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ABSTRACT

Objective To evaluate the diagnostic performance of the
Marburg Heart Score (MHS), INTERCHEST, Gencer rule, Bruins
Slot rule and compare these with unaided clinical judgement in
patients with chest pain in urgent primary care.

Design Retrospective, cohort study.

Setting Regional primary care facility responsible for out-
of-hours primary care for a quarter-million people in the
Netherlands.

Participants Consecutive patients aged >18 years who
were evaluated for chest pain.

Main outcome measures Discriminatory ability (C-
statistic), sensitivity, specificity, positive and negative
predictive values (PPV/NPV). The reference standard
involved a composite endpoint of the occurrence of death,
acute coronary syndrome or coronary revascularisation
(=major adverse cardiac events; MACE) up to 6 weeks
after initial contact.

Results A total of 664 patients were included, of whom 4.8%
(n=32) had a MACE event. C-statistics for MHS, INTERCHEST,
Gencer and Bruins Slot rule were: 0.77 (95% CI 0.69 to

0.84), 0.85 (95% C1 0.78 10 0.92), 0.72 (95% Cl 0.63 to

0.81) and 0.72 (95% Cl 0.63 to 0.81), respectively. Optimal
diagnostic accuracy was found for MHS >2 (sensitivity=81.3%,
specificity=67.1%, PPV=11.1%, NPV=98.6%),

INTERCHEST >2 (sensitivity=87.5%, specificity=78.8%,
PPV=17.3%, NPV=99.1%), Gencer >2 (sensitivity=84.4%,
specificity=37.8%, PPV=6.4%, NPV=98.0%) and Bruins
Slot>2 (sensitivity=90.6%, specificity=40.8%, PPV=7.2%,
NPV=98.9%). Physicians referred 157 patients (23.6%)

and missed 6 out of 32 MACEs (sensitivity=81.3%,
specificity=79.3%, PPV=16.6%, NPV=98.8%). Using
INTERCHEST with a referral threshold of >2 points, 4 MACEs
would have been missed and 162 patients (24.4%) referred.
The other risk scores resulted in far higher referral rates.
Conclusion While available risk scores have reasonable
to good discriminatory properties, they do not outperform
unaided clinical judgment for evaluating chest pain in
urgent primary care. Only the INTERCHEST score may
slightly improve risk stratification.

INTRODUCTION
Chest pain is a common symptom for
consulting a general practitioner (GP),

. lris Smits,’ Remco Rietveld,?

Strengths and limitations of this study

» First head-to-head evaluation of four clinical deci-
sion aids in (out-of-office-hours) primary care.

» Representative patient sample with low percentage
of lost to follow-up.

» Evaluation of both cardiovascular and non-
cardiovascular major events.

» Retrospective design.

» Limited number of major adverse cardiac events.

accounting for approximately 0.7%-3.0% of
consultations.' * Of all patients presenting
with chest pain in primary care, up to 16.0%
is diagnosed with cardiovascular disease and
1.5%-3.6% with acute coronary syndrome
(ACS).? One of the critical tasks of GPs is to
distinguish possible life-threatening causes
of chest pain from far more common non-
severe conditions. Making this distinction can
at times be challenging, particularly when a
patient presents with less clear-cut symptoms.

GPs rely on history taking, physical exam-
ination, (prior) experience and gut feeling in
their attempt to distinguish between acute and
non-acute pathology.” Prior research has shown
that GPs would be very receptive for having
a reliable clinical risk score at their disposal
as a clinical decision aid.” A number of clin-
ical risk scores (Marburg Heart Score (MHS),
INTERCHEST score, Gencer rule, Bruins Slot
rule) have been developed in primary care over
the past decade. Of those, only the Bruins Slot
rule was developed for ruling out ACS, whereas
the others were developed in patient popula-
tions with predominantly stable coronary artery
disease. In this study, we aimed to evaluate the
diagnostic accuracy of these scores for chest
pain evaluation in an urgent primary care
setting in which we focused on major adverse
cardiac events (MACE). Moreover, we evaluated
whether these risk scores may actually improve
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the diagnostic performance of unaided clinical judgement
of the GP.

METHODS

We reported this diagnostic accuracy study in accordance
with the Standards for Reporting of Diagnostic Accuracy
Studies 2015 statement.’ The study protocol was evaluated
by our institution’s Medical Ethical Review Committee,
and was granted a waiver because of its observational
nature.”

Study design

This study involved a retrospective, observational cohort
of consecutive patients evaluated for chest pain at a large
regional out-of-hours primary care facility in Alkmaar, The
Netherlands. The facility is responsible for out-of-hours
urgent primary care for 245 000 inhabitants. Eligible
patients were aged 18 years or older and were evaluated
in person for chest pain by a GP between 1 January 2017
and 31 December 2017. Evaluation for clinical outcomes
were obtained out to August 2019.

Background setting of the study

In the Dutch healthcare system, patients with symptoms
of chest pain during evenings or weekends typically
contact a centralised emergency number or a centralised
out-of-hours primary care facility. In both instances, tele-
phone triage will follow. The triage assistant differentiates
between high versus low(er) probability of a potential
serious underlying condition using a standardised digital
triage tool. In a substantial number of patients, triage
results in direct ambulance activation, which typically
involves patients with signs of haemodynamic compro-
mise and/or classical high-risk symptoms and risk factors.
In the remaining cases, triage assistants decide on the
most fitting action. In some cases telephone advice is
sufficient, while in others the GP will evaluate the condi-
tion of the patient during a face-to-face consultation
using clinical appearance, symptom presentation, phys-
ical examination and sometimes additional testing (eg,
ECG or laboratory tests). This can occur at the patient’s
home, or more often at the primary care facility.

Data collection

Data were collected and processed using a secure elec-
tronic data capturing platform (Castor EDC, Ciwit BV,
Amsterdam, The Netherlands).® Obtained data involved
baseline information and subsequent follow-up. Baseline
data included; demographics, medical history, relevant
use of medication, anamnesis, physical examination, addi-
tional diagnostic workup if available (ie, resting 12-lead
ECG), working diagnosis and recommended course of
action. The working diagnosis illustrates the most prob-
able diagnosis and is registered during GP consultation
as an International Classification of Primary Care (ICPC)
code. It, therefore, reflects the GPs assessment of the
complaint.

Every Dutch citizen is registered with a GP who holds an
electronic health record for each patient. These records
include the correspondence from other healthcare
services, such as admission or discharge notes from the
emergency department (ED)/hospital, as well as outpa-
tient letters from hospital-based physicians. Data available
from this electronic health record were used to obtain
follow-up information on relevant cardiovascular events
and other major events linked to the initial complaint of
chest pain. Final diagnosis were also registered as ICPC
codes and were all adjudicated by a panel of experts.
Clinical follow-up data were completed in August 2019.
The process of data collection was published previously
in greater detail.”

Calculation of risk scores

As shown in table 1, the elements used in the Marburg
Heart, INTERCHEST, Gencer and/or Bruins Slot rules
include features such as; age and sex, a known history
of cardiovascular disease, increasing pain with exercise,
reproducibility of the pain by palpation, duration and
location of the pain. Some of the rules also contain more
subjective elements, reflecting whether the patient or
physician suspects an underlying cardiac condition. For
the feature ‘patient assumes a cardiac origin’, we looked
for cues of the patient’s concern in the consultation note.
Whether the GP suspected a cardiac condition was deter-
mined by: (1) the presence of statements of concern in
the medical record, (2) the working diagnosis/differen-
tial diagnosis and/or (3) the subsequent management
action following assessment. Finally, the Bruins Slot
rule includes radiation of pain and presence of nausea/
sweating. The definition of pain radiance was not speci-
fied in the original publication, and we interpreted this
as the presence of typical cardiac radiation of chest pain,
similar to what is used in the HEART score.” In consider-
ation of the fact that each GP-consultation varies from the
next, we presumed the absence of a score’s element when
such a feature was not recorded in the electronic health
record. Calculation of risk scores occurred after comple-
tion of data collection and the responsible investigator
was blinded for clinical outcomes. We assessed the diag-
nostic accuracy for each clinical risk score with multiple
cut-off points. A score exceeding the cut-off value would
be considered a high-risk case in which immediate referral
would be warranted.

Definition of unaided GP decision making

We defined unaided GP decision making as the process
of GP assessment and subsequent management (others
may refer to this as ‘clinical gestalt’). This process can
vary, depending on the amount of information the GP
acquires; in some cases history taking and clinical eval-
uation might be sufficient, while others warrant addi-
tional testing (ie, resting 12-lead ECG) or discussion
with a (hospital-based) colleague. The electronic health
record provides detailed information on this process and
subsequent actions. Cases which were referred to the
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Table 1 Components of the clinical decision rules

Marburg heart score'’

Known clinical vascular disease*
Age/sex (F =65 years or M >55 years)
Increased pain with exercise

Pain not reproducible by palpation

—_ 4 A

Patient assumes pain is of cardiac origin
INTERCHEST'®

History of CADT 1
Age/sex (F 265 years or M >55 years) 1
Increased pain with exercise 1
Pain reproducible by palpation -1
Physician suspects serious diagnosis 1

—

Pain feels like ‘pressure’

Gencer rule”'

History of CVD*

Age/sex (F 265 years or M =55 years)
Increased pain with exercise

Pain not reproducible by palpation
CVD risk factorf

Duration of pain 1-60 min

_ a4 N = 2NN

Substernal location of pain
Bruins slot rule®®

History of CADt

Male sex

Presence of radiation of pain§
Presence of nausea/sweating

g o o N

*History of myocardial infarction, transient ischaemic attack,
cerebrovascular accident, peripheral artery disease, previous
percutaneous coronary intervention or coronary artery bypass
graft.

THistory of myocardial infarction, previous percutaneous coronary
intervention or coronary artery bypass graft.

FFamily history of CVD, diabetes mellitus, hypertension,
hypercholesterolaemia, smoking or obesity.

§Radiation of pain was deemed present in case of typical cardiac
radiation, meaning; radiation to jaw(s), left shoulder or arms as is
used in the HEART score.

CAD, coronary artery disease; CVD, cardiovascular disease.

ED/hospital by the GP were considered to be high risk,
whereas cases which were not referred were considered
low risk for a possible major (cardiovascular) event. Thus,
we evaluated unaided GP decision-making dependent on
the course of action after evaluation.

Clinical outcomes

Primary outcome: MACE

The primary outcome was the occurrence of MACE
within 6 weeks of initial contact. MACE was defined as
a composite consisting of death from any cause, ACS
or coronary revascularisation. The 6 week observation
period was derived from previous research validating

the HEART score, and allows for observing delayed-type
events related to the initial presentation.'

Secondary outcome: coronary artery disease

A secondary outcome was the diagnosis of (any) coronary
artery disease (CAD) up to 6 months after initial contact,
which we defined as the occurrence of MACE, as well as a
final diagnosis of cardiac related pain or pressure (ICPC
codes: KO1, K02, K03), stable angina pectoris (ICPC:
K74), ischaemic heart disease (ICPC: 76), or ischaemic
cardiomyopathy, defined as ischaemic heart disease plus
heart failure (ICPC: K77). CAD includes both recurrent
episodes of existing disease, as well as new (acute) diag-
noses. The 6 months follow-up for the occurrence of CAD
is in accordance with the derivation studies of the clinical
decision rules.

Secondary outcome: major event

This study was designed to include all patients presenting
with chest pain. Since chest pain can be an indicator
for cardiovascular as well as serious non-cardiovascular
diseases, we included an assessment of all major events
occurring within 6 weeks after initial contact. This
composite of ‘major event’ is summarised in table 2 and
includes diagnoses such as pulmonary embolisms, severe
congestive heart failure and cerebrovascular accidents.

Statistical methods

We expressed diagnostic accuracy for each of the risk
scores for detecting (1) 6-week MACE, and (2) the
secondary outcomes (6-month CAD and 6-week major
event) at optimal thresholds using sensitivity, specificity,
positive and negative predictive values (PPV/NPV), with
95% CIs. We displayed the overall discriminatory proper-
ties using C-statistics.

Patient and public involvement

For this study, we involved triage assistants and affiliated
GPs of the out-of-hours primary care facility in Alkmaar,
the Netherlands. The experience and priorities of these
parties supported the investigators in the design of the
study and in the development of research questions. The
Dutch Heart Foundation and GPs within our academic
network were informed prior to the start of the project.
This study did not include direct patient involvement.
However, after peer review and acceptance for publi-
cation, we will share our findings with relevant patient
organisations.

RESULTS

Patient characteristics

GPs evaluated a total of 770 patients for chest pain.
From these we excluded 83 patients as an objection
was raised to share medical data for research purposes
(as a result of the instalment of new European privacy
regulations). Of the remaining patients, we could not
obtain follow-up information in 23 (3.3%) patients,
which left us with a study population of 664 patients. A
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Table 2 Definition of major event versus non-major event (cut-off <6 weeks)

Final diagnosis

Management

Major event Death from any cause
Acute coronary syndrome
Urgent coronary revascularisation

Pulmonary embolism

Thoracic aortic aneurysm (dissection or ruptured)

Severe/acute congestive heart failure
Severe peri(myo)carditis

(Tension) pneumothorax

Severe pneumonia

Symptomatic atrial fibrillation

Aortic valve stenosis
CVA /TIA
Traumatic event (with significant impact)

Inflammatory processes such as appendicitis, pancreatitis,

cholecystitis

Hospitalisation
Hospitalisation
Hospitalisation
Hospitalisation

Hospitalisation (cardioversion or converted
through medication)

Hospitalisation

Hospitalisation
Hospitalisation

Other, such as: exacerbation COPD or hypertensive crisis

Non-major event Mild congestive heart failure

Mild peri(myo)carditis

Mild pneumothorax

Mild pneumonia

Atrial fibrillation (recurrent/paroxysmal)
Pericarditis

Hypertension

Angina pectoris

Skeletomuscular

Traumatic (mild trauma)

Gastric/oesophagus problems

Outpatient treatment
Outpatient treatment
Outpatient treatment
Outpatient treatment
Outpatient treatment
Outpatient treatment
Outpatient treatment
Stable, outpatient treatment

Outpatient treatment

Mild respiratory problems (such as viral infections)

Mental health/panic attack/anxiety disorder

Diagnosis mentioned above should be linked to the initial complaint of chest pain.
COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; TIA, transient ischaemic attack.

more detailed description of the selection criteria can
be found in online supplemental figure S1. The baseline
characteristics of the included patients are presented in
table 3.

Overall, the median age of the population was 48
years, 56.9% were female, and 39.8% had at least one
risk factor for cardiovascular disease. Patients who
suffered from an MACE were older, more often male,
and more often had a history of cardiovascular disease
or predisposing risk factors. Symptom characteristics
were also different, with MACE cases more often having
heavy/pressure-type chest pain with radiation, nausea
and diaphoresis, and less often localised pain that is
reproducible with palpation. The mean scores of the
clinical risk scores were all higher in the patients who
suffered an MACE.

Clinical outcomes

MACE

A MACE was reported in 32 (4.8%) patients within 6
weeks after initial contact. Of those, 6 died (b from
cardiovascular causes), 6 patients had a ST-segment eleva-
tion myocardial infarction, 14 non-ST-segment elevation
myocardial infarction, 4 unstable angina and 2 cases
underwent urgent coronary revascularisation due to
crescendo angina.

Other clinical outcomes

At 6 months follow-up, the diagnosis CAD was present in
69 (10.4%) patients. This included 46 (6.9%) patients
with an MACE, 10 (1.5%) with cardiac related pain or
pressure, 8 (1.2%) with stable angina pectoris and 6
(0.9%) with ischaemic cardiomyopathy.
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Total (n=664) MACE (n=32) No-MACE (n=632)

Male 286 (43.1%) 20 (62.5%) 266 (42.1%)

Smoking (current) 119/439 (27.1%) 2/23 (8.7%) 117/416 (28.1%)

Hypercholesterolaemia 83 (12.5%) 8 (25.0%) 75 (11.9%)

Family history of atherosclerotic disease 54 (8.1%) 2 (6.3%) 52 (8.2%)

Atrial fibrillation 63 (9.5%) 7 (21.9%) 56 (8.9%)

Myocardial infarction 43 (6.5%) 6 (18.8%) 37 (5.9%)

PAD 10 (1.5%) 1 (3.1%) 9 (1.4%)

CABG 12 (1.8%) 1(3.1%) 11 (1.7%)

Platelet aggregation inhibitor 27 (4.1%) 13.1%) 26 (4.1%)

Statins 119 (17.9%) 9 (28.1%) 110 (17.4%)

ACE-inhibitors/ARB 118 (17.8%) 18 (56.3%) 100 (15.8%)

NOAC 19 (2.9%) 1(3.1%) 18 (2.8%)

Chest pain duration

1-24 hours 317 (47.7%) 16 (50.0%) 301 (47.6%)

Not specified 94 (14.2%) 2 (6.3%) 92 (14.6%)

Middle or left sided chest pain 302 (45.5%) 14 (43.8%) 288 (45.6%)

Worse pain with exertion 70 (10.5%) 3(9.4%) 67 (10.6%)

Radiation of pain to arms/jaw/neck 128 (19.3%) 13 (40.6%) 115 (18.2%)

Lightheadedness 73 (11.0%) 2 (6.3%) 71 (11.2%)

Other relevant symptoms

Cough 80 (12.0%) 0(0.0%) 80 (12.7%)
Physialeamination
Localised pain 152 (22.9%) 13.1%) 151 (23.9%)
| Peinreproduciblewith palpatin  257@87%)  304%)  254@02%)
Heart rate, bpm 80 (70-90) 80 (61-95) 80 (70-90)
_ Sysolobloodpressure,mmbg  195(120150)  1s(Mo7e) 1020480
Continued
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Table 3 Continued

Total (n=664) MACE (n=32) No-MACE (n=632)

Diastolic blood pressure, mm Hg 80 (75-90) 80 (78-100) 80 (75-90)

Pulse oximeter, saturation % 98 (97-99) 97 (95-98) 98 (97-99)
Normal heart sounds 378/389 (97.2%) 18/21 (85.7%) 371/379 (97.9%)
Normal pulmonary sounds 477/527 (90.5%) 20/22 (90.9%) 457/505 (90.5%)
Fever 17 (2.6%) 18.1%) 16 (2.5%)

Scores of clinical decision rules

Marburg Heart Score 1.27 (1-2) 2.25 (2-3) 1.22 (0.25-2)
INTERCHEST 0.69 (0-1) 2.47 (2-3) 0.60 (0-1)
Gencer rule 2.40 (1-3) 3.72 (2.25-5) 2.33 (1-3)

Bruins Slot rule 4.39 (0-7) 7.94 (5-12.25) 4.21 (0-7)

All categorical data are presented as number and percentage. Continuous variables are presented as median and corresponding 25th and 75th

percentile.

ARB, angiotensin Il receptor blocker; CABG, coronary artery bypass graft; CVA, cerebrovascular accident; MACE, major adverse cardiac event;
NOAC, novel oral anticoagulants; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack.

A major event within 6 weeks after initial contact was
reported in 62 (9.3%) patients. Apart from MACE or
CAD, this included 6 (0.9%) cases of atrial fibrillation, 5
(0.8%) patients with pulmonary embolisms and 4 (0.6%)
patients with a severe pneumonia.

Common other diagnoses included: chest wall symp-
toms (46.1%), hyperventilation (4.2%), pneumonia
(3.3%), upper gastrointestinal problems (3.3%) and
palpitations (3.2%). A complete list of working diagnoses
and final diagnoses can be found as online supplemental
table S1.

Evaluation of clinical risk scores

The discriminatory properties of the clinical risk scores
for 6-week MACE as well as CAD and major events are
displayed in figure 1. Overall, only the INTERCHEST
score had a point-estimate C-statistic of >0.80, whereas the
remaining decision rules performed modestly (0.70-0.80).

A. MACE (at 6-weeks of follow-up)

B. CAD (at 6-months of follow-up)

Diagnostic performance of all clinical risk scores at various
cut-off values (MHS>1, 22 and =3, INTERCHEST score >1
and >2, Gencer rule 22 and >3 and Bruins Slot 22 and >5),
as well as corresponding contingency tables are shown in
tables 4-6 for MACE, CAD and major events, respectively.

Evaluation of unaided clinical judgement

GPs referred 157 (23.6%) patients for evaluation at the
ED. Of those, 26 had an MACE, whereas 131 did not. Of
the 507 non-referred patients, 6 turned out to have an
MACE within 6 weeks. Based on these data, the sensi-
tivity and specificity of unaided clinical judgement were
81.3% (63.6-92.8) and 79.3% (75.9-82.9), respectively.
The corresponding PPV was 16.6% (13.7-19.9) and NPV
98.8% (97.6-99.4).

Clinical risk scores versus physician assessment for MAGE
Compared with physician assessment, the MHS using a
referral threshold of >1 resulted in fewer missed MACEs

C. Major event (at 6 weeks of follow-up)

10 10 —— 10
08 / 08 7 o0a
2 o 7 g 08 E- 08 Marburg Heart score
= | | =
= [ = I & INTERCHEST score
3 I/ / “ i “
wg [ ﬁ [ E —— Gencer Rule
04— | ST o4 Bruins Slot rule
[ /
02l ozl 02
/ /
/| j
U
00 / 00 0o
[T 02 04 06 08 10 00 02 04 6 s 10 00 02 04 08 08 10
1 - Specificity 1 - Specificity 1 - Specificity
Marburg Heart Score  0.77 [0.69-0.84] Marburg Heart Score  0.80 [0.75-0.86] Marburg Heart Score  0.75 [0.69-0.81]
INTERCHEST 0.85[0.78-0.92] INTERCHEST 0.84 [0.79-0.89] INTERCHEST 0.83[0.77-0.89]
Gencer Rule 0.72 [0.63-0.81] Gencer Rule 0.76 [0.70-0.82] Gencer Rule 0.69 [0.62-0.76]
Bruins Slot 0.72 [0.63-0.81] Bruins Slot 0.67 [0.60-0.73] Bruins Slot 0.63 [0.56-0.70]

Figure 1

ROC curves and C-statistics of clinical risk scores for: (A) MACE (6 weeks), (B) CAD (6 months) and (C) major event (6

weeks). CAD, coronary artery disease; MACE, major adverse cardiac events.
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Threshold N

INTERCHEST  >1 328
-1-0 336
>2 162
-1-1 502

Bruins slot >2 403
0 261

>5 382

0-4 282

MACE

29

28

29
3
27
5

No-MACE

299
333
134
498

374
258
355
277

SENS

90.6%
(75.0-98.0)

87.5%
(71.0-96.5)

90.6%
(75.0-98.0)

84.4%
(67.2-94.7)

SPEC

52.7%
(48.7-56.6)

78.8%
(75.4-81.9)

40.8%
(37.0-44.8)

43.8%
(39.9-47.8)

PPV

8.8%
(7.8-10.0)

17.3%
(14.6-20.3)

7.2%
(6.4-8.1)

7.1%
(6.1-8.2)

NPV

99.2%
(98.0-99.7)

99.1%
(97.4-99.7)

98.9%
(96.7-99.6)

98.2%
(96.1-99.2)

MACE, major adverse cardiac events; NPV, negative predictive values; PPV, positive predictive values; SENS, sensitivity; SPEC,
specificity.

Threshold N

INTERCHEST >1 328
-1-0 336
>2 162
-1-1 502

Bruins slot >2 403
0 261

>5 382

0-4 282

CAD

61

55
14

57
12
52
17

No-CAD

267
328
107
488

346
249
330
265

SENS

88.4%
(78.4-94.9)

79.7%
(68.3-88.4)

82.6%
(71.6-90.7)

75.4%
(63.5-85.0)

SPEC

55.1%
(51.0-59.2)

82.0%
(78.7-85.0)

41.9%
(37.9-45.9)

44.5%
(40.5-48.6)

PPV

18.6%
(16.8-20.5)

34.0%
(29.4-38.8)

14.1%
(12.7-15.8)

13.6%
(11.9-15.5)

NPV

97.6%
(95.5-98.8)

97.2%
(95.6-98.2)

95.4%
(92.5-97.2)

94.0%
(91.1-96.0)

CAD, coronary artery disease; NPV, negative predictive values; PPV, positive predictive values; SENS, sensitivity; SPEC, specificity.
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Table 6 Contingency tables of clinical risk scores at different thresholds for the presence of a major event within 6 weeks

after presentation

Threshold N Major Non-major SENS SPEC PPV NPV
Marburg heart >1 505 58 447 93.6% 25.8% 11.5% 97.5%
score 0 159 4 155 (84.3-98.2) (22.3-29.4) (10.7-12.3) (93.7-99.0)
>2 234 47 187 75.8% 68.9% 20.1% 96.5%
0-1 430 15 415 (63.3-85.8) (65.1-72.6) (17.3-23.2) (94.7-97.7)
>3 88 22 66 35.5% 89.0% 25.0% 93.1%
0-2 576 40 536 (23.7-48.7) (86.3-91.4) (18.2-33.3) (91.8-94.2)
INTERCHEST >1 328 54 274 87.1% 54.5% 16.5% 97.6 %
-1-0 336 8 308 (76.2-94.3) (50.4-58.5) (14.8-18.3) (95.5-98.7)
>2 162 49 113 79.0% 81.2% 30.3% 97.4%
11 502 13 489 (66.8-88.3) (77.9-84.3) (26.0-34.9) (95.9-98.4)
Gencer rule >2 420 50 370 80.7% 38.5% 11.9% 95.1%
0-1 244 12 230 (68.6-89.6) (34.6-42.6) (10.5-13.4) (92.0-97.0)
>3 317 46 271 74.2% 55.0% 14.5% 95.4%
0-2 347 16 331 (61.5-84.5) (50.9-59.0) (12.5-16.8) (93.1-97.0)
Bruins slot >2 403 52 351 83.9% 41.7% 12.9% 96.2%
0 261 10 251 (72.3-92.0) (87.7-45.8) (11.5-14.4) (93.4-97.8)
>5 382 47 335 75.8% 44.4% 12.3% 94.7%
0-4 282 15 267 (63.3-85.8) (40.3-48.4) (10.7-14.1) (91.9-96.5)

NPV, negative predictive values; PPV, positive predictive values; SENS, sensitivity; SPEC, specificity.

(1 vs 6), however, at the expense of referring almost all
patients (505 out of 664). When using a referral threshold
of 22, we found an identical number of missed cases
compared with unaided GP assessment (6 vs 6 MACEs),
but still with a higher number of referrals (234 vs 157).
When evaluating the INTERCHEST score 22, we found
a (numerically) lower number of missed cases (4 vs 6
MACEs), with a similar amount of referrals (n=162 vs
n=157). The Gencer rule as well as the Bruins Slot rule
resulted in higher referral rates, and no improvement in
terms of missed cases.

Evaluation of clinical risk scores for CAD

When evaluating the performance of clinical risk scores
to identify CAD, the MHS and INTERCHEST rules had
NPVs of at least 97% (table 5). The INTERCHEST had
the highest PPV compared with the other scores, of
which INTERCHEST score of 22 points proved to be the
optimal balance between PPV and NPV (NPV=97.2%,
PPV=34.0%). When applying this threshold, a total of 162
(24.4%) patients would have been identified as being at
risk of CAD, of which 55 would have proved to have CAD
within 6 months after initial contact.

Evaluation of clinical risk scores for major events

We further explored the performance of clinical risk
scores for identifying major (both cardiovascular and
non-cardiovascular) events within 6 weeks. Even though
cardiovascular events were more common, the results of
major events were relatively consistent compared with the

evaluation of CAD. Both the MHS and INTERCHEST rules
had NPVs of at least 97% (table 6). The INTERCHEST
score of 22 points, again proved to be the most favourable
with a PPV of 30.3% and NPV of 97.4% . When applying
this threshold, 49 out of 162 referred patients would have
suffered a major event.

DISCUSSION

Chest pain is a common symptom in urgent primary
care with a wide range of possible underlying condi-
tions. We evaluated the diagnostic performance of four
primary care-based clinical risk scores in terms of differ-
entiating high-risk versus low-risk cases for MACE. We
found that the INTERCHEST score had the best discrim-
inatory properties (C-statistics of >0.80), as well as good
sensitivity and specificity. Furthermore, we found that
when comparing the INTERCHEST score (cut-off of 2
points) to unaided clinical judgement, one could slightly
improve safety (picking up 2 of 6 missed MACE cases),
with comparable efficacy (similar referral rate). None of
the other clinical risk scores improved safety or efficacy
over clinical judgement.

Strengths and limitations

To our knowledge, this study represents the first head-to-
head evaluation of four clinical decision aids, conducted
exclusively in an out-of-hours acute primary care setting.
The study involved a consecutive sample of patients and
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was conducted in a large-scale urgent primary care centre,
involving over a hundred GPs, with a close to completeness
of clinical outcomes data, and is therefore likely a repre-
sentative sample. Moreover, the availability of follow-up
information on both cardiac and non-cardiac conditions
allowed us to evaluate the robustness of the clinical deci-
sion rules for a multitude of clinical outcomes.

Our study also comes with a number of limitations due
to its retrospective design based on routine care data.
The foremost limitation is that we could not mandate
structural follow-up, for instance, of troponin and/or
electrocardiography (which is not routinely performed
in Dutch general practice in chest pain), and therefore,
any recorded events were clinically driven. Although we
used an adequate follow-up duration, some form of veri-
fication bias could still be in play. Another limitation was
that we had to assume that a risk score element was absent
when it was not recorded in the electronic patient chart.
Also in the case of ‘GP’s suspicion of a cardiac substrate’,
we relied on features of unaided clinical judgement (eg,
working diagnoses, management action), which may have
introduced an indirect form of incorporation bias in the
comparison between unaided clinical judgement and
the INTERCHEST score. Furthermore, as the number of
MACE was limited, we cannot rule out a certain degree
of imprecision in regard to the diagnostic performance
of the studied risk scores. Finally, a mentionable number
of GPs refused to provide follow-up data of their patients
because of the ‘opt-out-plus’ design of the study, or
expressed liability concerns due to the recent implemen-
tation of the European privacy regulations.

Prior studies on the MHS

Bosner et al developed the MHS for evaluating the likeli-
hood of CAD in office-based primary care."" The results
were promising, with a C-statistic of 0.87, a sensitivity of
87% and specificity of 81% when using a threshold of
3 points. Subsequent studies confirmed the diagnostic
performance in office-based, daytime general practice
settings.'” ' In a systematic review by our group, we found
a Cstatistic of 0.84-0.90, sensitivity of 87%-91% and spec-
ificity of 61%-81%."* In the present study, among patients
in an urgent primary care setting, the C-statistic for CAD
was somewhat lower 0.80 (0.75-0.86), and the optimal
threshold was two points (sensitivity 83%, specificity
70%). The MHS was also previously evaluated among
patients with possible ACS in general practice. In this
study by Schols et al, the authors found that the score was
an insufficient instrument for safely ruling out ACS, with
an NPV of 88% (using a threshold of two points) and did
not outperform unaided clinical judgement.'” Our study,
which used MACE as an endpoint, echoes these findings,
suggesting that MHS is not a suitable diagnostic instru-
ment in the setting of acute primary care.

Prior studies on the INTERCGHEST rule i
The INTERCHEST score was developed by Aerts et al'®
for CAD risk assessment in 2017 and was validated in the

cohorts of two studies.'” '® The authors found a C-sta-
tistic of 0.84, sensitivity of 82%-88% and specificity of
74%-82% when using a threshold of 2. The results are
similar to the results seen in our study with a C-statistic
of 0.85, sensitivity of 88% and specificity of 79% when
using a threshold of 2. Two out of five studies providing
the data basis for the derivation of the INTERCHEST rule
were also used to derive (and validate) the MHS and the
Gencer rule.

The INTERCHEST score includes the GP’s sense of
alarm by administering points when the GP initially
suspected a serious condition. A recent study by Barais
et al” evaluated GPs sense of alarm using a validated
‘Gut Feelings Questionnaire’ in primary care patients
presenting with chest pain and dyspnoea. The study
showed that the probability of a life-threatening disease
increases from 20% to 35% when a sense of alarm is
present. The additional value of the GPs gut feeling was
also previously underlined in an interview-based study
by Hani et al® In those interviews, GPs emphasised
the importance of their prior knowledge of individual
patients’ risks for CAD. In the light of this prior work,
our study showed that the INTERCHEST holds promise
as risk assessment tool for MACE in urgent primary care,
with an equal referral rate but improved safety.

Prior studies on the Gencer rule

The derivation study of the Gencer rule showed very high
discriminatory ability for differentiating CAD from non-
CAD, with a Cstatistic of 0.95, a sensitivity of 98% and
specificity of 71%.%' However, in a subsequent validation
study, the discriminatory properties were somewhat less
impressive (C-statistic of 0.75, sensitivity of 86% and spec-
ificity of 47%).** In this study among urgent primary care
patients, we found the Gencer rule to perform similarly
with a G-statistic of 0.76 and a sensitivity (80%-88%) and
specificity (40%-56%) for CAD. For predicting MACE
(instead of CAD), the Gencer rule is not well suited.

Prior studies on the Bruins Slot rule

The Bruins Slot rule is the only prediction rule that was
developed specifically to rule out ACS in a primary care
setting. The original derivation study showed a C-statistic
of 0.66 compared with a C-statistic of the GP of 0.75.% In
this study, we found that Bruins Slot rule also performed
suboptimal for the outcomes MACE, CAD and major
events. Considering these studies, the Bruins Slot rule is
not preferable for use in urgent primary care.

Implications for clinical practice

GPs hold a low ‘failure’ rate when it comes to the eval-
uation of patients with chest pain. A survey among
Dutch GPs found that the majority of participants would
accept a missed diagnosis rate of 0.1%—-1% for ACS, and
a maximum of fifty unnecessary referrals for each ACS
case.’ Furthermore, four out of five GPs would welcome
new tools, such as clinical risk scores, to improve deci-
sion rnaking.5 Overall, the GPs’ performance falls within
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this range, with 6 missed cases out of 664 cases. Only the
INTERCHEST score seems to improve diagnostic accu-
racy. This may imply further research should focus on the
development of a more discriminative clinical risk score
to aid GPs in out-of-hours primary care settings.

CONCLUSION

While available risk scores appear safe and have reason-
able to good discriminatory properties, they do not
outperform unaided clinical judgement for evaluating
chest pain in out-of-hours primary care. However, our
study suggests that the INTERCHEST score may slightly
improve risk stratification as it resulted in numerically
fewer missed MACEs. This warrants further prospective
evaluation.
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