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Abstract

Background: Although non-ischemic troponin elevation is frequently seen in patients admitted to the emergency 
department (ED), consensus regarding its management is lacking. 

Objectives: This study aimed to characterize patients admitted to the ED with non-ischemic troponin elevation and to 
identify potential mortality predictors in this population.

Methods: This retrospective observational study included ED patients with a positive troponin test result between June and 
July of 2015. Patients with a clinical diagnosis of acute coronary syndrome (ACS) were excluded. Data on patient demographics 
and clinical and laboratory variables were extracted from medical records. Follow-up data were obtained for 16 months or 
until death occurred. The statistical significance level was 5%.

Results: Troponin elevation without ACS was found in 153 ED patients. The median (IQR) patient age was 78 (19) years, 
80 (52.3%) were female and 59(38.6%) died during follow-up. The median (IQR) follow-up period was 477(316) days. 
Survivors were significantly younger 76 (24) vs. 84 (13) years; p=0.004) and featured a higher proportion of isolated 
troponin elevation (without creatine kinase or myoglobin elevation) in two consecutive evaluations: 48 (53.9%) vs. 8 
(17.4%), p<0.001. Survivors also presented a lower rate of antiplatelet treatment and same-day hospitalization. In the 
multivariate logistic regression with adjustment for significant variables in the univariate analysis, isolated troponin 
elevation in two consecutive evaluations showed a hazard ratio= 0.43 (95%CI 0.17–0.96, p=0.039); hospitalization, 
previous antiplatelet treatment and age remained independently associated with mortality.

Conclusions: Isolated troponin elevation in two consecutive measurements was a strong predictor of survival in ED 
patients with troponin elevation but without ACS. (Arq Bras Cardiol. 2021; 116(5):928-937)
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cTn is a protein distributed within the cytoplasm and 
sarcomere of a cardiac myocyte, mostly in the sarcoplasmic 
reticulum. Three subunits make up the troponin complex, 
an inhibitory component (troponin I), tropomyosin-binding 
component (troponin T) and calcium-binding component 
(troponin C).4

The T and I subunits (cTnT and cTnI, respectively) are 
specific to cardiac muscle and, thus, can act as suitable markers 
of cardiac injury. cTnT shows a double discharge, first the 
cytoplasmic component and later the binding component.5 
cTnI is cardiac-specific, and was not identified in skeletal 
muscle. This 100% specificity shows cTnI can be an ideal 
myocardial necrosis marker (MNM).6

Before the advent of troponin, the previous MNM used 
were muscle/brain isoenzyme of creatine kinase (CK-MB) and 
myoglobin, which were less sensitive and not specific to myocardial 
infarction.7,8 Due to their lack of sensitivity and specificity, they have 
been progressively excluded from ACS investigations.2,3

Although cTn subunits are strongly specific to cardiac 
myocytes, they can be released under a wide spectrum of non-

Introduction
Clinical myocardial infarction according to the fourth 

universal definition requires the presence of acute myocardial 
injury detected by abnormal cardiac biomarkers associated 
with evidence of acute myocardial ischemia. Cardiac 
troponin(cTn) above the 99th percentile cutoff point with an 
increasing or decreasing pattern is the biomarker of myocardial 
injury,1 because it cannot be released by non-cardiac tissues 
and has an excellent accuracy for the diagnosis of acute 
myocardial infarction.1-3
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cardiac pathological conditions, such sepsis, chronic kidney 
disease, hypertensive emergencies, gastrointestinal bleeding, 
stroke and rhabdomyolysis.6,9 In this setting, the detection 
of troponin may be the result of 5–8% of the cytosolic 
component release in response to myocyte cell turnover, 
cellular release of degradation products, and increased cellular 
wall permeability.10

The widespread use of troponin assays in the emergency 
department (ED) may pose a difficult diagnostic challenge when 
the test is abnormal in patient without an ACS.11According to 
the literature, elevated cTn levels in patients without an ACS 
was associated with a poor prognosis.10,12-16

Objective
This study aimed to identify factors predictive of mortality/

survival in ED patients without ACS and elevated cTnI using 
patient characteristics, clinical past history, comorbidities and 
analytic values (including creatinine, CK-MB, myoglobin and 
cTnI) measured in ED. 

Methods

Study design, setting, and participants
In this retrospective study, we analyzed the laboratory data 

of consecutive patients that came to the ED of a community 
teaching hospital during 1-month period from June to July of 
2015, and selected patients who presented with cTnI elevation.

All clinical information was collected, including medical 
and nursing records of the ED and hospitalizations, analyses, 
and other complementary exams. Follow-up was performed 
through local and national records to observe the rates of 
cardiovascular re-hospitalization and death.

The collected data included demographics, cardiovascular 
risk factors, myocardial biomarker assay and creatinine results, 
main symptom at the ED, final ED diagnosis, hospitalization, 
hospitalization mortality, mortality rate at 30 days and 16 
months, and cardiovascular re-hospitalization rate. 

In this study, the criteria for the diagnosis of acute 
myocardial infarction were an increase or decrease in Troponin 
I with at least one abnormal value higher than the upper 
reference limit of the assay and at least one of the following: 
1) symptoms of ischemia; 2) new ST-segment/ T-wave 
changes or new left bundle-branch block; 3) development of 
pathological Q waves on electrocardiography; 4) new loss of 
viable myocardium or regional wall motion abnormalities on 
imaging test; or 5) identification of an intracoronary thrombus 
on imaging test.1

Emergency and hospitalization registries of all patients 
with elevated cTnI, were revised by the investigators, and 
patients were divided into two groups: those diagnosed with 
an ACS, (Type 1 myocardial infarction(MI) or type 2 with 
ischemic signs and symptoms (with vasospasm, embolism and 
non-atherosclerotic coronary dissection) (group A) and those 
without an ACS with a positive troponin assay due to oxygen 
supply/demand imbalance or myocardial injury with no signs 
or symptoms of acute myocardial ischemia(group B). Patients 

with type 4 or 5 MI were not  included in this study, as by 
definition these are not the regular ED patients, and type 3 
MI patients have no cTnI measure.1

Non-ACS patients were identified by predefined criteria 
that included the following: 1) myocarditis/cardiomyopathy: 
discharge diagnosis or findings suggestive of myocarditis on 
imaging test or pathology, infiltrative cardiomyopathies such 
as amyloidosis or sarcoidosis, an ejection fraction ≤30% prior 
to admission, or prior cardiac transplantation; 2) infections: 
conditions with systemic impact such as cellulitis, pneumonia, 
sepsis, and pyelonephritis; 3) acute dysrhythmias unrelated 
to ACS; 4) chronic or acute kidney disease: stage-5 chronic 
kidney disease, chronic dialysis, renal transplant recipient, 
or moderate to severe acute kidney disease; 5) central 
nervous system pathology: stroke, seizure, or subarachnoid 
hemorrhage; 6) acute abdominal or gastrointestinal bleeding; 
7) pulmonary embolism; 8) unexplained syncope; 9) asthma 
or chronic obstructive pulmonary disease exacerbation; and 
10) others: elevated troponin level of unknown etiology, which 
does not meet any of the abovementioned criteria.

The primary endpoint for this study was mortality during 
hospitalization, at 30 days and 16 months, while the secondary 
endpoint was rehospitalization for cardiovascular disease 
during follow-up.

Follow-up was completed at 16 months or at death. Follow-
up was performed through electronic medical records and the 
online national death registry. The institutional review board 
approved the study protocol. The requirement for informed 
consent was waived, because the patients did not receive any 
type of different care because of the study. 

Myocardial necrosis marker assays
The troponin I level was determined using the same 

standard cTnI immunoassay (Troponin I Siemens Dimension 
EXL)17-19 in all patients. The test was performed in the central 
hospital laboratory. The lower and upper detection limits 
established by the manufacturer were 0.017 ng/mL and 
4000ng/mL, respectively. Measurements below the detection 
limit were assigned a value of 0. Troponin I test results were 
considered positive if the level was higher than the reference 
limit (>0.059 ng/mL) used in the ED laboratory. The CK-
MB and myoglobin assay results were considered normal at 
<3.6ng/mL and at 9–82 ng/mL, respectively. 

Repeated MNM measurements were performed at least 3 
hours after the first evaluation.

Using the first and second evaluation of cardiac troponin, 
the variation was calculated as follows: variation of troponin 
% = ((second troponin × 100)/first troponin) × 100%.

Statistical methods
All continuous data were tested for normality with the 

Shapiro-Wilks test; all showed non-normal distribution 
and are presented as median and interquartile range. The 
Mann-Whitney test was applied to compare continuous 
variables. Categorical variables were represented by their 
frequency and compared using Fisher’s exact test or the 
chi-square-test.
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Survival was analyzed using uni- and multivariate Cox 
proportional hazard models. The results were expressed as 
hazard ratio (HR) with 95% confidence intervals (95%CI). For 
the independent survival predictor variables, a survival plot 
was obtained using the Kaplan-Meier method and the log-rank 
test. The statistical significance level was set at p-value<0.05. 
All statistical analyses were performed using SPSS 23.0 for Mac 
(SPSS, Inc; Chicago, IL, USA).

Results

Baseline characteristics and diagnoses of the study 
population

During the one-month study period, 10,564 patients were 
admitted to our institution’s ED. Patients who underwent MNM 
evaluations including troponin I, CK-MB, and myoglobin and 
their distribution according to troponin status and final diagnosis 
are described in Figure 1. Patients were assigned to two groups: 
Group A (n=42 [21.5%]) with ACS (all of them with acute 
occlusion/subocclusion of coronary arteries: 4 of them with type 
2 MI (2 coronary dissection and 2 embolic coronary thrombosis); 
of 38 with type 1 MI, 14 with acute MI with ST-elevation (STEMI)); 
while in Group B (n=153 [78.5%]) with Non-ACS, 58 had 
oxygen supply/demand imbalance, 53 had acute myocardial 
injury without sign or symptoms of ischemia and 42 had stable 
elevation of cTnI (cTnI variation on two consecutive analysis ≤ 
20%). Among the Non-ACS patients, the first measure of MNM 
was performed after a median of 6 (IQR 4) hours since symptom 
onset, and 90 patients had the MNM measure repeated after a 
median of 5 (IQR 3) hours since the first evaluation.

On the first MNM evaluation of group B, 81 had CKMB 
and/or myoglobin elevation (16 showed CKMB and 40 showed 
myoglobin elevation, whereas 25 showed elevation of both). 
On the second evaluation, 18 showed elevation of both and 6 
showed isolated elevation of CKMB and 31 of myoglobin. At 

both evaluations, 88 patients showed at least one elevation of 
CKMB and/or myoglobin.

Patients with a positive troponin test result had a wide 
spectrum of clinical symptoms at presentation (Figure 2).  
As expected, patients who ultimately received a diagnosis of ACS 
(Group A) had a higher proportion of chest pain as the main 
complaint at hospital presentation.

As shown on Table 1, patients in Groups A and B had a similar 
median age but had significantly different gender proportions. 
Concerning cardiovascular risk factors and comorbidity 
conditions, no significant differences were found in the prevalence 
of diabetes mellitus and hypertension, but hyperlipidemia and 
previous coronary artery disease were more common in the ACS 
patients and previous heart failure and anticoagulant treatment 
were more prevalent in Non-ACS patients. 

The main diagnoses in Group B patients were myocarditis/
cardiomyopathy (40[26%]), followed by infection (cellulitis, 
pneumonia, and pyelonephritis, 24[15.5%]), acute dysrhythmias 
(25 [16.6%]), chronic or acute kidney disease (17 [11%]), cerebral 
disease (13 [8.4%]), acute abdominal or gastrointestinal bleeding 
(11 [7.1%]), pulmonary embolism (6 [3.9%]), unexplained 
syncope (4[2.6%]), asthma or chronic obstructive pulmonary 
disease exacerbation (4 [2.6%]), and others (9 [6.5%]).

Outcome data
The median (IQR) follow-up was 477 days (316). No significant 

intergroup differences were found regarding in-hospital mortality 
(6 [14.3%] vs. 21 [13.7%], p=0.077), 30-day mortality (6 [14.3%] 
vs. 27 [17.6%], p=0.4) and cardiovascular rehospitalization at 
follow-up (11 [29.7%] vs 32 [24.2%], p=0.316). Remarkably, 
the long-term mortality rate was significantly higher in group 
B patients (9 [21.4%] vs. 59 [38.6%], p=0.039), although the 
survival curves of the two groups were not significantly different 
(log rank, 3.45; p=0.063). The main causes of death in group 
B were cardiovascular in 12 individuals (none of them with a 

10564 seen on
Emergency Departament

198 (20.6%) Patients with positive 
Troponin

756 (79.4%) Patients with negative 
Troponin

Group A
42 (21.5%)
with ACS

Group B
153 (78.5%)
without ACS

3 were excluded

954 (9%)
MNM

evaluation

9610 (91%)
No MNM
evaluation

Figure 1 – Schematic illustration of patients included. MNM, myocardial necrosis markers; ACS, acute coronary syndrome
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diagnosis of acute myocardial infarction), non-cardiovascular in 
27, 13 unknown causes and 4 due to mixed of cardiovascular 
and other comorbidity.

Main results
Predictors of mortality in Group B patients are described 

in Table 2. We found that older age (p<0.001), previous 
heart failure (p=0.049), previous antiplatelet medication 
(p=0.005) and hospitalization after index ED evaluation 
(p<0.001) were mortality predictors. Death at follow-up was 
not related to cTnI, CK-MB, or myoglobin levels (first, second, 
or both evaluations). However, isolated troponin elevation 
(i.e., without concomitant CK-MB or myoglobin elevation) 
was a powerful predictor of survival; in fact, isolated troponin 
elevation at the first measurement was present in 58.7% of 
survivors vs. 40% of non-survivors (p=0.021); patients with 
two isolated troponin elevation measurements were more 
likely to survive (48 [53.9%] of survivors vs. 8[17.4%] of non-
survivors [p<0.001]). 

Cox regression analysis is shown on Table 3. The univariate 
analysis showed that in inpatients with isolated troponin 
in two consecutive MNM measurements, the probability 
of long-term survival at follow-up increased by four-fold 
(p<0.001). Cox multivariate analysis corrected for age and 
gender demonstrated that isolated troponin elevation in 
two consecutive measurements remained an independent 
predictor of survival (HR, 0.433; 95%CI, 0.196–0.958; 
p=0.039). Figure 3 shows the survival curves of Group B 

patients according to the presence of isolated troponin 
elevation in two consecutive measurements (log rank, 18.09; 
p<0.001). 

Discussion

Interpretation
In our study, 78% of patients with troponin elevations received 

a non-ACS diagnosis, which is in agreement with previous 
studies.20,21 In some series, myocardial ischemia was not identified 
in approximately 65% of ED patients with troponin elevation. The 
spectrum of clinical diagnosis was extremely heterogeneous in our 
study, encompassing high-risk conditions. Mid-term prognosis was 
clearly worse for patients with elevated troponin and non-ACS 
than for patients with normal troponin levels. It was also probably 
worse than for patients diagnosed with ACS, with these findings 
having been reported in previous studies.16,22,23

In this study, 33.5% of the patients with elevated troponin 
levels and a non-ACS diagnosis were discharged from the ED 
without hospitalization. This percentage seems very high, but 
higher rates have been described by other authors.21,24,25 In the 
non-ACS group, the 16-month mortality rate was 38.6%, but 
81.4% of these deaths occurred during hospitalization or during 
the first 30 days, which reinforces the role of MNM as a mortality 
predictor in this group. Considering the high hospital discharge 
rate after an ED stay and the high risk of mortality conferred by 
troponin elevation, it is not surprising that elderly patients with 

Figure 2 – Schematic illustration of clinical symptoms at presentation of all patients and different groups A: with ACS and group B: Non ACS.
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troponin elevation who receive a diagnosis other than ACS and 
are not admitted to the hospital are at an unacceptable high 
risk of death.

We believe that the high mortality rate during hospitalization 
and follow-up is closely related to older age and greater 
comorbidities (past heart failure or antiplatelet medication), as 
reported by others.21

The only biomarker recommended to diagnose ACS 
at this time is cardiac troponin, due to its higher sensitivity 
and accuracy.2,3 In fact, up to 80% of patients with ischemic 
myocardial infarction will have an elevated troponin level within 
2–3 hours after ED arrival.7

Our study is remarkable for finding that isolated cTnI elevation 
in two consecutive analyses of MNMs is a survival predictor 
for patients with cTnI elevation and non-ACS, compared to 
the elevation in at least two MNMs (cTnI and CK-MB and/or 
myoglobin). Some particularities of the different properties of 
MNM molecules could explain this fact. Myoglobin has an early 

release and quick clearance (released starting 1h after the injury 
and return to baseline at 24–36h), while CK-MB shows  slower 
release and clearance (release starting 4–9h after the injury and 
clearance after 48–72h),26 and troponin shows a release similar 
to that of CK-MB (4–9h) but delayed clearance (7–10 days).27 
We hypothesize that the persistent elevation of CK-MB and/
or myoglobin along with troponin in two consecutive MNM 
analyses implies a recent or permanent myocardial injury, even 
in non-ACS patients. 

Probably, there was a difference in the release mechanism 
of different MNM molecules according to the injury type and 
severity. Some studies in animals and human cells suggested that 
the discharge of myocardial proteins just like cTn may not imply 
myocardial necrosis.28

Regarding the T and I subunits, cTnI has a molecular weight 
of 37 kDa and cTnT has a molecular weight of 21 kDa; both 
presenting mainly in the sarcomeres and 4–6% in the cytoplasm. 
After the myocardial injury, cytosolic troponin is released first; as 

Table 1 – Baseline characteristics of all patients with troponin elevation at the ED

Overall
N = 195

Group A
n = 42 (22%)

Group B
n = 153 (78%) p Value

Age (years), median(IQR) 77(21) years 71(19) years 78(19) years 0.06

Male n (%) 105 (53.8%) 32 (76.2%) 73 (47.7%) 0.001

Diabetes mellitus, n (%) 69 (35.5%) 16 (37.2%) 54 (35%) 0.89

Hypertension, n (%) 155 (79.3%) 35 (84.4%) 119 (78.1%) 0.57

Hyperlipidemia, n (%) 87 (44.4%) 25 (60%) 61 (40.1%) 0.03

Previous CAD, n (%) 37 (19%) 13 (31%) 24 (16%) 0.02

Previous HF, n (%) 43 (21.9%) 9 (21.9%) 71 (46.7%) 0.02

Previous AIS, n (%) 31 (14.8%) 3 (6.3%) 26 (16.8%) 0.26

GFR (ml/[min⋅1.73 m2]), median(IQR) 54 (46) 68 (47) 49(47) 0.10

Previous Medications

Anticoagulants 62 (33.7%) 4 (10%) 47 (31%) 0.007

Antiplatelets 50 (26.7%) 15(37%) 48 (32%) 0.13

Beta-blockers 69 (36.9%) 16 (40%) 53 (36.1%) 0.65

ACE inhibitors/AARA 108 (57.8%) 23 (57.5%) 87 (57.8%) 0.97

MRA 15 (17.6%) 2 (12.5%) 13 (18.8%) 0.55

Statins 83 (44.4%) 24 (60%) 60 (40.1%) 0.02

Standardized troponin at the first evaluation*, n (%) <0.001

1–2.99 95 (48.9%) 10 (23.1%) 85 (55.8%)

3–4.99 36 (18.3%) 5 (12.8%) 31 (19.7%)

5–9.99 19 (9.7%) 4 (10.3%) 15 (9.7%)

10+ 45 (23.1%) 23 (53.8%) 22 (15%)

Elevated CK-MB, n(%) 54 (53%) 22 (53%) 32 (21%) <0,001

Elevated  myoglobin, n(%) 88 (48%) 23 (56%) 66 (45%) 0,24

Elevated CK-MB + Myoglobin, n(%) 43 (22%) 16 (40%) 25 (16%) 0,003

% troponin elevation between 2 measurements, median (IQR) 7 (73) 183 (666) 2,65(42) <0.001

Group A- patients with acute coronary syndrome (ACS); Group B- patients without ACS. CAD: coronary artery disease; HF: heart failure; AIS: acute 
ischemic stroke; GFR: glomerular filtration rate according to the MDRD equation; ACE inhibitor: angiotensin-converting enzyme inhibitor; MRA: 
mineralocorticoid receptor antagonist.
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Table 2 – Association between Clinical Variables and Long-Term Survival of Patients with Troponin  Elevation and Non-Acute 
Coronary Syndrome (Group B)

Survivors 
(n = 94) Non-survivors (n = 59) p-value  

Age, median (IQR) 76(24) years 84 (13) <0.001

Male, n(%) 44 (46.8%) 29 (49.2%) 0.77

CV Risk Factors, n(%)

Diabetes mellitus 28 (30.8%) 22 (38.6%) 0.33

Hypertension 68 (73.9%) 44 (78.6%) 0.52

Previous CAD 14 (15.2%) 9 (16.4%) 0.85

Previous HF 33 (39.3%) 31 (56.4%) 0.049

GFR, mL/(min⋅1.73 m2), median(IQR) 56 (48) 45 (34) 0,05

Heart rate, bpm, median(IQR) 75 (33) 84 (36) 0.10

Previous Medication, n (%)

Antiplatelets 22 (23.9%) 25 (35.5%) 0.02

Anticoagulants 34 (37%) 12 (21.8%) 0.06

Beta-blockers 35 (38%) 18 (32.7%) 0.52

ACE inhibitors 57 (62%) 28 (50.9%) 0.19

MRA 9 (20.5%) 4 (16%) 0.65

Statins 36 (39.1%) 23 (41.8%) 0.75

ECG, n (%)
No significant alterations 51 (64.6%) 16 (50%)

0.38

ST elevation  1 (1.3%) 0 (0%)

ST-depression or negative T-wave 16 (20.3%) 6 (18.8%)

Atrial fibrillation 28 (35.0%) 18 (46.2%)

LBBB 4 (5.1%) 4 (12.5%)

Pace rhythm 4 (5.1%) 3 (9.4%)

Myocardial Necrosis Markers, median (IQR) 

Troponin (ng/mL) at the first evaluation 0,13 (0,23) 0,10 (0,18) 0.61

CK-MB (ng/mL) at the first evaluation 1,6 (1,8) 1,9 (2,05) 0.50

Myoglobin (ng/mL) at the first evaluation 70 (120) 99 (175) 0.06

Isolated troponin elevation at the first evaluation, n (%) 54 (58.7%) 22 (40%) 0.028

Troponin (ng/mL) at the second evaluation, median (IQR) 0,12(0,16) 0,14(0,32) 0,28

% troponin I variation on two sequential measurements, 
median (IQR)

0 (32) 27 (35) 0.002

Isolated troponin elevation at two sequential 
measurements, n(%)

48 (53.9%) 8 (17.4%) <0.001

Hospitalization at index event, n(%) 52 (55.3%) 51 (86.4%) <0.001

Coronary revascularization 0.88

No specific therapy, n(%) 88 (93.6%) 54 (91.5%)

OMT, n(%) 5 (5.3%) 4 (6.8%)

PCI + OMT, n(%) 1 (1.1%) 1 (1.1%)

IQR: interquartile range; CAD: coronary artery disease; HF: heart failure; AIS: acute ischemic stroke; GFR: glomerular filtration rate according to MDRD 
equation; ACE inhibitor: angiotensin-converting enzyme inhibitor; MRA: mineralocorticoid receptor antagonist; ECG: electrocardiogram; CK: creatine 
kinase; CK-MB: creatine kinase-MB; OMT: optimized medical therapy; PCI: percutaneous coronary intervention.
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Figure 3 – Survival Kaplan Meier curve at 16-month follow-up of Non-ACS patients according to the results of two consecutive MNM evaluations.

1.0

0.8

0.6

0.4

0.2

0.0

0                 100                200               300               400                500               600

Table 3 – Univariate and multivariate (corrected for age and gender) Cox regression analysis of clinical variables and long-term survival 
of patients with troponin elevation and non-acute coronary syndrome 

Univariate Cox regression Multivariate Cox Regression

HR (95% CI) p Value HR (95% CI) p Value

Age, y 1.040 (1.017–1.063) 0.001 1,030 (1,002–1,058) 0.038

Gender 0.899 (0.540–1.499) 0.684 0,807 (0,436–1,493) 0.494

CV risk factors

Diabetes mellitus 1.336 (0.783–2.277) 0.288

Hypertension 1.245 (0.658–2.358) 0.501

Previous CAD 1.067 (0.521–2.182) 0.860

Previous HF 1.649 (0.967–2.812) 0.066

GFR, mL/(min⋅1.73 m2) 0.992 (0.984–1.001) 0.082

Heart rate, bpm 1.006 (0.997–1.014) 0.193

Previous Medication

Antiplatelets 1.867 (1.230–2.835) 0.006 1,823 (1,105–3,006) 0.019

Beta-blockers 0.806 (0.459–1.416) 0.449

ACE inhibitors 0.689 (0.406–1.170) 0.170

MRA 0.764 (0.262–2.226) 0.611

Statins 1.017 (0.595–1.739) 0.950

ECG pattern 1.162 (0.999–1.351) 0.067

Laboratory

Isolated troponin elevation at the first 
evaluation

0.533 (0.311–0.916) 0.021 1.097 (0.378–3.180) 0.865

Isolated troponin elevation at the second 
evaluation

0.528 (0.218–1.279) 0.142

% troponin elevation at two sequential 
evaluations

1.000 (0.999–1.001) 0.750

Isolated troponin elevation at two 
sequential evaluations

0. 239 (0.111–0.512) <0.001 0.433 (0.196–0.958) 0.039

Hospitalization at index event 3.782 (1.794–7.973) <0.001 4.708 (1.652–13.423) 0.004

95% CI: 95% confidence interval; CAD: coronary artery disease; HF: Heart failure; GFR: glomerular filtration rate according to MDRD equation;  
CK: creatine kinase; CK-MB: creatine kinase-MB; ACE inhibitor: angiotensin converting enzyme inhibitor; MRA: mineralocorticoid receptor antagonist; 
ECG: electrocardiogram.

934



Original Article

Domingues et al.
Prognostic value of troponin elevation in Non-ACS

Arq Bras Cardiol. 2021; 116(5):928-937

further damage occurs, the troponin present in the sarcomere 
is released into the circulation;8 previous studies advocated that 
reversibly injured cardiomyocytes could release troponin.29-31

CK-MB is also released when there is tissue necrosis, because 
of its high molecular weight (86kDa). Myoglobin has a rapid 
release, probably because of its low molecular weight (17kDa) 
and cytoplasmic location, and it could be released under 
myocardial stress without necrosis,8 just like troponin.

This molecular property of different MNMs could explain the 
incapacity of a single troponin I measurement to predict mortality 
in the present study and another one.32 This finding highlights 
the valuable role of CK-MB and myoglobin that cannot be 
accomplished by an isolated troponin measurement. However, 
current guidelines recommend that cardiac troponin be the only 
biomarker used for the diagnosis of ACS, owing to its superior 
sensitivity and accuracy.2,3 Nevertheless, failing to perform CK-MB 
and myoglobin measurements may come at a cost, especially 
for those patients who receive a non-ACS diagnosis. We believe 
that the exclusion of CK-MB and myoglobin from routine 
MNM evaluations in many institutions and guidelines should 
be reconsidered because of its superior adjunctive prognostic 
value, mainly in non-ACS patients, and the increased number of 
patients with troponin elevation that will be observed with highly 
sensitive troponin levels.

Limitations
Our institution follows a non-restrictive protocol for MNM 

measurement orders at the ED. Therefore, our rate of Non-ACS 
probably were increased, when compared with more strict 
protocols.

Our study analyzed patient mortality without considering 
that patients were managed differently according to the initial 
diagnosis. This may seem to be an important limitation, but 
it should be clarified that each clinical process usually has its 
own specific management, which influences patient prognosis. 
Therefore, the prognosis of the groups is somehow inherent to 
the provided management. For instance, patients with ACS are 
usually admitted for treatment with antiplatelet, anticoagulant 
agents, statins, revascularization, and other therapies, and this 
approach has a specific prognosis. 

Data were retrospectively collected and it is possible that some 
medical records were incomplete and the clinical history could 
have been undervalued.

The troponin assay previously used in our hospital was a 
contemporary assay called ‘sensitive troponin’ and it was not 
highly sensitive, unlike the currently used troponin assay, which 

is expected to detect positive troponin values in more patients, 
as described for this troponin assay.18,19 

Conclusion
High percentage of patients with an elevated troponin level 

measured in the ED were not diagnosed with ACS. These patients 
had a high-risk clinical profile, broad heterogeneity regarding 
the main diagnosis, and an adverse prognosis at 16 months. An 
isolated troponin I elevation in two consecutive determinations 
of MNM was a strong predictor of survival in non-ACS patients 
with troponin elevation.

Acknowledgements 
We would like to thank all physicians and nurses involved in 

patient treatment and their records. We also thank the laboratory 
department for providing the list of patients with troponin 
elevation, the initial patient database.

Author contributions
Conception and design of the research: Domingues C, Ferreira 

MJV, Ferreira JM; Acquisition of data: Domingues C, Marinho 
AV, Alves PM, Ferreira C; Analysis and interpretation of the data: 
Domingues C, Ferreira MJV, Marinho AV, Alves PM, Fonseca I, 
Gonçalves L; Statistical analysis: Domingues C, Ferreira MJV, 
Ferreira JM, Ferreira C; Writing of the manuscript: Domingues 
C, Ferreira MJV; Critical revision of the manuscript for intellectual 
content: Ferreira MJV, Ferreira JM, Marinho AV, Alves PM, Ferreira 
C, Fonseca I, Gonçalves L.

Potential Conflict of Interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of Funding 
There were no external funding sources for this study. 

Study Association 
This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate
This article does not contain any studies with human 

participants or animals performed by any of the authors.

1. 	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. 
Fourth universal definition of myocardial infarction (2018). Circulation. 
2018;138(20):e618-51.

2. 	 Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG, Holmes DR, 
et al. 2014 AHA/ACC guideline for the management of patients with non–st-
elevation acute coronary syndromes: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. 
Circulation. 2014;130(25):2354-94.

3. 	 Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 
2015 ESC guidelines for the management of acute coronary syndromes in 
patients presenting without persistent st-segment elevation: task force for the 
management of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation of the European Society of Cardiology (ESC). 
Eur Heart J. 2016;37(3):267-315.

4. 	 Lewandrowski K, Chen A, Januzzi J. Cardiac markers for myocardial 
infarction. A brief review. Am J Clin Pathol. 2002;118(Suppl):93-9.

References

935



Original Article

Domingues et al.
Prognostic value of troponin elevation in Non-ACS

Arq Bras Cardiol. 2021; 116(5):928-937

5. 	 Katus HA, Remppis A, Scheffold T, Diederich KW, Kuebler W. Intracellular 
compartmentation of cardiac troponin T and its release kinetics in patients 
with reperfused and nonreperfused myocardial infarction. Am J Cardiol. 
1991;67(16):1360-7.

6. 	 Higgins JP, Higgins JA. Elevation of cardiac troponin I indicates more than 
myocardial ischemia. Clin Invest Med. 2003;26(3):133-47.

7. 	 White HD. Pathobiology of troponin elevations: do elevations occur 
with myocardial ischemia as well as necrosis? J Am Coll Cardiol. 
2011;57(24):2406-8.

8. 	 Santaló M, Martin A, Velilla J, Povar J, Temboury F, Balaguer J, et al. Using 
high-sensitivity troponin T: the importance of the proper gold standard. Am 
J Med. 2013;126(8):709-17.

9. 	 Kehl DW, Iqbal N, Fard A, Kipper BA, Landa AP, Maisel AS. Biomarkers in 
acute myocardial injury. Transl Res. 2012;159(4):252-64.

10. 	 Sheyin O, Davies O, Duan W, Perez X. The prognostic significance of troponin 
elevation in patients with sepsis: a meta-analysis. Heart Lung. 2015;44(1):75-81.

11. 	 Michos ED, Wilson LM, Yeh HC, Berger Z, Suarez-Cuervo C, Stacy SR, et al. 
Prognostic value of cardiac troponin in patients with chronic kidney disease 
without suspected acute coronary syndrome: a systematic review and meta-
analysis. Ann Intern Med. 2014;161(7):491-501.

12. 	 Sarkisian L, Saaby L, Poulsen TS, Gerke O, Jangaard N, Hosbond S, et 
al. Clinical characteristics and outcomes of patients with myocardial 
infarction, myocardial injury, and nonelevated troponins. Am J Med. 
2016;129(4):446e.5-e21.

13. 	 Shah KS, Maisel AS, Fonarow GC. Troponin in heart failure. Heart Fail Clin. 
2018;14(1):57-64.

14. 	 Wu C, Singh A, Collins B, Fatima A, Qamar A, Gupta A, et al. Causes of 
troponin elevation and associated mortality in young patients. Am J Med. 
2018;131(3):284-92.

15. 	 Wong P, Murray S, Ramsewak A, Robinson A, Heyningen C, Rodrigues 
E. Raised cardiac troponin T levels in patients without acute coronary 
syndrome. Postgrad Med J. 2007;83(977):200-5.

16. 	 Bardají A, Cediel G, Carrasquer A, Castro R, Sánchez R, Boqué C. Troponin 
elevation in patients without acute coronary syndrome. Rev Esp Cardiol. 
2015;68(6):469-76.

17. 	 Calderón JLM, Pérez JMV, Bustos F, Gómez JCS. Performance characteristics 
of loci method for measuring cardiac troponin I on the dimension EXL. Pract 
Lab Med. 2015 Apr 8;1:42-7.

18. 	 Javed U, Aftab W, Ambrose JA, Wessel RJ, Mouanoutoua M, Huang G, et 
al. Frequency of elevated troponin i and diagnosis of acute myocardial 

infarction. Am J Cardiol. 2009;104(1):9-13.

19. 	 Brunner NW, Scheuermeyer FX, Grafstein E, Ramanathan K. Outcomes 
of non-acute coronary syndrome patients discharged from the emergency 
department with troponin positivity. Can J Emerg Med. 2014;16(1):41-52.

20. 	 Schreiber D, Miller SM. Cardiac markers: definition and efficacy. Medscape 
[Internet]; 2018. [acesso 29 jan 2021]. Disponível em: https://emedicine.
medscape.com/article/811905-over.

21. 	 Vaidya HC. Myoglobin: an early biochemical marker for the diagnosis of acute 
myocardial infarction. J Clin Immunoass. 1994;17:35-9.

22. 	 Tucker JF, Collins RA, Anderson AJ, Hauser J, Kalas J AF. Early diagnostic 
efficiency of cardiac troponin I and troponin T for acute myocardial infarction. 
Acad Emerg Med. 1997;4(1):13-21.

23. 	 Mair J, Lindahl B, Hammarsten O, Müller C, Giannitsis E, Huber K, et al. How 
is cardiac troponin released from injured myocardium? Eur Heart J Acute 
Cardiovasc Care. 2018;7(6):553-60.

24. 	 Vaidya HC, Vaananen HK. Myoglobin and carbonic anhydrase III. In: Cardiac 
markers. Totowa: Humana Press; 2011. p. 103-12. (Pathology and Laboratory 
Medicine book series).

25. 	 Wahed A, Dasgupta A. Clinical chemistry, immunology and laboratory quality 
control. Amsterdam: Elsevier; 2014. Chapter 8, Cardiac markers; p. 127-41.

26. 	 Mair J. Tissue release of cardiac markers: from physiology to clinical 
applications. Clin Chem Lab Med. 1999;37(11-12):1077-84.

27. 	 Piper HM, Schwartz P, Spahr R, Hütter JF, Spieckermann PG. Early enzyme 
release from myocardial cells is not due to irreversible cell damage. J Mol 
Cell Cardiol. 1984;16(4):385-8.

28. 	 Demonbreun AR, McNally EM. Plasma membrane repair in health and 
disease. Curr Top Membr. 2016;77:67-96.

29. 	 Kavasoglu M, Eken C, Eray O, Serinken M, Gulen B. Value of high-sensitive 
cardiac troponin in predicting mortality in the emergency department. Clin 
Lab. 2016;62(8):1483-9.

30. 	 Jaffery Z, Nowak R, Khoury N, Tokarski G, Lanfear DE, Jacobsen G, et al. 
Myoglobin and troponin I elevation predict 5-year mortality in patients 
with undifferentiated chest pain in the emergency department. Am Heart 
J. 2008;156(5):939-45.

31. 	 Croce A, Brunati P, Colzani C, Terramocci R, Favero S, Bordoni G, et al. 
A rational adoption of the high sensitive assay for cardiac troponin I in 
diagnostic routine. Dis Markers. 2017;2017:4523096.

32. 	 Reichlin T, Twerenbold R, Reiter M, Steuer S, Bassetti S, Balmelli C, et al. 
Introduction of high-sensitivity troponin assays: impact on myocardial 
infarction incidence and prognosis. Am J Med. 2012;125(12):1205-13.

936



Original Article

Domingues et al.
Prognostic value of troponin elevation in Non-ACS

Arq Bras Cardiol. 2021; 116(5):928-937

This is an open-access article distributed under the terms of the Creative Commons Attribution License

937


