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Myocardial injury defined as elevated high-
sensitivity cardiac troponin T is associated
with higher mortality in patients seeking
care at emergency departments with acute
dyspnea

TWessman'?, A Zorlak', Per Wandell*’, O Melander'?, AC Carlsson®* and T Ruge'#3#

Abstract

Background Elevated levels of cardiac troponin T has been observed in patients seeking care at the emergency
department (ED) presenting with chest pain but without myocardial infarction (Ml). The clinical importance of this
observation remains, however, still unclear. Our main aim was to study the role of cardiac troponin T in patients
admitted to the emergency department with acute dyspnea, a group of patients with a high cardiovascular
comorbidity, but no primary acute M.

Population and methods Patients from the age of 18 seeking care at the ED for dyspnea, without an acute cardiac
syndrome, and with a recorded assessment of high-sensitivity cardiac troponin T (hs-cTnT), were included (n=1001).
Patients were categorized into 3 groups by hs-cTnT level, i.e. <15, 15-100 and > 100 pg/l. Cox regression with Hazard
Ratios (HRs) and 95% Confidence Intervals (Cl) for 3-months mortality was performed, with adjustment for sex, age,
respiratory frequency, saturation, CHF, renal disease, and BMI.

Results Fully adjusted HRs (95% Cl) for 3-month mortality, with hs-cTnT < 15 ug/I as reference level, showed for
hs-cTnT 15-100 a HR of 3.682 (1.729-7.844), and for hs-cTnT > 100 a HR of 10.523 (4.465-24.803).

Conclusion Elevated hs-cTnT seems to be a relevant marker of poor prognosis in patients with acute dyspnea
without Ml and warrants further validation and clinical testing.

Keywords Congestive heart failure, Emergency department, High-sensitivity cardiac troponin T, Myocardial injury

*Correspondence:

Per Wandell

perwandell@ki.se

'Department of Emergency and Internal Medicine, Sk&ne University
Hospital, Malmo, Sweden

Department of Clinical Sciences Malmo, Department of Internal
Medicine, Lund University, Skane University Hospital, Malmo, Sweden
*Department of Neurobiology, Care Sciences and Society, Karolinska
Institutet, Huddinge, Sweden

“Academic Primary Care Center, Region Stockholm, Sweden

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12873-023-00787-w&domain=pdf&date_stamp=2023-4-4

Wessman et al. BMC Emergency Medicine (2023) 23:40

Introduction

Acute dyspnea is one of the most common and challeng-
ing presentations at the emergency department [1, 2].
An array of patient categories, presenting with different
comorbidities, age-groups, severity, risk, and progno-
sis seek care with acute dyspnea as the main symptom.
Therefore, a quick and safe identification of patients at
risk for worse prognosis is of particular importance [1].

High-sensitivity cardiac troponin T (hs-cTnT) has been
found to safely rule out myocardial infarction, in a Swed-
ish study within one hour [3], and according to a review
within 4 h at emergency department [4]. On the other
hand, hs-cTnT has been evaluated in patients seeking
care for chest pain in absence of myocardial infarction,
showing that high hs-cTnT values can mirror myocar-
dial injury in other types of myocardial injuries than MI,
reflecting the complex biology of the cardiac sarcomeres
of the cardiac myocytes [5-8].

In patients with a myocardial infarction, dyspnea is a
common symptom [9]. In fact, the clinically used level of
hs-cTnT as a sign of myocardial injury, has been associ-
ated with both short- and long-term mortality in patients
presenting with dyspnea [10]. However, hs-cTnT may be
influenced by other cardiac conditions, including heart
failure, myocarditis, arrhythmias, and aortic dissections,
as well as of non-cardiac factors, such as male gender,
high age, obesity, stroke, and renal impairment [11].

A study examining patient characteristics and its asso-
ciation with myocardial injury mirrored by hs-cInT in
patients with dyspnea seeking care would be of clinical
importance, as identifying risk factors for myocardial
injury could facilitate the triaging and management of
these patients. We therefore designed a study, focusing
on patients presenting with dyspnea, examining the asso-
ciation between myocardial injury and mortality but in
the absence of acute myocardial infarction, with the aim
to explore the association between myocardial injury and
patient characteristics: age, sex, certain cardiovascular
comorbidities, and symptom presentation.

We hypothesized that elevated levels of hs-cTnT in
patients seeking the ED with acute dyspnea was asso-
ciated with increased mortality risk as well that these
patients were of older age, had a higher cardiovascular
comorbidity and were identified with higher medical
urgency at the ED.

Method

Population and methods

Data was obtained from the Acute Dyspnea Study
(ADYS) cohort, which was collected from December
13th 2013 to Januaryl5th 2019. Patients from the age of
18 seeking care at the emergency department (ED) for
dyspnea, were included. The inclusion took place Mon-
days through Fridays between 8.00 AM and 5.00 PM at

Page 2 of 8

the ED of Skane University Hospital, Malmé. Partici-
pants were triaged according to Medical Emergency Tri-
age and Treatment System-Adult score (METTS-A) [12,
13]. Patients were not included if they were in critical
condition or obtunded. In the present study 1477 unique
patients were included in the ADYS study until Decem-
ber 31 2017. Out of the 1477 patients in the ADYS data-
base, 453 patients were due to missing TNT values and
23 were excluded due to events of myocardial infarction
making the final cohort n=1001 patients (Fig. 1).

After inclusion, all included patients were interviewed
by a research nurse about their health, medications,
symptoms, and social situation according to a standard-
ized and approved questionnaire.

Patients were questioned regarding smoking habits and
categorized as non-smokers, former smokers (cessation
one month ago or longer), or active smokers (regularly
smoking the past month or longer), disease history asso-
ciated with dyspnea (i.e. congestive heart failure, chronic
obstructive pulmonary disease, asthma, coronary artery
disease, atrial fibrillation, restrictive lung disease, can-
cer, thromboembolic disease, or rheumatic disease) and
current medications. After inclusion, the research nurses
again reviewed the patient journals in order to confirm
the details, with the support of senior physicians when-
ever uncertainties occurred. If the nurses here observed
diagnoses compatible with a primary cardiac diagnosis
the patients were excluded.

Originally METTS-A uses five clinical priority levels
with increasing clinical priority: blue (lowest clinical pri-
ority - not life-threatening), green, yellow, orange, and
red (highest clinical priority - life-threatening). The low-
est clinical priority level blue was not used in the clinical
triage of the patients included here due to the local triage
routines, as the lowest clinical triage priority here was
green. The level of dyspnea was graded by the research
nurses on all patients i.e. even patients not suffering from
CHE, according to the New York Heart Association func-
tional classification of heart failure, i.e. levels I-1V [14].

Patient comorbidity was here defined as having a his-
tory of hypertension, renal disease, coronary heart dis-
ease (CHD), congestive heart failure (CHF) and atrial
fibrillation (AF).

Patient collection of Hs-cInT was based on triage cri-
teria according to METTS-A or if the treating physician
found it necessary based on patient symptom presenta-
tion or clinical suspicion. According to METTS-A triage
system troponin sampling is advised at certain levels of
syntax related symptom severity, in this case for the algo-
rithm “Dyspnea” troponin sampling was mandatory for
patients with a clinical severity score of yellow or higher.
Only the first hs-cTnT taken at the emergency depart-
ment was registered in the ADYS database. Myocardial
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1477 patients

——>

Exclusion of: Patients with

(n=1001)

Included patients

Myocardial infarction (MI;
n=23), TNT not acquired
(n=453)

hs-cTnT
Normal (n=409)

ng/l (n=534)

hs-¢TnT 15-100

hs-¢TnT > 100
png/l (n=58)

Fig. 1 Flow chart of exclusion and inclusion of patients, and categorisation by high-sensitive cardiac troponin T (hs-TnT)

injury in the present study was defined as increased tro-
ponin, i.e. hs-cTnT over 15 pg/1 [15, 16].

Data was received from Swedish National Board of
Health and Welfare regarding time of death and the ICD
codes registered in the national database. Mortality data
were acquired up to December 31st 2017.

Statistics

Categorial variables were displayed as frequencies, and
statistically tested with Pearson’s Chi Square test. Con-
tinuous variables were displayed as means (and stan-
dard deviations, sd), or medians (and interquartile range,
IQR). For comparison between two groups Mann Whit-
ney’s U-test was used, as all distributions were skewed.
When multiple groups and non-normal distribution,
Kruskal Wallis 1-way ANOVA was used.

Cox regression with Hazard Ratios (HRs) and 95%
confidence interval (95% CI) was used to estimate the
relative risk for mortality at 30-days. Model A, partially
adjusted, tested each separate variables with adjustment
for age and gender. Model B, a multivariate model tested
all the variables significant in Model A with adjustment
for age and gender. In the Cox regression analysis statisti-
cal significance was set at p<0.01, due to multiple testing.
Statistical significance level was otherwise set at p<0.05.
Statistical analysis was done in SPSS version 25 (SPSS
Inc, Chicago, IL).

Results

Patients (Table 1) were subdivided by levels of hs-cTnT
with categorization into three groups based on their hs-
cTnT levels (Table 2). Compared to patients with normal
hs-cTnT, patients with increased hs-cTnT, were older,
were more often males, more often hospitalized, had
more deranged vital signs at admittance, were admitted
with more severe symptoms, had fewer normal ECGs, a
higher proportion of ECGs with ST-depression. Addi-
tionally, patients with increased hs-cTnT levels had a far
higher proportion of comorbidities and a higher mortal-
ity after 3-months follow-up. As regards hs-cTnT in men
and women, men had higher values, mean 44.84 ng/1 (sd
84.69) and median 27 ng/l (IQR 13-50) vs. in women
32.38 ng/l (sd 121.30) and 14 ng/l (IQR 6-28), respec-
tively (p<0.003). Compared to patients without acquired
hs-cTnT patients with acquired hs-cTnT were older, were
more often men, were admitted with more severe symp-
toms, had less normal ECGs and a higher proportion of
comorbidities compared to patients without acquired hs-
cTnT (Supplementary Table 1).

As we compared the two groups with an increase in
hs-cTnT above clinical cut off (hs-¢cTnT 15-100 vs. hs-
cTnT>100) we found a significant differences in hospi-
talization rate (77.6% vs. 93.9%), proportions of “high
medical urgency cases “METTS-A red” (17.5% vs 30.6%),
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Table 1 Characteristics in patients seeking care at the emergency department with dyspnea by levels of high-sensitive cardiac

troponin-T (hs-cTnT) values

Variable hs-cTnT< 15 ng/I hs-cTnT 15-100 ng/I hs-cTnT>100 ng/I p-value

hs-cTnT, ng/L (mean +/- SD) 779 +/-3.16 36.66 +/-20.26 267.26 +/-364.06

hs-cTnT, ng/L (median, IQR) 7.00 (5.0-11.00) 30.00 (21.00-45.00) 148.50 (101.00-233.50)

Age, years (mean, +/- SD) 60.3+/-19.0 7854/-11.1 78.1+/-12.0 <0.0001*

Age, years (median, IQR) 63.6 (45.5-75.1) 79.7 (71.8-87.1) 81.1(71.5-86.9)

Gender man (N, %) 133 (32.5%) 300 (56.2%) 37 (63.8%) <0.001**

History of CAD (N, %) 55 (13.4%) 226 (42.3%) 35 (60.3%) <0.001**

History of CHF (N, %) 50 (12.2%) 281 (52.6%) 32 (55.2%) <0.001**

History of AFIB (N, %) 69 (16.9%) 226 (42.3%) 23 (39.7%) <0.001**

History of hypertension (N, %) 119 (29.1%) 286 (53.6%) 286 (53.6%) <0.001**

History of renal disease (N, %) 6 (1.5%) 69 (12.9%) 20 (34.5%) <0.001**

METTS-green (N, %) 25 (6.1%) 16 (3.0%) 1(1.7%) <0.001**

METTS-yellow (N, %) 261 (63.8%) 215 (40.3%) 13 (22.4%)

METTS-orange (N, %) 102 (24.9%) 208 (39.0%) 24 (41.4%)

METTS-red (N, %) 19 (4.6%) 94 (17.6%) 19 (32.8%)

NYHA-class | (%) 204 (49.9%) 93 (17.4%) 5 (8.6%) <0.001**

NYHA-class Il (%) 116 (28.4%) 183 (34.3%) 17 (29.3%)

NYHA-class 11l (%) 48 (11.7%) 108 (20.2%) 12 (20.7%)

NYHA-class IV (%) 36 (8.8%) 144 (27.0%) 24 (41.4%)

ECG normal ST (N, %) 263 (64.3%) 180 (33.7%) 12 (20.7%) <0.001**

ECG ST Elevation (N, %) 2 (0.5%) 8 (1.5%) 3 (5.2%) 0.011**
0.008***

ECG ST Depression (N, %) 24 (5.9%) 69 (12.9%) 15 (25.9%) <0.001**

ECG Abnormal T-wave (N,%) 23 (5.6%) 45 (8.4%) 9 (15.5%) 0.020**
0.008***

Ambulans (N, %) 130 (31.8%) 375 (70.2%) 46 (79.3%) <0.007**

Alarm (N, %) 17 (4.2%) 71 (13.3%) 19 (32.8%) <0.001**

Hospitalization (%) 130 (31.8%) 412 (77.2%) 56 (96.6%) <0.001**

Mortality 3-months (%) 9(2.2%) 88 (16.5%) 24 (41.4%) <0.001%*

Saturation % (mean +/-SD) 95.9 +/-4.0 91.14/-93 88.7 +/-8.8 <0.0001*

Saturation % (median, IQR) 97 (94— 99) 93 (89-97) 91 (84-96)

Respiratory frequency (mean, +/- SD) 21.7 +/-7.1 260+/-7.7 280+/-78 <0.0001*

Respiratory frequency (median, IQR) 20 (18- 24) 24 (20-29) 26 (22— 35)

BMI kg/m? (mean +/-SD) 26.8+/-5.5 27.0+/-6.6 259+/-6.7 0.23*

BMI kg/m? (median, IQR) 260 (23.0- 304)

26.0(22.9-30.3) 24.6(21.8-27.9)

*Asymptotic 2 side Kruskal_Wallis; **Pearson Chi% *** linear-by linear

CAD: coronary artery disease; CHF: congestive heart failure; AF: atrial fibrillation; ED: emergency department

IQR: interquartile range

proportions of patients with renal disease (12.5% vs
36.7%) and in 3 months mortality (16.6% vs 40.8%).

Cox regression analysis for 3-months mortality for the
different factors by the three groups of hs-cTnT values
with adjustment for age and sex is shown in Table 3. Five
factors were significantly associated with mortality, i.e.
respiratory frequency, saturation, CHF, renal disease, and
BMI. Table 3 shows the result of the multivariate model,
with HRs for the hs-cTnT 15-100 group being 3.682,
and for the hs-cTnT>100 10.523. Kaplan-Meier curve is
shown in Fig. 2.

The mean and median values of the hs-cTnT values
for patients who died within 3 months vs. those who
survived were for mean values 99.24 ng/l (sd 247.70) vs.

29.87 ng/l (sd 61.54), respectively, and for median values
44 ng/l (IQR 26-83) vs. 17 ng/l (IQR 7-32), respectively,
and as distributions were skewed Mann-Whitney’s U-test
was used (p<0.001).

Discussion

The main results showed a significantly higher 3-months
mortality for higher hs-cTnT. Patients with higher hs-
cTnT levels were significantly older, had significantly
more comorbidities, presented with more severe symp-
toms, had significantly more deranged vital signs, fewer
normal ECGs, and more ECGs with ST depression. Cor-
relation analysis showed associations between elevated
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Table 2 The Hazard Ratios (HRs) by Cox regression models for separate variables with adjustment for age and gender for 3-months
mortality by high-sensitive cardiac troponin-T (hs-cTnT) levels in patients seeking emergency care due to dyspnea

3 months mortality HR 95% ClI p-value
Troponin <15 ng/L (n=409) ref

Troponin 15-100 ng/L (n=534) 5.04 2.44-10.42 <0.001
Troponin>100 ng/L (n=58) 16.35 7.29-36.64 <0.001
METTS green ref

METTS yellow 1.83 0.44-7.56 0402
METTS orange 2.30 0.56-9.49 0.250
METTS red 3.62 0.86-15.20 0.079
Ever smoker 0.87 0.59-1.28 0478
EKG ST-level

1=normal ref

2=ST elevation 230 0.71-743 0.17
3=ST depression 122 0.69-2.16 0.50

4 =patological T-wave 127 0.65-2.48 049
5=other changes 1.08 0.69-1.68 0.74
9=unknown 2.55 0.79-8.24 0.12
Respiratory frequency (per min) 1.02 1.00-1.04 0.041
Saturation (%) 0.98 0.97-0.99 <0.001
CAD 0.73 0.54-1.13 0.19
CHF 0.57 0.39-0.83 0.003
AF 1.02 0.76-1.36 0.92
Hypertension 1.08 0.75-1.55 0.68
Renal disease 0.53 0.33-0.84 0.007
BMI (kg/mz) 0.95 0.92-0.99 0.007

Significant factors marked in bold

Table 3 Multivariate model with Hazard Ratios (HRs) by Cox regression (n=1001) with adjustment for age and gender, and significant
factors from single models partly adjusted for age and gender included, i.e. troponin categorical, respiratory rate, saturation, CHF, renal

disease and BM|I level

3 months mortality HR 95% ClI P value
Age 0.85 0.58-1.26 042
Gender 1.02 1.01-1.04 0.014
Troponin <15 ng/L ref

Troponin 15-100 ng/L 3.68 1.73-7.84 <0.001
Troponin>100 ng/L 10.52 4.47-24.80 <0.001
Respiratory frequency (per min) 1.01 0.98-1.03 0.63
Saturation (%) 0.98 0.97-1.00 0.034
CHF 0.73 0.49-1.08 0.12
Renal disease 0.77 0.53-1.14 0.19
BMI (kg/mz) 0.95 0.91-0.98 0.005

Significant factors marked in bold

levels of hs-cTnT and age>75 years, congestive heart fail-
ure and incidence of comorbidities.

According to clinical guidelines the definition of a pri-
mary acute MI is based on typical presenting symptoms,
electrocardiographic findings and by a rise or fall in the
troponin level above the 99th percentile [15]. This algo-
rithm has been proven to be clinically effective in identi-
fying patients with acute cardiac damage and is so far still
regarded as the golden standard. The major role for the
interpretation of hs-cTNT levels in typical patients is to
rule in or rule out acute MI [17].

With the clinical implementation of hs-cTNT it has
been clear that circulating levels of hs-cINT are fre-
quently increased above the 99th percentile in patients
without signs of acute coronary events. Levels of hs-
¢INT are higher in male patients, are increased in aged
patients, are associated with the number of comorbidi-
ties, are increased in systemic inflammatory diseases
and in patients with decreased glomerular filtration rate
and finally are increased in patients with left ventricular
dysfunction as well as in patients with atrial flutter [7,
18]. A study on 20 000 in and outpatients undergoing
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Fig. 2 Kaplan-Meier curve for the three groups

blood testing for any clinical reason showed that the 99
the percentile of hs-cTNT for the whole population was
189 ng/L when patients with acute coronary events were
excluded. In ED specific patients the number was 215
ng/L [19].

Importantly, hs-cTNT levels have previously been
analyzed in patients with chest pain without myocardial
infarction at the emergency department, showing that
these patients often have myocardial injury and lower
GER [7, 8]. It has actually been suggested that elevated
hs-cTnT levels at the emergency department in patients
with no myocardial infarction should be investigated
routinely and at least treated with antiplatelet drugs, as
these patients often have a reduced left ventricular ejec-
tion fraction [8]. In summary, interpretation of elevated
hs-cTNT levels have to be performed with care at the
ED as well as in other indications of testing. Elevated hs-
c¢TNT levels in other states than acute coronary diseases
could be associated with cardiac injury and could thus
be important predictors of cardiovascular mortality and
morbidity [20]. However, unlike patients with myocardial
infarction, there is little guidance to be found in how to
treat and follow up patients with elevated hs-cTnT and
no myocardial infarction and no evidence exists that
patients with increased hs-cTnT would need urgent man-
agement for ischemic disease [7].

In comparison to the literature, our data confirm the
previously shown associations between hs-cINT and
level of comorbidity [21] and increased age [22]. Addi-
tionally, we show that these patients, when admitted to
the ED for acute dyspnea also had fewer normal ECGs.
We also show that significant proportions of our patients
display specific comorbidities such as impaired renal
function, atrial fibrillation, and congestive heart failure.

These comorbidities are known to be associated with ele-
vated hs-cTNT levels [8, 18].

Our data highlights the importance of interpreting
hs-cTNT as an important risk predictor in patients pre-
senting with acute dyspnea at the ED and without pri-
mary cardiac disease. Importantly, this seems to address
patients with specific comorbidities such as renal impair-
ment as well as heart failure and atrial flutter. More stud-
ies are necessary to evaluate and validate the strength
of hs-cINT in predicting mortality and other adverse
events in this group of patients in order to improve
risk stratification. The ability of METTS-A to identify
patients with acute MI is so far not studied. Another tri-
age system, the Manchester Triage System (MTS), has
been evaluated about the sensitivity and specificity in risk
prioritization of patients with acute MI with the present-
ing symptom of chest pain. The conclusion of this study
was that MTS had only a moderate sensitivity and speci-
ficity to evaluate patients with acute MI [23]. Our study
points out the importance of testing the METTS-A triage
system for its ability to rule in and rule out patients with
acute MI in different groups of ED admitted patients.
Finally, for BMI, the lower mortality risk with increasing
hs-cTNT values seems to fit with the obesity paradox, i.e.
lower mortality for patients with obesity under special
conditions [24].

There are limitations with this study. Firstly, this study
was a observational study based on patients seeking care
with dyspnea at the ED. We did not have access to a sec-
ond hs-cTnT or anamnestic details (definition type 2,
10), and were thus not able to separate myocardial injury
from a type 2 infarction. Even though we believe that
primary MI’'s were excluded by the help of the RETTS-
A triage algorithm and with the additionally help of the



Wessman et al. BMC Emergency Medicine (2023) 23:40

research nurse we cannot rule out the possibility that
some Type 2 myocardial infarctions still remained within
the cohort.

We also had no data on whether the patients had
undergone testing for cardiac diseases before and after
inclusion of the study or if there was any previous contact
with an cardiologist. Neither do we have data whether
the patients were prescribed any preventive medicine, for
example aspirin.

The strength of the study is the very carefully charac-
terized cohort of patients admitted to ED due to acute
dyspnea used in this study. All patients entered normal
triage in the emergency department, with thorough clini-
cal assessment, blood testing, clinical examination and
if given, further clinical care. Data have afterwards been
linked to national registries for additional information.
Specifically, a strength of this study is the specific setup
of this study in its effort to exclude patients with acute
primary cardiac disease by the study nurses at inclusion
and after in-hospital care of the patient.

In conclusion, we show that hs-cTnT levels predicted
risk of 3-months mortality among patients with dyspnea
at the ED without an acute coronary syndrome. Hs-cTnT
seems to be an important biomarker within this patient
group and elevated levels indicate a need for thorough
investigation and to be tested prospectively for possible
implementation in clinical guidelines.
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Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512873-023-00787-w.

[ Supplementary Material 1 ]

Acknowledgements
We thank all participating patients and the health care staff at the emergency
department.

Author Contribution

AZ and TR participated in overall scientific coordination and participated

in study design, data acquisition, data analysis and manuscript writing. PW
contributed in overall scientific coordination and manuscript writing. AC and
TW contributed to the interpretation of the results and revised the manuscript

Page 7 of 8

for important intellectual content. OM participated in study design, data
acquisition, manuscript writing and funding. All authors read and approved
the final manuscript.

Funding

The study was supported by research grants from the Knut and Alice
Wallenberg Foundation, Géran Gustafsson Foundation, theSwedish Heart-
and Lung Foundation, the Swedish Research Council, the Novo Nordisk
Foundation, Region Skdne, Skane University Hospital and the Swedish
Foundation for Strategic Research (IRC).

Open access funding provided by Karolinska Institute.

Data Availability

The datasets generated during and/or analyzed during the current study
are not publicly available due to restraints in the ethical approvals but are
available from the authors (Toralph Ruge or Olle Melander) on reasonable
request and with approval from ethical board.

Declarations

Ethics approval

All methods were carried out in accordance with relevant guidelines
and regulations. This study has an ethical approval from Regionala
Etikprévningsndmnden EPN, Lund, Sweden, Dnr 2014/82.

Consent to participate
Informed consent was obtained from all subjects and/or participants.

Consent for publication
This manuscript contains no individual person’s data, and therefore can be
publish without consent from the participants.

Conflicts of Interest/Competing Interests
The authors declare that they have no competing interests.

Received: 5 July 2022 / Accepted: 2 February 2023
Published online: 05 April 2023

References

1. Mockel M, Searle J, Muller R, Slagman A, Storchmann H, Oestereich P, Wyr-
wich W, Ale-Abaei A, Vollert JO, Koch M, et al. Chief complaints in medical
emergencies: do they relate to underlying disease and outcome? The Charite
Emergency Medicine Study (CHARITEM). Eur J Emerg Med. 2013;20(2):103-8.

2. LangloNM, Orvik AB, Dale J, Uleberg O, Bjornsen LP. The acute sick and
injured patients: an overview of the emergency department patient popula-
tion at a norwegian University Hospital Emergency Department. Eur J Emerg
Med. 2014;21(3):175-80.

3. Mokhtari A, Lindahl B, Schiopu A, Yndigegn T, Khoshnood A, Gilje P, Ekelund
U. A 0-Hour/1-Hour protocol for safe, early discharge of chest Pain Patients.
Acad Emerg Med. 2017,24(8):983-92.

4. Westwood M, Ramaekers B, Grimm S, Worthy G, Fayter D, Armstrong N,
Buksnys T, Ross J, Joore M, Kleijnen J. High-sensitivity troponin assays for
early rule-out of acute myocardial infarction in people with acute chest
pain: a systematic review and economic evaluation. Health Technol Assess.
2021;25(33):1-276.

5. Solaro CR, Solaro RJ. Implications of the complex biology and micro-environ-
ment of cardiac sarcomeres in the use of high affinity troponin antibodies as
serum biomarkers for cardiac disorders. J Mol Cell Cardiol. 2020;143:145-58.

6. AzarRR, Sarkis A, Giannitsis E. A practical Approach for the Use of High-Sen-
sitivity Cardiac troponin assays in the evaluation of patients with chest Pain.
Am J Cardiol. 2021;139:1-7.

7. Carlsson AC, Bandstein N, Roos A, Hammarsten O, Holzmann MJ. High-sensi-
tivity cardiac troponin T levels in the emergency department in patients with
chest pain but no myocardial infarction. Int J Cardiol. 2017;228:253-9.

8. Roos A, Hellgren A, Rafatnia F, Hammarsten O, Ljung R, Carlsson AC, Holz-
mann MJ. Investigations, findings, and follow-up in patients with chest pain
and elevated high-sensitivity cardiac troponin T levels but no myocardial
infarction. Int J Cardiol. 2017;232:111-6.


http://dx.doi.org/10.1186/s12873-023-00787-w
http://dx.doi.org/10.1186/s12873-023-00787-w

Wessman et al. BMC Emergency Medicine

(2023) 23:40

Song L, Yan HB, Yang JG, Sun YH, Hu DY. Impact of patients' symptom
interpretation on care-seeking behaviors of patients with acute myocardial
infarction. Chin Med J (Engl). 2010;123(14):1840-5.

Tadros GM, McConnell TR, Wood GC, Costello JM, lliadis EA. Clinical predictors
of 30-day cardiac events in patients with acute coronary syndrome at a com-
munity hospital. South Med J. 2003;96(11):1113-20.

Nishimura M, Brann A, Chang KW, Maisel AS. The Confounding Effects of non-
cardiac pathologies on the interpretation of Cardiac biomarkers. Curr Heart
Fail Rep. 2018;15(4):239-49.

Ruge T, Malmer G, Wachtler C, Ekelund U, Westerlund E, Svensson P, Carlsson
AC. Age is associated with increased mortality in the RETTS-A triage scale.
BMC Geriatr. 2019;19(1):139.

Widgren BR, Jourak M. Medical Emergency Triage and Treatment System
(METTS): a new protocol in primary triage and secondary priority decision in
emergency medicine. J Emerg Med. 2011;40(6):623-8.

The Criteria Committee of the New York Heart Association. In: Diseases of the
Heart and Blood Vessels Nomenclature and Criteria for diagnosis. 6th edition
edn. Edited by Kossman CE. Boston, Mass: Little, Brown and Co,; 1964: 114.
Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD.
Executive Group on behalf of the joint european Society of Cardiology /
American College of Cardiology /American Heart Association /World Heart
Federation Task Force for the Universal Definition of Myocardial I: fourth
universal definition of myocardial infarction (2018). J Am Coll Cardiol.
2018,;72(18):2231-64.

Bjurman C, Zywczyk M, Lindahl B, Carlsson T, Johanson P, Petzold M, Holz-
mann M, Lx Fu M, Hammarsten O. Decreased admissions and hospital costs
with a neutral effect on mortality following lowering of the troponin T cutoff
point to the 99th percentile. Cardiol J. 2017;24(6):612-22.

Sandoval Y, Apple FS, Saenger AK, Collinson PO, Wu AHB, Jaffe AS. 99th Per-
centile Upper-Reference Limit of Cardiac Troponin and the diagnosis of Acute
myocardial infarction. Clin Chem. 2020,66(9):1167-80.

De Michieli L, Lobo R, Babuin L, Melduni RM, lliceto S, Prasad A, Sandoval Y,
Jaffe AS. Structural cardiac abnormalities in patients with Atrial Fibrillation/
Flutter and Myocardial Injury. Am J Med. 2022;135(12):1488-1496e1485.

20.

21.

22.

23.

24.

Page 8 of 8

Mariathas M, Allan R, Ramamoorthy S, Olechowski B, Hinton J, Azor M,
Nicholas Z, Calver A, Corbett S, Mahmoudi M, et al. True 99th centile of high
sensitivity cardiac troponin for hospital patients: prospective, observational
cohort study. BMJ. 2019;364:1729.

Holzmann MJ. Letter in response to “High-sensitivity cardiac troponin in

the emergency department: the perfect storm?" By Guiseppe Lippi, and
Gianfranco Cervellin. Int J Cardiol. 2017,234:114.

Koerbin G, Abhayaratna WP, Potter JM, Apple FS, Jaffe AS, Ravalico TH,
Hickman PE. Effect of population selection on 99th percentile values

for a high sensitivity cardiac troponin | and T assays. Clin Biochem.
2013:46(16-17):1636-43.

Gore MO, Seliger SL, Defilippi CR, Nambi V, Christenson RH, Hashim A,
Hoogeveen RC, Ayers CR, Sun W, McGuire DK, et al. Age- and sex-dependent
upper reference limits for the high-sensitivity cardiac troponin T assay. J Am
Coll Cardiol. 2014;63(14):1441-8.

Nishi FA, de Oliveira Motta Maia F, de Souza Santos I. Almeida Lopes Monteiro
da Cruz D: assessing sensitivity and specificity of the Manchester Triage
System in the evaluation of acute coronary syndrome in adult patients in
emergency care: a systematic review. JBl Database System Rev Implement
Rep. 2017;15(6):1747-61.

Maloney SR, Reinke CE, Nimeri AA, Ayuso SA, Christmas AB, Hetherington T,
Kowalkowski M, Sing RF, May AK, Ross SW. The obesity Paradox in Emergency
General surgery patients. Am Surg. 2022;88(5):852-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Myocardial injury defined as elevated high-sensitivity cardiac troponin T is associated with higher mortality in patients seeking care at emergency departments with acute dyspnea
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Population and methods
	﻿Statistics

	﻿Results
	﻿Discussion
	﻿References


