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Abstract
Background: Using decision aid rules for diagnosis of acute myocardial infarction (AMI) is not common
practice in our region. Elderly patients are often neglected in clinical trials, and the proper diagnostics of
acute myocardial infarction in this group remains problematic. The objective of this study was to
evaluate the accuracy and effectiveness of different strategies for the diagnosis of AMI in the elderly in
real-life clinical practice.

Methods: In a retrospective single-center study, we included patients older than 70 years presenting to the
emergency department with chest pain as a dominant symptom. The performance of six decision aid
rules (T-MACS, HEART, EDACS, TIMI, GRACE, and ADAPT) and solo troponin T strategy for diagnosing
acute myocardial infarction was evaluated by calculating sensitivity, speci�city, odds ratios, negative and
positive predictive values.

Results: A total of 250 patients, with a mean age of 78.5 years, were enrolled. Forty-eight patients (19.2%)
had an acute myocardial infarction in a 30 day follow-up period. The sensitivity for ruling-out AMI was
100% for T-MACS, HEART, and ADAPT; 97.9% for EDACS, 93.8% for TIMI, and 81.3% for GRACE and solo
TnT strategy. For ruling-in AMI, the speci�city was 97.5% for T-MACS, 95% for TIMI, 83.2% for HEART,
81.7% for GRACE, and 46% for ADAPT. C-statistics were 0.52 for T-MACS, 0.51 for ADAPT, 0.47 for EDACS
and GRACE, 0.46 for HEART and TIMI, and 0.33 for solo TnT strategy.

Conclusion: T-MACS decision aid had the best performance with 100% sensitivity and 100% negative
predictive value for rule-out AMI; 97.5% speci�city and 64.3% positive predictive value for rule-in AMI.
Other evaluated protocols were less accurate. Risk strati�cation of patients with suspected acute
coronary syndrome based on decision aid rules can be used in real-life practice, even in the population of
the elderly.

Introduction
Chest pain is a common reason for the visit to the emergency department. A broad spectrum of
underlying causes can be masked in this symptom. A misdiagnosis of such diseases as acute
myocardial infarction (AMI), pulmonary embolism, or acute aortic dissection could lead to severe life
harm or even death. We must often use a full spectrum of current examination possibilities, starting with
the patient's history, rapid assessment of symptoms and non-speci�c physical �ndings,
electrocardiography, cardiac imaging, and biochemical analysis.

Current guidelines for the management of acute coronary syndromes recommend serial troponin testing
[1]. The introduction of high-sensitive troponin assays resulted in the higher sensitivity of this approach -
we could earlier detect a minimal myocardial injury. However, we must not forget that even a slight
myocardial injury can be caused by many non-coronary cardiac states, non-cardiac, or even physiological
conditions. This strategy contributes to higher costs, staff over-occupancy, and prolonged stay at
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emergency departments, leading to adverse patient outcomes such as increased morbidity and mortality
[2].

Older patients frequently have atypical symptoms, which prolongs the time to correct diagnosis and
proper treatment. Visual and auditory impairment and cognitive deterioration contribute to delayed arrival
to the emergency department and even misinterpretation of symptoms by the patient himself. Patients at
high age, in many cases, have more associated diseases, which independently increase the risk for
coronary events. Comorbidities, associated states, medication, and their interactions may also affect
electrocardiographical �ndings and troponin levels. For example, repolarization changes in left ventricle
hypertrophy or digoxin use; or multifactorial mild elevation of cardiac troponins in chronic kidney disease.

Many protocols were tested to make the diagnostic process e�cient. This study evaluates six decision
aid rules: T-MACS, HEART, EDACS, TIMI, GRACE, and ADAPT; and a strategy of the decision based only on
a single troponin T value with a cut-off at 95th percentile upper reference limit (solo TnT strategy). These
six risk strati�cation scores were validated in large multicentre trials and had shown great sensitivity and
negative predictive value, especially in the ability to rule-out acute myocardial infarction. Using these
decision aids is not common in our region, so we decided to evaluate their accuracy and effectiveness in
everyday clinical practice. We chose the selected population of the elderly because they are often
neglected in clinical trials, and the proper diagnostics of acute myocardial infarction in this group
remains the challenge.

Methods
Study design and participants

The study was performed at a single center - University Hospital in Hradec Králové, which serves as a
regional hospital for a district of around 160 thousand inhabitants. We enrolled patients examined in the
emergency department of our hospital for one year (from January 1 to December 31, 2016). The ethical
committee of University Hospital approved the study. The trial was conducted following the principles of
the Declaration of Helsinki. The inclusion criteria were chest pain as a dominant symptom, age above 70
years, twelve lead electrocardiogram (ECG) recorded, and at least one blood sample for high sensitive
troponin T (hs-TnT) analyzed. We excluded patients with apparent ST-segment elevations on the ECG
(these were recommended for acute coronary angiography) and those unable to follow up.

Data collection

Demographic data, chest pain characteristics, ECG �ndings, past medical history, and hs-TnT
concentrations for every patient were gathered from the hospital information system retrospectively. They
were used to calculate T-MACS, HEART, EDACS, TIMI, GRACE, and ADAPT scores.

Laboratory analysis
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Upon arrival to the emergency department, the blood sample was taken from a peripheral vein and
immediately sent to the local laboratory for analysis. We analyzed blood samples for the concentration of
high sensitivity troponin T (hs-TnT) with the assay Elecsys from Roche Diagnostics (99th percentile upper
reference limit of 14ng/L for men and women, coe�cient of variation < 10% at 13 ng/L).

Decision aid rules

Each of these chosen aids uses different clinical, electrocardiographical, or biochemical variables.
According to the predicted probability of acute myocardial infarction calculated by the test score, patients
can be divided into different risk groups. Original decision aid rule authors proposed managing the
patient at the emergency department following the calculated risk. For example, safe discharge from the
emergency department for low-risk groups, admission to the ward and invasive approach for high-risk
groups, and additional examination such as serial troponin testing or stress/ imaging tests for moderate-
risk groups [3]. Table 1 shows the summary of the selected decision aids.

Troponin-only Manchester Acute Coronary Syndrom Score Decision Aid Rule (T-MACS) operates with six
dichotomous variables and one single hs-TnT concentration (measured at the time of arrival to the
emergency department) [4]. Patients could be divided into four groups according to their probability of
acute coronary syndrome or 30-days major adverse cardiac events (MACE) - very low-risk, low, medium, or
high risk. This protocol can essentially exclude MACE in the very low-risk patients (rule-out diagnostics)
and predicts MACE in high-risk patients (rule-in diagnostics) with high probability [5].

HEART is the acronym for History, ECG, Age, Risk factors, and Troponin concentration. This model
predicts the 6-week risk of MACE. Low-risk patients (score 0–3) should be discharged from emergency,
moderate risk patients (score 4–6) are recommended for further examination during a hospital stay, and
patients with high risk (score above 6) could undergo early invasive coronary angiography [6].

Emergency Department Assessment of Chest Pain Score (EDACS) identi�es chest pain patients with a
low risk for major cardiac events in 30 days. Risk strati�cation is based on age, sex, coronary artery
disease risk factors, and symptoms and signs of myocardial ischemia. In the initial evaluation, troponin
testing is not required. However, patients who do not meet the low-risk criteria should be ruled out for
acute myocardial infarction with usual chest pain protocols with serial troponin testing [7, 8]. Only low-
risk patients (score < 16) without ischemic changes on ECG and with negative troponins are safe for early
discharge.

GRACE (Global Registry of Acute Coronary Events) is an extensive multicentre international database [9].
Formerly, the GRACE score was studied to estimate in-hospital mortality of patients with the con�rmed
acute coronary syndrome and is still recommended in current ESC guidelines for the management of
acute coronary syndrome without ST-segment elevations [1]. In this study, we hypothesized about its
predictive value in a general population of chest pain patients. We used an improved version of GRACE
2.0, which involves eight variables (age, pulse, systolic blood pressure, ECG ischemia, abnormal cardiac
enzymes, creatinine value, cardiac arrest at admission, and Killip class) [10, 11].
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TIMI (Thrombolysis in Myocardial Infarction) risk score for unstable angina/ non-ST elevation myocardial
infarction is one of the �rst widely implemented chest pain decision rules. Seven variables - age 65 years
or older, at least three risk factors for coronary artery disease, prior coronary stenosis of 50% or more, ST-
segment deviation on the electrocardiogram at presentation, at least two anginal events in last 24 hours,
use of aspirin, and elevated serum cardiac markers - were identi�ed from huge international database
using multivariate logistic regression. The score predicts a percentual risk of 14-days MACE (all-cause
mortality, myocardial revascularization, or myocardial infarction) [12]. Patients with a score of 0 and 1
point are at low risk of adverse outcomes. High-risk score patients (6 and 7 points) require aggressive
pharmacological treatment and an early invasive approach.

Accelerated Diagnostic Protocol to Assess Patients With Chest Pain Symptoms (ADAPT) evaluates
electrocardiogram, 0-hour and 2-hour troponin value, and TIMI score. Initially, this protocol was created to
identify patients at low risk for 30 days MACE, suitable for rapid discharge from the emergency
department [13]. A combination of normal troponin, normal ECG and TIMI score of zero represents the
low-risk population; abnormal troponin or abnormal ECG constitutes a high-risk group.

Solo Troponin T (TnT) strategy

we hypothesized about the accuracy of strategy using only one variable - single high-sensitivity Troponin
T (hs-TnT) concentration with the cut-off value at the 99th percentile upper reference limit for used assay
(14ng/L for men and women) for determination. Patients with hs-TnT value below 15ng/L were identi�ed
as low-risk, others as high-risk.

Table 1 Summary of chosen decision aids - evaluated variables, clinical outcomes in original trials, risk
strati�cation, and value of age for prediction of ACS/ MACE
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Protocol T-MACS HEART EDACS TIMI GRACE ADAPT

Variables ECG
ischemia

History Age Age ≥ 65 Age Abnormal
troponin at
0 or 2 hours

Crescendo
angina

ECG Sex ≥ 3 risk
factors
for CAD

Heart Rate Ischemic
changes on
ECG

Pain
radiating to
shoulder

Age Known CAD
or ≥ 3 risk
factors for
CAD

Know
CAD

Systolic
Blood
Pressure

Age ≥ 65

Pain
associated
with
vomiting

Risk
factors

Diaphoresis ASA use Creatinine ≥ 3 risk
factors for
CAD

Sweating
observed

Initial
Troponin

Pain radiating
to arm,
shoulder,
neck, or jaw

Severe
angina

Cardiac
Arrest at
Admission

Know CAD

Hypotension Pain
worsened
with
inspiration

ECG
ischemic
changes

ST-
segment
deviation

ASA use

Initial
Troponin

Pain
reproduced
by palpation

Positive
cardiac
marker

Abnormal
cardiac
enzymes

Severe
angina

Killip
class

Outcomes 30 days
ACS or
MACEa

6 weeks
MACEa

30 days
MACEb

14 days
MACEa

6 months
death

30 days
MACEb

Risk
strati�cation

Very low risk
(0-1%)

Low risk
(score 0-
3)

Low risk
(score <16)

Low risk
(score 0-
1)

Low risk (
< 109 pts)

Low risk
(normal TnT,
normal ECG
and TIMI 0)

Low risk (2-
4%)

Moderate
risk
(score 4-
6)

Not-low risk
(score ≥ 16)

Moderate
risk
(score 2-
5)

Medium
risk (109-
140 pts)

Intermediate
(normal TnT,
normal ECG,
and TIMI 1)

Moderate
risk (5-94%)

High risk
(score
>6)

High risk
(score 6-
7)

High risk
(> 140
pts)

High
(abnormal
TnT or
abnormal
ECG, any
TIMI)

High risk
(>94%)
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Value of age
on total
score

none  * age ≥ 65
 = 2 pts

70 years = 12
pts

age ≥ 65
counts =
1 pt

 

 

70-79
years=
73pts

age ≥ 65
counts for
TIMI score
≥171-75 years =

14 pts

76-80 years =
16 pts

81-85 years =
18 pts

>79years
= 91pts

≥86years =
20pts

Maximum
score

100% 10 pts 38 pts 7 pts 340 pts NA

 ACS - acute coronary syndrome; AIM - acute myocardial infarction; ASA - acetylsalicylic acid; CAD -
coronary artery disease; ECG - electrocardiogram; MACE - major adverse cardiac event; MACEa - a
composite of acute myocardial infarction, myocardial revascularization, and all-cause death (applicable
for T-MACS, HEART, and TIMI); MACEb - a composite of acute myocardial infarction, myocardial
revascularization, cardiac death, cardiogenic shock, cardiac arrest, ventricular arrhythmia and high-grade
atrioventricular block (applicable for EDACS and ADAPT); NA - not applicable; * age is not involved in the
calculation.

Outcomes

As in most of the original trials of decision aid rules mentioned above, we followed patients for one
month. The primary endpoint was an occurrence of acute myocardial infarction (AMI) and major adverse
cardiac events (MACE). MACE includes composite of AMI, myocardial revascularization, and all-cause
mortality. The diagnosis of AMI was made out according to the current guidelines [1, 14].

Statistical analysis

Categorical data were presented as proportions and percentages, continuous data as median and
interquartile range. Selected patient characteristics between the groups of patients with and without AMI
were compared, the continuous data were tested with the Mann-Whitney U test and categorical data with
the Pearson's Chi-square test for independence. The diagnostic accuracy of decision aid rules was
evaluated by calculating sensitivity, speci�city, odds ratios, negative and positive predictive values with
respected 95% con�dence intervals and constructing the receiver operator characteristics (ROC) curves.
Sensitivities and speci�cities of decision aids were compared using McNemar`s test. Statistical analysis
was performed using M.S. O�ce Excel (Microsoft, Redmont, Washington, USA) and open-source software
SOFA Statistics v1.4.6 (Paton-Simpson & Associates Ltd).

Results
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A total of 250 patients were enrolled. The median age was 78 years (70–94 years), and 50% were males.
Acute myocardial infarction in 30 days follow-up period occurred in 48 patients (19.2%), myocardial
revascularization (PCI/CABG) in 28 patients (11.2%), MACE - major adverse cardiac event (combination
of AMI, death, and revascularization) in 55 patients (22%), and four patients died (1.6%). Table 2
demonstrates the baseline characteristics of the included participants.
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Table 2
Baseline characteristics of included patients.

Baseline characteristics  

Total - n 250

Age - median (IQR) 78 (73–84)

Men - n (%) 126 (50.4%)

Personal history  

Coronary artery disease - n (%) 106 (42.4%)

Peripheral artery disease - n (%) 23 (9.2%)

TIA/ stroke - n (%) 25 (10.0%)

Dyslipidaemia - n (%) 146 (58.4%)

Hypertension - n (%) 209 (83.6%)

Diabetes mellitus - n (%) 73 (29.2%)

Current smoking - n (%) 73 (29.2%)

Chest pain characteristics  

Typical angina - n (%) 97 (38.8%)

Propagation do arm - n (%) 40 (16.0%)

Relief after nitrates - n (%) 62 (24.8%)

Nausea/ vomitting - n (%) 24 (9.6%)

Sweating observed - n (%) 23 (9.2%)

Produced by palpation - n (%) 49 (19.6%)

Worsened with inspiration - n (%) 26 (10.4%)

ECG and biochemical �ndings  

No new ischemic ECG changes - n (%) 183 (73.2%)

hs-TnT at arrival ng/L - median (IQR) 16 (10–25)

creatinine µmol/L - median (IQR) 93 (80–112)

CABG - coronary artery bypass graft surgery; CKD-EPI eGFR - Chronic Kidney Disease Epidemiology
Collaboration estimated glomerular �ltration rate equation; ECG - electrocardiogram; hs-TnT - high-
sensitive Troponin T concentration; IQR - interquartile range; New ischemic ECG changes - new or
presumably new horizontal or descending ST-segment depression ≥ 0.5mm or T wave inversion in at
least two adjacent leads; PCI - percutaneous coronary intervention.
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Baseline characteristics  

CKD-EPI eGFR ml/min/1.73m2−median (IQR) 59.4 (46.2–70.2)

Decision aids average score for the whole population  

T-MACS - median (IQR) 6% (3-26.8%)

HEART - median (IQR) 5 (4–7)

EDACS - median (IQR) 20 (16–23)

TIMI - median (IQR) 3 (2–4)

GRACE - median (IQR) 116 (102–136)

Others  

Hospitalizations - n (%) 99 (39.6%)

Coronary angiography performed - n (%) 39 (15.6%)

Revascularization – CABG/PCI (n, %) 28 (11.2%)

Acute myocardial infarction - n (%) 48 (19.2%)

Deaths - n (%) 4 (1.6%)

Major adverse cardiac events - n (%) 55 (22.0%)

CABG - coronary artery bypass graft surgery; CKD-EPI eGFR - Chronic Kidney Disease Epidemiology
Collaboration estimated glomerular �ltration rate equation; ECG - electrocardiogram; hs-TnT - high-
sensitive Troponin T concentration; IQR - interquartile range; New ischemic ECG changes - new or
presumably new horizontal or descending ST-segment depression ≥ 0.5mm or T wave inversion in at
least two adjacent leads; PCI - percutaneous coronary intervention.

The highest prevalence of acute myocardial infarction (64.3% and 49.3%, respectively) was in high-risk
groups identi�ed by T-MACS and HEART score. In the low-risk groups pointed by these decision aids, there
was no acute myocardial infarction (AMI). The proportion of patients with AMI in each risk group for the
selected decision aid rule is in table 3.
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Table 3
Risk strati�cation - total number and proportion of patients

with acute myocardial infarction in each risk group for
evaluated decision aid rules and solo TnT strategy.

T-MACS total, n % AMI, n %

Very Low 11 4.4% 0 0.0%

Low 95 38.0% 3 3.2%

Moderate 130 52.0% 36 27.7%

High 14 5.6% 9 64.3%

HEART total, n % AMI, n %

Low 35 14.0% 0 0.0%

Moderate 148 59.2% 15 10.1%

High 67 26.8% 33 49.3%

EDACS total, n % AMI, n %

Low risk 54 21.6% 1 1.9%

Not-low risk 196 78.4% 47 24.0%

TIMI total, n % AMI, n %

Low 49 19.6% 3 6.1%

Moderate 183 73.2% 37 20.2%

High 18 7.2% 8 44.4%

GRACE total, n % AMI, n %

Low 99 39.6% 9 9.1%

Moderate 94 37.6% 19 20.2%

High 57 22.8% 20 35.1%

ADAPT total, n % AMI, n %

Low 0 0.0% 0 0.0%

Intermediate 96 38.4% 3 3.1%

High 154 61.6% 45 29.2%

Solo TnT strategy total, n % AMI, n %

TnT < 15ng/L 113 45.2% 9 8.0%

TnT ≥ 15ng/L 137 54.8% 39 28.5%
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We found a signi�cant difference in the incidence of peripheral arterial disease, active smoking, typical
angina, and hs-TnT concentration at arrival in patients with AMI compared to those without AMI.
Worsening of pain by respiration, pain produced by palpation, and the absence of new ischemic changes
on ECG seem to be protective factors. Analysis of risk factors possibly contributing to the occurrence of
AIM shows Table 4.
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Table 4
Comparison between patients with and without AMI during the follow-up period

  With AMI Without AMI p-value

Total - n 48 202  

Age - median (IQR) 81 (73-85.8) 77 (73–83) 0.101

Male sex - n (%) 35 (72.9%) 89 (44.1%) < 0.001

CAD - n (%) 22 (45.8%) 84 (41.6%) 0.592

PAD - n (%) 8 (16.7%) 15 (7.4%) 0.046

Stroke - n (%) 5 (10.4%) 20 (9.9%) 0.915

Dyslipidemia - n (%) 23 (47.9%) 123 (60.9%) 0.101

Hypertension - n (%) 40 (83.3%) 169 (83.7%) 0.956

Diabetes mellitus - n (%) 19 (39.6%) 54 (26.7%) 0.078

Current smoker - n (%) 21 (43.8%) 52 (25.7%) 0.014

Typical angina - n (%) 39 (81.3%) 58 (28.7%) < 0.001

Propagation do arm - n (%) 8 (16.7%) 32 (15.8%) 0.889

Relief after nitrates - n (%) 24 (50.0%) 38 (18.8%) < 0.001

Nausea/ vomitting - (%) 9 (18.8%) 15 (7.4%) 0.017

Sweating observed - n (%) 6 (12.5%) 17 (8.4%) 0.379

Pain produced by palpation - n (%) 2 (4.2%) 47 (23.3%) 0.003

Pain worsened with inspiration - n (%) 1 (2.1%) 25 (12.4%) 0.036

ECG without ischemia - n (%) 23 (47.9%) 160 (79.2%) < 0.001

hs-TnT at time 0 ng/L - median (IQR) 26.5 (16.3–61.8) 14 (10–22) < 0.001

hs-TnT at time 1 ng/L - median (IQR) 59 (27–120) 20 (14–30) < 0.001

Creatinine µmol/L - median (IQR) 92,5 (81-106.3) 93 (78–114) 0.961

T-MACS % - median (IQR) 34 (13–90) 4 (2–16) < 0.001

HEART score - median (IQR) 7 (6–8) 5 (4–6) < 0.001

AMI - acute myocardial infarction; CAD - coronary artery disease; CAG - coronary angiography; ECG
without ischemia - no new or presumably new horizontal or descending ST-segment depression ≥ 
0.5mm or T wave inversion in at least two adjacent leads; hs-TnT at time 0 - concentration of high-
sensitivity troponin T in ng/L in arrival; hs-TnT at time 1 - concentration of high-sensitivity troponin T
in ng/L after 3,6, or 12 hours after initial evaluation (available only in 150 patients); PAD - peripheral
arterial disease.
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  With AMI Without AMI p-value

EDACS score - median (IQR) 22 (20–25) 19 (14–22) < 0.001

TIMI score - median (IQR) 4 (2–5) 3 (2–4) 0.002

GRACE score - median (IQR) 132 (116-148.5) 111.5 (100-130.3) < 0.001

ADAPT high risk - n (%) 45 (93.8%) 109 (54.0%) < 0.001

Hospitalizations - n (%) 46 (95.8%) 53 (26.2%) < 0.001

CAG performed - n (%) 27 (56.3%) 12 (5.9%) < 0.001

AMI - acute myocardial infarction; CAD - coronary artery disease; CAG - coronary angiography; ECG
without ischemia - no new or presumably new horizontal or descending ST-segment depression ≥ 
0.5mm or T wave inversion in at least two adjacent leads; hs-TnT at time 0 - concentration of high-
sensitivity troponin T in ng/L in arrival; hs-TnT at time 1 - concentration of high-sensitivity troponin T
in ng/L after 3,6, or 12 hours after initial evaluation (available only in 150 patients); PAD - peripheral
arterial disease.

The diagnostic accuracy of each protocol is represented in table 5. Separately, we rated competence to
rule out AMI by comparing low-risk and non-low risk groups identi�ed by each decision aid model. T-
MACS, HEART, and ADAPT had the highest sensitivity, however, with very poor speci�city. On the other
hand, we measured the ability to rule in AMI by comparing high-risk groups and non-high-risk groups.
HEART and ADAPT protocol showed the highest sensitivity with decent speci�city. EDACS decision aid
and solo TnT strategy were reviewed only in the rule-out part because of their dichotomous character
(low-risk and not low-risk; below and above upper reference limit, respectively). Head-to-head comparison
of sensitivity and speci�city of decision protocols in the rule-out and rule-in diagnostics of AMI are
presented in table 6.

Table 5 Diagnostic accuracy of decision aid rules in rule-out and rule-in diagnostics of acute myocardial
infarction.
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Rule-
Out

Sensitivity

 (95% CI)

Speci�city 

(95% CI)

PPV 

(95% CI)

NPV

 (95% CI)

Accuracy LR
+

LR
-

OR
(95%
CI)

T-
MACS

100.0% 5.4% 20.1% 100.0% 23.6% 1.1 0.0 NA

(100-100%) (2.3-8.6%) (15.0-
25.2%)

(100-
100%)

HEART 100.0% 17.3% 22.3% 100.0% 33.2% 1.2 0.0 NA

(100-100%) (12.1-
22.6%)

(16.8-
27.9%)

(100-
100%)

EDACS 97.9% 26.2% 24.0% 98.1% 40.0% 1.3 0.1 16.7

(2.3-
124.2)

(93.9-
100.0%)

(20.2-
32.3%)

(18.0-
30.0%)

(94.6-
100.0%)

TIMI 93.8% 22.8% 22.4% 93.9% 36.4% 1.2 0.3 4.4 

(1.3-
14.9)

(86.9-
100.0%)

(17.0-
28.6%)

(16.6-
28.2%)

(87.2-
100.0%)

GRACE 81.3% 44.6% 25.8% 90.9% 51.6% 1.5 0.4 3.5 

(1.6-
7.6)

(70.2-
92.3%)

(37.7-
51.4%)

(18.9-
32.8%)

(85.3-
96.6%)

ADAPT 100.0% 0.0% 19.2% NA 19.2% 1.0 NA NA

(100-100%)   (14.3-
24.1%)

Solo
TnT

81.3% 51.5% 28.5% 92.0% 57.2% 1.7 0.4 4.6 

(2.1-
10.0)

(70.2-
92.3%)

(44.6-
58.4%)

(20.9-
36.0%)

(87.0-
97.0%)

Rule-In Sensitivity

(95% CI)

Speci�city

(95% CI)

PPV 

(95% CI)

NPV

(95% CI)

Accuracy LR
+

LR
-

OR 

(95%
CI)

T-
MACS

18.8% 97.5% 64.3% 83.5% 82.4% 7.6 0.8 9.1 

(2.9-
28.6)

(7.7-29.8%) (95.4-
99.7%)

(39.2-
89.4%)

(78.7-
88.2%)

HEART 68.8% 83.2% 49.3% 91.8% 80.4% 4.1 0.4 10.9 

(5.3-
22.2)

(55.6-
81.9%)

(78.0-
88.3%)

(37.3-
61.2%)

(87.8-
95.8%)

TIMI 16.7% 95.0% 44.4% 82.8% 80.0% 3.4 0.9 3.8 

(1.4-
10.3)

(6.1-27.2%) (92.1-
98.0%)

(21.5-
67.4%)

(77.9-
87.6%)
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GRACE 41.7% 81.7% 35.1% 85.5% 74.0% 2.3 0.7 3.2 

(1.6-
6.3)

(27.7-
55.6%)

(76.4-
87.0%)

(22.7-
47.5%)

(80.5-
90.5%)

ADAPT 93.8% 46.0% 29.2% 96.9% 55.2% 1.7 0.1 12.8 

(3.9-
42.5)

(86.9-
100.0%)

(39.2-
52.9%)

(22.0-
36.4%)

(93.4-
100.0%)

CI - 95% con�dence interval; LR + positive likelihood ratio; LR - negative likelihood ratio; NA - not
applicable (because of division by zero); NPV - negative predictive value; OR - odds ratio; PPV - positive
predictive value. 
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Table 6
Comparison of sensitivities and speci�cities of decision aid rules.

Rule Out
AMI

Protocol 1
sensitivity

Protocol 2
sensitivity

p-
value

  Protocol 1
speci�city

Protocol 2
speci�city

p-
value

T-MACS vs.
HEART

100.0% 100.0% NS   5.4% 17.3% < .001

T-MACS vs.
EDACS

100.0% 97.9% NS   5.4% 26.2% < .001

T-MACS vs.
TIMI

100.0% 93.8% NS   5.4% 22.8% < .001

T-MACS vs.
GRACE

100.0% 81.3% NS   5.4% 44.6% NS

T-MACS vs.
ADAPT

100.0% 100.0% NS   5.4% 0.0% NS

T-MACS vs.
solo TnT

100.0% 81.3% NS   5.4% 51.5% < .001

HEART vs.
EDACS

100.0% 97.9% NS   17.3% 26.2% 0.016

HEART vs.
TIMI

100.0% 93.8% NS   17.3% 22.8% 0.046

HEART vs.
GRACE

100.0% 81.3% NS   17.3% 44.6% < .001

HEART vs.
ADAPT

100.0% 100.0% NS   17.3% 0.0% < .001

HEART vs.
solo TnT

100.0% 81.3% NS   17.3% 51.5% < .001

EDACS vs.
TIMI

97.9% 93.8% NS   26.2% 22.8% 0.42

EDACS vs.
GRACE

97.9% 81.3% NS   26.2% 44.6% < .001

EDACS vs.
ADAPT

97.9% 100.0% NS   26.2% 0.0% < .001

EDACS vs.
solo TnT

97.9% 81.3% NS   26.2% 51.5% < .001

TIMI vs.
GRACE

93.8% 81.3% 0.25   22.8% 44.6% < .001

TIMI vs.
ADAPT

93.8% 100.0% 0.25   22.8% 0.0% < .001
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Rule Out
AMI

Protocol 1
sensitivity

Protocol 2
sensitivity

p-
value

  Protocol 1
speci�city

Protocol 2
speci�city

p-
value

TIMI vs. solo
TnT

93.8% 81.3% NS   22.8% 51.5% < .001

GRACE vs.
ADAPT

81.3% 100.0% NS   44.6% 0.0% NS

GRACE vs.
solo TnT

81.3% 81.3% NS   44.6% 51.5% < .001

ADAPT vs.
solo TnT

100.0% 81.3% NS   0.0% 51.5% < .001

Rule In AMI Test 1
sensitivity

Test 2
sensitivity

p-
value

  Test 1
speci�city

Test 2
speci�city

p-
value

T-MACS vs.
HEART

18.8% 68.8% < .001   97.5% 83.2% < .001

T-MACS vs.
TIMI

18.8% 16.7% NS   97.5% 95.0% NS

T-MACS vs.
GRACE

18.8% 41.7% NS   97.5% 81.7% < .001

T-MACS vs.
ADAPT

18.8% 93.8% < .001   97.5% 46.0% < .001

HEART vs.
TIMI

68.8% 16.7% < .001   83.2% 95.0% < .001

HEART vs.
GRACE

68.8% 41.7% < .001   83.2% 81.7% < .001

HEART vs.
ADAPT

68.8% 93.8% < .001   83.2% 46.0% < .001

TIMI vs.
GRACE

16.7% 41.7% NS   95.0% 81.7% < .001

TIMI vs.
ADAPT

16.7% 93.8% < .001   95.0% 46.0% < .001

GRACE vs.
ADAPT

41.7% 93.8% < .001   81.7% 46.0% < .001

The receiver operator characteristics (ROC) and area under the curve (AUC) analysis of chosen diagnostic
protocols shows Fig. 1. The areas under the curve (AUC) were comparable for every decision rule. T-MACS
had the highest AUC (0.52), and solo TnT strategy had the lowest AUC (0.33).

Discussion
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This single-center study retrospectively evaluated the diagnostic accuracy of six decision aids and the
single troponin value strategy in the rule-out and rule-in diagnostics of acute myocardial infarction in
everyday practice in the emergency department in a selected population of the elderly. Our results show
that these protocols can be used even in the highly selected groups of very old persons with similar
results. This population was not evaluated in large trials.

In our study, T-MACS and HEART scores have 100% sensitivity and 100% negative predictive value for
ruling out AMI between selected decision aid rules. T-MACS rule also has an excellent performance in rule-
in diagnostics for AMI in the high-risk group with 97.5% speci�city and 64.3% positive predictive value -
the highest from evaluated risk strati�cation protocols. The HEART score had slightly lower speci�city
(83.2%, p-value < 0.001 for difference) and identi�ed a lower proportion of AMI patients in the high-risk
group compared to T-MACS score (49.3% vs. 64.3%).

The EDACS score had very high sensitivity and negative predictive value for rule-out AMI (97.9% and
98.2%, respectively), missing just one patient with acute myocardial infarction classi�ed in low-risk
groups. Because of its dichotomous character (low-risk versus not low-risk), we have not tested its
performance in rule-in diagnostics.

In the ability to rule out AMI, GRACE score and solo TnT strategy had the weakest performance with the
lowest sensitivity (around 80%) between selected decision aids with speci�cities around 50% and a
negative predictive value of 90.9% and 92%. GRACE also had low speci�city and positive predictive value
(81.7% and 35.1%, respectively) when used to rule in AMI. Further, the solo TnT strategy was not tested in
the rule-in part for the same reasons as the EDACS protocol. We proved that the single parameter decision
rule (the solo TnT strategy with a cut-off at the upper reference limit) is just not good enough for the risk
strati�cation of patients with the suspected acute coronary syndrome. It seems that the conjunction of
clinical, biochemical, and ECG markers gives better results. However, the GRACE score is the model with
the most parameters used than other decision aid rules.

Results of ADAPT protocol are con�icted due to the inability to choose any patients as low risk. Patients
over 65 years could be determined just as moderate or high risk because of age restrictions used in this
model. Nevertheless, we decided not to exclude this decision aid rule from the study to show the real-life
practice.

When looking at the performance in rule-in diagnostics of AMI in high-risk patients, the T-MACS score had
the best results with the highest speci�city (97.5%) and positive predictive value (64.3%). TIMI also has
excellent speci�city (95%) but with a lower positive predictive value. In contrast, ADAPT had the highest
sensitivity and negative predictive value (almost 94% and 97%, respectively) with the most signi�cant
proportion of high-risk patients (63%), however with no low-risk patients - as discussed above.

It is known that age is an independent variable for the incidence of acute myocardial infarction and major
adverse cardiovascular events. Age played a crucial role in the risk strati�cation in ADAPT protocol in this
trial. Age higher than 64 years old means non-low risk score. As opposed, in the T-MACS model, age is not
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even evolved. Moreover, this could be one of the reasons for excellent performance on this protocol In our
trial. Age above 70 years old presents 20% of total possible score points acquired in the HEART model,
14% in the TIMI protocol, 21–26% in the GRACE score (for septuagenarians and octogenarians,
respectively), and the highest proportion of maximum possible points in the EDACS protocol (31–52%
points according to the age).

Some trials evaluated different risk strati�cation protocols in diagnosing acute myocardial infarction in
patients with a suspected acute coronary syndrome without apparent ST-segment elevations. A
retrospective study of Sun et al. [15] compared HEART and TIMI risk scores for prediction of MACE (all-
cause death, acute myocardial infarction, and urgent revascularization) in 8255 patients with suspected
acute coronary syndrome presenting to nine emergency departments between years 1999–2001. They
found lower sensitivity and positive predictive value for TIMI and HEART, but higher speci�city compared
to our results (sensitivity for TIMI 62.8% vs. 93.8%; speci�city 63.8% vs. 22.77%; NPV 96.3% vs. 93.9%;
PPV 10.2% vs. 22.4%; sensitivity for HEART 85.8% vs. 100%, speci�city 51.2% vs. 17.33%; NPV 98.2% vs.
100%; and PPV 10.3% vs. 22.3%).

Compared with the study of Body et al. [6], we found similar results for sensitivities of T-MACS (100% vs.
99.2%) and EDACS (97.9% vs. 96.2%), we had higher sensitivity of HEART (100% vs. 91.8% in Body's trial)
and lower sensitivity of TIMI score (93.8% vs. 97.5%). Our C-statistics were much lower, 0.52 vs. 0.96 for
T-MACS, 0.46 vs. 0.78 for HEART, and 0.46 vs. 0.69 for TIMI. Unlike our study, Body's trial was prospective,
multi-centric, included much more patients (999 pts) but of younger age (mean age 58.1 years), and
evaluating just four decision aids (T-MACS, HEART, TIMI, and EDACS) and troponin-only strategy using a
value 3ng/L of the high-sensitivity troponin I assay as a cut-off.

Carlton et al. [17] compared �ve risk scores (TIMI, HEART, GRACE, modi�ed Goldman and Vancouver
Chest Pain Rule) and two high sensitivity troponin assays in the ability to rule out myocardial infarction
quickly. Almost a thousand patients with a mean age of 58 years were included. Their results were similar
to ours: sensitivity for HEART score 98.7% vs. 100% in our trial; for GRACE 92.3% vs. 81.25%; for TIMI
94.9% vs. 93.8%; and 83.5% vs. 81.3% for single hs-TnT value with cut-of at 14ng/L - same as in our trial.

Study Limitations
The �rst limitation of this study is its retrospective course. Data were collected from the hospital
information system as described by treating physicians who were not using risk strati�cation protocols.
However, the authors of this study personally overviewed all electrocardiograms for signs of ischemia
and calculated risk scores.

Secondly, a study was conducted in single-center and included fewer patients than the trials mentioned
above. This could lead to a lack of patients in low/very-low risk groups and the low speci�city of studied
protocols in rule-out AMI in this trial.
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Finally, we evaluated a highly selected population of the elderly. Patients with high age have their speci�c
features. It was re�ected in higher comorbidity rates, fewer typical symptoms, and electrocardiographical
signs of ischemia. However, there are not many global trials evaluating data about this speci�c group.

Conclusions
We evaluated decision aid rules for diagnostics of acute myocardial infarction in very old patients in the
emergency department with the suspected acute coronary syndrome. T-MACS decision aid had the best
performance with 100% sensitivity and 100% negative predictive value for rule-out AMI, 97.5% speci�city,
and 64.3% positive predictive value for rule-in AMI. The HEART score was excellent in rule-out AMI (100%
sensitivity and 100% NPV) but with lower speci�city for ruling in AMI (83.2%). Other evaluated protocols
and solo TnT strategy were less accurate. ADAPT protocol should be used with cautions for rule-out AMI
in very old patients. This study proves that risk strati�cation of patients with suspected acute coronary
syndrome based on decision rule aids can be used in real-life practice, even in the population of the
elderly.

Abbreviations
ACS - acute coronary syndrome; AUC - area under the curve; ADAPT - Accelerated Diagnostic Protocol to
Assess Patients With Chest Pain Symptoms; AMI - acute myocardial infarction; CABG - coronary artery
bypass graft surgery; CI - con�dence interval; EDACS - Emergency Department Assessment of Chest Pain
Score; ECG - electrocardiogram; HEART - HEART (History, ECG, Age, Risk factors, and Troponin
concentration) score; hs-TnT - high-sensitive Troponin T; IQR - interquartile range; MACE - major adverse
cardiac events; NPV - negative predictive value; LR+ - positive likelihood ratio; LR- negative likelihood ratio;
OR - odds ratio; PCI - percutaneous coronary intervention; PPV - positive predictive value; ROC - receiver
operator characteristics;  TIMI - Thrombolysis in Myocardial Infarction risk score for unstable angina/
non-ST elevation myocardial infarction; T-MACS - Troponin-only Manchester Acute Coronary Syndrom
Score Decision Aid Rule; TnT - troponin T.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethical Committee of University Hospital Hradec Králové. All data were
obtained as part of routine clinical practice, so Ethical Committee did not require informed consent. The
trial was conducted following the principles of the Declaration of Helsinki.

Consent for publication
Not applicable.



Page 22/24

Availability of data and materials
The datasets used for this study are available from the corresponding author by request. 

Competing interests
The authors declare no con�ict of interest.

Funding
This study was supported by project PROGRES Q40/03 from Charles University and by project NV19-02-
00297 from Czech Health Research Council. Fundings had no role in the design, methods, data collection,
analysis, preparation, and submission of the article for publication.

Authors' contributions 
JH and RP invented study conception and design. JH and JD collected and analyzed data. JH, JD and RP
interpreted data and critically revised the manuscript. All authors read, edited, and approved the �nal
manuscript.

Acknowledgments
The authors would like to thank Eva Čermáková, M.A. from the Department of Medical Biophysics,
Faculty of Medicine, Charles University in Hradec Králové, for helping with the statistical analysis.

References
1. Collet J-P, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the management of acute coronary

syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J.
2021;42(14):1289–1367. doi:10.1093/eurheartj/ehaa575

2. Goodacre S, Cross E, Arnold J, Angelini K, Capewell S, Nicholl J. The health care burden of acute
chest pain. Heart. 2005;91(2):229–230. doi:10.1136/hrt.2003.027599

3. Chan Pin Yin D, Azzahha� J, James S. Risk Assessment Using Risk Scores in Patients with Acute
Coronary Syndrome. J Clin Med. 2020;9(9). doi:10.3390/jcm9093039

4. Body R, Carlton E, Sperrin M, et al. Troponin-only Manchester Acute Coronary Syndromes (T-MACS)
decision aid: single biomarker re-derivation and external validation in three cohorts. Emerg Med J.
2017;34(6):349–356. doi:10.1136/emermed-2016-205983



Page 23/24

5. Greenslade JH, Nayer R, Parsonage W, et al. Validating the Manchester Acute Coronary Syndromes
(MACS) and Troponin-only Manchester Acute Coronary Syndromes (T-MACS) rules for the prediction
of acute myocardial infarction in patients presenting to the emergency department with chest pain.
Emerg Med J. 2017;34(8):517. doi:10.1136/emermed-2016-206366

�. Six AJ, Backus BE, Kelder JC. Chest pain in the emergency room: value of the HEART score. Neth
Heart J. 2008;16(6):191–196.

7. Than M, Flaws D, Sanders S, et al. Development and validation of the Emergency Department
Assessment of Chest pain Score and 2 h accelerated diagnostic protocol. Emerg Med Australas EMA.
2014;26(1):34–44. doi:10.1111/1742-6723.12164

�. Mark DG, Huang J, Chettipally U, et al. Performance of Coronary Risk Scores Among Patients With
Chest Pain in the Emergency Department. J Am Coll Cardiol. 2018;71(6):606–616.
doi:10.1016/j.jacc.2017.11.064

9. Fox KAA, Dabbous OH, Goldberg RJ, et al. Prediction of risk of death and myocardial infarction in the
six months after presentation with acute coronary syndrome: prospective multinational
observational study (GRACE). BMJ. 2006;333(7578):1091. doi:10.1136/bmj.38985.646481.55

10. Fox KAA, Fitzgerald G, Puymirat E, et al. Should patients with acute coronary disease be strati�ed for
management according to their risk? Derivation, external validation and outcomes using the updated
GRACE risk score. BMJ Open. 2014;4(2):e004425. doi:10.1136/bmjopen-2013-004425

11. Akyuz S, Yazici S, Bozbeyoglu E, et al. Validity of the updated GRACE risk predictor (version 2.0) in
patients with non-ST-elevation acute coronary syndrome. Rev Port Cardiol Orgao Of Soc Port Cardiol
Port J Cardiol Off J Port Soc Cardiol. 2016;35(1):25–31. doi:10.1016/j.repc.2015.07.010

12. Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/non-ST elevation MI:
A method for prognostication and therapeutic decision making. JAMA. 2000;284(7):835–842.
doi:10.1001/jama.284.7.835

13. Than M, Cullen L, Aldous S, et al. 2-Hour accelerated diagnostic protocol to assess patients with
chest pain symptoms using contemporary troponins as the only biomarker: the ADAPT trial. J Am
Coll Cardiol. 2012;59(23):2091–2098. doi:10.1016/j.jacc.2012.02.035

14. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal de�nition of myocardial infarction (2018). Eur
Heart J. 2019;40(3):237–269. doi:10.1093/eurheartj/ehy462

15. Sun BC, Laurie A, Fu R, et al. Comparison of the HEART and TIMI Risk Scores for Suspected Acute
Coronary Syndrome in the Emergency Department. Crit Pathw Cardiol J Evid-Based Med.
2016;15(1):1–5. doi:10.1097/HPC.0000000000000066

1�. Body R, Morris N, Reynard C, Collinson PO. Comparison of four decision aids for the early diagnosis
of acute coronary syndromes in the emergency department. Emerg Med J. 2020;37(1):8–13.
doi:10.1136/emermed-2019-208898

17. Carlton EW, Khattab A, Greaves K. Identifying Patients Suitable for Discharge After a Single-
Presentation High-Sensitivity Troponin Result: A Comparison of Five Established Risk Scores and



Page 24/24

Two High-Sensitivity Assays. Ann Emerg Med. 2015;66(6):635–645.e1.
doi:10.1016/j.annemergmed.2015.07.006

Figures

Figure 1

Receiver operator characteristics (ROC) analysis of studied decision aid rules for the diagnosis of acute
myocardial infarction.


