GPs
mainly depend on history taking, medical
history, physical examination and past experi-
ence to establish a working hypothesis/diag-
nosis. The most prevalent reason for referral
is rule out of acute coronary syndrome (ACS)
in patients with acute-onset chest pain as well
as rule out of coronary artery disease (CAD)
in patients who present with intermittent-type
chest pain.

The GPs’ evaluation of patients with chest
pain, based on symptoms and signs alone
(‘clinical gestalt’), is unfortunately insuf-
ficient for diagnosing or excluding stable
angina and particularly ACS reliably (sensi-
tivity of 69% and specificity of 89%).” GPs are
very well aware of their own limitations and
therefore apply a low referral threshold. A
validated clinical risk score could aid GPs in
decision-making by calculating the risk of an
unfavourable diagnosis based on patient char-
acteristics, symptoms and other readily avail-
able information. In this systematic review,

BM)

Harskamp RE, et al. BMJ Open 2019;9:¢027081. doi:10.1136/bmjopen-2018-027081 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-9041-0350
http://dx.doi.org/10.1136/bmjopen-2018-027081
http://dx.doi.org/10.1136/bmjopen-2018-027081
http://dx.doi.org/10.1136/bmjopen-2018-027081
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-027081&domain=pdf&date_stamp=2019-02-26
http://bmjopen.bmj.com/

we aim to identify and assess the performance of existing
clinical decision aids/rules for stable angina and/or
acute coronary syndrome in patients with chest pain that
are applicable and have been validated in low-resource
general practice or equivalent settings.

METHODS

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were used to
undertake this review.®

Data sources and searches

We searched PubMed, Embase, CINAHL and Google
Scholar from database inception through to the search
date 17 October 2018. We searched for studies written
in English, Dutch or German. We used keywords: chest
pain, coronary artery disease, acute coronary syndrome,
general practice, primary care practice, prediction rule,
decision model or decision aid. Online supplement A of
the supplemental data document displays the full search
strategy.

Study selection

Two investigators (REH, SCL) identified potentially
eligible studies, with a third (WAML) to resolve any
disagreements. We used an online systematic review plat-
form (Covidence, Veritas Health Innovation, Melbourne,
Australia) for this purpose. In addition to the language
(English, Dutch, German) and human research restric-
tions, the following inclusion criteria for eligible studies
were applied: (1) original studies in adults (=18 years of
age) with enrolment in a primary care setting; (2) chest
pain either acute or intermittent-type; (3) ascertainment
of the diagnosis of coronary artery disease or acute coro-
nary syndrome at follow-up; (4) predictive tool based on
multivariable analysis; (5) predictive tool derived from
findings that are applicable in primary care setting. These
findings may include: medical history, physical examina-
tion, ECG or previously documented laboratory findings
(such as lipid levels). We excluded studies with a retro-
spective study design and studies that used a prediction
rule that was based on serial biomarker testing (ie, sequen-
tial troponin testing at 2-3-hour time interval), required
advanced computer algorithms or advanced diagnostic
testing (cardiac imaging, coronary angiography).

Clinical decision rules and outcomes of interest

The clinical decision aids may include items from history
taking, physical examination, laboratory and electrocar-
diographic data. The outcomes of interest are diagnostic
test characteristics of included rules, including: sensitivity,
specificity, negative and positive prediction values.

Reference diagnosis

The clinical outcomes that we used as reference diagnosis
were (1) any form of coronary artery disease (CAD) or
coronary heart disease; or (2) a more restricted form
including unstable angina or myocardial infarction

(referred to as acute coronary syndrome) in patients with
acute chest pain. We applied no restrictions on minimum
or maximum time of follow-up. The assessment of applica-
bility of the reference standard for each study is assessed
by the QUADAS-2 tool, which can be found as supple-
mental data in online supplement B.

Study population

We included studies with adult populations that present at
a GP office or out-of-office setting (ie, patient visits when
making house calls). In-hospital, emergency department
(ED) and/or preselected outpatient populations were
not eligible.

Data extraction and quality assessment

Two investigators (REH, SCL) extracted data elements
from each study, with a third investigator (WAML) inde-
pendently reviewing these data for accuracy. The quality
of the studies was assessed by three investigators (REH,
SCL, WAML) using the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool for assessing risk of
bias in diagnostic accuracy studies. This tool comprises
four key domains, namely: patient selection, index test,
reference standard and flow and timing.” We assessed
whether a clinical decision rule (CDR) was ready for
application in clinical practice based on the level of
evidence for each rule using the definitions of the Mount
Sinai Evidence-Based Medicine Working group.10

Data synthesis and analysis

The extracted data on study and patient characteristics,
outcome measures and follow-up information of the
included studies will be displayed in tables. Subsequently,
we extracted data on the discriminatory properties (C-sta-
tistic) of the decision rule from each studies, as well as
data on sensitivity, specificity, positive (PPV) and negative
predictive values (NPV) and true and false positives and
negatives. We constructed a summary receiver operating
characteristic curve based on 2x2 tables from the indi-
vidual study data using Review Manager (RevMan V.5.3.
The Cochrane Collaboration, Copenhagen, Denmark).

Patient and public involvement

This study did not involve direct patient involvement.
For the current analysis, we did not a priori consult with
representatives of patient organisations. After peer review
and acceptance of publication, we will share the findings
of our research with the Dutch Heart Foundation, rele-
vant patient organisations, as well as general practitioners
within our academic network.

RESULTS

Search results

Our search resulted in 3105 unique studies of which we
assessed 94 in full text. Of those, eight studies met the
inclusion criteria of our study, in which five different
CDRs were evaluated. All studies were written in English.
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3,105 studies screened
44 3,011 studies irrelevant |

94 full-text studies assessed for eligibility

86 studies excluded
43 wrong population (ED, hospital)
15 wrong study design (case report, review, etc)
14 no clinical decision rule
7 rule requires use of computer (algorithm)
3 rule not derived from multivariable analysis
3 wrong outcome parameter (no involving CAD/ACS)
1 No clinical parameters included in rule

8 studies included

Figure 1 Flow chart of systematic search of the
literature. ACS, acute coronary syndrome; CAD, coronary
artery disease; ED, emergency department.

The flowchart of our search strategy and reasons for
exclusions can be found in figure 1.

Quality assessment

The overall quality of the studies was moderate as graph-
ically displayed in figure 2. In six out of eight studies,
we found a high risk of bias in the reference stan-
dard, as the assessors who determined the final diag-
nosis (delayed type) were not blinded to the index test
results. In three studies, we found a high risk of bias in
patient selection as a significant proportion of patients
were excluded prior to enrolment.''™ Also, in four
studies, a high risk of bias was found in flow and timing,
due to relatively high dropout rates of patients.” *"'* In
one study, >15% of participating GPs stopped recruiting
prematurely.” Quality concerns of the pooled individual
data study (INTERCHEST) included possible bias
due to missing data in >20% of the study population
and unverifiable risks of bias regarding patient selec-
tion."* Details of the quality assessment can be found as
online supplement B in the supplemental data file.

Risk of bias
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Figure 2 Quality assessment by QUADAS-2.

Study and patient characteristics

As shown in table 1, a total of seven single cohort
studies were included involving 6959 patients and
one pooled individual data study from five cohorts
(INTERCHEST) involving 3099 patients. The sample
size of the individual cohort studies ranged from 289
to 1249 patients. Studies were conducted in Europe
and the USA and were published 1995 and 2017. All
studies were conducted in general practice, with two
studies mandating immediate work-up of all patients
at the ED."? ® The prevalence of CAD, with a variable
diagnostic follow-up period of up to 1year, ranged from
8.0% to 15.0%. In three studies concentrating on acute-
onset chest pain, the prevalence of ACS ranged from
22.0% to 47.8%.""" The reported mean age of patients
ranged from 41 to 67 years, with women comprising
44% to 58% of the population. In studies that reported
the prevalence of comorbidities, hypertension (45%-—
50%) and dyslipidaemia (31%-41%) were common,
and diabetes was present in approximately 13%. The
inclusion and exclusion criteria as well as the defini-
tions that were used for the reference diagnoses for
each of the studies can be found as online supplement
C and D in the supplemental file.

Clinical decision rules

We identified a total of five CDRs, namely the
Gencer rule,7 the Marburg Heart Score,l‘r’_17
INTERCHEST,'* Grijseels rule'® " and Bruins Slot
rule.!’ As shown in table 2, the CDRs have been devel-
oped based on readily available clinical information,
such as patient characteristics, medical history and
physical examination. The Grijseels rule also requires
an ECG. The former three scores (Gencer, Marburg
Heart Score and INTERCHEST) were developed for
rule out of CAD, whereas the Grijseels and Bruins Slot
rules were constructed for rule out of ACS.

Decision rules for stable coronary artery disease in patients
with intermittent chest pain

As shown in table 3, the decision aid that was most
extensively tested is the Marburg Heart Score. This

Applicability concerns
Patient selection
Index test

Reference standard
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Table 1 Characteristics of the study design and study population

Mean age, Prevalence of Follow-up
First author, year Country Type Patients, n year Female, % CAD/ACS, % period
Coronary artery disease
Gencer rule
Gencer et al,” 2010 Switzerland Derivation 661 55.4 52.5 12.9 1year
Germany External 774 N/A 58.0 14.7 6 months
validation
Marburg Heart Score
Bosneretal,’® 2010  Germany Derivation 1249 59 43.9 14.4 6 months
Switzerland External 672 55 47.6 12.6 1year
validation
Haasenritter et al,'®  Germany External 844 59.5 51.5 10.9 6 months
2012 validation
Haasenritter et al,'” Germany External 578 60.2 51.7 121 6 months
2015 validation
INTERCHEST*
Aerts et al,'* 2017 USA, Belgium,  Derivation 3099 N/A N/A 12.5 N/A
Sweden,
Switzerland,
Germany
Switzerland Validation in 644 55.4 52.3 13.2 1year
study 1
Germany Validation in 1238 59.4 56.2 14.5 6 months
study 2
Acute coronary syndrome
Grijseels rule
Grijseels et al,’”® 1995 The Netherlands Derivation 906 67 46 46.2 30days
Grijseels et al,’”> 1996 The Netherlands Validation 977 65.6 47 47.8 30days
Bruins Slot rule
Bruins Slot et al," The Netherlands Derivation 298 66 52 22 30days
2011
Aerts et al,'* 2017 USA, Belgium, Sensitivity 169 N/A N/A N/A N/A
Sweden, analysis
Switzerland,
Germany

*Derivation used pooled individual patient data from five studies. The INTERCHEST was applied to two of these five studies to measure its
diagnostic performance. We referred to this as ‘validation in study 1 and 2’.
ACS, acute coronary syndrome; CAD, coronary artery disease; N/A, not applicable.

study has good overall discrimination (C-statistic of
0.84-0.90), with a sensitivity of 86%-89%, specificity
of 64%-81%, with a PPV of 283%-40% and a NPV of
97%-98%. The diagnostic properties of the Marburg
Heart Score are visualised in figure 3, illustrating its
consistent diagnostic performance in terms of sensitivity
and specificity. As shown in table 4, The Marburg Heart
Score was found to outperform unaided clinical judge-
ment. When used as a decision aid, both the sensitivity
(+8.0%) and specificity were higher (+5.8%). More-
over, when the Marburg Heart Score was used for an
initial triage tool, it led to higher specificity (+11.6%)
with similar sensitivity (-1.5%) compared with unaided
clinical judgement. Based on the combined body of

evidence, the level of evidence is 2 for the Marburg
Heart Score, which implicates that this rule can be
used in a general practice setting of low-risk patients
with intermittent chest pain with confidence in its
accuracy.

The other two CDRs for rule out of stable CAD were
the INTERCHEST rule and the Gencer rule. The
INTERCHEST rule which was derived from a pooled
data analysis also shows promise (C-statistic of 0.84,
sensitivity 82%-88%, specificity 74%-82%, PPV of
35%-43% and NPV of 96%-98%), but has a number
of quality concerns, and has not been compared with
unaided clinical judgement. As such, the INTERCHEST
rule should not be considered ready for clinical
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Table 2 Components of the clinical decision rules

Coronary artery disease

Gencer rule’

History of CVD 2  Score ranges from 0 to 11 points
Age/sex (F >65 years or M >55 years) 2  O-4points:lowrisk
T . 5-7 points: moderate risk
Increased pain with exercise 1 8-11 points: high risk
Pain not reproducible by palpation 1
CVD risk factor* 2
Duration of pain 1-60min 1
Substernal location of pain 2
Marburg Heart Score'>~"7
Known clinical vascular diseaset 1 Score ranges from 0 to 5 points
Age/sex (F >65 years or M >55 years) 1  0-2 points: negative result
o . 3-5 points: positive result
Increased pain with exercise 1
Pain not reproducible by palpation 1
Patient assumes pain is of cardiac 1
origin
INTERCHEST™
History of CAD 1 Score ranges from -1 to +5 points

Age/sex (F 265 years or M >55 years) 1

<2 points: CAD negative

2-5 points: CAD positive

Increased pain with exercise 1
Pain reproducible by palpation -1
Physician assumes cardiac origin 1
Pain feels like ‘pressure’ 1

Acute coronary syndrome

Grijseels rule'® '

History of CAD Variables present Normal ECG Possible/minor Ml on ECG  Major Ml on
ECG
Male sex 0 Home Possible referral Always

Presence of radiation of pain
Presence of nausea/sweating
Abnormal ECG >=3
Bruins Slot rule'’
History of CAD

Male sex
reported

Qo o1 N

Presence of radiation of pain
Presence of nausea/sweating 5

referral and
start treating
as ACS

Home Referral
Possible referral Referral
Referral Referral

Score ranges from 0 to 20 points
Cut-off values for low-risk, intermediate-risk and high-risk groups were not

*Family history of CVD, diabetes mellitus, (treated) hypertension, (treated) hyperlipidaemia, smoking or obesity (body mass index >30).

TCAD, occlusive vascular disease or cerebrovascular disease.

CAD, coronary artery disease; CVD, cardiovascular disease; M|, myocardial infarction.

application (level of evidence is 4). The Gencer rule was
developed and externally validated in only one study
(C-statistic: 0.75-0.95, sensitivity 87%-98%, specificity
42%-71%). Given the limited evidence, the Gencer rule
can only be used with caution (level of evidence for its
use is 3).

Decision rules designed for acute coronary syndrome

Grijseels et al developed a decision rule for ruling out ACS
in general practice in the late 1990s that was later updated
by Bruins Slot ef al. These studies show that the discrimina-
tion of these decision rules was mediocre (C-statistic of 0.66
and 0.72). Unaided clinical judgement provided a better

Harskamp RE, et al. BMJ Open 2019;9:¢027081. doi:10.1136/bmjopen-2018-027081
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Table 3 Diagnostic performance data of the clinical decision rules for coronary artery disease*

First author, year Type AUC Sensitivity, % Specificity, % PPV, % NPV, %
Performance of decision
Gencer rule
Gencer et al,” 2010  Derivationt 0.95 97.6 71.3 33.5 99.5
(0.92-0.97)
External 0.75 86.8 41.5 20.4 94.8
validation (0.72-0.80)
Marburg Heart Score
Bosner et al,'® 2010 Derivationt 0.87 86.4 75.2 34.9 97.3
(0.83-0.91) (78.5-91.7) (71.8-78.3) (29.3-40.9) (95.5-98.4)
External 0.90 87.1 80.8 39.6 97.7
validation (0.87-0.93) (79.9-94.2) (77.6-83.9) (32.6-46.6) (96.4-99.1)
Haasenritter et al,'® External 0.84 89.1 63.5 23.3 97.9
2012 validation (0.80-0.88) (81.1-94.0) (60.0-66.9) (19.2-28.0) (96.2-98.9)
Haasenritter et al,'”  External N/A 91.4 60.6 24.2 98.1
2015 validation (82.5-96.0) (56.3-64.8) (19.5-29.8) (95.9-99.1)
INTERCHEST#
Aerts et al,'* 2017  Derivation§ 0.84 N/A N/A N/A N/A
Validation in N/A 88.2 82.2 43.0 97.9
study 1 (79.5-93.6) (78.7-85.2) (35.8-50.4) (96.1-98.9)
Validation in N/A 82.0 73.8 34.7 96.0
study 2 (75.1-87.3) (70.9-76.4) (30.2-39.5) (94.3-97.2)
Performance of decision rule versus clinical judgement
Marburg Heart Scoref|
Haasenritter et al,'”” GP’s unaided N/A 82.9 61.0 22.7 96.3
2015 clinical (72.4-89.9) (56.7-65.2) (18.0-28.2) (93.6-97.9)
judgement
Marburg Heart  N/A 91.4 60.6 242 98.1
Score (external (82.5-96.0) (56.3-64.8) (19.5-29.8) (95.9-99.1)
validation)
Marburg Heart  N/A 81.4 72.6 29.1 96.6
Score as triage (70.8-88.8) (68.6-76.3) (23.2-35.8) (94.3-98.0)
test™
GP’s aided N/A 90.9 66.8 20.6 98.7
clinical (72.2-97.5) (60.5-72.6) (13.8-29.7) (95.5-99.6)
judgement

*We calculated the sensitivity, specificity, PPV and NPV using two-by-two contingency tables. We used the lowest probability category as

‘test negative’.

TInternal validation by means of bootstrapping techniques was performed.
}Derivation used pooled individual patient data from five studies. The INTERCHEST was applied to two of these five studies to measure its
diagnostic performance. We referred to this as ‘validation in study 1 and 2.
§Internal validation by using a threefold cross-validation approach.

{IThe GP’s unaided clinical judgement was compared with: (1) the Marburg Heart Score; (2) using the Marburg Heart Score as triage test; (3)
the GP’s clinical judgement aided by the Marburg Heart Score.

**Patients with definite Marburg Heart Score results were counted as negative (score <2 points) or positive (score >4 points). In patients with
an intermediate score (three points), the final test result was determined by the GP’s unaided clinical judgement.

AUC, area under the receiver operating characteristic curve; N/A, not applicable; NPV, negative predictive value; PPV, positive predictive
value.

decision aid. The INTERCHEST score was also assessed
among 169 patients with acute chest pain; the authors
found a reasonable overall performance (C-statistic of
0.79). However, data on its test characteristics were lacking,
and as such, we are unable to assess its safety and accuracy.
Overall, neither the Grijseels, Bruins Slot or INTERCHEST

overall fit (Cstatistic of 0.75) with a 51% agreement in risk
estimation. Other diagnostic properties are listed in table 4.
Although the study by Bruins Slot is limited by sample size,
it appears that the CDR was safer than clinical judgement
alone, as four patients that were considered low risk by
the GP (8.2%) were correctly identified as high risk by the

6 Harskamp RE, et al. BMJ Open 2019;9:¢027081. doi:10.1136/bmjopen-2018-027081

“ybuAdoo Aq parosioid 1sanb Aq 20z ‘8z |1Mdy uo jwod fwg uadolway/:dny wouy papeojumoq "6T0Z Arenigad /Z Uo 180/20-8T02Z-uadolwag/9eTT 0T Se paysignd isiy :uado NG


http://bmjopen.bmj.com/

1
091
081
071
5061
®
w0
e
f 05
2
(7
2]
0471
031
021
011
° 0.9 08 07 0.6 0.5 04 0.3 02 0.1 0
Specificity (95% CI)
Study 1st Author Sensitivity Specificity TP  FP FN TN
A Bosner 2010 (val) 0.87 [0.79-0.94] 0.81 [0.78-0.84] 74 113 11 474
B Bésner 2010 (der)  0.86 [0.79-0.92] 0.75 [0.72-0.78] 89 166 14 504
C Haasenritter 2012 0.89 [0.81-0.94] 0.64 [0.60-0.67] 82 270 10 470
D Haasenritter 2015 0.91 [0.83-0.96] 0.61 [0.56-0.65] 64 200 6 308
Figure 3 Summary receiver operating characteristic curve

of specificity and sensitivity of the Marburg Heart Score
across the individual studies.

rules ought to be recommended for rule out of ACS in a
general practice setting.

DISCUSSION

Chest pain presents a diagnostic dilemma in general prac-
tice. Advances in therapeutic options, the ageing of our
populations and associated increase in patients with chest
pain, as well as the fear of medico-legal consequences,

have led to a dramatic increase in the number of referrals
that threaten to overwhelm the emergency services.'® ¥
CDRs have been coined as an idea to aid in the diag-
nostic process and to make safe and efficient referral
decisions. A prior systematic review on this topic showed
that CDRs are not sensitive enough to safely rule out CAD
in primary care patients.”” We performed an updated
systematic review in which we included both derivation,
validation and comparative studies with clinical judge-
ment (‘gestalt’). Moreover, we made a clear distinction
between intermittent-type and acute-onset chest pain,
as the diagnostic demands for CDR vary between these
two clinical presentations. In summary, we found five
primary care-based CDRs that have been developed to
differentiate cardiac from non-cardiac chest pain. Three
CDRs were developed for ruling out CAD in patients with
intermittent chest pain, and two CDRs were developed
for patients with symptoms suggestive of ACS. Overall,
the Marburg Heart Score holds most promise for ruling
out CAD in patients with intermittent chest pain with a
consistent, high sensitivity and acceptable specificity and
an NPV of 97.3%-98.7% in multiple prospective studies.
Moreover, the Marburg Heart Score was more accurate
in differentiating CAD from non-CAD than the GP’s own
clinical judgement, an important argument for imple-
mentation into clinical practice. As such, the Marburg
Heart score can be used for rule out of CAD in low-risk
general practice populations with intermittent-type chest
pain (level of evidence of 2). The other CDRs for CAD or
ACS lack sufficient validation in external populations or
lack sufficient safety or overall accuracy (level of evidence
of 3 and 4).

In order for a CDR to be useful in GP settings, it
should consist of readily available and/or easy to measure
elements. The Marburg Heart Score with its five-item

Table 4 The clinical judgement of the general practitioner

First author, year Type AUC Sensitivity, % Specificity, % PPV, % NPV, %
Performance of decision
Bruins Slot et al,"' 2011  Derivation 0.66 97.0 9.5 23.4 91.7
(0.58-0.73)
Aerts et al,'* 2017 Sensitivity 0.79 N/A N/A N/A N/A
analysis
Performance of decision rule versus clinical judgement
Grijseels et al,'? 1996 Validation 0.70 91.4 36.7 56.9 82.4
GP’s aided N/A 97.6 21.0 53.1 90.7
clinical
judgement
Bruins Slot et al,"" 2011 Derivation 0.66 97.0 9.5 23.4 91.7
(0.58-0.73)
GP’s unaided 0.75 93.9 19.4 24.9 91.8
clinical (0.68-0.82)
judgement

AUC, area under the receiver operating characteristic curve; GP, general practitioner; N/A, not available; NPV, negative predictive value; PPV,

positive predictive value.
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checklist is both user friendly and seems to do an accept-
able job in ruling out CAD in (low-risk) patients with
intermittent chest pain. Because of its consistent perfor-
mance, a point-of-care guide issued by the American Family
Physician proposes to integrate the Marburg Heart Score
into an algorithm for the evaluation of patients with chest
pain in primary care.' It proposes that low-risk patients
(score 0 or 1) should notreceive further cardiac follow-up,
whereas high-risk patients (>3) should be referred for
cardiac evaluation. In the intermediate/moderate-risk
group (score 2 or 3), the algorithm proposes the use of
the ECG and, when negative, to consult with the cardi-
ologist for further work-up or to order a sequential
troponin test. When the troponin test is negative, the risk
of a cardiac event is deemed <1% within the next 30 days.
The guide also states that certain anamnestic elements,
including the character of chest pain, should be factored
in when making this decision.

While this algorithm may seem appealing, it should
be noted that the supportive evidence for the Marburg
Heart Score is only applicable for patients with inter-
mittent chest pain in a general practice setting. As such,
while risk stratification may be of use to guide referral
and diagnostic work-up decisions (ie, exercise testing,
etc), there are no data to support the Marburg Heart
Score as an ACS rule out tool. This is unfortunate,
because it is particularly in the setting of acute-onset chest
pain that GPs feel a great need for a CDR. In a recent
survey conducted among GPs in the Netherlands, the
vast majority of respondents would accept a <1.0% risk
for missing a diagnosis of ACS in a patient and would
accept no more than 25 (in hindsight) unnecessary refer-
rals.”! The currently available Grijseels (NPV 82.4%, PPV
56.9%) and Bruins Slot (NPV 91.7%, PPV 23.4%) rules
fall short of both these targets. The question is whether
a CDR based on anamnestic elements will be sufficient to
reach a >99% NPV. Perhaps, the additional use of point-
of-care tests for cardiac markers may increase the safety
of a CDR. Studies in general practice found an NPV
for troponin and heart-type fatty acid binding protein
of 94%-96% for ACS and 99.0%-99.7% for myocardial
infarction, respectively.”*** As such, current research
efforts focus on whether combining these tests (as point-
of-care Kkits) with a CDR could enhance safety and still
provide an effective decision aid. This could be particu-
larly helpful for patients with acute onset of chest pain.
Similarly for those with intermittent chest pain, the use of
the Marburg Heart Score as a primary care-derived clin-
ical risk assessment tool similar to the Diamond-Forrester
chest pain rule”’ is appealing. However, whether such a
strategy is cost-effective compared with usual care should
be further evaluated.

Strengths and limitations

We performed a rigorous systematic search and quality
assessment of the included articles involving chest pain
rules in primary care. We avoided bias in the selection of
studies by two reviewers individually identifying eligible

studies, with a third to resolve any disagreements. While
not being the first systematic review on this topic, this
review is to our knowledge the first that examines the
results of the CDRs while taking into account the results
of the derivation, validation, and compared the perfor-
mance of the CDR with the unaided clinical judgement
of the GP.

Our study also has a number of limitations. First, we
accepted a final diagnosis of coronary artery disease based
on a delayed-type reference diagnosis based on consensus
of a panel of experts using available symptom-related data
and work-up. Such a strategy is valid, as mandating the
use of coronary angiography as the reference standard
would not be feasible in primary care.”® A second limita-
tion is the substantial heterogeneity in the prevalence of
ACS among studies of CDRs for acute chest pain (range
of 22%-47.8%), which could indicate that GPs may have
preselected patients.

Furthermore, we should acknowledge that while we
searched for clinical prediction rules for chest pain to
rule out CAD or specifically ACS, a minority of patients
may present with non-chest pain symptoms (ie, dyspnoea,
jaw pain) but do have myocardial ischaemia, these
patients (which are more frequently elderly, women
and diabetics) may not be properly represented in
the included studies.**™" A third limitation is that not
all included studies reported sufficient data to allow
construction of two-by-two contingency tables. Therefore,
we cannot accurately assess the performance data of these
CDRs. Finally, the CDRs were derived over a span of 22
years. Since the criteria for CAD, the prevalence of risk
factors and prevalence of CAD may have changed over
the years, some CDRs might be outdated.

Chest pain rules outside primary care

Our aim was to research the availability of chest pain rules
that are applicable and have been validated in low-re-
source primary care settings. We, therefore, purposefully
restricted the scope of this systematic review and excluded
CDRs that rely on advanced laboratory, computer or
diagnostic testing for their respective scoring systems.
We therefore did not include studies on CDRs that are
commonly used in EDs, such as the History, ECG, Age,
Risk factors and initial Troponin (HEART),*? Global
Registry of Acute Coronary Events®™ and Thrombolysis in
Myocardial Infarction™ scores as well as the more recent
Manchester Acute Coronary Syndromes rule.”” For a
comprehensive overview of chest pain rules recently vali-
dated in ED patients, we refer to the systematic review by
Liu et al.”

Future directions

Chest pain represents a diagnostic challenge for doctors,
particularly in the GP setting, due to an unselected
patient population, fewer diagnostic options and time
restraints. CDRs may be of assistance, as long as they rely
on readily available information and directly applicable.
The existing CDRs should be more rigorously tested
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and further optimised, perhaps with the use of machine-
learning techniques. Thereafter, we ought to conduct
a randomised study in which a CDR-assisted strategy is
compared with usual care, in which both safety (clinical
outcomes) and efficacy (referral rate) should be assessed.
Aside from these research activities, we should also put
effort into finding consensus among physicians, patients
and other stakeholders in what safety/efficacy balance we
are willing to accept when it comes to chest pain. The
current trend towards defensive medicine is not sustain-
able, and as such warrants a discussion on this topic.

CONCLUSION

Chest pain is a common symptom in primary care, but
there is only one validated CDR (Marburg Heart Score)
that appears to outperform clinical judgement when
applied in patients with intermittent chest pain in a
low-risk setting. For ruling out acute coronary syndrome,
none of the CDRs was sensitive enough. Future research
is warranted for the role of implementing point-of-care
cardiac marker tests into CDRs for acute chest pain, as
well as the cost-effectiveness of a Marburg Heart Score
work-up strategy for intermittent chest pain.
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