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Study objective: We compare the ability of 5 established risk scores to identify patients with suspected acute coronary
syndromes who are suitable for discharge after a modified single-presentation high-sensitivity troponin result.

Methods: This was a prospective observational study conducted in a UK district general hospital emergency
department. Consecutive adults recruited with suspected acute coronary syndrome for whom attending physicians
determined evaluation with serial troponin testing was required. Index tests were definitions of low risk applied to
modified Goldman, Thrombolysis in Myocardial Infarction (TIMI), Global Registry of Acute Cardiac Events (GRACE),
History, ECG, Age, Risk Factors, Troponin (HEART), and Vancouver Chest Pain Rule risk scores, incorporating either high-
sensitivity troponin T or I results. The endpoint was acute myocardial infarction within 30 days. A test sensitivity
threshold for acute myocardial infarction of 98% was chosen. Clinical utility was defined as a negative predictive value
greater than or equal to 99.5% and identification of greater than 30% suitable for discharge.

Results: Nine hundred fifty-nine patients underwent high-sensitivity troponin T analysis and 867 underwent high-
sensitivity troponin I analysis. In the high-sensitivity troponin T group, 79 of 959 (8.2%) had an acute myocardial
infarction and 66 of 867 (7.6%) in the high-sensitivity troponin I group. Two risk scores (GRACE <80 and HEART �3) did
not have the potential to achieve a sensitivity of 98% with high-sensitivity troponin T, and 3 scores (Goldman �1, TIMI
�1, and GRACE <80) with high-sensitivity troponin I. A TIMI score of 0 or less than or equal to 1 and modified Goldman
score less than or equal to 1 with high-sensitivity troponin T, and TIMI score of 0 and HEART score of less than or equal
to 3 with high-sensitivity troponin I had the potential to achieve a negative predictive value greater than or equal to
99.5% while identifying greater than 30% of patients as suitable for immediate discharge.

Conclusion: With established risk scores, it may be possible to identify greater than 30% of patients suitable for
discharge, with a negative predictive value greater than or equal to 99.5% for the diagnosis of acute myocardial
infarction, using a single high-sensitivity troponin test result at presentation. There is variation in high-sensitivity
troponin assays, which may have implications in introducing rapid rule-out protocols. [Ann Emerg Med. 2015;-:1-11.]
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INTRODUCTION
Background and Importance

Patients with suspected cardiac chest pain account for
more than 6 million emergency department (ED)
attendances annually across the United States.1 Current
guidelines recommend serial measurements of (non-high
sensitivity) cardiac troponin between 6 and 12 hours after
patient presentation to the ED.2 As a result, the majority of
patients require prolonged assessment before safe discharge
despite that only 15% to 25% of them receive a final
diagnosis of acute coronary syndrome.1 This prolonged
, no. - : - 2015
assessment leads to increased health care costs3 and ED
crowding, which has been shown to lead to increased adverse
events in patients with both acute and non-acute coronary
syndrome–related chest pain.4 The efficient identification of
low-risk patients who can be safely discharged after rapid
assessment in the ED remains an important issue.

Consensus reports have suggested that high-sensitivity
troponin assays may be used to reduce door-to-discharge
times by using serial testing during 3 hours.5 A high-
sensitivity troponin assay is defined as one that has a
coefficient of variation of less than 10% at the 99th
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Editor’s Capsule Summary

What is already known on this topic
High-sensitivity troponin tests may be used to
decrease serial testing duration for acute coronary
syndrome in emergency department patients with
chest pain.

What question this study addressed
This 959-patient cohort study assesses whether a
combination of single high-sensitivity troponin
testing at presentation and clinical risk score can
safely rule out acute coronary syndrome.

What this study adds to our knowledge
No combination of high-sensitivity troponins and
clinical risk score was proven to meet the dual
threshold of 99.5% negative predictive value for
myocardial infarction within 30 days and 30%
cleared for discharge; however, 2 combination point
estimates met the predetermined specifications.

How this is relevant to clinical practice
It may be possible to rule out acute coronary
syndrome in a useful portion of patients with chest
pain with combination single high-sensitivity
troponin and clinical risk score testing.
percentile value (the upper limit of the reference
population), and which is able to detect cardiac troponin in
greater than 50% of the reference population.5 Current
data suggest that the diagnostic performance of high-
sensitivity assays when used in isolation is too low to allow
immediate discharge of patients presenting to the ED after
a single blood draw on arrival.6,7 Therefore, to reduce door-
to-discharge times further, it has been suggested that the
adjunctive use of clinical chest pain risk scores (which
give an estimate of pretest probability), in combination
with high-sensitivity troponin testing, will improve the
diagnostic performance.8,9 Although these combination
strategies are gaining acceptance, the optimum choice of
rapid rule-out protocol remains undetermined because the
majority of existing clinical risk scores remain untested in
conjunction with a single high-sensitivity troponin test at
presentation to the ED, and their resultant diagnostic
performance has rarely been compared.

Goals of This Investigation
The aim of this study was to compare the ability of 5

established risk scores when used in conjunction with either
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high-sensitivity troponin T (Roche Elecsys high-sensitivity
troponin T; Roche, Basel, Switzerland) or I (Abbott
Architect high-sensitivity troponin I; Abbott Diagnostics,
Santa Clara, CA) to identify patients with chest pain
symptoms suggestive of acute coronary syndromes who are
suitable for early discharge after a single blood draw at
presentation to the ED.
MATERIALS AND METHODS
Study Design and Setting

This was a planned post hoc analysis of the Triage Rule-
out Using High-Sensitivity Troponin study (Controlled
Trials Database ISRCTN No. 21109279), a single-center
prospective diagnostic cohort study designed to establish
the diagnostic performance of the modified Goldman
risk score10 in combination with a single laboratory high-
sensitivity troponin T test at presentation to the ED.
The results of the primary analysis have been published.9

The study protocol was designed with the Standards for
Reporting Diagnostic Accuracy11 and approved by the UK
National Research Ethics Service. All participants provided
written informed consent.

The study was undertaken at Poole NHS Foundation
Trust, a UK district general hospital, between July 2012 and
August 2013. The ED has approximately 62,000 new
patient attendances per year. Patients with suspected acute
coronary syndrome were managed according to the local
hospital protocol, which involved risk assessment by
emergency physician staff using the modified Goldman risk
score and blood drawn for high-sensitivity troponin T
testing at 6 hours after presentation. Although historical
clinical protocols at this study did not include troponin
measurement at presentation, this had the benefit of
ensuring that treating physicians were blinded to the initial
high-sensitivity troponin T result to avoid evaluation bias.12
Selection of Participants
Consecutive patients were screened and recruited 24

hours a day, 7 days a week during the study period. Patients
were included if they were aged 18 years or older and had
at least 5 minutes of chest pain suggestive of acute coro-
nary syndrome, and for whom the attending physician
determined that evaluation with serial troponin testing was
required. Possible cardiac symptoms included acute chest,
epigastric, neck, jaw, or arm pain, or discomfort or pressure
without an apparent noncardiac source, in accordance with
the American Heart Association case definitions.13 Patients
were excluded if any of the following were present: ST-
segment elevation myocardial infarction or left bundle-
branch block not known to be old, ECG changes
Volume -, no. - : - 2015
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diagnostic of ischemia (ST-segment depression �1 mm
or T-wave inversion), arrhythmias (new-onset atrial
fibrillation, atrial flutter, sustained supraventricular
tachycardia, second-degree or complete heart block, or
sustained or recurrent ventricular arrhythmias), aged 80
years or older, atypical symptoms in the absence of chest
discomfort, a clear non-acute coronary syndrome cause for
chest pain at presentation (eg, pulmonary embolism,
pneumonia, aortic dissection), another medical condition
requiring hospital admission, refusal or inability to give
informed consent, non-English speaking, pregnancy, renal
failure requiring dialysis, or inability to be contacted after
discharge. For this analysis, patients were also excluded if
either Roche high-sensitivity troponin T or Abbott high-
sensitivity troponin I levels at presentation were not
available for their respective analysis.

Methods of Measurement
During initial assessment, clinical staff drew blood for

routine admission samples and an additional 3.5 mL of
whole blood in a prelabeled study-specific serum-settling
tube for high-sensitivity troponin analysis. Roche high-
sensitivity troponin T was tested in real time by the central
hospital laboratory. After centrifugation, samples were
frozen at –80�C until transport on dry ice to a remote
laboratory, where samples were thawed and then assayed
for Abbott high-sensitivity troponin I in a blinded fashion.

The fourth-generation Roche Elecsys high-sensitivity
troponin T assay, which has a 99th percentile value of 14
ng/L and 10% coefficient of variation of less than 10% at
9 ng/L, was used for research (presentation) and reference
(6-hour) samples. Stored presentation samples were also
tested for high-sensitivity troponin I with the Abbott
Architect Stat High Sensitive Troponin-I assay (Abbott
Diagnostics), which has a 99th percentile value of 26.2
ng/L, with a corresponding coefficient of variation of less
than 5% and a limit of detection of 1.9 ng/L.

All data were collected prospectively by trained research
nursing staff using a published data dictionary14 from data
collected at admission only. Attending ED clinicians
completed a standardized clinical report form designed to
enable accurate recording of demographic data and
variables required to calculate risk scores.

Risk scores were selected a priori if they had been
prospectively externally validated in large ED cohort studies
designed with the intention of improving ED efficiency.
Index tests were definitions of low risk applied to the
modified Goldman, Thrombolysis in Myocardial Infarction
(TIMI), Global Registry of Acute Cardiac Events
(GRACE), and History, ECG, Age, Risk Factors, Troponin
(HEART) scores and the Vancouver Chest Pain Rule,
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incorporating either high-sensitivity troponin T or high-
sensitivity troponin I results. Figure 1 presents a summary
of the clinical variables that make up each risk score and
definitions of suitability for discharge according to each risk
score, applied after evaluation of respective validation
studies: modified Goldman,15 TIMI,8 GRACE,16 and
HEART17 scores and the Vancouver Chest Pain Rule.18

Where biomarker results were not included as a variable in
the original score, high-sensitivity troponin T and I were
incorporated accordingly, using the 99th percentile cutoff
value as a baseline. Because only patients with a
nonischemic ECG result were recruited to the study, where
ischemic ECG changes were included in the original risk
scores these variables were removed, as reflected in clinical
practice in which patients with ECG changes diagnostic of
ischemia are immediately defined as high risk and therefore
not suitable for discharge.19 A computer-based algorithm
was designed to calculate each score automatically from the
admission data, without interpretation by the study
investigators.

Outcome Measures
The primary endpoint was the presence of fatal or

nonfatal acute myocardial infarction occurring within 30
days of hospital attendance (including the index visit).

The presence of acute myocardial infarction was defined
according to the Third Universal Definition of Myocardial
Infarction, which states that an increase or decrease in
troponin level, with at least 1 value above the 99th centile
value in the context of a patient with ischemic symptoms or
signs (ECG changes or imaging evidence), would satisfy the
diagnosis.20 The final diagnosis of acute myocardial
infarction was adjudicated according to presentation and 6-
hour Roche high-sensitivity troponin T results because this
was in clinical use during the study period. Clinical blood
samples taken at presentation to the ED were not stored as
part of the study protocol; therefore, it was not possible to
evaluate outcome separately with the Abbott high-
sensitivity troponin I assay. In accordance with current
consensus guidance for high-sensitivity troponin assays, an
increase or decrease of 20% (D) was considered statistically
significant and consistent with a diagnosis of acute
myocardial infarction.5 Adjudication of the endpoint was
carried out by 2 local cardiologists blinded to all risk scores
but who had access to the clinical record, ECG results, and
serial high-sensitivity troponin T results.

Follow-up was undertaken by independent review of
hospital electronic patient records, summary of health
records from the patient’s general practitioner, obtained at
least 6 months after attendance, and a national clinical
records search (which identifies death). When a participant
Annals of Emergency Medicine 3



Risk Score m-Goldman TIMI GRACE HEART Vancouver Chest 
Pain Rule

Clinical 
Variables

Typical new onset chest 
pain at rest

Pain the same as 
previous myocardial 
infarc on

Pain not relieved by 
within 

15 minutes

Pain las ng more than 
60 minutes

Pain occurring with 
increasing frequency

Hypotension (Systolic 
BP <100mmHg) 

Acute shortness of 
breath

Pain within 6 weeks of 
an myocardial infarc on 
or revasculariza on

Age≥65 y

≥3 risk factors* for 
coronary artery disease

Use of aspirin in last 7 
days

Significant coronary 
stenosis (>50%)

Recent severe angina 
(≥2 angina events in 
preceding 24h)

Killip Class:
I: 0 points
II: 20
III: 39
IV: 59 

Systolic BP, mmHg:
≤80: 58 points
80-99: 53
100-119: 43
120-139: 34
140-159: 24
160-199: 10
≥200: 0

Heart Rate:
≤50: 0 points
50-69: 3
70-89: 9
90-109: 15
110-149: 24
150-199: 38
≥200: 46

Age:
≤30: 0 points
30-39: 8
40-49: 25
50-59: 41
60-69: 58
70-79: 75

Crea nine Level 
(μmol/L):
≤35: 1 point
36-70: 4
71-105: 7
106-140: 10
141-175: 13

History: 
Highly suspicious: 2
Moderately suspicious: 1
Slightly suspicious: 0

ECG:
Significant ST depression : 2
Non-specific repolarisa on 
disturbance: 1
Normal: 0

Age:
≥65 years: 2
45-65 years: 1
<45 years: 0

Risk Factors:
≥3 Risk factors* for coronary 
artery disease: 2
1 or 2 risk factors: 1
No risk factors: 0

Troponin:
hs-cTnT:
≥30ng/L§: 2
>14ng/L to <30ng/L§: 1
≤14ng/L: 0

hs-cTnI:
≥78.6ng/L||: 2
>26.2ng/L to 
<78.6ng/L||: 1

Presenta on hs-
cTnT>14ng/L or hs-
cTnI>26.2ng/L

Prior acute coronary 
syndrome or nitrate 
use

Does palpa on 
reproduce pain?

Age≥50 

Does pain radiate to 
the neck, jaw or le  
arm?

Yes to any: 
High Risk

No 
to all

Yes: Low 
Risk

No

Yes to any: 
High Risk

No: Low 
Risk

176-350: 21
>350: 28 

hs-cTnT >14ng/L or 
hs-cTnI >26.2ng/L: 15 
points

≤26.2ng/L: 0

Score 
calcula on

1 point for each factor present 1 point for each factor present Total score depending on 
categorical data

Total score dependent on 
presence of clinical variables

Binary rule-out decision tool

Index Tests:

Defini on
of pa ent 
suitable for 
discharge 
a er a 
single high-
sensi vity 
troponin 
result

hs-cTnT ≤14ng/L, non-ischemic 
ECG, either m-Goldman score 0 
or ≤1

hs-cTnI ≤26.2ng/L, non-
ischemic ECG, either m-
Goldman score 0 or ≤1

hs-cTnT ≤14ng/L, non-ischemic 
ECG, either TIMI Score 0 or ≤1

hs-cTnT ≤26.2ng/L, non-
ischemic ECG, either TIMI 
Score 0 or ≤1

Non-ischemic ECG and GRACE 
Score either <60 or <80 points 
(GRACE incorporates hs-cTn)

Heart Score ≤2 or ≤3 (HEART 
Incorporates ECG and hs-cTn)

Non-ischemic  ECG,  and 
clinical features as described in 
decision tree

‡

nitroglycerin †

Figure 1. Summary of the clinical variables that make up each risk score and definitions of suitability for discharge according to
each score and high-sensitivity troponin assay. m-Goldman, Modified Goldman; hs-cTnT, high-sensitivity troponin T; hs-cTnI, high-
sensitivity troponin I; hs-cTn, high-sensitivity troponin. *Risk factors for coronary artery disease: Family history (<65 years) of
premature coronary artery disease, hypercholesterolemia, diabetes mellitus, hypertension, or current smoker. †Patient reported
coronary intervention or evidence from hospital record. ‡Patients with ST depression were not included within this study cohort. §30
ng/L For hs-cTnT was selected as the upper reference value because of manufacturer (Roche) recommendations. k78.6 ng/L Was
chosen as the upper reference value for hs-cTnI because there were no manufacturer recommendations and validation studies of
the HEART score used an upper cutoff of greater than or equal to 3 times the normal limit.17
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had not attended hospital follow-up or a general
practitioner had failed to provide a health record or was not
general practitioner registered, the patient was regarded as
lost to follow-up.

Primary Data Analysis
We estimated the sample size for the primary analysis

according to the precision of the sensitivity of the modified
Goldman accelerated diagnostic pathway.9 Assuming a
100% sensitivity of this decision rule with a 95%
confidence interval (CI) that would extend no lower than
99%, with 40% of patients being eligible for discharge, a
sample size of 966 patients was required.

c2 Analyses were used to generate 2�2 tables for the
calculation of sensitivity, specificity, and positive and
negative likelihood ratios. All statistical analysis was carried
out with IBM SPSS (version 20; SPSS, Inc., Chicago, IL).

To illustrate the generalizability of each pathway as a
rule-out tool, a sensitivity threshold of 98% was chosen, the
threshold at which it has been suggested that the risks of
false-positive testing (beyond biomarker analysis) outweigh
the risk of untreated disease.21 Sensitivity for the diagnosis
of acute myocardial infarction was plotted against
1–specificity to give a graphic representation test
performance. To define the optimum clinical utility of each
rule-out protocol, according to the outcome prevalence
within the study cohort, a target negative predictive value
Figure 2. Recruitment flow chart. A
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for the diagnosis of fatal or nonfatal acute myocardial
infarction of greater than or equal to 99.5%, together with a
proportion of patients identified as being suitable for
discharge of greater than 30%, was set. A negative predictive
value greater than or equal to 99.5% was chosen in the
absence of consensus agreement, but this has been shown to
be the miss rate that the majority of emergency physicians
deem acceptable for diagnostic strategies in the assessment
of suspected acute coronary syndrome.22 Also, for a risk
score to be of substantial benefit, significant numbers of
patients need to be identified as suitable for discharge;
therefore, a target of greater than 30% was chosen, which is
similar to that of existing rapid rule-out protocols that
incorporate high-sensitivity troponin testing.8,9
RESULTS
Characteristics of Study Subjects

Overall, 963 consenting patients were recruited (Figure 2)
and 4 patients were lost to follow-up. The remaining 959
patients underwent Roche high-sensitivity troponin T
analysis; 867 patients underwent Abbott high-sensitivity
troponin I analysis. An additional 132 patients were eligible
but not recruited because of missing the consent process.
Sufficient data were available to calculate all risk scores,
with the exception of GRACE, in which 7 cases were
excluded from analysis because of missing creatinine results.
MI, Acute myocardial infarction.

Annals of Emergency Medicine 5



Identifying Patients Suitable for Discharge Carlton, Khattab & Greaves
The main outcome event (acute myocardial infarction
within 30 days) occurred in 79 of 959 (8.2%) and 66 of
867 (7.6%) of the high-sensitivity troponin T and I groups,
respectively. Patient characteristics for both high-sensitivity
troponin T and I groups are shown in Table 1.
Main Results
Test performance of each risk score and the scores’

predefined cutoffs for determination of low-risk status in
combination with presentation Roche high-sensitivity
troponin T and Abbott high-sensitivity troponin I are
shown in Tables 2 and 3, respectively.
Table 1. Patient characteristics divided according to the
high-sensitivity troponin cohort.

Characteristic
hs-cTnT Cohort

(n[959)
hs-cTnI Cohort

(n[867)

Age, mean (SD), y 58.0 (13.3) 57.9 (13.0)
Sex (% men) 564 (58.8) 515 (59.4)
Ethnicity (% white British) 913 (95.2) 827 (95.4)
Risk factors, No. (%)
Hypertension 528 (55.1) 477 (55.0)
Diabetes 164 (17.1) 145 (16.7)
Dyslipidemia 634 (66.1) 583 (67.2)
Current smoker 231 (24.1) 210 (24.2)
Ex-smoker 342 (35.7) 312 (36.0)
Family history of CAD 353 (36.8) 327 (37.7)
Medical history
Angina 251 (26.2) 223 (25.7)
Myocardial infarction 204 (21.3) 190 (21.9)
Percutaneous coronary intervention 183 (19.1) 168 (19.4)
Congestive cardiac failure 30 (3.1) 24 (2.8)
Atrial arrhythmia 118 (12.3) 95 (11.0)
Stroke/TIA 63 (6.6) 57 (6.6)
CABG 50 (5.2) 41 (4.7)
Medications on arrival in ED
Aspirin 360 (37.5) 329 (37.9)
Clopidogrel 112 (11.7) 102 (11.8)
b-Blocker 280 (29.2) 250 (28.8)
ACE inhibitor 272 (28.4) 243 (28.0)
Statin 368 (38.4) 332 (38.3)
Median of symptom onset to
presentation (IQR), h

2.4 (3.9) 2.3 (3.7)

Median time to troponin testing after
arrival in ED (IQR) , h

0.6 (0.5) 0.6 (0.5)

Median ED length of stay* (IQR), h 3.4 (1.1) 3.4 (1.1)
Median length of hospital stay (IQR), h 18.8 (32.4) 18.6 (31.3)
Investigations within 30 days
Stress ECG 274 (28.6) 248 (28.6)
Stress radionucleotide imaging 67 (7.0) 61 (7.0)
Stress echocardiogram 67 (5.9) 53 (6.1)
Nonstress echocardiogram 237 (24.7) 214 (24.7)
CT coronary angiography 86 (9.0) 84 (9.7)
Angiography 163 (17.0) 147 (17.0)
Fatal/nonfatal AMI 79 (8.2) 66 (7.6)

CAD, Coronary artery disease; TIA, transient ischemic attack; CABG, coronary artery
bypass graft; ED, emergency department; CT, computed tomography.
*In the United Kingdom, health policy dictates that an ED door-to-discharge time of
4 hours be met.
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Figure 3A and B presents sensitivity versus specificity for
each risk score and both high-sensitivity troponin assays.
When the upper bounds of the 95% CIs for test sensitivity
were considered, only 2 risk scores (GRACE <80 and
HEART �3) did not have the potential to achieve the
threshold of 98% sensitivity for the diagnosis of acute
myocardial infarction when used in conjunction with high-
sensitivity troponin T. For high-sensitivity troponin I, 3
risk scores (modified Goldman �1, TIMI �1, and
GRACE <80) did not have the potential to achieve this
sensitivity threshold. Within those tests that did have the
potential to achieve a sensitivity threshold of 98%, there
was a wide variation in test specificity, ranging from 10.6%
(95% CI 10.1% to 10.6%) for GRACE score less than 60
with high-sensitivity troponin T to 53.5% (95% CI 52.8%
to 53.8%) for TIMI score less than 1 with high-sensitivity
troponin T.

The potential clinical utility of each risk score is shown
in Figure 4A and B. This demonstrates the percentage of
patients defined as suitable for discharge against the
negative predictive value for the diagnosis of fatal or
nonfatal acute myocardial infarction. When the upper
bounds of the 95% CIs for each test were considered,
TIMI score of 0 or less than or equal to 1 and modified
Goldman score less than or equal to 1 with high-sensitivity
troponin T, and TIMI score of 0 and HEART score of less
than or equal to 3 with high-sensitivity troponin I had the
potential to achieve a negative predictive value greater than
or equal to 99.5% while identifying greater than 30% of
patients as suitable for immediate discharge.

Of 959 recruited patients, 92 (9.6%) had no presentation
sample suitable for high-sensitivity troponin I analysis. The
99th percentile value had a sensitivity for the diagnosis of
acute myocardial infarction of 83.5% (95% CI 73.8% to
90.5%) with high-sensitivity troponin T and 62.1% (95%
CI 51.9% to 70.8%) with high-sensitivity troponin I. The
clinical characteristics of patients who received a diagnosis
of acute myocardial infarction, with a high-sensitivity
troponin I value less than the 99th percentile value (26.2
ng/L) at presentation but a high-sensitivity troponin T
value greater than the 99th percentile (14 ng/L), are shown
in Table E1 (available online at http://www.annemergmed.
com).
LIMITATIONS
There are some limitations to this study. We chose the

endpoint of fatal and nonfatal acute myocardial infarction
as a means of identifying patients who might be suitable for
early discharge from the ED. This has several implications.
First, the prevalence of the endpoint is low (8%) because
Volume -, no. - : - 2015
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Table 2. Test performance of each risk score with high-sensitivity troponin T.

hs-cTnT
£14 ng/L
Alone (99th
Percentile)

m-Goldman
Score 0 and
hs-cTnT
£14 ng/L

m-Goldman
Score £1

and hs-cTnT
£14 ng/L

TIMI
Score 0

and hs-cTnT
£14 ng/L

TIMI
Score £1

and hs-cTnT
£14 ng/L

GRACE
Score <60

(Incorporates
hs-cTnT)*

GRACE
Score <80

(Incorporates
hs-cTnT)*

HEART
Score £2

(Incorporates
hs-cTnT)

HEART
Score £ 3

(Incorporates
hs-cTnT)

Vancouver
Chest Pain

Rule
(Incorporates

hs-cTnT)

Sensitivity
(95% CI)

83.5
(73.8–90.5)

98.7
(92.5–99.9)

98.7
(92.3–99.9)

100
(94.3–100)

94.9
(87.0–98.4)

100
(94.4–100)

92.3
(83.7–96.8)

98.7
(92.4–99.9)

93.7
(85.5–97.6)

100
(94.4–100)

Negative
predictive
value
(95% CI)

98.3
(97.3–99.0)

99.0
(94.2–99.9)

99.7
(98.4–100)

100
(98.5–100)

99.2
(97.8–99.7)

100
(95.3–100)

98.0
(95.8–99.2)

99.2
(95.2–100)

98.3
(96.2–99.4)

100
(97.1–100)

Specificity
(95% CI)

85.6
(84.7–86.2)

11.5
(10.9–11.6)

43.3
(42.7–43.4)

35.0
(34.5–35.0)

53.5
(52.8–53.8)

10.6
(10.1–10.6)

33.8
(33.0–34.2)

14.1
(13.5–14.2)

33.9
(33.1–34.2)

17.5
(17.0–17.5)

Positive
predictive
value
(95% CI)

34.2
(30.2–37.0)

9.1
(8.5–9.2)

13.5
(12.6–13.7)

12.1
(11.4–12.1)

15.5
(14.2–16.1)

9.1
(8.6–9.1)

11.1
(10.0–11.6)

9.4
(8.8–9.5)

11.3
(10.3–11.8)

9.8
(6.4–9.8)

Positive
likelihood
ratio
(95% CI)

5.789
(4.822–6.549)

1.115
(1.038–1.130)

1.741
(1.611–1.766)

1.538
(1.440–1.538)

2.043
(1.845–2.130)

1.119
(1.050–1.119)

1.393
(1.249–1.470)

1.149
(1.069–1.165)

1.416
(1.278–1.484)

1.212
(1.137–1.212)

Negative
likelihood
ratio
(95% CI)

0.192
(0.111–0.309)

0.110
(0.006–0.691)

0.029
(0.002–0.180)

0
(0–0.165)

0.095
(0.030–0.245)

0
(0–0.555)

0.228
(0.093–0.495)

0.090
(0.005–0.561)

0.187
(0.069–0.439)

0
(0–0.331)

% Identified
as suitable
for discharge
(95% CI)

79.9
(77.2–82.3)

10.6
(8.8–12.8)

39.8
(36.7–43.0)

32.1
(29.2–35.2)

49.1
(45.9–52.3)

9.8
(8.0–11.9)

31.6
(28.7–34.7)

13.0
(11.0–15.4)

31.6
(28.7–34.7)

16.0
(13.8–18.6)

Number of AMIs
in patients
identified as
suitable for
discharge (%)

13/766 (1.7) 1/102 (1.0) 1/382 (0.3) 0/308 4/471 (0.9) 0/93 6/301 (2.0) 1/125 (0.8) 5/303 (1.7) 0/154

*Incomplete GRACE scores in 7 cases because of missing creatinine results.
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Table 3. Test performance of each risk score with high-sensitivity troponin I.

hs-cTnI
£26.2 ng/L
Alone (99th
Percentile)

m-Goldman
Score 0 and

hs-cTnI
£26.2 ng/L

m-Goldman
Score £1 and

hs-cTnI
£26.2 ng/L

TIMI
Score 0 and

hs-cTnI
£26.2 ng/L

TIMI
Score £1 and

hs-cTnI
£26.2 ng/L

GRACE
Score <60

(Incorporates
hs-cTnI)*

GRACE
Score <80

(Incorporates
hs-cTnI)*

HEART
Score £2

(Incorporates
hs-cTnI)

HEART
Score £ 3

(Incorporates
hs-cTnI)

Vancouver
Chest Pain

Rule
(Incorporates

hs-cTnI)

Sensitivity
(95% CI)

62.1
(51.9–70.8)

98.5
(91.0–99.9)

92.8
(82.8–97.2)

95.5
(86.7–98.8)

87.9
(77.3–94.2)

98.5
(91.1–99.9)

89.4
(79.1–95.2)

98.5
(91.0–99.9)

97.0
(88.7–99.5)

100
(93.3–100)

Negative
predictive
value
(95% CI)

96.9
(96.1–97.6)

99.0
(94.2–99.9)

98.7
(97.0–99.5)

99.0
(96.9–99.7)

98.3
(96.8–99.2)

98.9
(93.4–99.9)

97.5
(95.1–98.9)

99.1
(94.8–100)

99.3
(97.3–99.9)

100
(96.7–100)

Specificity
(95% CI)

97.2
(96.5–98.1)

12.6
(12.0–12.7)

47.4
(46.6–47.8)

35.6
(34.9–35.9)

56.7
(55.8–57.2)

11.1
(10.5–11.2)

34.3
(33.5–34.8)

14.1
(13.5–14.2)

34.7
(34.0–34.9)

16.7
(16.2–16.7)

Positive
predictive
value
(95% CI)

66.1
(55.2–75.4)

8.5
(7.9–8.6)

12.7
(11.3–13.3)

10.9
(9.9–11.3)

14.3
(12.6–15.4)

8.4
(7.8–8.5)

10.2
(9.0–10.8)

8.6
(8.0–8.8)

10.9
(10.0–11.2)

9.0
(8.4–9.0)

Positive
likelihood
ratio
(95% CI)

23.695
(14.969–37.161)

1.127
(1.035–1.145)

1.758
(1.551–1.863)

1.482
(1.330–1.541)

2.029
(1.749–2.201)

1.107
(1.017–1.125)

1.361
(1.190–1.461)

1.147
(1.052–1.165)

1.485
(1.345–1.528)

1.201
(1.114–1.201)

Negative
likelihood
ratio
(95% CI)

0.389
(0.298–0.498)

0.120
(0.006–0.746)

0.160
(0.059–0.370)

0.128
(0.033–0.383)

0.214
(0.101–0.407)

0.137
(0.007–0.852)

0.309
(0.137–0.624)

0.107
(0.006–0.665)

0.087
(0.015–0.332)

0 (0–0.412)

% Identified
as suitable
for discharge
(95% CI)

92.8
(90.9–94.4)

11.8
(9.7–14.1)

44.4
(41.1–47.8)

33.2
(30.1–36.5)

52.4
(49.0–55.7)

10.3
(8.4–12.6)

32.5
(29.4–35.8)

13.1
(11.0–15.6)

32.2
(29.2–35.5)

15.4
(13.2–18.1)

Number of AMIs
in patients
identified as
suitable for
discharge (%)

25/805 (3.1) 1/102 (1.0) 5/385 (1.3) 3/288 (1.0) 8/454 (1.8) 1/89 (1.1) 7/280 (2.5) 1/114 (0.9) 2/280 (0.7) 0/134

*Incomplete GRACE scores in 6 cases because of missing creatinine results.
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Figure 3. Test performance of each risk score in combination with presentation high-sensitivity troponin T (A) and high-sensitivity
troponin I (B) results as illustrated by sensitivity against specificity. Error bars: 95% CIs.

Carlton, Khattab & Greaves Identifying Patients Suitable for Discharge
patients with ischemic ECG changes were excluded, which
increased the negative predictive values of all index tests.
Second, this risks introducing incorporation bias because
the outcome is based on the high-sensitivity troponin T
results under evaluation. Third, this endpoint excludes
patients with other ischemic endpoints, such as unstable
Figure 4. Clinical utility of risk scores in combination with presenta
(B) results. Error bars: 95% CIs.

Volume -, no. - : - 2015
angina, who may require intervention. However, subjective
ischemic endpoints such as revascularization are likely to be
driven by local practices and, in the case of this study, the
high-sensitivity troponin T assay in clinical use. Some of
the scores assessed were designed through regression
analysis to deliberately identify patients with unstable
tion high-sensitivity troponin T (A) and high-sensitivity troponin I

Annals of Emergency Medicine 9
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clinical features (modified Goldman and Vancouver
scores), and the choice of endpoint may significantly
change the performance of each risk score. Fourth,
although fatal or nonfatal acute myocardial infarction may
be useful in identifying patients who may be suitable for
early discharge directly from the ED, they may still require
nonurgent outpatient investigation and follow-up.

Although data for each risk score were derived for
analysis at a later date from that recorded by the treating
physician at the initial assessment, only the modified
Goldman score was performed by the treating physicians at
presentation. This may be an explanation for the superior
diagnostic performance of the modified Goldman score.
The approach of deriving risk scores from large prospective
data sets is commonplace in the literature.8,16,17,18

However, this methodological approach may have unseen
limitations and may only be resolved through direct
comparison of each pathway through randomized
controlled trials. Furthermore, by using individual clinical
measures to calculate risk scores, our analysis has failed to
take into account unstructured clinical judgment or gestalt.
Recently, Body et al23 demonstrated that by combining
clinician gestalt with the admission ECG and troponin
level, 100% sensitivity for the diagnosis of acute
myocardial infarction could be achieved. Accepting that
subjective interpretation may be important in risk-
stratifying patients with chest pain,23,24 we acknowledge
that the performance of each pathway may be enhanced by
taking into account clinician gestalt.

The upper age cutoff of 80 years or older was chosen for
pragmatic reasons. In our institution, patients older than
this are admitted to a separate and dedicated assessment
area. Therefore, we recognize that this may affect the
applicability of the findings in patients older than 80 years,
and any clinical uptake of the protocols described should
therefore not be applied to this age group.
DISCUSSION
This single-center study prospectively evaluated the

ability of the results of a single high-sensitivity troponin test
(Roche high-sensitivity troponin T and Abbott high-
sensitivity troponin I), conducted at presentation to the
ED, in conjunction with 5 established risk scores to
identify patients with symptoms suggestive of acute
coronary syndrome who might be suitable for early
discharge. We demonstrate that several diagnostic
algorithms do not have the potential to achieve the
diagnostic test sensitivity threshold of greater than 98%, as
suggested by Kline et al.21 Although this analysis does
demonstrate that it may be possible to identify more than
10 Annals of Emergency Medicine
30% of patients suitable for early discharge with a negative
predictive value of greater than 99.5%, the results are
indeterminate with respect to the diagnostic constraints
applied and the high-sensitivity troponin assay used. For
example, although TIMI score less than or equal to 1 and
modified Goldman score less than or equal to 1 reach the
greater than 30% potential discharge constraint with either
assay, both failed to meet the negative predictive value
threshold of greater than 99.5% with high-sensitivity
troponin I. These findings may support the use of a clinical
risk score in combination with a single-presentation high-
sensitivity troponin result to identify low-risk patients
suitable for early discharge. However, the marked variations
in the performance of risk scores and individual high-
sensitivity troponin assays have important implications
when the introduction of rapid rule-out protocols is
considered.

Our data suggest that the introduction of adjunctive risk
scoring in combination with a single-presentation high-
sensitivity troponin result has the potential to reduce the
length of stay for low-risk patients and allow discharge after
a single blood draw on arrival in the ED. Uptake of such
protocols could have significant benefits for health care
services worldwide by reducing hospital admission rates,
ED crowding, duplication of staff time, the need for serial
blood testing, and resource use.

By comparing the performance of multiple risk scores
in combination with 2 commercially available high-
sensitivity troponin assays, we have highlighted relevant
assay-dependent variations in diagnostic performance.
Although this variation between assays may represent
misclassification bias because high-sensitivity troponin T
was the assay used for outcome adjudication, it may also be
population specific and is of great importance to clinicians
who may not be able to select, or may not be aware, which
assay is used in their institution. The introduction of rapid
rule-out pathways such as those tested here must therefore
take into account local population factors and assay
availability and be subject to continuous audit and
evaluation to ensure safety.

It may be possible to identify more than 30% of patients
with suspected acute coronary syndrome who are suitable
for early discharge, with a negative predictive value of
greater than 99.5% for the diagnosis of acute myocardial
infarction with a single high-sensitivity troponin result
of testing at presentation to the ED, in combination
with established risk scores. However, there is important
variation in the performance of individual risk scores,
together with variation in high-sensitivity troponin assays,
which will have implications in the introduction of rapid
rule-out protocols.
Volume -, no. - : - 2015



Carlton, Khattab & Greaves Identifying Patients Suitable for Discharge
The authors acknowledge John Beavis, PhD, (Bournemouth
University) for statistical support and Georgina Gemmell, BSc,
and Elena Cowan, PhD, staff at Poole Hospital Emergency
Department and Poole Hospital Research Department, for
their assistance and support.

Supervising editor: Keith A. Marill, MD

Author affiliations: From the School of Health and Social Care,
Bournemouth University, Bournemouth, Dorset, United Kingdom
(Carlton, Khattab); the Emergency Department, Southmead
Hospital, Bristol, Avon, United Kingdom (Carlton); and the
Department of Cardiology, Sunshine Coast Hospital and Health
Services, University of the Sunshine Coast, Queensland, Australia
(Greaves).

Author contributions: EWC and KG conceived the study, designed
the trial, obtained research funding, undertook recruitment of
participating centers and patients, and managed the data,
including quality control. All authors supervised the conduct of the
trial and data collection, provided statistical advice on study
design, and analyzed the data. EWC drafted the article, and all
authors contributed substantially to its revision. EWC takes
responsibility for the paper as a whole.

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist and provided the following details:
This study was funded by the College of Emergency Medicine of the
United Kingdom and Bournemouth University, United Kingdom.
Dr. Carlton has received funding from Abbott for related research.
Dr. Greaves has received funding from AstraZeneca and Takeda UK
for related research.

Publication dates: Received for publication April 3, 2015.
Revisions received June 10, 2015; and June 25, 2015. Accepted
for publication July 1, 2015.

Clinical trial registration number: ISRCTN 21109279

REFERENCES
1. Niska RW, Bhuiya F, Xu J. National Hospital Ambulatory Medical Care

Survey: 2007 emergency department summary. Natl Health Stat Rep.
2010;26:1-32.

2. Amsterdam E, Kirk J, Bluemke D, et al. American Heart Association.
Testing of low risk patients presenting to the emergency department
with chest pain: a scientific statement from the American Heart
Association. Circulation. 2010;122:1756-1776.

3. Thokala P, Goodacre S, Collinson P, et al. Cost-effectiveness of
presentation versus delayed troponin testing for acute myocardial
infarction. Heart. 2012;98:1498-1503.

4. Pines J, Pollack C Jr, Diercks D, et al. The association between
emergency department crowding and adverse cardiovascular
outcomes in patients with chest pain. Acad Emerg Med.
2009;16:617-625.

5. Thygesen K, Mair J, Giannitsis E, et al. How to use high-sensitivity
cardiac troponins in acute cardiac care. Eur Heart J.
2012;33:2252-2257.
Volume -, no. - : - 2015
6. Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis of
myocardial infarction with sensitive cardiac troponin assays. N Engl J
Med. 2009;361:858-867.

7. Keller T, Zeller T, Peetz D, et al. Sensitive troponin I assay in early
diagnosis of acute myocardial infarction. N Engl J Med. 2009;361:
868-877.

8. Cullen L,Mueller C, ParsonageW, et al. Validation of high-sensitivity
troponin I in a 2-hourdiagnostic strategy to assess30-day outcomes in
emergency department patientswith possibleacutecoronary syndrome.
JAmColl Cardiol. 2013;62:1242-1249.

9. Carlton E, Cullen L, Than M, et al. A novel diagnostic protocol to identify
patients suitable for discharge after a single high-sensitivity troponin.
Heart. 2015;101:1041-1046.

10. Goldman L, Cook E, Johnson P, et al. Prediction of the need for
intensive care in patients who come to the emergency departments
with acute chest pain. N Engl J Med. 1996;334:1498-1504.

11. Bossuyt P, Reitsma JB, Bruns D, et al. Standards for Reporting of
Diagnostic Accuracy. The STARD statement for reporting studies of
diagnostic accuracy: explanation and elaboration. Ann Intern Med.
2003;138:W1-W12.

12. Stiell I, Wells G. Methodologic standards for the development of
clinical decision rules in emergency medicine. Ann Emerg Med.
1999;33:437-447.

13. Luepker R, Apple F, Christenson R, et al. Case definitions for acute
coronary heart disease in epidemiology and clinical research
studies: a statement from the AHA Council on Epidemiology and
Prevention; AHA Statistics Committee; World Heart Federation
Council on Epidemiology and Prevention; Centers for Disease
Control and Prevention; and the National Heart, Lung, and Blood
Institute. Circulation. 2003;108:2543-2549.

14. Cullen L, Than M, Brown A, et al. Comprehensive standardized data
definitions for acute coronary syndrome research in emergency
departments in Australasia. Emerg Med Australas. 2010;22:
35-55.

15. Reilly B, Evans A, Schaider J, et al. Impact of a clinical decision rule on
hospital triage of patients with suspected acute cardiac ischemia in
the emergency department. JAMA. 2002;288:342-350.

16. Goodacre S, Bradburn M, Mohammed A, et al. Evaluation of Global
Registry of Acute Cardiac Events and Thrombolysis in Myocardial
Infarction scores in patients with suspected acute coronary
syndromes. Am J Emerg Med. 2012;30:37-44.

17. Six A, Cullen L, Backus B, et al. The HEART score for the assessment of
patients with chest pain in the emergency department: a multinational
validation study. Crit Pathw Cardiol. 2013;12:121-126.

18. Cullen L, Greenslade J, Than M, et al. The new Vancouver Chest Pain
Rule using troponin as the only biomarker: an external validation
study. Am J Emerg Med. 2014;32:129-134.

19. Panju A, Hemmelgam B, Guyatt G, et al. Is this patient having a
myocardial infarction? JAMA. 1998;280:1256-1263.

20. Thygesen K, Alpert J, Jaffe A, et al. Third Universal Definition of
Myocardial Infarction. Circulation. 2012;126:2020-2035.

21. Kline J, Johnson C, Pollack CJ, et al. Pretest probability assessment
derived from attribute matching. BMC Med Inform Decis Mak.
2005;5:26.

22. Than M, Herbert M, Flaws D, et al. What is an acceptable risk of major
adverse cardiac event in chest pain patients soon after discharge from
the emergency department? a clinical survey. Int J Cardiol. 2012;166:
752-754.

23. Body R, Cook G, Burrows G, et al. Can emergency physicians “rule in”
and “rule out” acute myocardial infarction with clinical judgement?
Emerg Med J. 2014;31:872-876.

24. Kline J, Stubblefield W. Clinician gestalt estimate of pretest probability
for acute coronary syndrome and pulmonary embolism in patients with
chest pain and dyspnea. Ann Emerg Med. 2014;63:275-280.
Annals of Emergency Medicine 11

http://www.icmje.org/
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref1
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref1
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref1
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref2
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref2
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref2
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref2
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref3
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref3
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref3
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref4
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref4
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref4
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref4
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref5
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref5
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref5
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref6
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref6
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref6
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref7
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref7
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref7
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref8
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref8
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref8
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref8
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref9
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref9
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref9
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref10
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref10
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref10
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref11
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref11
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref11
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref11
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref12
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref12
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref12
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref13
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref14
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref14
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref14
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref14
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref15
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref15
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref15
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref16
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref16
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref16
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref16
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref17
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref17
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref17
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref18
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref18
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref18
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref19
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref19
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref20
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref20
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref21
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref21
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref21
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref22
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref22
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref22
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref22
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref23
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref23
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref23
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref24
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref24
http://refhub.elsevier.com/S0196-0644(15)00583-1/sref24


Identifying
P

11.e1

A
nnals
Table E1. Clinical characteristics of patients who received a diagnosis of fatal or nonfatal acute m
percentile value (26.2 ng/L) at presentation but a high-sensitivity troponin T value greater than

Sex
Age,
Years

Presentation
hs-cTnI, ng/L

Presentation
hs-cTnT, ng/L

6-Hour
hs-cTnT,
ng/L D Change, % R

Female 72 3.7 14.9 25.6 72 Hypertension, dyslipide
Male 68 1.0 22.9 17.5 24 Previous AMI, hyperten
Male 73 3.2 28.3 20.0 29 Previous AMI, hyperten
Male 60 0.9 29.0 53.0 83 Diabetes, dyslipidemia
Male 63 9.3 16.6 65.0 292 Hypertension, dyslipide
Male 68 9.7 14.6 258.0 1,667 Hypertension, dyslipide
Male 70 20.9 32.0 148.0 363 Diabetes, dyslipidemia,
Female 74 1.4 20.0 25.0 25 Hypertension, diabetes
Male 48 0.5 20.7 16.0 23 Hypertension, dyslipide
Male 77 17.3 40.7 N/A N/A Previous AMI, hyperten
Male 71 4.4 19.4 15.0 23 Previous AMI, hyperten
Male 67 23.5 49.1 64.0 30 Previous AMI, hyperten
Male 42 11.0 14.6 205 1,304 Hypertension, dyslipide

LAD, Left anterior descending; RCA, right coronary artery.
*Mild CAD, 10% to 40% stenosis; moderate CAD, 41% to 70%; and severe CAD, greater than 70%.
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yocardial infarction, with a high-sensitivity troponin I value less than the 99th
the 99th percentile (14 ng/L).

isk Factors
Angiographic Assessment, Coronary

Artery; Intervention*

mia, family history Mild CAD; no intervention
sion, diabetes, ex-smoker Not performed
sion, dyslipidemia, ex-smoker Not performed

Severe CAD; LAD; intervention
mia, ex-smoker Moderate CAD; RCA; no intervention
mia, family history Severe CAD; circumflex; intervention
ex-smoker Severe CAD; circumflex; intervention
, dyslipidemia, family history Severe CAD; LAD; intervention
mia, family history, current smoker Mild CAD
sion, dyslipidemia Severe CAD; LAD and circumflex; no intervention
sion, dyslipidemia, ex-smoker Not performed
sion, dyslipidemia, current smoker Severe CAD; circumflex; intervention
mia, ex-smoker Severe CAD; circumflex; intervention
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