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ABSTRACT
Objective To compare the accuracy of the GRACE score,
a strong prognosticator in acute coronary syndrome
(ACS) that is calculated using conventional cardiac
troponin (cTn) assays, with that calculated with high-
sensitivity cTn (hs-cTn) and with the combination of the
GRACE score with hs-cTn or B-type natriuretic peptide
(BNP).
Design Prospective international cohort.
Settings University Hospital.
Patients Patients enrolled in the Predictors of Acute
Coronary Syndromes Evaluation prospective study with
proven ACS.
Main outcome measured The capacity to predict
in-hospital mortality, 1-year mortality and combined
death/acute myocardial infarction (AMI) at 1 year.
Results 370 patients were enrolled (173 with unstable
angina and 197 with AMI). In-hospital mortality was
4.1%; 1-year mortality was 12.5%. The GRACE score was
significantly higher in patients who died than in those
discharged alive (200 (174e222) vs 125 (98e155);
p<0.001), and in those who died than in those who
survived for 1 year (151 (133e169) vs 104 (85e125);
p<0.001). The area under the curve of the GRACE score
was 0.87 regarding in-hospital mortality and 0.88 for
1-year mortality; if calculated with hs-cTn, it was 0.87
and 0.88, respectively (p¼NS for all comparisons). The
addition of hs-cTn to the GRACE score resulted in no
increased value, whereas the addition of BNP tended to
improve 1-year mortality prediction (p¼0.058).
Conclusion The GRACE score is accurate for
determining both in-hospital and long-term mortality in
patients with ACS in the era of hs-cTn. The addition of
hs-cTn or BNP to the GRACE score does not significantly
improve risk prediction.

INTRODUCTION
Acute coronary syndrome (ACS) is a major health
problem.1 2 As considerable variability exists among
patients across the spectrum of ACS, accurate
determination of risk has become a major focus in
their initial evaluation.1e4 Numerous risk-predic-
tion models for different types of patients with ACS
exist, but the most widespread tool is the GRACE
risk score.3e8 The GRACE score includes basic data
from a large unselected population of patients with
ACS, including those with ST-elevation acute

myocardial infarction (STEMI), non-STEMI
(NSTEMI) and unstable angina (UA).4 Initially
designed to identify high-risk patients for
in-hospital mortality, 4 a second, simplified, model
has been developed to predict 6-month mortality.5

The excellent ability of GRACE scores to discrimi-
nate the risk of death or combined death and acute
myocardial infarction (AMI) has been confirmed for
both 6 months 9 and more prolonged periods up to
6 years.6 10e12 Its use has recently been recom-
mended by the European Society of Cardiology for
risk stratification in patients with non-ST-elevation
ACS.2

Several biomarkers not considered in the previous
scores have emerged as potential prognosticators in
ACS, pointing to the need to re-evaluate scoring
systems in the light of these new risk predictors.
The recently developed high-sensitivity cardiac
troponin (cTn) assays (hs-cTn) have greater accu-
racy than conventional assays in the early diagnosis
of AMI.13 14 However, concerns have been raised
about possible increased hs-cTn levels in patients
with a final diagnosis other than AMI and in low-
risk patients.15 16 Whether its incorporation into
the calculation of the GRACE score will alter or
improve the model and the effect of its addition to
the GRACE score are not known.
The B-type natriuretic peptides (BNP and

NT-proBNP) are strong prognosticators in ACS,
independently of cTn.17 18 The possible merit of their
combination with the GRACE score varies among
studies and their real effect remains unknown.11 19 20

To resolve these issues, we compared the risk
prediction conferred by the GRACE score using
conventional cTn assay with hs-cTn assay for its
calculation, and the combination of the GRACE
score with hs-cTn or BNP measurements.

METHODS
Patients
The study population was derived from the
Advantageous Predictors of Acute Coronary
Syndromes Evaluation study, the first results of
which have been reported.13 Briefly, the Advanta-
geous Predictors of Acute Coronary Syndromes
Evaluation is an ongoing prospective, international,
multicentre study, designed and coordinated by the
University Hospital Basel, which enrolled all
patients with suspected AMI of less than 12 h.
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The present study analysed the subgroup of patients with
a final confirmed diagnosis of ACS, covering its full spectrum,
from UA to NSTEMI and STEMI. The final diagnosis of ACS
was based on all clinical, laboratory (but not hs-cTn and BNP
concentrations) and imaging data available and was separately
confirmed by two cardiologists. Disagreements between the
observers were settled by a third cardiologist. AMI was defined
according to the universal definition and required the association
of clinical signs of myocardial ischaemia with the observation of
a rising or falling pattern of local cTn concentration; when the
99th centile of the test could not be measured with the precision
required, the 10% coefficient variation (CV) level was used as the
cut-off value.21 22 UA was diagnosed in the presence of (1)
clinical manifestations suggesting myocardial ischaemia,
without evidence of myocardial necrosis and (2) an ECG indi-
cating ongoing ischaemia, or a >70% stenosis of an epicardial
coronary artery on coronary angiography, or a positive result on
a cardiac exercise test, or when the diagnosis was uncertain but
follow-up information showed that the patient suffered an AMI
or sudden unexpected cardiac death within 60 days.

The ethics committee at each institution approved this study,
and all patients gave written informed consent to participate.

Measurement of biomarkers
Blood samples were collected in EDTA tubes at admission and
centrifuged at 48C within 15 min of collection. Conventional
cTn assays were immediately analysed, and the results were
available to the emergency department practitioner. The
following cTn assays were used for the clinical care of the
patients at the participating hospitals: Abbott Axsym cTnI
ADV (limit of detection 0.02 mg/l; 99th centile cut-off point
<0.08 mg/l; CV #10% for 0.16 mg/l), Beckmann Coulter Accu
cTnI (limit of detection 0.01 mg/l; 99th centile cut-off point
<0.04 mg/l; CV #10% for 0.06 mg/l) and Roche cTn 4th gener-
ation (limit of detection of 0.01 mg/l; 99th centile cut-off point
<0.01 mg/l; CV #10% for 0.035 mg/l). Plasma hs-cTn concen-
trations were measured using a commercially available electro-
chemiluminescence immunoassay (hs-cTn, Roche Diagnostics,
Mannheim, Germany). The 99th centile with a CV #10% is
achieved for 14 ng/l.23 BNP was measured using the commer-
cially available Biosite Diagnostics assay (Biosite Diagnostics,
La Jolla, California, USA); its analytical sensitivity is <5.0 pg/
ml, with a measurable range of 0e5000 pg/ml.

Calculation of GRACE score
For in-hospital prediction, the GRACE score was calculated on
the basis of admission characteristics using the followings items:
Killip class, systolic blood pressure, heart rate, age, creatinine
concentration, cardiac arrest, the presence of any ST-segment
deviation, the presence/absence of elevated cardiac markers.4

For long-term prediction, the simplified GRACE model was
calculated on the basis of admission characteristics using the
following items: age, previous heart failure, past AMI, heart rate,
systolic blood pressure, the presence of ST-segment depression,
creatinine concentration, elevated cardiac markers, no in-hospital
percutaneous coronary intervention.5

For the present analysis, a single value from the conventional
assay of cTn above the cut-off value was determined as a score
for elevated biomarkers of myocardial necrosis.

Studied end points
We measured the capacity of the GRACE score to predict
in-hospital death, 1-year mortality and combined death/AMI at
1 year. We chose to evaluate the end points at these two time

points because they represent short- and long-term follow-up
periods, respectively. In addition, the prognostic significance of
both the GRACE score and BNP has been demonstrated at
1 year.12 17

Statistical analysis
The data are expressed as means6SD for Gaussian continuous
variables, median (IQR) for non-Gaussian continuous variables,
and numbers and percentages for categorical variables. The
baseline characteristics were analysed using the c2 test or Fisher
exact test and the Student t test or ManneWhitney test, as
appropriate, for comparison between groups defined by the
presence or absence of the end points. The existence of a corre-
lation between BNP, hs-cTn and the GRACE risk score was
investigated using the Spearman correlation test. The possible
role played by variables in relation to the end points was
examined first in a single-variable analysis, followed by logistic
regression. We then compared the predictive accuracy of the
GRACE score with its recalculation with hs-cTn, the combined
GRACE+hs-cTn, GRACE+BNP using receiver operating char-
acteristics curves, and integrated discrimination improvement
(IDI) (figure 1).24 25 p<0.05 was considered significant. Stata
statistical software V.10.1 was used for all analyses.

RESULTS
The study population consisted of 370 patients comprising 50
with STEMI, 147 with non-STEMI, and 173 with UA. Using
hs-cTn rather than the conventional assay of cTn, in conjunc-
tion with the universal definition for the confirmed diagnosis of
AMI, would have led to reclassification of 28 patients from UA
to AMI.21 The GRACE score shifted from 120 (102e148) to 134
(109e156) in these patients (p<0.267). No patients were lost to
follow-up. Follow-up was 100% complete at discharge from
hospital and 84.3% complete at 1 year. The detailed character-
istics of the study group, including comparison of the survivors
and non-survivors, are shown in table 1.

In-hospital prognosis
The GRACE score for predicting in-hospital outcome was 126
(99e159) in the entire cohort, ranging from149 (123e185) in
patients with STEMI to 123 (96e155) in patients with UA/
NSTEMI. Fifteen patients (4.1%) died during hospitalisation.
Compared with the patients who were discharged alive, the
patients who died during initial hospitalisation were older and

Figure 1 Different comparisons performed. AMI, acute myocardial
infarction; cTn, cardiac troponin.
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had a higher heart rate and reduced glomerular filtration rate at
admission (table 1). In addition, they had increased hs-cTn (78
(28e224) vs 27 (10e119) ng/l, respectively; p¼0.015) and BNP
(487 (229e885) vs 135 (64e338) pg/ml; p¼0.005).

There was a significant but only partial correlation between
the GRACE risk score and hs-cTn concentrations (r¼0.54,
p<0.001) or BNP (r¼0.62, p<0.001). The GRACE score was
increased in patients who died versus those discharged alive (200
(174e222) vs 125 (98e155); p<0.001). The GRACE score is the
only variable that remains associated with in-hospital mortality
according to multivariate analysis (p<0.001). Table 2 presents
the predictive accuracy of the different models. The consider-
ation of increased hs-cTn (above the 99th centile) rather than
increased conventional assay of cTn for the calculation of the
GRACE score did not alter the model. The addition of neither
hs-cTn concentration nor BNP concentration to the GRACE
score improved the model (table 2).

One-year follow-up
The patients mostly had a low (score <90, 27.5%) or interme-
diate (score from 90 to 120, 35.8%) risk of 1-year death as
assessed by the GRACE score. Thirty-nine (12.5%) patients died

during the 1-year follow-up period, and 56 reached the combined
end point of death/recurrence of AMI (18.0%). The variables
that are associated with 1-year mortality are reported in table 1.
Patients who died had higher hs-cTn concentrations (147
(30e470) vs 23 (9e103) ng/l; p<0.001), BNP concentrations
(558 (322e1183) vs 120 (58e249) pg/ml; p<0.001) and GRACE
score (151 (133e169) vs 104 (85e125); p<0.001) than those
who survived. The GRACE risk score (p<0.001) and the presence
of ST-segment deviation (p¼0.002), in-hospital revascularisation
(p¼0.011) and glomerular filtration rate (p¼0.022) remained
associated with 1-year mortality in multivariate analysis. The
GRACE score accurately predicted the 1-year mortality end
point. Its calculation using increased hs-cTn did not alter the
model (table 2). The addition of hs-cTn to the GRACE score did
not improve the model. There was a trend for an improvement
conferred by combining BNP concentrations with the score, as
expressed by the IDI but not c-statistics (table 2).
Lastly, the GRACE risk score predicts correctly, but less

adequately, the composite end point of death/recurrence of AMI
at 1 year. The model was neither altered by the consideration of
increased hs-cTn nor improved by the addition of hs-cTn or BNP
consideration to the risk score (table 2).

Table 1 Baseline characteristics

Total (n[370)
Death in hospital
(n[15)

Death at 1
year (n[39)

Age (years) 71 (59e78) 76 (75e86)* 84 (75e89)*

Male sex 273 (73.8) 11 (73.3) 27 (69.2)

Hypertension 293 (79.2) 14 (93.3) 34 (87.2)

Hypercholesterolaemia 223 (60.3) 7 (46.7) 19 (48.7)

Diabetes 102 (27.6) 6 (40.0) 15 (38.5)

Body mass index (kg/m2) 27.064.4 25.764.2 25.364.1*

Family history (1st degree) 68 (38.9) 3 (50.0) 3 (33.3)

Smoking 89 (24.2) 4 (26.7) 11 (28.2)

Risk factors $2 272 (73.5) 11 (73.3) 26 (66.7)

Past myocardial infarction 148 (40.0) 4 (26.7) 20 (51.3)

Past coronary artery disease 209 (56.5) 9 (60.0) 29 (74.4)*

Known renal failure 58 (15.7) 5 (33.3) 19 (48.7)*

Drug regimen

Aspirin 213 (57.6) 8 (53.3) 21 (53.9)

Clopidogrel 64 (17.3) 0 (0) 7 (18.0)

b-adrenergic blocker 187 (50.5) 6 (40.0) 24 (61.5)

ACE inhibitor/ARB 200 (54.1) 11 (73.3) 25 (64.1)

Statin 188 (50.8) 6 (40.0) 22 (56.4)

Duration of chest pain (h) 4.563.2 4.462.7 5.063.8

Clinical presentation

Heart rate on admission (beats/min) 77618 91633* 89625*

Systolic BP (mm Hg) 145626 140636 134633*

Diastolic BP (mm Hg) 83615 85622 78621*

ST segment deviation 151 (40.8) 11 (73.3)* 33 (84.6)*

Screening blood tests

Creatinine (mmol/l) 91646 108641 118648*

GFR (ml/min/1.73 m2) 82627 65621* 60626*

Haemoglobin (g/dl) 140618 139615 125623

cTn >99th centile 192 (77.7) 7 (47.7) 26 (66.7)*

hs-cTn (ng/l) 28 (10e121) 78 (27e224)* 147 (30e470)*

hs-cTn >99th centile 237 (67.9) 14 (93.3)* 36 (92.3)*

BNP (pg/ml) 139 (64e369) 487 (229e885)* 558 (322e1183)*

Coronary angiography 250 (67.6) 8 (53.3) 16 (41.0)*

PCI 177 (47.8) 4 (26.7) 10 (25.6)*

Coronary artery bypass grafting 34 (9.2) 3 (20.0) 3 (7.7)

Data are presented as mean6SD or median (IQR) or number (%).
*p<0.05 for patients with versus without end point.
ARB, angiotensin II receptor blocker; BNP, B-type natriuretic peptide; BP, blood pressure; GFR, glomerular filtration rate; PCI,
percutaneous coronary intervention; ACE, angiotensin converting enzyme; hs-cTn: high-sensitive cardiac troponin.
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DISCUSSION
We made clinically important observations in this study. First,
the GRACE risk score accurately predicted both in-hospital and
1-year mortality, and less accurately the combined 1-year death
and AMI. Second, the use of increased hs-cTn instead of
conventional cTn in the calculation of the GRACE risk score
did not alter the model. Third, the combination of hs-cTn or
BNP concentrations with the GRACE score had no significant
incremental value.

The in-hospital and 1-year prognostic values of the GRACE
score were excellent in our study, and we observed even higher
AUC than in the validation sets of the GRACE registries.4 5 9

Such findings were expected and emphasise that a prediction
tool is as generalisable as the population from which it is
derived. The GRACE registry is a multinational registry
involving 94 hospitals in 14 countries; it includes more than
10 000 patients and was designed for prognosis of all-cause
mortality. Its accuracy in the prediction of mortality has been
confirmed in several studies at different time points.6 10 12 In
addition, the GRACE score predicted fairly, but less accurately,
combined 1-year death/AMI, a result that is consistent with
previous studies.9 20 More importantly, we observe that the use
of increased hs-cTn rather than conventional cTn for its calcu-
lation does not alter the model.

Over the last few decades, cTn has emerged as the key
biomarker for detecting ACS in patients with chest pain-related
symptoms.26 27 Recently, high-sensitivity assays of cTn have
demonstrated their superiority over conventional assays for
detecting AMI and overall ACS.13 14 28 They are scheduled to
soon become the only available cTn assays. Although some
authors have reported a possible specificity deficit of these new
assays,15 16 our study demonstrates that the GRACE risk
calculation is still valid with the use of these new assays. This
may have important clinical implications. Initial risk stratifica-
tion of patients with ACS is crucial for making appropriate
decisions about the need for transfer to a tertiary centre. In
addition, patients at highest risk may derive greater benefits
from intense pharmacological treatment and interventions, the
benefits of which may outweigh the risk of adverse effects.1 2

BNP is a marker of cardiac stress and its accuracy as a strong
prognosticator has been proven even in the absence of left

ventricular dysfunction and independently of certain elements
of the GRACE score such as age, ST deviation and cTn
concentration.17 18 29 However, there are conflicting results on
whether the addition of BNP concentration to the GRACE score
improves risk stratification. Beygui and colleagues demonstrated
in a retrospective analysis of the ARCHIPELAGO study (irbe-
sartan in patients with ACS without STsegment elevation) that
the performance of the GRACE score was significantly improved
by the introduction of BNP concentration to predict death/heart
failure but not the composite end point of death, stroke, AMI,
recurrent ischaemia or unplanned hospitalisation.20 In addition,
this study investigated patients with long-lasting symptoms (up
to 48 h) at low risk of cardiac events (2-month mortality of
0.7%). In another study, Ang and colleagues reported that BNP
concentration did not improve the risk prediction offered by the
GRACE score, as expressed by the c-statistics.19 Our results are
consistent with these studies, as we report no significant
difference in the c-statistics or the IDI offered by the addition of
BNP concentrations to the GRACE score.
In this study, we examined patients across the entire spec-

trum of ACS and focused on mortality because the GRACE score
was developed and validated mainly for this indication. We
demonstrate that neither BNP nor hs-cTn added significant
value to the GRACE score. Subgroup analysis showed no
difference in in-hospital mortality prediction (p¼0.497 and
p¼0.930, respectively) and 1-year mortality (p¼0.802 and
p¼0.860, respectively) of the different models in patients with
STEMI and UA/NSTEMI, respectively. The possible merit of
using inflammatory markers, structural enzymes, markers of
platelet activation and neurohormones in addition to the
GRACE score has been previously investigated. Only inter-
leukin-6 demonstrated incremental value.11 19 20 These previous
results and ours should not be considered to be a contradiction of
the prognostic significance of either hs-cTn or BNP. As we report
a very high AUC (>0.85) in all our analyses, our results should
rather be interpreted as the high capacity to discriminate
patients at high risk offered by the GRACE score.
Receiver operating characteristics analysis is designed ideally

to measure the accuracy of a single predictor across its broad
concentration. Such analysis can also easily compare two single
predictors in a head-to-head fashion, but is not ideal for

Table 2 Accuracy of risk prediction of the different models

C-statistics IDI

AUC p Value* IDI value p Value*

In-hospital mortality

GRACE score 0.87 (0.75e0.99) e Reference e

GRACE score using hs-cTn 0.87 (0.77e0.98) 0.840 0.44 0.662

GRACE score + hs-cTn concentration 0.87 (0.75e0.99) 0.966 0.59 0.555

GRACE score + BNP concentration 0.88 (0.78e0.99) 0.583 0.15 0.877

One-year mortalityy
GRACE score 0.88 (0.81e0.95) e Reference e

GRACE score using hs-cTn 0.88 (0.81e0.95) 0.814 0.26 0.797

GRACE score + hs-cTn concentration 0.88 (0.81e0.95) 0.640 <0.01 0.999

GRACE score + BNP concentration 0.88 (0.81e0.95) 0.322 1.90 0.058

One-year combined of death/AMIy
GRACE score 0.75 (0.66e0.84) e Reference e

GRACE score using hs-cTn 0.76 (0.67e0.85) 0.669 0.35 0.726

GRACE score + hs-cTn concentration 0.75 (0.66e0.84) 0.740 0.35 0.724

GRACE score + BNP concentration 0.75 (0.67e0.84) 0.978 1.25 0.210

*p versus the GRACE score.
yThe simplified GRACE score was used according to Eagle et al.5

AMI, acute myocardial infarction; AUC, area under the receiver operating characteristics curve; BNP, B-type natriuretic peptide;
hs-cTn, high-sensitivity cardiac troponin assay; IDI, integrated discriminative improvement.
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comparing a combination of predictors with a single predictor.
In addition, it may lack sensitivity. Recently, the net reclassifi-
cation improvement and IDI have emerged as the preferred
methods for investigating the predictive ability of new
biomarkers or new risk scores.25 In the present study, we
compared the predictive ability of the different models using
both c-statistics and the IDI; we assume therefore that our
results are robust.

Our study should be interpreted within its limitations. First,
patients with severe renal failure were excluded from the study.
Therefore, no conclusion can be drawn about this specific
population. Second, the sample size is relatively small compared
with the registries that were used to create and validate the
GRACE score.4 5 However, we found a similar accuracy of the
GRACE score to that reported in these studies, which may
suggest that our population is an adequate representation of the
spectrum of patients with ACS. In our study, the rate of
in-hospital percutaneous coronary intervention ranged from
45% for UA to 80% for STEMI. As cardiac markers are related to
the extent of coronary disease and possible revascularisation,
cTn and hs-cTn may have lost their prognostic effect after
successful revascularisation. Other components of the GRACE
score maintain prognostic relevance, explaining the absence of
difference that we observed in the prognostic significance of the
GRACE score using different cardiac markers for its calculation.

CONCLUSION
The GRACE risk prediction score is still accurate for determining
both in-hospital and long-term mortality in patients with ACS
in the era of high-sensitivity assays of cardiac troponin. The
addition of hs-cTn or BNP to the GRACE score does not improve
the risk prediction offered by the GRACE score alone.
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