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Use and utility of the 0/1-Hour and 0/2-Hour High-
Sensitivity Cardiac Troponin | algorithms in the diagnosis
of Acute Myocardial Infarction in the Emergency
Department

Felipe De la Fuente Garcia @ Elena Martinez Rua, Sara Esteve Poblador

OBJECTIVE. The 2023 European Society of Cardiology clinical practice guidelines recommend the use of rapid cardiac troponin
algorithms to improve the early diagnosis of non-ST-segment elevation acute coronary syndrome (NSTEACS) in emergency
departments (EDs). The aim of this retrospective study was to assess the degree of implementation of validated rapid rule-out/rule-
in algorithms for our automated system in patients with suspected acute myocardial infarction (AMI) presenting to the ED of our
hospital.

MATERIALS AND METHODS. We reviewed a total of 200 patients for whom cardiac troponin testing was requested in the ED.
Adherence to the rapid algorithms was evaluated, as well as their impact on patient classification regarding the occurrence of acute
coronary syndrome (ACS), other cardiac conditions, or alternative diagnoses.

RESULTS. Of the 200 patients, 23 (11,5 %) had troponin levels > 120 ng/L and were classified in the “rule-in" group; 20 patients
had values < 3 ng/L (10 %) and were classified as “rule-out”; and 157 (78,5 %) patients had troponin values between 3 and 120
ng/L and were assigned to the “observation” group. Only 12 of these 157 patients underwent repeat troponin testing (7,64 %). Two
of them developed NSTEACS after discharge from the ED. Overall, 10 (5 %) of the 200 patients included in the study were
ultimately diagnosed with AMI.

CONCLUSIONS. The widespread application of rapid troponin algorithms could improve the diagnosis of NSTEACS.

[Ceywords: Rapid algorithms. Acute myocardial infarction. Non-ST-segment elevation acute coronary syndrome. Troponin.

Uso y utilidad de los algoritmos a 0/1 hora y 0/2 horas de troponina
cardiaca | de alta sensibilidad en el diagndstico de infarto agudo
de miocardio en urgencias

OBJETIVO. La guia de la Sociedad Europea de Cardiologia de 2023 recomendé el uso de algoritmos rapidos de determinacion de
troponinas cardiacas para mejorar el diagndstico temprano del sindrome coronario agudo (SCA) sin elevacion del segmento ST en
los servicios de urgencias (SU). Nuestro objetivo fue analizar el grado de aplicacion de los algoritmos rapidos de descarte/confirma-
cion, en pacientes con sospecha de infarto agudo de miocardio (IAM) en un SU.

MATERIAL Y METODOS. Se revisan 200 pacientes consecutivos a quienes se solicité determinacion de troponinas cardiacas (hs-cT-
nl). Se evalud el seguimiento de los algoritmos rapidos y su impacto en la clasificacién de pacientes, respecto a la aparicion de
SCA, de otra patologia cardiaca u otro diagnéstico diferente. Para las determinaciones de hs-cTnl se utilizé el analizador Atellica IM
Analyzer® (Siemens Healthineers)’. Los pacientes se clasificaron en 3 categorias: — Exclusion (hs-cTnl < 3 ng/L y variacién temporal
dentro de los limites definidos para el algoritmo, Confirmacién (hs-cTnl > 120 ng/L o incremento absoluto > 12 ng/L), y Observa-
cion (hs-cTnl entre 3 y 120 ng/L, que requerian una nueva determinacion a 1 o 2 horas, segin el algoritmo utilizado).

RESULTADOS. De los 200 pacientes, 23 (11,5 %) presentaron troponinas > 120 ng/L, incluyéndose en «Confirmacién»; 20 pacientes
mostraron < 3 ng/L (10 %), clasificindose como «Exclusiony, y 157 (78,5 %) pacientes presentaron valores entre 3y 120 ng/L (gru-
po «observaciony). Sélo a 12 de estos 157 pacientes se les solicité una nueva determinacion (7,64 %). Dos de ellos sufrieron SCA
sin elevacion del ST tras el alta del SU. De los 200 pacientes, 10 (5 %) fueron diagnosticados finalmente de IAM.

CONCLUSIONES. La aplicacién generalizada de los algoritmos rapidos de troponinas, pude mejorar los diagnésticos de SCA sin
elevacion del ST.

Palabras clave: Algoritmos rapidos. Infarto agudo de miocardio. Sindrome coronario agudo sin elevacién del segmento ST. Troponina.
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Cardiac troponin (cTn) is the biomarker of choice for
the diagnosis of acute myocardial infarction (AMI).!

According to the 2023 clinical practice guidelines
(CPG) of the European Society of Cardiology (ESC)? on the
diagnosis and management of non-ST-segment elevation
acute coronary syndrome (NSTEACS), AMI is defined as
“cardiomyocyte necrosis in a clinical setting consistent with
acute myocardial ischemia.” The diagnosis of AMI requires
a combination of criteria, including the detection of a rise
and/or fall in a cardiac biomarker, preferably high-sensitivi-
ty cardiac troponin (hs-cTn), with at least one value above
the 99* percentile of the upper reference limit.?

Early diagnosis of AMI is essential for the timely initia-
tion of therapeutic measures (anti-ischemic therapy, anti-
platelet therapy, anticoagulation, and/or coronary revascu-
larization), with the aim of preserving the greatest possible
amount of viable myocardium and improving patient prog-
nosis.*

In this context, ESC CPG have incorporated so-called
rapid algorithms for ruling in or ruling out AMI, based on
serial hs-cTn measurements at 0/1 hour and 0/2 hours.?3
These algorithms require the availability of an hs-cTn assay
specifically validated for this strategy, with defined cut-off
values and temporal changes for each analytical method.
Several studies have shown that the traditional 0/3-hour al-
gorithm is less efficient and provides lower safety than rap-
id protocols.>¢

Since 2023, the 0/1 h and 0/2 h algorithms for hs-cTnl
have been validated in the Atellica IM Analyzer® (Siemens
Healthineers),” with specific cut-off values for this system.
However, validation studies did not comprehensively con-
sider variables such as age, renal function, time since onset
of chest pain, or sex,”® highlighting the need to evaluate
their applicability in each specific clinical setting.’

Numerous conditions other than AMI may be associat-
ed with elevated cTn, including arrhythmias, heart failure,
hypertensive emergency, shock, sepsis, myocarditis, pulmo-
nary embolism, aortic dissection, pulmonary hypertension,
renal dysfunction, or acute neurological events, among
others.”® Therefore, in addition to hs-cTn values, interpreta-
tion must always integrate the electrocardiogram and the
patient’s past medical history.

The aim of this study was to evaluate the clinical appli-
cation of rapid rule-out/rule-in AMI algorithms (0/1 h and
0/2 h) validated for our automation system, in patients at-
tended in a emergency department (ED) with suspected
acute coronary syndrome (ACS) and indication for hs-cTnl
measurement.

We conducted an observational, descriptive, retro-
spective cohort study in the ED of Hospital Universitario de
La Ribera (Alzira, Valencia, Spain). The hospital has 370
beds and attends an average of 380 patients daily in its
ED.

Patients attended in the ED with suspected ACS in
whom hs-cTnl measurement was requested in November
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2024 (a randomly selected month) were included until
completing 200 consecutive cases, as a convenience sam-
ple considered sufficient for an initial exploratory approach
to the applicability of rapid algorithms in our setting.

Inclusion criteria were age = 18 years, ED attendance
with suspected ACS, and request for hs-cTnl measurement
at admission. Patients with incomplete medical records re-
garding final diagnosis or hs-cTnl measurements were ex-
cluded.

Serum hs-cTnl concentration was determined using a
high-sensitivity troponin | assay on the Atellica IM Analyz-
er® (Siemens Healthineers). The reference interval for
healthy adults was established according to the CLSI EP28-
A3c document in the Atellica IM Analyzer:"

- Women: 99" percentile (p99) 34 ng/L (90 % Cl, 27-
66).

— Men: p99 54 ng/L (90 % Cl, 39-80).

— Combined: p99 45 ng/L (90 % Cl, 33-64).

For patient classification, the cut-off values of the 0/1
h and 0/2 h rapid algorithms validated for this analyzer

7 were used. Patients were classified into three cate-
gories:

- "Rule-out”: hs-cTnl < 3 ng/L (and temporal variation
within algorithm-defined limits).

- "Rule-in": hs-cTnl > 120 ng/L or absolute increase >
12 ng/L.

— "Observation”: hs-cTnl values between 3 and 120
ng/L requiring a new measurement at 1 or 2 hours de-
pending on the algorithm used.

The variables collected in the study were:

- Serum hs-cTnl concentration at initial determination
and, when applicable, in serial measurements.

- Time elapsed between the first and subsequent
blood draws.

— Cardiovascular risk factors (diabetes mellitus, hyper-
tension, dyslipidemia, and active smoking).

- Past medical history of cardiovascular disease (coro-
nary artery disease, prior AMI, coronary revascularization,
peripheral arterial disease, heart failure, renal dialysis).

- Renal function (serum creatinine in mg/dL and CKD-
EPI eGFR in mL/min/1.73 m?).

- Diagnosis at ED discharge, obtained from the elec-
tronic health record, made by the attending ED physician
and not modified by the investigators. Based on this diag-
nosis and available clinical information, patients were
grouped into three categories:

— AMI (including NSTEACS and STEMI), according to
the 4th Universal Definition of AMI.2

- Non-AMI cardiac disease: including unstable angina,
arrhythmias, heart failure, hypertensive emergency, struc-
tural Cardiac disease, ischemic syndromes not meeting
AMI criteria, pericarditis, or ventricular dysfunction.

- Non-cardiac disease.

To assess the degree of algorithm implementation, the
percentage of patients in whom a 0/1 h or 0/2 h algorithm
was formally followed (scheduled second measurement
within the recommended interval) was calculated and com-
pared with those in whom it was not applied.
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The study protocol was evaluated and approved by
the Clinical Research Ethics Committee of Departamento
de Salud de La Ribera (approval dated February 26,
2024). Given the retrospective nature of the study and the
use of aggregated anonymized data, the committee
waived the requirement for individual informed consent.

Statistical analysis

We conducted a descriptive analysis of demographic
and clinical variables. Quantitative variables are expressed
as mean and 95 % Cl, and qualitative variables as absolute
frequencies and percentages.

To evaluate the performance of hs-cTnl cut-off values,
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated for the di-
agnosis of AMI, for any cardiac disease, and for NSTEACS,
according to hs-cTnl ranges for rule-out, rule-in, and obser-
vation categories.

Statistical analysis was performed using IBM SPSS Sta-
tistics version 22.0.

The cohort had a mean age of 67.8 years (95 %Cl,
65.3-70.4), with 53.5 % men. The most frequent risk fac-
tors were hypertension (112), dyslipidemia (87), and diabe-
tes (59). Mean creatinine was 1.10 mg/dL (95 %Cl, 1.02-
1.18), and mean CKD-EPI eGFR was 71.3 mL/min/1.73 m?
(95 %Cl, 65.0-77.7)

AMI was diagnosed in 10 patients (4 %): 1 in the con-
text of diabetic ketoacidosis, 2 with ST-segment elevation
on electrocardiogram, and 7 with NSTEACS

According to initial hs-cTnl values, 20 patients had val-
ues < 3 ng/L (rule-out), 157 were between 3-120 ng/L (ob-
servation), and 23 had values > 120 ng/L (rule-in). Among
the 23 rule-in patients, 8 were ultimately diagnosed with
AMI. The remaining 15 patients were diagnosed with other
conditions: pulmonary thromboembolism, atrial fibrillation,
congestive heart failure (CHF), etc.

In the observation group (n = 157), repeat hs-cTnl test-
ing within the recommended interval was low: a second
measurement was requested in 12 cases (8 %) (2 at 1 hour
and 10 at 2 hours). Among these 12 patients, 11 showed
no relevant increase and 1 showed an increase in hs-cTnl
(from 112 to 256 ng/L), with a final non-coronary diagnosis
(cerebrovascular event with epilepsy).

Among observation patients without repeat testing dur-
ing the index episode, 2 reconsulted later (the following day
and after 4 days) with hs-cTnl > 10,000 ng/L and were diag-
nosed with NSTEACS and admitted to the intensive care
unit (ICU). In the index episode, their hs-cTnl values were 35
ng/L and 36 ng/L, respectively, below the reference limit ac-
cording to CLSI EP28-A3c for the Atellica IM Analyzer."

The diagnostic distribution by hs-cTnl ranges is shown
in :in the < 3 ng/L group, 2 non-AMI cardiac condi-
tions and 18 non-cardiac conditions were recorded: in the
3-120 ng/L group, 33 non-AMI cardiac conditions, 2
NSTEACS, and 122 non-cardiac conditions; and in the
> 120 ng/L group, 9 non-AMI cardiac conditions, 3 non-
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0 h/1h and 0 h/2 h algorithms validated for Siemens Atellica
IM Analyzer®

Algorithm Rule-out Observation Rule-in
cTnl (pg/mL; O0h/1h 0h<3ng/L* Others 0h > 120 ng/L*
ng/L) or or
Oh<éng/ly AOh/1h > 12 ng/L*
A0 h/1h < 3 ng/L*
cTnl (pg/mL; 0h/2h 0 h<8 ng/L* Others 0h > 120 ng/L*
ng/L) or or
Oh<éng/ly AOh/2h > 12 ng/L*
A0 h/2 h <7 ng/L*

Source: Adapted from Serensen et al. 2021.
*For chest pain onset > 3 hours.
cTn: cardiac troponin; h: hour.

NSTEACS AMI, 5 NSTEACS, and 6 non-cardiac conditions.
Diagnostic performance, including sensitivity, specificity,
PPV, and NPV of the proposed cut-offs, is also shown in

When restricting the analysis to patients with
NSTEACS, the role of hs-cTnl as a stratification tool was
confirmed. With the low cut-off > 3 ng/L, sensitivity and
NPV were 100 % (no false negatives), at the expense of
very low specificity (10 %) and a PPV of 4 %, indicating that
most elevations in this range did not correspond to
NSTEACS. In contrast, the threshold > 120 ng/L showed a
better diagnostic balance (sensitivity 71 %, specificity 91 %,
PPV 22 %, NPV 99 %), identifying a subgroup with higher
probability of ACS, although insufficient as a standalone
rule-in criterion and requiring integration with clinical data
and, when appropriate, serial measurements. Overall, these
results support the potential usefulness of hs-cTnl algo-
rithms for faster and safer initial risk stratification in pa-
tients with suspected NSTEACS.

According to the Consensus on Non-ST-Segment Ele-
vation Acute Coronary Syndromes of the Argentine Society
of Cardiology (2020), most patients presenting with chest
pain to EDs ultimately do not have ACS. Between 60 %
and 90 % of consultations for precordial pain are not asso-
ciated with cardiovascular disease, and although approxi-
mately half of patients may initially present with a clinical
picture suggestive of ACS, only a fraction ultimately con-
firm the diagnosis. In our case, the percentage of patients
with ACS among those with suspected cardiac disease was
< 10 %. These results are more consistent with those pub-
lished by the National Institute for Health and Care Excel-
lence (NICE) in 2020,'® which estimated that 5 % of emer-
gency hospital admissions for chest pain and suspected
AMI occurred in 2017-2018, with AMI occurring in approxi-
mately 20 % of those admissions. Even so, estimates of
sensitivity, specificity, and predictive values should be inter-
preted with caution due to the low number of events,
which limits the precision and generalizability of these pa-
rameters. It is therefore necessary to expand the study in
terms of the number of patients, systematically applying
the algorithms in the ED to evaluate the diagnostic perfor-
mance of these rapid algorithms in our setting.
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— Age > 18 years.

— Admission to the Emergency Department.
- Suspected acute coronary syndrome.

— Request for hs-cTnl.

n =200

— hs-cTnl value < 3 ng/L

n =20

— hs-cTnl value > 3 ng/L
and <120 ng/L.

n=157

- hs-cTnl value > 120 ng/L
n=23

!

— 1-hour algorithm. n = 2
— 2-hour algorithm. n = 10

— No algorithm applied.
n =145

Flow diagram of patient selection and distribution across groups.
AMI: acute myocardial infarction; hs-cTnl: high-sensitivity cardiac troponin; NSTEACS: non-ST-segment elevation acute coronary syndro-

me; STEACS: ST-segment elevation acute coronary syndrome.

In this study, we observed that rapid algorithms are
not routinely applied in daily clinical practice. This may
have contributed to the delayed detection of two cases

Demographic data of the patient cohort
Patients with  Patients without

' o All patients AMI AMI
Patient characteristics Nn—(é())o N =10 N =190
n (%) n (%)
Age (95 % Cl) 67.8(70.4-65.3) 67.5(79.7-55.2) 67.4(70.0-64.8)
Male sex 107 (53.5) 5(62.5) 102 (53.10)
Female sex 93 (46.5) 3(37.5) 90 (46.90)
Risk factors
Diabetes 59 4 55
Dyslipidemia 87 6 81
Hypertension 112 3 110
Smoker 36 3 33
Hi;t.ory of cardiovascular 7 2 69
isease

1.10(1.18-1.02) 1.09 (1.54-0.65) 1.09(1.18-1.01)
71.3(77.7-65.0) 72.5(91.6-53.4) 71.3(75.2-67.5)

Creatinine, mg/dL
CKD-EPI eGFR (mL/

min/1.73 m?)
eGFR categories

=90 63 (31.5) 3(37.5) 59 (30.7)
60-89 69 (34.5) 3(37.5) 67 (34.9)
45-59 32(16.0) 1(37.5) 31(16.1)
30-44 20 (10.0) 1(37.5) 199.9)
15-29 13(6.5) 0 13(6.8)
<15 3(1.5) 0 3(1.6)

AMI: acute myocardial infarction.
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Distribution of diagnosed conditions according to hs-cTnl
values. Sensitivity, specificity, positive predictive value, and negative
predictive value for cardiac pathologies and NSTEACS in the "Rule-
out” and “Rule-in" ranges, and for other cardiac conditions in the
"Observation” range

CREE  ges iy VOUERES
disease disease
<3ng/L 2 0 0 18
3-120 ng/L 33 0 2 122
> 120 ng/L 9 3 5 6
Sensitivity ~ Specificity PPV NPV
Cardiac diseases 0.31 0.96 0.74 0.79
(including AMI) with
hs-cTnl > 120 ng/L*
Cardiac diseases 0.96 0.12 0.29 0.90
(including AMI) with
hs-cTnl > 3 ng/L**
NSTEACS with hs-cTnl > 0.71 0.91 0.22 0.99
120 ng/L*
NSTEACS with hs-cTnl > 1.00 0.10 0.04 1
3 ng/L**

*Negative result defined as hs-Tnl < 3 ng/L and positive result as hs-Tnl > 120 ng/L.
**Negative result defined as hs-Tnl < 3 ng/L and positive result as hs-Tnl 3-120 ng/L.
AMI: acute myocardial infarction; NSTEACS: non-ST-segment elevation acute
coronary syndrome; hs-cTnl: high-sensitivity cardiac troponin I; STEACS: ST-
segment elevation acute coronary syndrome.
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with initial hs-cTnl values between 3 and 120 ng/L (candi-
dates for a second measurement), who were readmitted
within a few days. These cases required admission to the
hospital ICU, with a length of stay of 4 days each.

Although ESC CPG already recommended during the
study period the use of rapid hs-cTnl-based algorithms,??
these were not yet explicitly incorporated into the written
protocols of the ED at our center, meaning that their appli-
cation largely depended on the discretion of the emergen-
cy physician. This fact, together with analytical turnaround
time and workload, may help explain the low rate of sys-
tematic algorithm implementation observed.

Furthermore, our study allows us to rule out NSTEACS
with hs-cTnl levels < 3 ng/L, which is consistent with find-
ings by Chapman et al.®> Of note, the proportion of pa-
tients classified directly as “Rule-out” was considerably
lower than in other series, which may be explained by dif-
ferences in the population, with younger patients and a
lower burden of comorbidity than those in our cohort.'®2
Regarding values > 120 ng/L, the results are also consist-
ent with other studies such as that of Mueller et al.,"* with
similar PPV. It is necessary to evaluate these algorithms for
each assay, as discrepancies exist among different hs-cTn
assays.'®

Our study has several limitations when evaluating the
applicability of rapid algorithms: they were not generally
implemented, making it impossible to measure their diag-
nostic performance; additionally, the number of patients,
compared with other studies—particularly multicenter stud-
ies®—is limited. Despite this, review of the “observation”
group suggests that a second measurement could have
enabled early detection of two cases (1.3 % of patients eli-
gible for a second measurement) of NSTEACS. A potential
verification bias should also be considered, as repeat

hs-cTnl measurement was performed in only 12 of 157 pa-
tients in the observation category, meaning that confirma-
tion or exclusion of events through serial measurements
was not homogeneous across the cohort. Only patients at-
tended in the ED were reviewed, without intervention in
triage, initial diagnostic assessment, or final diagnosis. Fur-
thermore, the final diagnosis was determined by the at-
tending emergency physician, which may introduce diag-
nostic bias. Finally, this is a retrospective single-center
analysis limited to a single month, with a convenience
sample, reducing external validity and potentially reflecting
local organizational patterns that may not be generalizable.
Estimates of sensitivity, specificity, and predictive values
should therefore be interpreted with caution due to the
low number of events, which limits their precision and gen-
eralizability. It is therefore necessary to expand the study in
terms of patient numbers and to systematically apply the
algorithms in the ED to evaluate their diagnostic perfor-
mance in our setting.

In this study, rapid hs-cTnl algorithms for ACS detec-
tion (0/1 h and 0/2 h) were not systematically applied. In
particular, most patients with hs-cTnl values in the obser-
vation range (3-120 ng/L) were not reassessed with a
second determination within the recommended interval.
This may have contributed to missed opportunities for
early diagnosis during the initial ED visit, thereby delay-
ing the initiation of therapeutic measures. However, these
findings do not allow evaluation of the diagnostic perfor-
mance of the algorithm, but only its level of implementa-
tion. We believe that systematic implementation of these
algorithms is necessary, along with evaluation of their di-
agnostic potential.
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