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ABSTRACT
Objective The Manchester Acute Coronary Syndromes
(MACS) decision rule may enable acute coronary
syndromes to be immediately ‘ruled in’ or ‘ruled out’ in
the emergency department. The rule incorporates heart-
type fatty acid binding protein (h-FABP) and high
sensitivity troponin T levels. The rule was previously
validated using a semiautomated h-FABP assay that was
not practical for clinical implementation. We aimed to
validate the rule with an automated h-FABP assay that
could be used clinically.
Methods In this prospective diagnostic cohort study
we included patients presenting to the emergency
department with suspected cardiac chest pain. Serum
drawn on arrival was tested for h-FABP using an
automated immunoturbidimetric assay (Randox) and
high sensitivity troponin T (Roche). The primary outcome,
a diagnosis of acute myocardial infarction (AMI), was
adjudicated based on 12 h troponin testing. A secondary
outcome, major adverse cardiac events (MACE; death,
AMI, revascularisation or new coronary stenosis), was
determined at 30 days.
Results Of the 456 patients included, 78 (17.1%) had
AMI and 97 (21.3%) developed MACE. Using the
automated h-FABP assay, the MACS rule had the same
C-statistic for MACE as the original rule (0.91; 95% CI
0.88 to 0.92). 18.9% of patients were identified as ‘very
low risk’ and thus eligible for immediate discharge with
no missed AMIs and a 2.3% incidence of MACE (n=2,
both coronary stenoses). 11.1% of patients were classed
as ‘high-risk’ and had a 92.0% incidence of MACE.
Conclusions Our findings validate the performance of
a refined MACS rule incorporating an automated h-FABP
assay, facilitating use in clinical settings.
The effectiveness of this refined rule should be verified in
an interventional trial prior to implementation.
Trial registration number UK CRN 8376.

BACKGROUND
Chest pain is the most common reason for emer-
gency hospital admission accounting for approxi-
mately 250 000 admissions each year in England
and Wales alone.1 Because it is so often impossible
to differentiate chest pain caused by an acute cor-
onary syndrome from less serious causes on the
basis of a patient’s symptoms,2 3 patients with pre-
vious history4 or ECG,5 are routinely admitted for
serial troponin testing. This is limited by the need
to repeat troponin testing hours after admission
due to the lack of sensitivity of troponin at the
time of first presentation to the emergency depart-
ment (ED), even with a high sensitivity assay.6 The

lack of specificity of high sensitivity troponin assays
also poses challenges to emergency physicians who
must accurately risk stratify patients on arrival,
especially at lower levels of elevation and with a
wide variety of comorbidities.7 8

We recently reported the derivation and pro-
spective external validation of the Manchester
Acute Coronary Syndromes (MACS) decision rule,
which combines biomarker levels (high sensitivity
troponin T, hs-cTnT; and heart-type fatty acid
binding protein, h-FABP) measured at the time of
admission with clinical features (sweating observed;
systolic BP <100 mm Hg on arrival; pain asso-
ciated with vomiting; worsening angina; pain radi-
ation to the right arm or shoulder) and ECG
findings compatible with acute myocardial ischae-
mia to stratify patients into four risk groups.
Patients in the very low risk group (27.0% of the
validation cohort) could have been immediately dis-
charged with no missed acute myocardial infarc-
tions (AMIs) and a low rate (1.6%; both isolated
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Key messages

What is already known on this subject?
The Manchester Acute Coronary Syndromes
(MACS) decision rule has been shown to effectively
risk stratify patients with suspected cardiac chest
pain in the emergency department, and to safely
identify approximately a quarter of patients who
could be discharged following a single blood test.
The original MACS rule incorporated heart-type
fatty acid binding protein (h-FABP) but was
calibrated using an assay that could not be easily
run with a sufficiently low turnaround time for use
in the Emergency Department.

What this study adds?
In this work, we recalibrated the MACS rule to
incorporate a new, automated, commercially
available h-FABP assay that could easily be used in
clinical practice with a similar turnaround time to
routine tests. We validated the refined rule and
demonstrated that overall diagnostic performance
is maintained.

How might this impact on clinical practice?
The incorporation of a h-FABP assay in the MACS
rule presented a significant barrier to clinical
implementation. Our findings remove that barrier.
Prior to widespread clinical implementation, we
recommend that the impact of using the rule in
practice should be evaluated in interventional trials.
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coronary stenoses) of major adverse cardiac events (MACE)
within 30 days. Of the 9.9% of patients in the high-risk group,
95.7% developed MACE within 30 days, suggesting that the
MACS rule will help to guide clinicians to make judicious use of
specialist inpatient resources.

The MACS rule incorporates levels of h-FABP and was
derived and validated with a semiautomated ELISA assay
(Randox Laboratories Evidence Investigator Cardiac Array). It
would be impractical to use this assay in the ED setting as it
requires a large amount of manual input, currently relies on
testing in batches (making testing single samples impossible) and
would have an unacceptable turnaround time for use in emer-
gency settings. Therefore, to facilitate clinical implementation
Randox Laboratories has developed a Conformité Européenne
(CE) marked, fully automated immunoturbidimetric assay that is
compatible with commercially available modular analysers and
can provide results in 15–20 min.9 This automated assay has dif-
ferent analytical characteristics to the ELISA and the results
given by the two assays will not be perfectly correlated.
Potentially this could lead to clinically important differences in
diagnostic performance. It is imperative, therefore, that the
MACS rule should be recalibrated to optimise performance with
the new assay and that the diagnostic accuracy of the recali-
brated rule should be verified.

We aimed to validate the performance of the MACS rule
when this alternative, fully automated assay is used.

METHODS
This work is a secondary analysis from a prospective diagnostic
cohort study (registered on the National Institute for Health
Research Portfolio, UKCRN registration number 8376). We
included consenting adults aged >25 years who presented to
the ED at Stepping Hill Hospital, Stockport within 24 h of
experiencing chest pain suspected to be cardiac in origin by the
initial treating physician. We excluded patients with another
medical condition requiring hospital admission, renal failure
needing dialysis, significant chest trauma with suspicion of myo-
cardial contusion, pregnancy, those who did not speak English,
prisoners and those for whom all means of follow-up would be
impossible. We have already published the external validation of
the MACS rule using a semiautomated ELISA assay for h-FABP
in this cohort10 and an evaluation of the diagnostic value of
clinical judgement for acute coronary syndromes.11 When an
automated assay became available (facilitating use in an urgent
care setting), aliquots of stored serum samples were tested for
the purposes of this analysis.

Laboratory analyses
Blood was drawn at the time of presentation for biomarker
evaluation. Serum samples were stored at −70°C pending later
analysis. As part of their routine care, all patients underwent
cardiac troponin T testing (cTnT, Roche Diagnostics 4th gener-
ation Elecsys, 99th centile 10 ng/L, coefficient of variation
<10% at 35 ng/L) on arrival and at least 12 h after symptom
onset. In accordance with the third universal definition, this
formed part of the reference standard for AMI diagnosis.12

Aliquots of samples were later tested for hs-cTnT (Roche
Diagnostics Elecsys, 99th centile 14 ng/L, coefficient of variation
<10% at 12 ng/L, limit of blank 3 ng/L) and h-FABP (using the
Randox Evidence Investigator Cardiac Array and the automated
immunoturbidimetric assay from Randox Laboratories, County
Antrim, Northern Ireland). After our initial analysis we became
aware that the batch of hs-cTnT reagent used had been affected
by a calibration shift.13 Samples were therefore retested using an

unaffected batch. We present here the results of the retest using
an unaffected batch.

Re-calibration of the MACS rule
The original MACS rule enables the computerised calculation of
the probability (p) that MACE will occur within 30 days as
follows:

p ¼ 1=(1þ e�ð0:068aþ0:17bþ1:75cþ1:85dþ1:72eþ1:46fþ0:92gþ0:87h�4:83Þ):

Where a is the level of hs-cTnT (ng/L); b is the h-FABP level
(ng/mL); c is the presence of ECG findings consistent with acute
myocardial ischaemia; d is the presence of sweating observed by
the clinician; e is pain associated with vomiting; f is an initial
systolic BP <100 mm Hg; g is the presence of worsening
angina; and h is the presence of pain radiating to the right arm
and/or shoulder. For each categorical variable, a value of 1 is
assigned if the characteristic is present and 0 if absent.10

The manufacturer provided the following correlation data for
the two h-FABP assays, based on 355 samples: Y=1.3520x
+0.2844, where Y is the observed level with the automated
immunoturbidimetric assay and x is the observed level using the
previous assay (r=0.971).14 Thus, x=((Y−0.2844)/1.3520).
Applying this correction, the amended MACS rule formula
returns the probability of MACE within 30 days as follows:

p ¼ 1=(1þ e
�ð0:068aþ0:17ððb�0:2844Þ=1:3520Þþ1:75c
þ1:85dþ1:72eþ1:46fþ0:92gþ0:87h�4:83Þ )

Using this refined formula for the MACS rule, we calculated the
probability of MACE within 30 days. As in the original decision
rule, patients were then assigned to one of four risk groups, each
of which is associated with a suggested area for disposition from
the ED, as follows: (1) Very low risk (suitable for immediate dis-
charge from the ED); (2) Low risk (suitable for serial troponin
testing in a low dependency environment such as an ED observa-
tion ward); (3) Moderate risk (suitable for serial troponin testing
in an acute environment such as an acute medical ward); (4)
High-risk (patients in whom the diagnosis of an acute coronary
syndrome may be considered ‘ruled in’ and who may therefore
be suitable for early referral to a cardiologist).

Follow-up
Patients were followed up after 30 days by telephone, email,
letter, home visit or in clinic. If we were unable to complete
follow-up by any of these means we contacted the patient’s
general practitioner.

Outcomes
The primary outcome was MACE within 30 days. This was a
composite of prevalent or incident AMI, death (all cause) or the
need for coronary revascularisation (primary percutaneous cor-
onary intervention or coronary artery bypass grafting). In the
event that a patient was found to have a significant (>50%)
angiographic coronary stenosis (as reported by the treating inter-
ventional cardiologist) that was not known to be old, they were
also deemed to have met the primary outcome. As a secondary
outcome we also analysed the prevalence of AMI as a lone
outcome.

The diagnosis of AMI was adjudicated by two independent
investigators who had all clinical, laboratory and imaging evi-
dence available for review, but who were blinded to investiga-
tional biomarker levels. In accordance with the universal
definition of AMI,12 patients were required to have a troponin
rise and/or fall (≥20 ng/L, based on the analytical characteristics
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of the assay) with at least one troponin measurement above the
99th centile (10 ng/L) in the appropriate clinical context.

Sensitivity analyses
We also ran a sensitivity analysis to evaluate the impact of using
a reference standard for AMI based on a hs-cTnT. We measured
hs-cTnT levels in all available samples (presentation and 12 h)
and readjudicated the diagnosis of AMI based on those levels,
blinded to cTnT levels and other investigational biomarker
levels. A rise and/or fall of >9.2 ng/L (ie, ≥10 ng/L as levels
were reported in integers) was considered to be significant.15

Statistical analysis
To evaluate diagnostic performance we calculated the area
under the receiver operating characteristic curve (AUC; also
known as the C-statistic), sensitivity, specificity, positive predict-
ive value (PPV) and negative predictive value (NPV) together
with 95% CIs (using SPSS V.20.0, SPSS, Chicago, Illinois; and/
or MedCalc V.12.4.0.0, Mariakerke, Belgium). Paired propor-
tions were compared using McNemar’s test (SPSS V.20.0,
Chicago, Illionois, USA). CIs for single proportions were calcu-
lated by the modified Wald method.16

Sample size
We powered the study such that, if the clinical decision rule
(CDR) was shown to have a sensitivity of 100%, the 95% CI
would extend no lower than 95%. Assuming a 20% incidence
of the primary outcome, a sample size of 450 participants
would ensure this degree of precision.

RESULTS
In total 456 patients, who participated between April 2010 and
July 2010, were included in this analysis. All of these patients
completed follow-up (figure 1). Of those patients, 78 (17.1%)
had AMI and 97 (21.3%) developed MACE within 30 days.
Baseline characteristics are shown in table 1.

Using the automated immunoturbidimetric (IT) h-FABP assay
the MACS rule had an AUC of 0.91 (95% CI 0.88 to 0.95) for
predicting MACE (figure 2) and an AUC of 0.96 (95% CI 0.94
to 0.98) for diagnosing AMI, implying near perfect overall

diagnostic accuracy. The rates of AMI and MACE stratified by the
refined MACS rule risk group (incorporating the IT assay), are
shown in table 2. Assuming that only patients in the very low risk
group would be discharged from hospital, as a dichotomous tool
to guide hospital admission for predicting MACE the refined
MACS rule had a sensitivity of 97.9% (95% CI 92.8% to
99.8%), a specificity of 23.4% (19.1% to 28.1%), a PPV of
25.7% (21.3% to 30.5%) and a NPV of 97.7% (91.9% to
99.7%). For the diagnosis of AMI, the refined MACS rule had a
sensitivity of 100.0% (95% CI 95.4% to 100.0%), specificity
22.8% (18.6% to 27.3%), PPV 21.1% (17.0% to 25.6%) and
NPV 100.0% (95.8% to 100.0%).

In comparison with the original MACS rule (incorporating
the ELISA assay for h-FABP), the recalibrated MACS rule
incorporating the automated IT assay identified fewer patients as
being at very low risk and therefore eligible for immediate dis-
charge (18.9% vs 27.0%, p<0.0001). The same two patients in
the very low risk group developed MACE. Both had coronary
stenoses identified at angiography that were not deemed to
warrant intervention. No AMIs were missed using either version
of the MACS rule. Interestingly, using the IT assay, the incidence
of MACE at 30 days was 0.0% in the ‘low risk’ group, suggest-
ing that this group of patients may also be safely discharged
from hospital. This strategy would enable a total of 40.5% of
patients to be eligible for immediate discharge with no missed
AMIs and a 1.1% incidence of MACE (isolated coronary sten-
oses only).

Sensitivity analyses
In our first sensitivity analysis we evaluated the impact of using
hs-cTnT as the reference standard for AMI. With the outcome
readjudicated, 76 (16.7%) patients had AMI meaning that a
total of 96 (21.1%) patients developed MACE within 30 days.
The AUC for MACE was unchanged (0.91, 95% CI 0.88 to
0.95), as was the AUC for AMI (0.95, 95% CI 0.93 to 0.97).
The prevalence of AMI and incidence of MACE stratified by
MACS rule risk group using this refined reference standard are
shown in the online supplementary table 1. Diagnostic perform-
ance was essentially unchanged.

Figure 1 Patient flow diagram.
h-FABP, heart-type fatty acid binding
protein; hs-cTnT, high sensitivity
troponin T.
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For the second sensitivity analysis we examined the impact of
incorporating the h-FABP IT assay without making any adjust-
ments to the original formula. Under those conditions the AUC
was 0.92 (95% CI 0.88 to 0.95) for MACE and 0.96 (95% CI
0.94 to 0.98) for AMI. As shown in the online supplementary
table 2, performance of the rule was unchanged using this
formula, although 31.6% of patients could have been dis-
charged immediately with no missed AMIs and a 1.4% (n=2)
incidence of MACE.

DISCUSSION
In this report we have demonstrated the performance of the
MACS rule when recalibrated to incorporate the use of a fully
automated immunoturbidimetric assay to determine h-FABP
levels. This assay can be run using commercially available
modular laboratory analysers and has a similar turnaround time
to other widely used diagnostic tests, making it possible to affect
clinical decisions within the required timescale for patients
attending the ED. For our primary analysis we applied a formula
to recalibrate the MACS rule for this specific assay, based on cor-
relation data provided by the manufacturer. Our findings demon-
strate that the overall diagnostic performance of the refined
MACS rule is similar to the original version. We observed no
increase in the prevalence of missed AMI (0.0% in this study) or
the incidence of MACE at 30 days (n=2, 2.3%; both isolated cor-
onary stenoses managed on an outpatient basis).

The proportion of patients that would be eligible for immedi-
ate discharge from the ED is lower using this refined version of
the MACS rule (18.9% vs 27.0% with the original rule).
Interestingly, however, the incidence of MACE in the ‘low risk’
group is 0.0% suggesting that it may also be safe to immediately
discharge this group of patients. Such a strategy would enable a
total of 40.5% of patients to be immediately discharged from
the ED, which is likely to substantially reduce healthcare
resource utilisation and economic costs.

One feature of the MACS rule that is different to some con-
temporary accelerated diagnostic protocols is that it aims to
provide overall risk stratification for undifferentiated patients
with suspected cardiac chest pain. As such, our studies have
included patients with high-risk features such as ECG evidence
of myocardial ischaemia, rather than specifically selecting the
low risk patients. On this note, the refined MACS rule presented
here identified 11% of patients as being at ‘high-risk’. These
patients had a 92% incidence of MACE, which could be consid-
ered to effectively ‘rule in’ the diagnosis of an acute coronary
syndrome. If ‘very low risk’ and ‘low risk’ patients were consid-
ered to have had the diagnosis ‘ruled out’, a minority (48.5%)

Table 1 Baseline characteristics of included patients

Variable
Total
(N=456)

MACE at
30 days
(N=97)

No MACE
at 30 days
(N=359)

Age in years, mean (SD) 64 (16) 71 (13) 62 (16)
Men (%) 264 (57.9) 60 (61.9) 204 (56.8)
Previous angina (%) 185 (40.6) 32 (33.0) 153 (42.6)
Previous myocardial infarction (%) 139 (30.5) 34 (35.1) 105 (29.2)
Hypertension (%) 192 (42.1) 52 (53.6) 140 (39.0)
Hyperlipidaemia (%) 183 (40.1) 44 (45.4) 139 (38.7)
Diabetes mellitus (%) 78 (17.1) 25 (25.8) 53 (14.8)
Smoking (%) 94 (20.6) 20 (20.6) 74 (20.6)

Previous coronary intervention (%) 67 (14.7) 14 (14.4) 53 (14.8)
Cerebrovascular disease (%) 30 (6.6) 5 (5.2) 25 (7.0)
Components of the MACS rule:
Worsening angina 95 (20.8) 27 (27.8) 68 (18.9)
Hypotension 17 (3.7) 4 (4.1) 13 (3.6)
Radiation to the right arm/shoulder 59 (12.9) 23 (23.7) 36 (10.0)
Pain associated with vomiting 32 (7.0) 10 (10.3) 22 (6.1)
Sweating observed 24 (5.3) 12 (12.4) 12 (3.3)
ECG ischaemia 102 (22.4) 42 (43.3) 60 (16.7)
h-FABP (Randox IT assay, ng/mL; median, IQR) 5.3 (3.7–7.9) 11.1 (7.0–21.1) 4.6 (3.5–6.5)
hs-cTnT (ng/L, median, IQR) 9.8 (5.3–23.1) 64.9 (27.3–108.4) 7.6 (4.9–14.4)

h-FABP, heart-type fatty acid binding protein; hs-cTnT, high sensitivity troponin T; MACE, major adverse cardiac events; MACS, Manchester Acute Coronary Syndromes.

Figure 2 Receiver operating characteristic curves showing the overall
accuracy of the refined Manchester Acute Coronary Syndromes (MACS)
rule for predicting major adverse cardiac events (MACE) at 30 days.
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of patients would remain undiagnosed pending serial troponin
testing. It is likely that the additional serial sampling after 60–
180 min would enable an even greater proportion of patients to
have the diagnosis ‘ruled in’ or ‘ruled out’. Such a ‘staggered
rule out protocol’ warrants further evaluation.17–20

Our study has some limitations. Prior to any statistical analysis
(and thus a priori) we made the decision to recalibrate the
MACS rule based on correlation data provided by the manufac-
turer. While our findings suggest that this refined version of the
MACS rule would be safe to use in practice and would effect-
ively risk stratify patients, the proportion of patients eligible for
immediate discharge would fall. As demonstrated in a sensitivity
analysis, if we had used the original formula for the MACS rule
then the performance of the decision rule would actually have
been enhanced, making a greater proportion of patients eligible
for safe immediate discharge. Given that this finding was made
only as part of a sensitivity analysis, it still requires prospective
confirmation.

Another potential limitation of this work is the incorporation
of coronary stenosis in the primary outcome (MACE). The
rationale for this decision was that, if only patients who actually
underwent coronary revascularisation were considered to have
MACE, then patients who had significant coronary disease that
was not amenable to revascularisation may not have been
accounted for. However, with hindsight the inclusion of this cri-
terion may have led to inappropriate underestimation of the
sensitivity and NPV of the MACS rule. The two patients in the
very low risk group who were found to have coronary stenoses
had undergone outpatient angiography and were not deemed to
warrant coronary revascularisation. Arguably, such events would
not preclude early discharge from the ED.

It is also worth noting that cardiac troponin forms an import-
ant part of the reference standard for diagnosing AMI, which
requires the detection of rise and/or fall of cardiac troponin.12

Cardiac troponin levels are also included in the MACS rule.
Strictly speaking, this introduces a form of incorporation bias.
Research in this field is typically subject to similar incorporation
bias when investigators aim to compare early troponin measure-
ment with late sampling. This is likely to have little effect on
the primary analyses we have reported but it is important to
note the incorporation bias as it may affect alternative interpre-
tations of the data presented.

This work opens up three important avenues for further
research. First, our findings make it possible to evaluate the
MACS decision rule in practice using a h-FABP assay that can be
readily used in the clinical setting. Prior to clinical implementa-
tion of the MACS rule we recommend that its use should be

evaluated in practice, for example in the context of a rando-
mised controlled trial. This will enable the performance of the
MACS rule to be verified when clinicians and patients (who are
likely to have imperfect compliance with the rule) are asked to
use the rule to guide decisions in real time. It will also enable
robust evaluation of cost-effectiveness, which is especially
important given the findings of previous work. The
Randomised Assessment of Treatment using Panel Assay of
Cardiac Markers trial evaluated an early ‘rule out’ strategy for
acute coronary syndromes, which consisted of serial testing for
troponin, creatine kinase-MB and myoglobin at the time of pres-
entation and 90 min later. Use of this protocol was found to
successfully increase the proportion of patients that was success-
fully discharged from the ED.21 However, because of an
increase in the use of specialist coronary care resources in the
intervention group, overall healthcare resource use increased
and the strategy was not cost-effective.22

Second, it is important to evaluate whether the MACS rule
can be combined with other promising early rule out strategies
that involve serial high sensitivity troponin testing over
60–180 min. This may further reduce the number of unneces-
sary hospital admissions and reduce the number of patients who
remain in the ‘observational zone’ (who have had the diagnosis
of an acute coronary syndrome neither ‘ruled in’ nor ‘ruled
out’) upon leaving the ED still further. Third, it is important to
prospectively compare the MACS rule to other emerging alter-
natives that could potentially lead to safe, immediate hospital
discharge, including the History, ECG, Age, Risk factors,
Troponin (HEART) score,23 24 use of copeptin25 and strategies
to ‘rule out’ acute coronary syndromes among patients who
have initial troponin levels below the limit of blank or limit of
detection of a high sensitivity assay.26 27 It will also be import-
ant to compare the use of the MACS rule with tools that could
enable an acute coronary syndrome to be excluded within 1 h
to 2 h of arrival, for example the ADAPT protocol18 or the
recently described method to exclude AMI within 1 h using
hs-cTnT.19

CONCLUSIONS
We report validation of the performance of the MACS rule
incorporating an automated assay for h-FABP. We found that
diagnostic performance is maintained. This version of the
MACS rule could enable 18.9% of patients presenting to the
ED with suspected cardiac chest pain to be immediately dis-
charged while identifying 11.1% of ‘high-risk’ patients who
may benefit from early specialist opinion and use of high
dependency resources. Validation of the MACS rule with an

Table 2 Rates of AMI and MACE stratified by the refined MACS rule risk groups

Risk group (according to the MACS rule)

Very low risk Low risk Moderate risk High-risk

Original MACS rule
Total number of patients, n (%) 123 (27.0) 81 (17.8) 207 (45.4) 45 (9.9)
Number of patients with AMI (%, 95% CI) 0 (0.0, 0.0 to 3.6) 0 (0.0, 0.0 to 5.4) 36 (17.4, 12.8 to 23.2) 42 (93.3, 81.5 to 98.4)
Number of patients with MACE, n (%, 95% CI) 2 (1.6, 0.08 to 6.1)* 1 (1.2, 0.0 to 7.3) 51 (24.6, 19.3 to 31.0) 43 (95.6, 84.4 to 99.6)

Recalibrated MACS rule with automated IT h-FABP assay
Total number of patients 86 (18.9) 99 (21.7) 221 (48.5) 50 (11.0)
Number of patients with AMI, n (%, 95% CI) 0 (0.0, 0.0 to 5.1) 0 (0.0, 0.0 to 5.4) 33 (14.9, 10.8 to 20.3) 45 (90.0, 78.2 to 96.0)
Number of patients with MACE, n (%, 95% CI) 2 (2.3, 0.1 to 8.6)* 0 (0.0, 0.0 to 4.5) 49 (22.2, 17.2 to 28.1) 46 (92.0, 80.7 to 97.4)

The performance of the original MACS rule has also been reported elsewhere.10

*There were two MACEs in the ‘very low risk’ group using each h-FABP assay. Both were coronary stenoses that did not require coronary revascularisation.
AMI, acute myocardial infarction; h-FABP, heart-type fatty acid binding protein; MACE, major adverse cardiac events; MACS, Manchester Acute Coronary Syndromes.
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automated h-FABP assay that has an acceptable turnaround time
for use in emergency settings will facilitate clinical implementa-
tion. To verify the findings from this observational study, we rec-
ommend use of the refined MACS rule is evaluated in a trial
setting prior to clinical implementation.
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Appendix 

 

Table 1: Rates of AMI and MACE stratified by the refined MACS rule risk groups when high sensitivity troponin is used as 

the reference standard for acute myocardial infarction (AMI).   

 Very low risk Low risk Moderate risk High risk 

Total number of 
patients 

86 (18.9) 99 (21.7) 221 (48.5) 50 (11.0) 

AMI, n (%) 0 (0.0) 0 (0.0) 32 (14.5) 44 (88.0) 

MACE, n (%) 2 (2.3)* 0 (0.0) 48 (21.7) 46 (92.0) 

* There were 2 MACEs in the ‘very low risk’ group using each h-FABP assay.  Both were coronary 

stenoses that did not require coronary revascularisation. 

  



Table 2: Rates of AMI and MACE stratified by MACS rule risk groups using the automated h-FABP assay but with no 

correction applied to the original MACS rule formula.  

 Very low risk Low risk Moderate risk High risk 

Total number of 
patients 

144 (31.6) 80 (17.5) 193 (42.3) 39 (8.6) 

AMI, n (%) 0 (0.0) 1 (1.3) 40 (8.8) 37 (94.9) 

MACE, n (%) 2 (13.9) 5 (6.3) 53 (27.5) 37 (94.9) 

* There were 2 MACEs in the ‘very low risk’ group using each h-FABP assay.  Both were coronary 

stenoses that did not require coronary revascularisation. 
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