
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Potential performance of a 0 h/1 h algorithm and 
a single cut-off measure of high-sensitivity 
troponin T in a diverse population: main results 
of the IN-HOPE study
Pedro G. M. de Barros e Silva  1,2,3,4*, Ana Amaral Ferreira1,5,6, Felipe Malafaia1,2, 
Antonielle Figueiredo Macedo Tavares Reis7, Henry Sznejder1,  
Augusto Celso De Araujo Lopes Junior8, Camila Anacleto Agostinho2,  
Luiz Henrique de Oliveira Fonseca5, Débora Vieira Donini Okitoi7, 
Celso Musa Correa1,9,10, Eduardo Zincone11, Marcelo Paiva Cury1,12,13, 
Gustavo Augusto Lopes Rosa14, Henrique Barbosa Ribeiro1,2,15,  
Alexandre de Matos Soeiro15, Carlos Alexandre Lemes de Oliveira1,16, 
Guilherme Capelli Kuusberg17, Louis Nakayama Ohe18, Douglas de Oliveira Souza19, 
Adriana Bertolami Manfredi1,18,20, Amanda Francisco Martins1,13,20,  
Pedro Paulo Nogueres Sampaio1,21, Thiago Baganha Vaz1,2,22, 
Luciana Ferreira Franco23, Carlos Eduardo dos Santos Ferreira24,  
and Renato Delascio Lopes3,25, on behalf of IN-HOPE Investigators
1Cardiologia Americas/United Health Group, São Paulo, Brazil; 2Hospital Samaritano Paulista, São Paulo, Brazil; 3Brazilian Clinical Research Institute, São Paulo, Brazil; 4Centro Universitário 
São Camilo, São Paulo, Brazil; 5Hospital Pró-Cardíaco, Rio de Janeiro, Brazil; 6Instituto Nacional de Cardiologia (INC), Rio de Janeiro, Brazil; 7Hospital da Luz, São Paulo, Brazil; 8Hospital 
Monte Klinikum, Fortaleza, Brazil; 9Hospital Vitória—Américas Medical City, Rio de Janeiro, Brazil; 10Hospital Samaritano Barra, Rio de Janeiro, Brazil; 11Hospital e Maternidade Santa Helena, 
São Paulo, Brazil; 12Hospital e Maternidade Metropolitano Lapa, São Paulo, Brazil; 13Imed Group Brasil, São Paulo, Brazil; 14Hospital Ipiranga Mogi, São Paulo, Brazil; 15InCor—Instituto do 
Coração do Hospital das Clínicas da FMUSP, São Paulo, Brazil; 16Hospital Paulistano, São Paulo, Brazil; 17Hospital e maternidade Ipiranga Arujá, São Paulo, Brazil; 18Instituto Dante Pazzanese 
de Cardiologia, São Paulo, Brazil; 19Hospital Carlos Chagas, São Paulo, Brazil; 20Hospital Alvorada Moema, São Paulo, Brazil; 21Hospital Samaritano Botafogo, Rio de Janeiro, Brazil; 22Hospital 
Vitória Anália Franco, São Paulo, Brazil; 23DASA, São Paulo, Brazil; 24Hospital Albert Einstein, São Paulo, Brazil; and 25Duke Medical Center, Durham, NC, USA

Received 5 March 2023; revised 4 July 2023; accepted 5 July 2023; online publish-ahead-of-print 14 July 2023

Aims Chest pain is a major cause of medical evaluation at emergency department (ED) and demands observation to exclude the 
diagnosis of acute myocardial infarction (AMI). High-sensitivity cardiac troponin assays used as isolated measure and by 
0- and 1-h algorithms are accepted as a rule-in/rule-out strategy, but there is a lack of validation in specific populations.

Methods 
and results

The IN-HOspital Program to systematizE Chest Pain Protocol (IN-HOPE study) is a multicentre study that prospectively 
included patients admitted to the ED due to suspected symptoms of AMI at 16 sites in Brazil. Medical decisions of all patients 
followed the standard approach of 0 h/3 h protocol, but, in addition, blood samples were also collected at 0 and 1 h and sent 
to a central laboratory (core lab) to measure high-sensitivity cardiac troponin T (hs-cTnT). To assess the theoretical per
formance of 0 h/1 h algorithm, troponin < 12 ng/L with a delta < 3 was considered rule-out while a value ≥ 52 or a delta ≥ 5 
was considered a rule-in criterion (the remaining were considered as observation group). The main objective of the study 
was to assess, in a population managed by the 0 h/3 h protocol, the accuracy of 0 h/1 h algorithm overall and in groups with a 
higher probability of AMI. All patients were followed up for 30 days, and potential events were adjudicated. In addition to the 
prospective cohort, a retrospective analysis was performed assessing all patients with hs-cTnT measured during the  
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year of 2021 but not included in the prospective cohort, regardless of the indication of the test. A total of 5.497 
patients were included (583 in the prospective and 4.914 in the retrospective analysis). The prospective cohort 
had a mean age of 57.3 (± 14.8) and 45.6% of females with a mean HEART score of 4.0 ± 2.2. By the core lab analysis, 
74.4% would be eligible for a rule-out approach (45.3% of them with a HEART score > 3) while 7.3% would fit the 
rule-in criteria. In this rule-out group, the negative predictive value for index AMI was 100% (99.1–100) overall and 
regardless of clinical scores. At 30 days, no death or AMI occurred in the rule-out group of both 0/1 and 0/3 h 
algorithms while 52.4% of the patients in the rule-in group (0 h/1 h) were considered as AMI by adjudication. In 
the observation group (grey zone) of 0 h/1 h algorithm, GRACE discriminated the risk of these patients better 
than HEART score. In the retrospective analysis, 1.091 patients had a troponin value of <5 ng/L and there were 
no cardiovascular deaths at 30 days in this group. Among all 4.914 patients, the 30-day risk of AMI or cardiovascular 
death increased according to the level of troponin: 0% in the group < 5 ng/L, 0.6% between 5 and 14 ng/L, 2.2% be
tween 14 and 42 ng/L, 6.3% between 42 and 90 ng/L, and 7.7% in the level ≥ 90 ng/L.

Conclusion In this large multicentre study, a 0 h/1 h algorithm had the potential to classify as rule-in or rule-out in almost 80% of the 
patients. The rule-out protocol had high negative predictive value regardless of clinical risk scores. Categories of levels of hs- 
cTn T also showed good accuracy in discriminating risk of the patients with a very favourable prognosis for cardiovascular 
death in the group with value < 5 ng/L.

ClinicalTrials.gov NCT04756362
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Graphical Abstract

Prospective cohort: 583 patients with objective criteria of AMI suspicion (19.6% had myocardial injury)
Retrospective cohort: 4914 patients with hs-cTnT assessment (regardless indication)

16 Brazilian sites 

Prospective cohort: 0/1 hour assessment of hs-cTnT by a core lab to
assess the theoretical performance of this algorithm

No MACE at 30 days

- Performance of 0/1-hour algorithm was similar to 0/3 hour for rule-out

- The 0/1-h algorithm showed consistent results for rule-out, regardless age and clinical scores

- For pa�ents in the grey zone (observe), GRACE score was the clinical score with be�er discrimina�on for AMI (AUC 0.75)  

- Values of hs-cTnT < 5 ng/L showed very favorable prognosis for cardiovascular death in a diverse popula�on (retrospec�ve)

0h <12 ng/L
and 1h <3 ng/L

RULE OUT

0h ≥52 ng/L
or 1h ≥5 ng/L

RULE IN

Others
OBSERVE

430 patients (74.4%)
0 cases of AMI

NPV: 100%  (99.1-100)

106 patients (18.4%)
Prevalence of AMI: 6.6%

42 pacientes (7.3%)
Prevalence of AMI / PPV: 

52.4% (36.6-67.7)

POPULATION

TROPONIN 
ASSESSMENT

TRIAGE

OUTCOMES

ADDITIONAL 
FINDINGS

1 death (index AMI) No death at 30 days

* AMI = acute myocardial infarc�on; hs-cTnT = high sensi�vity cardiac troponin T; NPV= nega�ve predic�ve value; PPV = posi�ve predic�ve value; AUC = area under the curve

Keywords Chest pain • Troponin • Diagnosis

Introduction
About 100 million people seek emergency care every year in the USA, and 
the most common clinical reason for this type of evaluation is chest pain.1,2

Given the possibility of life-threatening diagnoses, especially acute myocar
dial infarction (AMI), patients with chest pain are not routinely discharged 
at the beginning of the evaluation and remain under observation.3–6 Thus, 

the combination of high volume of patients with chest pain who seek 
emergencies and the requirement to keep these subjects under observa
tion generates a great burden of patients using emergency care resources 
and, consequently, increasing costs for the health system.1–6

Methods of rapid risk stratification have been developed to ensure safe 
and early discharge of these patients evaluated in emergency department 
(ED) due to chest pain.1,4–7 The fastest method recommended by guidelines 
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is the 0- to 1-h algorithm with high-sensitivity troponin.4,6 In addition, recent 
publications8,9 have reinforced the prognostic value (death and AMI within 
30 days) of an isolated measure of high-sensitivity troponin in selected pa
tients. However, the approaches for risk stratification of these patients still 
have great variability, even in services with high-sensitivity troponin. This 
variation could be related to limited information of the performance of 
these fast-track algorithms among elderly patients and groups with higher 
values of clinical scores such as TIMI, GRACE, HEART, and EDACS. 
Current guidelines3–6 recommend the use of different risk scores, but there 
are also statements in the same documents indicating that the use of high- 
sensitivity troponin could be sufficient to stratify risk without the need for 
clinical scores.1,5–10 In addition to the variability in risk stratification, studies 
that validated these early assessment strategies were carried out mostly 
with patients with chest pain in Europe, the USA, and Oceania, with the 
population of patients with other suspected symptoms beyond chest 
pain11 and/or Latin American patients being under-represented.1,7–13

Thus, a prospective multicentre study was developed to assess the 
accuracy and efficiency of a strategy to early rule out the diagnosis of 
infarction in a Brazilian population, with and without chest pain, using 
high-sensitivity troponin associated or not with clinical scores. In add
ition, a retrospective analysis was performed using real-world evidence 
of patients assessed by troponin to identify the prognostic value of iso
lated values of this biomarker regardless clinical indication of the test.

Methods
IN-HOspital Program to systematizE Chest Pain Protocol (IN-HOPE) was an 
investigator-initiated study with financial support from Roche Diagnostics and 
coordinated by Americas Institute that included patients in 16 sites in Brazil.

Study objectives
IN-HOPE was designed to evaluate two main questions: (i) the theoretical 
performance of an early exclusion protocol (0- /1-h algorithm) for the 

diagnosis of index myocardial infarction using high-sensitivity cardiac tropo
nin T (hs-cTnT) with or without traditional risk scores (TIMI, GRACE, 
HEART, and EDACS) in a Latin American population admitted due to pre- 
specified criteria (with or without chest pain) and (ii) the prognostic value 
(death and AMI within 30 days) of an isolated measure (single cut-off) of 
high-sensitivity troponin T test for patients in ED or hospitalized, regardless 
of the indication of the test.

Additionally, the performance of risk scores was assessed overall and in 
the observation group (grey zone) of the 0 h/1 h algorithm. Finally, the 
standard approach based on the 0 h/3 h algorithm was also evaluated re
garding resource utilization (e.g. non-invasive and invasive cardiac proce
dures) and diagnostic performance (of index AMI and also AMI/death in 
30 days).

Study population
In the absence of an exclusion criterion, patients with age ≥ 18 years old 
who signed an informed consent form within 1 h of admission and had 
one of the following two criteria were eligible to the trial: (i) acute chest 
pain (last episode of pain with onset < 6 h from enrollment) or (ii) syncope, 
dyspnoea, or epigastric pain without an obvious cause at baseline (last epi
sode of one of these symptoms with onset < 6 h from enrollment) asso
ciated with at least one of the following: age ≥ 65 years, history of arterial 
disease, and history of diabetes mellitus.

Since patients included in the prospective cohort were managed locally 
by the 0 h/3 h protocol (while blood samples were sent to a central lab 
to evaluate the potential performance of a 0 h/1 h protocol), patients 
with more than 6 h would not be considered for a two-measurement 
protocol using high-sensitivity troponin (a single negative measurement 
was the standard for cases with more than 6 h). Thus, these patients 
were not eligible to the IN-HOPE prospective study.

Exclusion criteria included situations that would not be applicable an 
early rule-out algorithm as any medical condition requiring hospitalization 
identified within 1 h of assessment (e.g. thrombolytic therapy, primary 
angioplasty, cardiac arrest, and haemodynamic instability). Dialysis and trau
ma patients as well as subjects with myocardial revascularization or AMI in 
the last month were not included due to relevant confounding factors in the 

Figure 1 Study flowchart. MI, myocardial infarction.
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analysis of troponin. Finally, pregnant and breastfeeding women and pa
tients unable to be followed up for 30 days were also excluded from 
criteria.

Patient inclusion and variables collected in the 
prospective analysis
The study was approved by institutional review board in accordance with 
local regulations and was carried out in accordance with ethical principles 
consistent with the Declaration of Helsinki, Good Clinical Practices of 
International Conference on Harmonisation and in compliance with nation
al resolutions (CNS/MS 466/2012).

In the prospective cohort, after signature of informed consent and study 
enrolment, all the clinical data were collected at the initial consultation as 
baseline data (index visit) and at 30-day follow-up (see Supplementary 
material online, Figure S1). All the data were inserted in an electronic case 
report form (eCRF). At baseline, the patient was assessed by symptoms, 
physical examination, medical history, electrocardiogram, and risk scores 
(TIMI, GRACE, HEART, and EDACS), which were calculated.5,9 The initial 
blood sample (0-h) was analysed both in local laboratory (for medical deci
sion in the ED) and in a central laboratory (for study purposes). After 1 h 
from the initial blood sample collection, a second sample was collected 
and sent exclusively to the central laboratory. Despite the use in the local 
practice of all sites of highly sensitive assay formats of troponin, the inves
tigation of the patient in the ED followed a conservative 0- to 3-h approach 
(see Supplementary material online, Table S1)3–5 since this was the algo
rithm mainly accepted in our local clinical practice in Brazil at the time of 
the study. Decisions regarding hospitalization, discharge, and subsequent in
terventions were made at physician’s discretion (the study protocol did not 
change the routine of the chest pain protocol, which was based on inter
national guidelines for diagnosis and treatment decisions).3–5 Data of pa
tient’s symptoms, medical history, electrocardiogram, and laboratory 
results were collected from admission to discharge. After discharge, all pa
tients were followed with a telephone contact at 30 days (± 7 days) and 
electronic medical records were also assessed by study coordinator and 
medical adjudicators. On-site monitoring and remote monitoring were per
formed to ensure data quality.

Troponin analysis
The central laboratory (Hospital Israelita Albert Einstein) received, from all 
study sites, two blood samples of each patient (0 and 1 h) and analysed the 
levels of high-sensitivity troponin T (Roche Elecsys hs-cTnT) for study pur
poses (this analysis was performed a posteriori and the result was not used 
for medical decision). All the samples analysed by the central laboratory 
were frozen at −20°C and were processed weekly. The laboratory is accre
dited by the College of American Pathologists (CAP). Samples with tech
nical problems in the analysis (e.g. haemolysis) were included in the study 
database with a note regarding the limitation of the analysis.

Retrospective analysis
Data from medical records and administrative databases were analysed, and 
information on readmissions and deaths was obtained from the health 
plan’s administrative databases. The analysis included all patients with avail
able values of high-sensitivity troponin T (Roche Elecsys hs-Tnt) from local 
laboratory during the year of 2021 at the participant sites.

Study outcomes
Performances of an early exclusion algorithm (0 h/1 h) and also of a trad
itional protocol (0-/3- h approach) were evaluated according to the diagno
sis of myocardial infarction by the fourth universal definition of myocardial 
infarction.12 These algorithms were also evaluated in terms of risk of myo
cardial infarction and death at 30 days. The 0 h/1 h protocol4–6 was used in 
the analysis to categorize patients in the following groups according to the 
central laboratory result: rule-out (<12 ng/L with a delta < 3 ng/L), rule-in 
(value ≥ 52 and/or a delta ≥ 5), or observation (others values of high- 
sensitivity troponin T). These categories were used only for study purposes 
but not in medical decision which used the 0- to 3-h approach (see 
Supplementary material online, Table S1)3–5 as the standard. 
Hospitalization and medical procedures (for diagnosis or intervention) 
were collected, but all these decisions were based on medical judgment.

All the patients were evaluated by two independent reviewers to adjudi
cate potential study outcomes if they met one of the following criteria: (i) 
hospitalization (index or re-hospitalization), (ii) ED visit (after discharge 
from index event), (iii) report of a cardiac event, (iv) positive cardiac test 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics

Variables N = 583

Demography and lifestyle

Age (years), mean ± SD 57.3 ± 14.9 (n = 583)

N° people > 65 years, n/N (%) 189/583 (32.4%)

Female, n/N (%) 266/583 (45.6%)

Smoking, n/N (%)

Smoker (current or less than 1 year) 62/583 (10.6%)

Former (more than 1 year) 127/583 (21.8%)

No smoker 394/583 (67.6%)

Exercise at least three times a week 118/583 (20.2%)

Medical history

No comorbidity 109/583 (18.7%)

Hypertension 344/583 (59.0%)

Dyslipidaemia 209/583 (35.8%)

Diabetes mellitus 131/583 (22.5%)

Obesity (BMI > 30) 85/583 (14.6%)

Heart failure 26/583 (4.5%)

Atrial fibrillation 17/583 (2.9%)

Chronic kidney disease (creatinine clearance < 60) 12/583 (2.1%)

History of acute coronary syndrome 89/583 (15.3%)

History of chronic coronary syndrome 35/583 (6.0%)

History of myocardial revascularization 81/583 (13.9%)

History of stroke or transient ischaemic attack 7/583 (1.2%)

History of non-coronary atherosclerotic disease 

(carotid, aortic, and peripheral arterial)

13/583 (2.2%)

Family history (first degree) of coronary heart 

disease < 65 years

155/572 (27.1%)

Medication

No chronic medication 146/583 (25.0%)

Aspirin 162/583 (27.8%)

P2Y12 inhibitors 69/583 (11.8%)

Beta blocker 164/583 (28.1%)

ACE inhibitor 216/583 (37.0%)

Anticoagulant 18/583 (3.1%)

Statin 219/583 (37.6%)

Insulin 27/583 (4.6%)

Physical exam

Systolic blood pressure 141.4 ± 22.7 (n = 583)

Diastolic blood pressure 81.9 ± 14.9 (n = 583)

Heart rate, b.p.m. 78.7 ± 15.9 (n = 583)

Respiratory rate, b.p.m. 17.2 ± 2.0 (n = 582)

Oxygen saturation 98.0 ± 1.6 (n = 583)

Temperature 36.3 ± 3.6 (n = 581)

Signs of heart failure 6/583 (1.0%)

ACE, angiotensin-converting enzyme; BMI, body mass index.
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(invasive or non-invasive), and (v) local troponin result > 99th percentile. 
This committee was blinded to the results of frozen samples and did not 
include patients in the IN-HOPE sites. The reviewers used the following 
definition to confirm the diagnosis of AMI14: increase or decrease in tropo
nin with at least one level above the 99th percentile associated with one 
additional criterion of myocardial ischaemia (symptoms compatible with 
myocardial ischaemia; electrocardiogram with diagnostic changes of ischae
mia or development of new pathological Q waves; and coronary angiog
raphy or non-invasive testing with sign of thrombotic coronary 
obstruction or recent loss of viable myocardium). Autopsy confirmatory 
analysis could also be considered to diagnosis of AMI. Unstable angina 
was considered when the patient had no acute myocardial injury but had 
objective evidence of myocardial ischaemia (positive stress test and coron
ary obstruction > 50% in a main epicardial coronary artery and/or coronary 
revascularization). All the cases with troponin values above the 99th per
centile (upper reference limit) without criteria for AMI were considered 
as non-ischaemic myocardial injury and categorized as acute or chronic if 
the variation between samples was above 20% or not, respectively.

Additional clinical secondary outcomes included rate of myocardial in
farction, cardiac arrest, and death at 30 days.

In the retrospective analysis, patients included in a database of the study 
sites, which provides troponin levels, were assessed for diagnosis of AMI, 
hospitalization, and death, based on hospital and health insurance claims. 
Adjudication was performed only in the cases of deaths reported in the 
group with at least one troponin level < 5 ng/L to confirm the cause of 
death using standardized criteria.

Statistical analysis
Continuous variables were described as mean (and standard deviation) or 
median (and interquartile range), while categorical variables as percentages. 
Categorical variables were compared by Fisher exact test.

Classification assessment methods (accuracy, sensitivity, specificity, and 
positive and negative predicted values) were presented for AMI and the com
posite outcome of AMI or death according to 0 h/1 h algorithm. Subgroup 
analyses were conducted on non-low-risk patients according to GRACE, 
HEART, TIMI, and EDACS scores and on elderly patients (≥65 years).

Predicted performance of the scores was evaluated with receiver oper
ating characteristic curve for AMI or death considering the whole sample 
and restricted to the observation group.

All analyses were considered α = 0.05 as the level to determine statistical 
significance and were performed using R software, version 3.5.2 
(R Foundation for Statistical Computing).

Sample size
The predetermined sensitivity (96.7%) and 16.0% prevalence of AMI pub
lished previously7 were considered for the calculation to acquire 5% preci
sion for a 95% confidence interval (CI). A minimum sample size of 294 
patients was necessary for accuracy, and this calculation was based on 
the sensitivity of the test. A sample above 500 patients would not only pro
vide a better precision of the accuracy of the 0 h/1 h hs-cTnT exclusion al
gorithm in a Brazilian population but would also provide a relevant sample 
for cases of particular interest (e.g. elderly and non-low-risk patients by 
traditional risk scores) since these are overlapping subgroups.

Regarding the retrospective analysis, the sample size was based on con
venience according to the number of consecutive patients that can be ana
lysed in the databases of the study hospitals.

Results
A total of 5.497 patients were included (583 in the prospective and 4.914 
in the retrospective analysis) between July 2020 and December 2021, 

Figure 2 A 0 h/1 h algorithm in the overall population. AMI, acute myocardial infarction; CI, confidence interval; NPV, negative predictive value; PPV, 
positive predictive value.
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but five patients were excluded from the analysis of 0 h/1 h algorithm in 
the prospective cohort (Figure 1).

Baseline characteristics
The prospective cohort had a mean age of 57.3 (± 14.9) with 32.4% of 
elderly (≥65 years), and 45.6% were female patients. Overall, the mean 
HEART score was 4.0 ± 2.2 (Table 1), chest pain was referred in 94.3% 
of the patients, and 25% of the ECGs were considered abnormal (see 
Supplementary material online, Table S2).

Clinical outcomes
Using hs-cTnT for assessment of all patients included in the prospective 
cohort, 19.6% (95% CI 16.5–23.1) had a value above upper limit of nor
mality by the core lab analysis. Based on adjudicated events, AMI was 
identified in 29.8% of the patients with myocardial injury (95% CI 
21.6–39.1%) while non-ischaemic myocardial injury (cases of myocar
dial injury without criteria of AMI) was identified in 70.2% (95% CI 
60.9–78.3%), which were categorized as 16% acute and 84% as chronic 
myocardial injury. Considering the overall population of the prospect
ive cohort, 10.8% (95% CI 8.4–13.7) had a diagnosis of acute coronary 
syndrome, composed by 5.2% of AMI (95% CI 3.6–7.3) and 5.6% of 
cases of unstable angina (95% CI 3.9–7.9). There was only one case 
of death and this event occurred due to complications after coronary 
artery bypass graft surgery  in a patient with an index non-ST elevation 
myocardial infarction (NSTEMI), which would be categorized as ‘obser
vation’ group (grey zone) using the 0 h/1 h algorithm by the core lab 
analysis.

Accuracy of 0-/1-h algorithm
By the core lab analysis, 74.4% would be eligible for a rule-out approach 
while 7.3% would fit the rule-in criteria (Figure 2). The 0 h/1 h algorithm 
presented 52.4% (95% CI 36.6–67.7) of positive predictive value, 100% 
(95% CI 99.1–100) of negative predictive value, 100% (95% CI 81.5– 
100) sensitivity, 95.6% (95% CI 93.1–97.2) specificity, and 95.8% 
(95% CI 93.4–97.3) of accuracy for diagnosis of index AMI (adjudicated) 
and also for the composite outcome of AMI or death at 30 days 
(Figure 2 and Table 2).

Subgroup analysis of 0-/1-h algorithm
Almost one-third of the patients had age ≥ 65 years (Table 1) and more 
than 50% had a HEART score > 3 (see Supplementary material online, 
Figure S2). The 0 h/1 h algorithm showed consistent results for rule-out 
regardless age and clinical scores (Table 2). Comparing the area under 
the curve (AUC) of all four clinical scores assessed, the best was 
HEART score in the overall population (AUC 0.84) but, in the obser
vation group (grey zone), GRACE score had a better performance 
(AUC 0.75) (Figure 3).

Resource utilization and accuracy of 0-/3-h 
algorithm
In the group categorized as rule-out, 81.7% were discharged from the 
ED by the attending physician. Regarding resource utilization, 57.1% of 
the patients classified as rule-in by the 0 h/3 h protocol were admitted 
to intensive care units while 17.9% were in the observation zone and 
9.1% in the rule-out group. In the group categorized as rule-out by 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Diagnostic performance of 0 h/1 h algorithm overall and according to subgroups

Outcomes Rule-in Observe Rule-out PPV NPV Sensitivity Specificity Accuracy

Index AMI (overall)

No 20/42 (47.6%) 99/106 (93.4%) 430/430 (100.0%) 52.4% (36.6–67.7) 100% (99.1–100) 100% (81.5–100) 95.6% (93.1–97.2) 95.8% (93.4–97.3)

Yes 22/42 (52.4%) 7/106 (6.6%) 0/430 (0.0%)

AMI or death (overall)

No 20/42 (47.6%) 99/106 (93.4%) 430/430 (100.0%) 52.4% (36.6–67.7) 100% (99.1–100) 100% (81.5–100) 95.6% (93.1–97.2) 95.8% (93.4–97.3)

Yes 22/42 (52.4%) 7/106 (6.6%) 0/430 (0.0%)

Index AMI (≥65 years)

No 10/22 (45.5%) 67/71 (94.4%) 94/94 (100%) 54.5% (32–75.6) 100% (96.2–100) 100% (73.5–100) 90.4% (83–95.3) 91.4% (84.7–95.8)

Yes 12/22 (54.5%) 4/71 (5.6%) 0/94 (0%)

Index AMI (HEARTa)

No 16/38 (42.1%) 95/102 (93.1%) 177/177 (100%) 57.9% (40.8–73.7) 100% (98.1–100) 100% (84.6–100) 92.4% (88.0–95.6) 93.1% (89.1–96.0)

Yes 22/38 (57.9%) 7/102 (6.9%) 0/177 (0%)

Index AMI (GRACEa)

No 8/17 (47.1%) 46/46 (100%) 49/49 (100%) 52.9% (27.8–77.0) 100% (92.5–100) 100% (66.4–100) 85.5% (73.3–93.5) 87.5% (76.8–94.4)

Yes 9/17 (52.9%) 0/46 (0%) 0/49 (0%)

Index AMI (TIMIa)

No 11/27 (40.7%) 72/75 (96.0%) 112/112 (100%) 59.3% (38.8–77.6) 100% (95.1–100) 100% (79.4–100) 87.1% (78.0–93.4) 89.1% (81.3–94.4)

Yes 16/27 (59.3%) 3/75 (4.0%) 0/112 (0%)

Index AMI (EDACSa)

No 14/28 (50%) 82/88 (93.2%) 134/134 (100%) 50.0% (30.6–69.4) 100% (97.3–100) 100% (76.8–100) 90.6% (84.7–94.8) 91.4% (86.0–95.2)

Yes 14/28 (50%) 6/88 (6.8%) 0/134 (0%)

AMI, acute myocardial infarction. 
aNon-low-risk patients by HEART (score > 3), GRACE (score ≥ 109), TIMI (score > 2), and EDACS (score ≥ 16). In all analysis of non-low-risk subjects, three patients were excluded 
since they did not have troponin available for 0- to 1-h algorithm (these patients were followed by the study team without death or cardiovascular events within 30 days).
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A

B

Figure 3 Performance of clinical risk scores: (A) overall population (composed by rule-out, observe and rule-in) and (B) observation group . AUC, 
negative predictive value; CI, confidence interval.
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the 0 h/3 h protocol, 13.4% underwent a non-invasive test for coronary 
disease or myocardial ischaemia and 8.6% underwent a coronary angi
ography (see Supplementary material online, Table S3). No case of in
dex AMI occurred in the rule-out group (see Supplementary material 
online, Table S4), which represents a negative predictive value of 
100% (95% CI 99.2–100).

Retrospective analysis
In the retrospective analysis, 1.091 patients had a troponin value < 5 ng/L 
and no cardiovascular (CV) deaths were detected (Figure 4). Among all 
4.914 patients, the 30-day risk of AMI or CV death increased according 
to the level of troponin: 0% in the group < 5 ng/L, 0.6% (5–14 ng/L), 2.2% 
(14–42 ng/L), 6.3% (42 −90 ng/L), and 7.7% in the level ≥ 90 ng/L 
(Figure 4). This risk was similar regardless the cause of troponin elevation 
(AMI or non-ischaemic injury) (Figure 4).

Discussion
IN-HOPE study included more than 5500 patients with troponin as
sessment in Brazil, with almost 600 patients in the prospective cohort 
and near to 5000 patients in the retrospective analysis. The primary re
sults for the theoretical performance of 0 h/1 h algorithm in the pro
spective cohort showed high negative predictive value for index AMI 
within 30 days based on the ‘rule-out’ criteria. This result was similar 
to the 0 h/3 h approach and the medical decision for ‘rule-out’, in the
ory, could be anticipated using the 0 h/1 h algorithm. Also, the retro
spective analysis found very favourable prognosis for cardiac events 
among patients with high-sensitivity troponin T < 5 ng/L, regardless 
the clinical indication of the troponin (ED or during hospital stay).

Diagnostic investigation of AMI at the ED has changed significantly in 
the last years with the introduction of high-sensitivity cardiac tropo
nin.1,3–6 This new biomarker led to the identification of more patients 
without diagnosis of AMI but with troponin values above the 99th 

percentile (non-ischaemic injury). At the same time, this more sensitive 
method increased the recognition of AMI with detection of mild 
NSTEMI.1,15 Beyond a lower level of detection of isolated measures, 
early variations of this biomarker allowed a more rapid definition or ex
clusion of AMI diagnosis.1,3–13 The 0 h/1 h algorithm demonstrated util
ity in several studies1,3–13; nevertheless, some questions remained. 
Most trials included patients only based clinical suspicion (mainly chest 
pain) but not using an objective inclusion criterion as used in IN-HOPE 
study.1,7–13 Also, some regions (e.g. Latin American countries) were 
less represented in previous trials.1,7–13 Finally, the performance of 
0 h/1 h algorithm according to clinical risk scores had limited data 
using hs-cTnT.16,17 In the IN-HOPE study, a 0 h/1 h algorithm using 
hs-cTnT showed utility to define rule-in or rule-out in more than 
80% of the patients. Thus, only nearly 20% of the patients would 
need to stay under observation after 1 h to investigate AMI. Despite 
the use of objective inclusion criteria, more than 90% of the prospective 
population were composed of patients with chest pain and the results 
mainly apply to this group. Since the negative predictive value was high 
and not different to what was observed in the 0 h/3 h protocol, an 
earlier assessment with the 0 h/1 h algorithm could be a safe and poten
tially more efficient approach for populations similar to the IN-HOPE 
patients.

Beyond the recommendation of using 0 h/1 h algorithm to improve 
efficiency, an isolated measure of troponin could be enough without 
the need of a second measure 1 h later.8,9,18 This approach showed util
ity for patients with more than 3–4 h of symptoms.3–6 An analysis of a 
more diverse population including all cases of troponin assessment re
gardless medical indication was limited.15 In the retrospective analysis 
performed in the IN-HOPE project with more than 5000 patients, al
most 20% had very low values of hs-cTnT. This group of more than 
a thousand of patients showed absence of CV death at 30 days. As re
ported in previous publications, the risk of events increased according 
to the level of hs-cTnT, regardless of the clinical indication of the 
exam.1,19,20 Thus, an isolated and very low level of troponin is useful 

Figure 4 Prognosis according to troponin level (retrospective analysis). CP, chest pain.
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for prognostic estimation of CV events (including CV death), regardless 
of the reason for ordering this exam.

IN-HOPE trial shows the applicability of 0 h/1 h algorithm in a diverse 
population regardless of age or the risk according to clinical tools. 
While HEART score still recommended,3–6,21,22 especially for patients 
with negative troponin, IN-HOPE trial did not find incremental utility of 
a clinical risk score for ‘rule-out’ patients since 45.3% of these patients 
had a HEART score > 3 and the negative predictive value was above 
99%.23 This observation demonstrates a safe approach using 0 h/1 h al
gorithm even in patients without low risk by the HEART score. Current 
guidelines are not clear about the need of an additional tool of stratifi
cation (e.g. clinical score), and the results of IN-HOPE trial support a 
more simple approach.3–6 Other important aspect about IN-HOPE 
population is that almost 20% of the prospective cohort had a troponin 
value above the 99th percentile (upper reference limit) but only 30% of 
these patients had a confirmed AMI. Among patients with intermediate 
value of hs-cTnT (observation group), GRACE risk score was the best 
model to help in the discrimination of cases with or without AMI. Since 
this group does not have a unique approach3–6 due to diverse causes 
for this mild to moderate elevation of troponin, the use of risk scores 
like GRACE could be useful in addition to other data (e.g. imaging tests) 
to better inform medical decision for these intermediate patients in the 
grey zone of 0 h/1 h algorithm (observation group).

Study limitations
The study was performed only in Brazil and some subgroups (e.g pa
tients without chest pain) had fewer patients than the sample size cal
culated for accuracy analysis. Nevertheless, elderly patients and 
non-low-risk patients by clinical scores had a better representation 
and the results are in accordance with previous data. The prospective 
analysis included 583 patients, which is above the sample size calculated 
but still has wide CIs. Also, all medical decisions (admission, discharge, 
and treatment) were based on local high-sensitivity troponin assays 
and the use of the 0 h/3 h protocol. Finally, the exploratory retrospect
ive analysis was not exclusively for patients with suspicion of AMI and 
did not include adjudication beyond the cause of death among patients 
with very low levels of troponin.

Conclusion
In a multicentre study in Brazil, the 0 h/1 h algorithm was effective for 
classifying as rule-in or rule-out almost 80% of the patients. The rule- 
out protocol had high negative predictive value regardless of age and 
clinical risk scores. Troponin also showed good accuracy in discriminat
ing the risk according to level categories with a very favourable 30-day 
prognosis for major cardiovascular events among patients with values 
<5 ng/L.

Supplementary material
Supplementary material is available at European Heart Journal: Acute 
Cardiovascular Care online.
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