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ABSTRACT

Objective This study sought to evaluate the diagnostic
performance of the 1-hour troponin algorithm for diagnosis
of myocardial infarction (MI) without persistent ST-segment
elevations (non-ST-segment MI (NSTEMI)) in a cohort with a
high prevalence of MI. This algorithm recommend by current
guidelines was previously developed in cohorts with a
prevalence of Ml of less than 20%.

Design Prospective cohort study from November 2015
until December 2016.

Setting Dedicated chest pain unit of a single referral
centre.

Participants Consecutive patients with suspected

MI were screened. Patients with subacute symptoms
lasting more than 24 hours, new ST-segment elevations
at presentation, or an already diagnosed or ruled-out
acute Ml were excluded. All enrolled patients (n=1317)
underwent a full clinical assessment and measurements of
high-sensitivity troponin, and were scheduled for an early
invasive strategy if clinically indicated.

Main outcome measures Final diagnosis of MI according
to the Fourth Universal Definition of MI.

Results The prevalence of NSTEMI in the present cohort
was 36.9%. The sensitivity for rule-out of Ml was 99.8%.
The specificity for rule-in of Ml was found to be 94.3%.
However, in 35.7% of patients neither rule-in nor rule-out
was possible. In 51.4% of patients diagnosed with MI, a
primary non-coronary reason for MI was found (type 2 MI).
Different receiver operating characteristic-curve derived cut-
offs for troponin and its dynamics did not provide a sufficient
differentiation between type 1 and 2 Ml for clinical decision
making (negative predictive value for rule-out of type 1 MI
<70%).

Conclusions The 1-hour diagnosis algorithm for patients
with suspected NSTEMI can accurately diagnose acute Ml in
high-risk cohorts. However, discrimination between patients
needing an early invasive strategy or not is limited.

Trial registration number DRKS00009713.

INTRODUCTION
The early and accurate detection of myocar-
dial infarction (MI) is crucial for rapid

Strengths and limitations of this study

» This prospective cohort study evaluated the 1-hour
troponin algorithm in a cohort of patients at high risk
for acute myocardial infarction (MI) (prevalence of
MI approximately twice as high as compared with
previous cohorts).

» All patients enrolled in this study underwent a com-
prehensive cardiac assessment including echocar-
diography and an early invasive strategy if clinically
indicated.

» This allows the use of this algorithm in further set-
tings such as specialised heart centres and chest
pain units.

» The present analysis used one specific troponin as-
say, so findings cannot be extrapolated to different
troponin assays

initiation of treatment, which reduces risk in
these patients.'” Together with a precise clin-
ical assessment, 12-lead ECG, and imaging
studies, testing of biomarkers of cardiac
necrosis such as cardiac troponin is necessary
for the rapid diagnosis of non-ST-segment
MI (NSTEMI).?° The development of high-
sensitivity cardiac troponin (hs-cTn) assays
allows nowadays the measurement of very
low concentrations of cardiac troponin with
high precision.® The better sensitivity for MI
of these assays as compared with previous
assays allowed the development of rapid diag-
nosis algorithms for patients with suspected
NSTEMI, which can rule in or out MI already
within 1 hour.”™ The performance of this
1-hour diagnosis algorithm for patients with
suspected NSTEMI was validated in indepen-
dent cohorts,"”” '* and is recommended by the
current guidelines of the European Society of
Cardiology (ESC).
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The cohorts used for development and validation of
this algorithm enrolled unselected patients in emergency
departments, which is also reflected by the relatively low
rate of MI in these cohorts ranging between 11% and
19% (online supplementary table 1)."*'® However, it
is standard of care in many countries that patients with
suspected MI are directly transferred to chest pain units
or other specialised centres. The use of such units has
shown to improve outcome and to be cost-effective.'
The prevalence of MI of these selected patients is usually
much higher than that of patients in general emergency
departments. However, it is unknown so far if the diag-
nostic performance of the I-hour troponin algorithm
persists when used in cohorts with a much higher pretest
probability, which might in particular affect the negative
predictive value.

Thus, this study sought to evaluate the hypothesis that
the good clinical performance of the 1-hour diagnosis
algorithm for patients with suspected NSTEMI prevails in
a prospective high-risk cohort of patients admitted to a
dedicated chest pain unit with all patients undergoing a
comprehensive cardiac assessment and an early invasive
strategy if clinically indicated.

METHODS

Study design

The FAST detection of Myocardial Infarction (FAST-MI)
study was a prospective cohort study enrolling patients
with suspected acute MI. The majority of patients were
directly sent to the chest pain unit of our tertiary care
heart centre by the ambulance service following triage
of an emergency physician (>98%) or were transferred
from emergency departments of general hospitals in
our region. An automated algorithm of the clinical data
base identified continuously all patients with suspected
acute coronary syndrome and available troponin test
from November 2015 until December 2016. Patients
were screened and enrolled by study physicians within 48
hours following presentation to our centre. Patients had
to be at least 18 years old and had to present with either
typical clinical symptoms suggestive of acute MI starting
within the last 24 hours before enrolment, or new typical
ECG changes or typical imaging findings. Key exclu-
sion criteria were missing troponin test results, subacute
symptoms lasting more than 24 hours, new ST-segment
elevations at presentation, or an already diagnosed or
ruled-out acute MI (eg, by troponin testing already in a
referring hospital).

Routine clinical assessment

All patients underwent a comprehensive clinical assess-
ment according to the treatment algorithms of our heart
centre including physical examination, routine blood
tests, 12-lead ECG, continuous monitoring and early echo-
cardiography (within 3 hours). Levels of hs-cTnT were
measured at presentation, after 1 hour, and thereafter if

clinically indicated.” All blood samples were immediately
assayed in our central laboratory.

All patients were scheduled for an early invasive strategy
if clinically indicated according to current guidelines.'”
If no early invasive strategy was planned, patients were
scheduled for cardiac stress testing if clinically reasonable
and tolerable for the patient.

Endpoint definitions

The primary endpoint was the final diagnosis of MI
according to the Fourth Universal Definition of MIL* Key
secondary endpoint was all-cause mortality and subse-
quent MI within 30 days.

Two independent cardiologists reviewed all available
medical records including data from the standard follow-up
for quality control of our heart centre (written contact at
30 days following index event). Key focus of this review was
the determination of the primary reason for elevations of
cardiac troponin. If the diagnostic criteria for MI were met,
patients were classified according to the different subtypes
of MI according to the Fourth Universal Definition of MI.?
An automated algorithm for comparison of results sent
all potential endpoints with diagnostic disagreement for
blinded review and adjudication to a third cardiologist.
To determine the risk of patients, the Global Registry of
Acute Coronary Event (GRACE) risk score for in-hospital
mortality was calculated as previously described.”

Laboratory assessment

Hs-cTnT was measured with an immunoassay (Roche
Diagnostics, Mannheim, Germany). This assay has a
limit of blank of 3 ng/L, a limit of detection of 5 ng/L,
a 99th-percentile of a healthy population cut-off point of
14 ng/L, and a coefficient of variation of less than 10%
at 13 ng/L.*'#

Patient and public involvement statement

The study used routinely collected data; therefore, no
patient or public involvement was required. The results
will be disseminated to potential patients via the publica-
tions of the German Heart Foundation.

Statistical analysis

The size of the present study was selected to be in range with
previous studies used for development and validation of the
1-hour troponin algorithm (online supplementary table 1).
Differences between groups were tested by Fisher’s exact test
for discrete variables, and by Kruskal-Wallis test for contin-
uous variables. To assess sensitivity, specificity and Youden’s
index for determination of optimal cut-offs, receiver oper-
ating characteristic (ROC) curves were constructed. Clin-
ical events during follow-up were displayed as Kaplan-Meier
plot and compared by log-rank test. Statistical analyses were
run with IBM SPSS Statistics V.22.

RESULTS

Patient characteristics

Altogether 1532 patients with suspected acute MI were
screened for this study. Forty patients with presumably
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Screened patients
n=1532

Excluded patients
ST-segment elevations (n = 40)
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Already diagnosed with Ml (n = 89)
Only subacute symptoms (n = 86)

Enrolled patients
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1h-troponin algorithm using hs-cTnT
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Final diagnosis of Ml
1/398

Figure 1

new STsegment elevations and 175 patients with only
subacute symptoms or already established diagnosis of MI
before presentation were excluded, leaving 1317 patients
for the present analysis (figure 1). When applying the
1-hour troponin algorithm, 398 patients were classified
as ‘rule-out for MI’ (30.2%), 449 patients as ‘rule-in’
(35.7%) and 470 patients as ‘observe’ (34.1%) indicating
that neither rule-in nor rule-out of MI was possible.

The median age of enrolled patients was 72 years and
62% were male. 30.2% of patients presented within the
first 3 hours of on-set of symptoms. There were signifi-
cant differences for most variables between patients
classified into the three groups of the 1-hour troponin
algorithm (table 1). Patients classified as ‘rule-out’ were
significantly younger, more often female, showed a
lower prevalence for most cardiovascular risk factors or
cardiovascular diseases, were less often on cardiovascular
drugs, and had a lower GRACE Risk Score. Comparing
patients in the ‘observe’ and ‘rule-in’ groups, we found a
similar risk profile. Both groups showed a higher preva-
lence of common cardiovascular risk factors and a higher
GRACE risk score as compared with patients classified as
‘rule-out’.

Diagnostic workup

All enrolled patients underwent blood sampling, ECG
and transthoracic echocardiography. The highest levels
of cardiac biomarkers, the highest prevalence of ST-seg-
ment changes, T-wave inversions and impaired left or
right ventricular function were seen in the ‘rule-in’
group, whereas haemoglobin and creatinine clearance
was lowest in this group (table 2). The highest prevalence

v

Final diagnosis of Ml
83/470

v

Final diagnosis of Ml
402/449

Study flow. hs-cTnT, high-sensitivity troponin T; MI, myocardial infarction.

of supraventricular tachycardia, which was atrial fibril-
lation in 84% of cases, was seen in patients classified as
‘observe’.

All patients with a high likelihood for an acute coronary
syndrome were scheduled for an early invasive strategy
according to current guidelines.' ° Patients with a lower
likelihood were planned for cardiac stress testing if clin-
ically indicated and possible for the patient. Altogether,
858 patients (65.1%) underwent either stress testing or
coronary angiography. 377 patients (28.6%) received a
coronary intervention (table 2). 98.7% of patients diag-
nosed with type 1 MI underwent angiography and 95.3%
percutaneous coronary intervention (PCI) or bypass
surgery. The remaining three patients refused an invasive
strategy. Patients without MI as final diagnosis received
stress testing and/or coronary angiography in 62.0%.
16.8% of these patients needed coronary revascularisa-
tion. Altogether, 94 out of 250 patients diagnosed with
MI type 2 (37.6%) and 312 of 832 (37.5%) without MI
underwent coronary angiography.

The adjudicated final diagnosis was MI in 486 patients
(36.9%). When stratified according to the Fourth
Universal Definition of M1, 235 of MIs (48.4%) were classi-
fied as type 1 (spontaneous MI), 250 (51.4%) as type 2 (MI
secondary to an ischaemic imbalance) and one patient
died due to acute MI on admission before any invasive
treatment or second blood sample could be drawn (type
3 MI). Patients in the ‘rule-in’ group were diagnosed with
MI in 89.5% as compared with only 17.7% of patients clas-
sified as ‘observe’ (table 3). One patient classified by the
1-hour troponin algorithm as ‘rule-out’ was diagnosed
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Table 1 Baseline characteristics
Rule-out n=398 Observe n=470 Rule-in n=449 P value
Age, median (IQR), y 63 (54-73) 76 (67-81) 75 (64-81) <0.001
Male, No. (%) 207 (52.0) 308 (65.5) 305 (67.9) <0.001
Body mass index, median (IQR) 26.4 (24.0-29.6) 27.1 (24.5-29.7) 26.7 (24.5-29.4) 0.16
Cardiovascular risk factors, No. (%)
Arterial hypertension 268 (67.3) 403 (85.7) 361 (80.4) <0.001
Diabetes mellitus 43 (10.8) 129 (27.4) 132 (29.4) <0.001
Hypercholesterinaemia 231 (58.0) 345 (73 4) 304 (67.7) <0.001
Current smoking 70 (17.6) 6 (11.9) 86 (19.2) 0.04
Medical history, No. (%)
Percutaneous coronary intervention 97 (24.4) 203 (43.2) 171 (38.1) <0.001
Coronary artery bypass grafting 17 (4.3) 32 (6.8) 55 (12.2) <0.001
Myocardial infarction 50 (12.6) 100 (21.3) 111 (24.7) <0.001
Congestive heart failure 1(0.3) 38 (8.1) 37 (8.2) <0.001
Peripheral arterial disease 16 (4.0) 37 (7.9) 70 (15.6) <0.001
Stroke 26 (6.5) 42 (8.9) 52 (11.6) 0.04
Severe bleeding 8 (2.0 24 (5.1) 17 (3.8) 0.06
Chronic pulmonary disease 24 (6.0) 57 (12.1) 38 (8.5) 0.007
Leading symptom, No. (%) <0.001
Chest pain 292 (73.4) 251 (53.4) 253 (56.3)
Dyspnoea 23 (5.8) 118 (25.1) 113 (25.2)
Collapse 13 (8.3) 33 (7.0) 20 (4.5)
Others 70 (17.6) 68 (14.5) 63 (14.0)
Prehospital cardiac arrest, No. (%) 1(0.3) 4 (0.9) 14 (3.1) 0.001
Timing of symptoms, No. (%)
<3 hour 114 (28.6) 95 (20.2) 189 (42.1) <0.001
3-6 hour 86 (21.6) 90 (19.1) 86 (19.2)
6-24 hour 198 (49.7) 285 (60.6) 174 (38.8)
Medication on admission, No. (%)
Aspirin 128 (32.2) 240 (51.1) 201 (44.8) <0.001
P2Y ,-receptor inhibitor 36 (9.0) 68 (14.5) 57 (12.7) 0.05
Oral anticoagulants 63 (15.8) 159 (33.8) 127 (28.3) <0.001
B-Blocker 153 (38.4) 261 (55.5) 222 (49.4) <0.001
Nitrates 13 (3.3) 24 (5.1) 22 (4.9) 0.37
Statin 132 (33.2) 227 (48.3) 209 (46.5) <0.001
KILLIP class Il or IV, No. (%) 0 (0) 9(1.9) 35 (7.8) <0.001
GRACE Risk Score, median (IQR)* 94 (75-112) 131 (112-148) 143 (113-171) <0.001

*GRACE Risk Score for in-hospital mortality.
GRACE, Global Registry of Acute Coronary Event.

with MI (type 1). This patient was presenting with typical
chest pain lasting for several hours that stopped after
administration of heparin, nitrates and morphine. The
initial hs-cTnT was 11 and 13 ng/L after 1 hour. However,
the pain-free patient developed within the next 5 hours
a more than 70-fold rise in troponin. The coronary angi-
ography showed a subtotal stenosis of the right coronary
artery, which was treated by PCI.

Obstructive coronary artery disease was not an
uncommon finding in the ‘rule-out’ group since 10.1%
of patients were diagnosed with unstable angina as main
diagnosis and underwent coronary intervention.

Performance of algorithm
The sensitivity for rule-out of MI of the algorithm was
99.8% (95% CI 98.5% to 100%) in our cohort (negative
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Table 2 Diagnostic workup

Rule-out n=398 Observe n=470 Rule-in n=449 P value

Baseline blood test results, median (IQR)

High sensitivity Troponin T, ng/L 6 (4-9) 22 (16-32) 98 (52-282) <0.001

Creatine kinase MB, U/L 13(11-18) 14(11-19) 15(11-21) 0.004

Haemoglobin, g/L 143 (134-152) 136 (123-148) 135 (117-148) <0.001

Creatinine clearance, mL/min 86 (72-102) 68 (51-85) 66 (46-87) <0.001

C reactive protein, mg/L 1 (0-5) 2(1-11) 2(1-23) <0.001
ECG, No. (%)

Initial rhythm <0.001

Sinus rhythm 355 (89.2) 346 (73.6) 346 (77.1)

Supraventricular tachycardia 43 (10.8) 123 (26.2) 100 (22.3)

Ventricular tachycardia 0 (0) 1(0.2) 3 (0.6)

ST-segment changes® 13 (3.3) 28 (6.0) 79 (17.6) <0.001

T-wave inversion 16 (4.0) 44 (9.4) 71 (15.8) <0.001

Bundle branch block 32 (8.0) 90 (19.1) 92 (20.5) <0.001
Echocardiography, No. (%)

Impaired left ventricular functiont 34 (8.5) 168 (35.7) 244 (54.3) <0.001

Impaired right ventricular functiont 4(1.0) 57 (12.1) 82 (18.3) <0.001

Moderate/severe aortic stenosis 3(0.8) 28 (6.0) 37 (8.2) <0.001

Moderate/severe aortic insufficiency 3(0.8) 2 (2.6) 10 (2.2) 0.13

Moderate/severe mitral insufficiency 11 (2.8) 54 (11.5) 66 (14.7) <0.001
Cardiac stress testing, No. (%) 184 (46.2) 114 (24.3) 27 (6.0) <0.001
Coronary angiography, No. (%) 111 (27.9) 220 (46.8) 307 (68.4) <0.001

PCI 38 (9.5) 107 (22.8) 206 (45.9) <0.001

Bypass surgery 3(0.8) 7(1.5) 16 (3.6) 0.009

PCIl or CABG 41 (10.3) 114 (24.3) 222 (49.4) <0.001
Cardiac stress testing or coronary 252 (63.3) 285 (60.6) 321 (71.5) 0.002
angiography performed, No. (%)
Length of stay in hospital, median (IQR), d 2 (0-3) 3 (2-5) 4 (2-7) <0.001

Patients stratified according to 1-hour troponin algorithm for patients with suspected NSTEMI.

*Significant ST-segment depression or elevation according to Thygesen et al.?

TAny impairment detectable by echocardiography (ejection fraction <560% for left ventricle).

CABG, coronary artery bypass grafting; NSTEMI, non-ST-segment myocardial infarction; PCI, percutaneous coronary intervention.

likelihood ratio of rule-out: 0.004; negative predictive
value for rule-out: 99.8%). The specificity for rule-in of
MI was found to be 94.3% (95% CI 92.6% to 95.8%; posi-
tive likelihood ratio of rule-in: 14.62; positive predictive
value for rule-in: 89.5%; figure 1; online supplementary
table 1). Four hundred and seventy patients (35.7%)
were classified as ‘observe’ indicating that neither ‘rule-
in’ nor ‘rule-out’ was possible. When including these
patients into the calculation, the sensitivity of the 1-hour
troponin algorithm for diagnosing MI was 82.7% (95% CI
79.6% to 85.6%) and its specificity 47.8% (95% CI 45.9%
to 49.4%).

Clinical follow-up
A complete 30-days follow-up was available in 85% of
patients (mean follow-up 25+10 days). Within 30 days

following enrolment, 26 patients died, one patient devel-
oped a type 2 MI during an episode of acute heart failure
and two patients were readmitted for acute chest pain and
underwent unplanned percutaneous coronary interven-
tion (table 3; figure 2). Mortality was significantly higher
in the ‘rule-in’ group as compared with the two other
groups. The most common reason for death was cardio-
genic shock. One fatal event occurred in the ‘rule-out’
group. This patient diagnosed with a severe psychiatric
disorder and non-cardiac chest pain committed suicide 2
weeks following discharge from hospital.

Type 2 MI

The majority of patients with MI in the present high-risk
cohort were finally diagnosed with type 2 MI following
complete work-up (250 of 486 (51.4%)). The most
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Table 3 Final diagnosis and clinical follow-up

Rule-out n=398 Observe n=470 Rule-in n=449 P value
Myocardial infarction, No. (%) 1(0.3) 83 (17.7) 402 (89.5) <0.001
Type | 1(0.3) 14 (3.0) 220 (49.0)
Type ll 0 (0) 69 (14.7) 181 (40.3)
Type I 0(0) 0 (0) 1(0.2)
Other cardiovascular disease, No. (%) 102 (25.6) 216 (46.0) 34 (7.5) <0.001
Unstable angina 40 (10.1) 101 (21.5) 6 (1.3)
Arrhythmia 51 (12.8) 59 (12.6) 10 (2.2)
Valvular heart disease 2 (0.5) 8 (1.7) 5(1.1)
Heart failure/cardiomyopathy 7(1.8) 41 (8.7) 12 (2.7)
Pulmonary embolism 1(0.3) 4 (0.9) 1(0.2)
Pericarditis/myocarditis 1(0.3) 3 (0.6) 0(0)
Aortic dissection 0(0) 0(0) 0(0)
Non-cardiovascular disease, No. (%) 295 (74.1) 171 (36.4) 13 (3.0) <0.001
Hypertensive emergency 81 (20.4) 57 (12.1) 3(0.7)
Hypotension/dehydration 14 (3.5) 15 (3.2) 1(0.2)
Orthopaedic disorder 119 (29.9) 44 (9.4) 2 (0.4)
Pulmonary disorder 9 (2.3 19 (4.0) 1(0.2)
Psychiatric disorder 14 (3.5) 1(0.2) 1(0.2)
Gastrointestinal disorder/anaemia 18 (4.5) 7 (1.5) 3(0.7)
Severe infection 8 (2.0 11 (3.0) 1(0.2)
Other 32 (8.0) 17 (3.6) 1(0.2)
30 days follow-up, No. (%)
Death, myocardial infarction or unplanned coronary 1(0.3) 10 (2.1) 18 (4.0) 0.001
intervention
Death 1(0.3) 7 (1.5) 18 (4.0) <0.001
Cardiovascular 0 (0) 5(1.1) 14 (3.1)
Non-cardiovascular 1(0.3) 2(0.4) 4 (0.9)
Myocardial infarction 0 (0) 1(0.2) 0 (0) 0.41
Unplanned coronary intervention 0@ 2 (0.4) 0(0) 0.16

Patients stratified according to 1-hour troponin algorithm for patients with suspected NSTEMI.

NSTEMI, non-ST-segment myocardial infarction.

common final diagnosis in these patients were arrhythmia
(mainly tachyarrhythmia), acute heart failure, hyperten-
sive emergency and valvular heart disease (online supple-
mentary table 2). During further clinical work-up, 12
(5.2%) underwent coronary revascularisation. None of
these patients did show intracoronary thrombi or subtotal
coronary lesions. The main diagnoses of these 12 patients
were severe valvular heart disease (n=2), acute heart
failure (n=4), or hypertensive emergency (n=6).

Baseline troponin and change in troponin within 1
hour were higher in patients adjudicated as type 1 as
compared with type 2 MI. There was a wide overlap with
many patients diagnosed with type 2 MI showing very
high levels or changes of troponin (online supplemen-
tary figure 1). One hundred and forty (56%) of patients
adjudicated as type 2 MI demonstrated a significant

change in hs-cTnT of 25 ng/L within the first hour. In
the present cohort, the optimal ROC-curve derived cut-
offs for baseline troponin and change in troponin within
1 hour for differentiation between type 1 and type 2 MI
were 109 ng/L and 9 ng/L, respectively. The negative
predictive values of these cut-offs were only 64.7% (95%
CI61.0% to 68.2%) and 67.6% (95% CI 62.5% to 72.4%)
for excluding type 1 MI, and the positive predictive values
for diagnosis of type 1 MI were 67.9% (95% CI 62.4% to
73.0%) and 61.3% (95% C157.3% to 65.2%), respectively.

DISCUSSION

The introduction of the 1 hour troponin algorithm has
improved diagnosis of MI in patients presenting to emer-
gency departments and become a class I recommendation

6

Amann M, et al. BMJ Open 2019;9:032124. doi:10.1136/bmjopen-2019-032124

‘BuAdoo Ag paosioid ayolaig - uipiun ydhsd
19elsIBAIuN sBImpNT Laqy Jep wnyiuly Te 0Z0Z ‘6 Arenuer uo jwod fwg uadolwg//:dny wolj pepeojumod "6TOZ J8GWIBAON / UO £ZTZE0-6T0Z-Uadolwa/9eTT 0T St paysiignd 1s1y :usdo CING


https://dx.doi.org/10.1136/bmjopen-2019-032124
https://dx.doi.org/10.1136/bmjopen-2019-032124
https://dx.doi.org/10.1136/bmjopen-2019-032124
https://dx.doi.org/10.1136/bmjopen-2019-032124
http://bmjopen.bmj.com/

101
P<0.001
3 8
E’E
g
(] Rule-in
5] 44 g ——————— -,
§ ! Observe
2- F'-F ---.O---..---.--.---
—— eeees Rule-out
0 } ------- —
M 1 % 1 L] 1
0 10 20 30
Days
No. at risk
Rule-in 449 404 391 389
Observe 470 398 391 388
Rule-out 398 316 315 312
Figure 2 Incidence of death, myocardial infarction, or

unplanned coronary intervention within 30 days. Plot of
survival functions for subgroups stratified according to 1-hour
troponin algorithm for patients with suspected NSTEMI. P by
log-rank test. NSTEMI, non-ST-segment MI.

in current ESC guidelines.” However, it is uncertain if
these results also apply to specialised chest pain units,
which are nowadays established in many large hospitals
given the higher pretest probability for MI and preselec-
tion of patients in such a setting. Since chest pain units are
heavily reliant on diagnostic algorithms, the validation of
this algorithm in such a unit appears to be important.

The present study sought to answer this question by
enrolling a large cohort of patients, sent to a dedicated
chest pain unit. The prevalence of MI was with 37% more
than twice as high as compared with previous cohorts
(online supplementary table 1)."*'® The key finding of
this analysis was that the use of the 1-hour troponin algo-
rithm was safe for rule-out of MI even in this high-risk
setting as evidenced by the high sensitivity for rule-out
of MI and the low short-term mortality. The proportion
of patients with rule-in of MI according to the I-hour
troponin algorithm was twice as high as the mean propor-
tion in previous studies. For these patients, the speci-
ficity for rule-in of MI was high, which also underscores
the applicability of the algorithm for important clinical
decision making. However, also the known limitations
were seen in this analysis including that in more than one
third of patients neither rule-in nor rule-out was possible
when using the algorithm, and that a high proportion
of patients identified with MI were diagnosed as type 2
MI. Even if mean levels and changes in troponin were
different between patients with type 1 and type 2 MI,
there was such a wide overlap of values that troponin as
single parameter does not appear sufficient for the clin-
ically important differentiation between these two enti-
ties—even when applying optimised cut-offs derived from
the present cohort.

A major advantage of the presentstudy is thatall patients
underwent a cardiac assessment including echocardiog-
raphy and an early invasive strategy if clinically indicated
as recommended by current guidelines.' ® This compre-
hensive diagnostic work-up allowed a precise assessment
of the origin of changes in troponin levels, which is essen-
tial for accurate differentiation between various types of
MI. Further important features of the present study are:
the design as all-comers study; the very early enrolment
of patients following on-set of symptoms; and the testing
of levels of troponin as part of clinical routine from fresh
samples since there have been concerns that samples
stored for long periods of time could bias results.”

The results of the present study are in line with previous
results of mainly lowerrisk cohorts describing negative
predictive values for rule-out of MI of the 1-hour troponin
algorithm of above 99%." '*1°** The negative predictive
value 0f 99.8% in this cohort is remarkable since the much
higher pretest probability could have negatively affected
this result. Taken together with the absence of any cardio-
vascular death in the rule-out group, this underscores
the clinical utility for precise rule-out of MI. The positive
predictive value for rule-in of MI of the present cohort
was with 89.5% higher as compared with previous anal-
yses with 37.0% to 87.1%, which might be an effect of the
high pretest probability for MI.

An interesting finding of this analysis was that despite
the large proportion of patients in the rule-in group
as compared with previous studies, the proportion of
patients that could be neither ruled-in nor ruled-out by
the algorithm was with still roughly one third of patients.
This number is approximately in line to previous lower-
risk cohorts (online supplementary table 1), '* 102
indicating that the level of uncertainty appears not to
decrease with a higher pretest probability. This subgroup
of patients, where a rapid diagnosis is not possible with
the algorithm, is often challenging to diagnose in clin-
ical routine. In the current study, it was associated with
an increased 30-day mortality, which is also in line with
previous findings.” The latter finding might be explained
with the relatively similar risk profile of this group as
compared with the ‘rule-in’ group in our study. The
proportion of patients in this subgroup that was finally
diagnosed with MI was in the present study with 17.7%
in the range of previous studies (8.7%-22.5%). Another
important finding of the present study was that 10.1%
of patients classified as ‘rule-out’ were finally diagnosed
as unstable angina needing coronary revascularisation.
Even if the 30-day risk for major cardiovascular events of
these patients was low, this finding underscores the need
for further work-up of these patients.

When diagnosing MI, it is not only important to get
a fast diagnosis but also to discriminate between type 1
and type 2 MI given the entirely different therapeutic
consequences.” While an early invasive strategy can
improve prognosis in patients with type 1 MI, this has
not been shown for patients with type 2 MI, where detec-
tion and treatment of the underlying, usually primary
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non-coronary condition is essential.' ® * In the present
study, more than half of patients identified with MI were
diagnosed as type 2 MI. This proportion was higher than
in many (but not all) previous cohorts.?® ?’ The finding
that some patients finally diagnosed with type 2 MI have
concomitant obstructive coronary heart disease, was not
unexpected but underscores that often a more extensive
work-up is needed before a type 2 MI can be reliably diag-
nosed. Establishing the diagnosis of a type 2 MI appears to
be of clinical importance given the different prognosis of
these patients as demonstrated by a recent meta-analysis
revealing an even higher mortality rate in these patients
as compared with patients with a ‘classic’ type 1 MI.*®

Since the rapid differentiation between type 1 and 2
infarcts is often challenging in clinical routine, different
approaches have been proposed including clinical scores
or interpretation of biomarkers.?” * Given the higher
troponin levels in patients with type 1 MI as previously
described in other cohorts,so 31 4 differentiation between
a coronary and non-coronary reason by interpretation
of troponin dynamics was proposed.” In the present
study, the overlap of mean levels and changes in troponin
different between patients adjudicated as type 1 and
type 2 MI was wide. Even it cannot be excluded that this
finding was biassed by misclassification, the present data
do not support that baseline troponin or its dynamics
are sufficient for the clinical important differentiation
between these two entities.

Study limitations

Not all patients did undergo coronary angiography
or dedicated stress testing because refused by patient
or missing clinical indication. Therefore, it cannot be
excluded that the classification of patients for type I MI
vs. type II MI was always correct. The present analysis
did use one specific troponin assay. Thus, these find-
ings cannot be extrapolated to different troponin assays.
According to current guidelines, no gender-specific cut-
points for troponin were used. The distribution of pathol-
ogies causing type II MI in our study might be different
to that in a general emergency department. Thus, it
cannot be excluded that hs-cTn might perform better for
differentiation between type 1 and type 2 MI in such an
undifferentiated population. A complete follow-up was
not available for all patients. Thus, it cannot be excluded
that the true event rate might have been higher in partic-
ular in patients in the rule-out cohort. More than 10% of
patients classified as rule-out underwent coronary revas-
cularisation following diagnostic work-up. It cannot be
excluded that the event rate during follow-up would have
been higher in these patients if they would have been
discharged without further work-up.

Conclusions

The I-hour diagnosis algorithm for patients with
suspected NSTEMI can accurately diagnose acute MI in
high-risk cohorts. This allows the safe use of this algorithm
in clinical settings such as specialised heart centres and

chest pain units. However, in one third of patients neither
rule-in nor rule-out of MI is possible, and discrimination
between patients needing an early invasive strategy or not
is limited. Further studies are needed to define how these
limitations can be addressed.
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