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AbsTrACT
Objective the universal definition of myocardial infarction 
(Mi) differentiates Mi due to oxygen supply/demand 
mismatch (type 2) from Mi due to plaque rupture (type 
1) as well as from myocardial injuries of non-ischaemic 
or multifactorial nature. the purpose of this study was to 
investigate how often physicians agree in this classification 
and what factors lead to agreement or disagreement.
Methods a total of 1328 patients diagnosed with Mi 
at eight different swedish hospitals 2011 were included. 
all patients were retrospectively reclassified into different 
Mi or myocardial injury subtypes by two independent 
specially trained physicians, strictly adhering to the third 
universal definition of Mi.
results Overall, there was a moderate interobserver 
agreement with a kappa coefficient (κ) of 0.55 in this 
classification. there was substantial agreement when 
distinguishing type 1 Mi (κ: 0.61), compared with 
moderate agreement when distinguishing type 2 Mi  
(κ: 0.54). in multivariate logistic regression analyses, st 
elevation Mi (P<0.001), performed coronary angiography 
(P<0.001) and larger changes in troponin levels 
(P=0.023) independently made the physicians agree 
significantly more often, while they disagreed more often 
with symptoms of dyspnoea (P<0.001), higher systolic 
blood pressure (P=0.001) and higher c reactive protein 
levels on admission (P=0.016).
Conclusion Distinguishing Mi types is challenging 
also for trained adjudicators. although strictly adhering 
to the third universal definition of Mi, differentiation 
between type 1 Mi, type 2 Mi and myocardial injury only 
gave a moderate rate of interobserver agreement. More 
precise and clinically applicable criteria for the current 
classification, particularly for type 2 Mi diagnosis, are 
urgently needed.

InTrOduCTIOn
The development of increasingly more sensitive 
biomarkers for detecting myocardial injury and 
necrosis over the last decades has required several 
updates and revisions of the definition of myocar-
dial infarction (MI). The universal definition of MI, 
published in 2007 and revised in 2012, has intro-
duced five clinical subtypes of MI depending on the 
underlying pathophysiological mechanism leading 
to the ischaemic necrosis.1 All MI subtypes have in 
common that the myocardial necrosis is caused by 
myocardial ischaemia. However, while type 1 MI is 
caused by a local thromboembolic formation in the 
coronary artery due to plaque rupture, ulceration, 
fissuring or dissection, in type 2 MI other conditions 

than coronary artery disease (CAD) contributes to 
an ischaemic imbalance in cardiac oxygen supply 
and demand. Apart from the ischaemic necrosis in 
MI, myocardial injury and necrosis may occur in 
other settings where inflammation, toxicity, trauma 
or mechanical stress is causing or contributing to 
the injury. While in some conditions, such as in 
myocarditis or trauma, the myocardial injury is 
non-ischaemic, in other conditions (such as heart 
failure or sepsis) the myocardial injury may be 
of a multifactorial nature where the significance 
of a possible ischaemic component is difficult to 
decide.2 Distinguishing type 2 MI from type 1 
MI and especially from multifactorial myocardial 
injuries constitutes a clinical challenge. The inter-
pretation of this classification differs considerably 
between different studies indicating that the clinical 
criteria for this classification are not well defined.3–5 
Therefore, the aims of this study were (1) to eval-
uate how often physicians agree in distinguishing 
type 1 MI, type 2 MI and multifactorial myocardial 
injury, when adhering strictly to the classification 
presented by the third universal definition of MI and 
(2) to elucidate which clinical variables that affect 
agreement or disagreement between reviewers in 
this classification.

MATerIAls And MeThOds
study population
A total of 1328 consecutive patients treated at eight 
Swedish hospitals of different size of the year 2011 
who were diagnosed with acute MI (ICD code 
I.21) at discharge were included in the study. The 
inclusion was stratified according to whether the 
patients were registered in the national register 
for MI (Swedish Web-system for Enhancement 
and Development of Evidence-based care in Heart 
disease Evaluated According to Recommended 
Therapies—SWEDEHEART) or not.6 The aim 
was to include the first 100 patients of year 2011 
at each hospital registered in the SWEDEHEART 
registry and the first up to 100 at each hospital 
not registered in the SWEDEHEART registry 
(<100 patients were diagnosed with MI outside 
the registry in some hospitals). Mainly patients 
with MI treated in a cardiology department are 
included in the SWEDEHEART registry; patients 
diagnosed with MI at other departments are less 
often included. The registry had during the study 
period a completeness of 82% of all MIs diagnosed 
in Sweden.7 Eight patients were excluded because 
they had not got the ICD code I.21 at discharge 
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Figure 1 Patient selection process. ICD, International Classification of Diseases; ICD 1.21, ICD code for acute myocardial infarction.

and 13 patients were excluded from the non-registered group 
since they also appeared among registered patients. This made 
the final number of 793 patients registered in SWEDEHEART 
and 535 patients not registered (figure 1).

Collection of data
Using a prespecified case report form, detailed patient informa-
tion (such as age, sex, comorbidities, medications on admission, 
clinical parameters, laboratory results, ECGs, results from inva-
sive and non-invasive investigations, treatments in hospital and 
medications on discharge) was retrospectively collected from the 
electronic patient records of each hospital.

Troponin assays
Different cardiac troponin (cTn) assays with different refer-
ence values were used at the different hospitals in this study. 
Reviewers had access to all original cTn values, reference values 
and time of sampling during the classification process, while all 
cTn results presented on a group level have been standardised by 
dividing the cTn level with the 99th percentile upper reference 
limit of the assay used.

Classification process
In each patient, the MI diagnosis was retrospectively validated 
and all patients were classified as MI type 1–5, multifacto-
rial myocardial injury or non-ischaemic myocardial injury by 
two independent specially trained physicians using a prespec-
ified form based on the third universal definition of MI (see 
online supplementary file). Rate of agreement was analysed 

between the initial two reviewers. For group comparison anal-
yses, a final diagnosis for each patient was decided by majority 
rule, using a third physician, and in a few cases a fourth physi-
cian, in cases of disagreement between the initial two reviewers.

statistics
Groups were compared using Mann-Whitney U test for non-nor-
mally distributed numerical variables, presented as medians with 
25th and 75th percentiles; Student's t-test for normally distrib-
uted numerical variables, presented as means with SD; and Pear-
son’s Χ2 test for categorical variables, presented as numbers with 
percentages.

Agreement between the initial two reviewers was calculated 
using Cohen’s Kappa statistics.

A multivariate logistic regression model with backward selec-
tion was used to analyse if clinical variables were independently 
associated with agreement or disagreement between the initial 
two reviewers. Clinical variables that differed significantly 
between cases of agreement and cases of disagreement in a 
univariate model were selected. Variables with more than 25% 
missing cases were excluded (online supplementary table S1). 
Four variables—age, sex, performed coronary angiography and 
performed echocardiography—were forced into the final multi-
variate model regardless of the outcome in the univariate model 
or the backward selection. All non-normally distributed contin-
uous variables were logarithmised and all continuous variables 
were divided by their SD.

Further, to analyse the degree of agreement for each signif-
icant variable in the multivariate analysis, a stratified analysis 
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Figure 2 Prevalence of MI and myocardial injury subtypes among patients registered and not registered in SWEDEHEART. MI, myocardial infarction; 
SWEDEHEART, Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease Evaluated According to 
Recommended Therapies.

with kappa statistics was performed. Numeric variables were 
stratified based on their median value.

All analyses were performed using IBM SPSS Statistics V.24.0 
(SPSS, IBM, Armonk, New York, USA).

resulTs
After the validation and classification process, an MI diagnosis 
was confirmed in 1159 patients (87.3%). A total of 888 patients 
were classified as type 1 MI, 246 as type 2 MI, 9 as type 3 MI 
and 16 as type 4a or 4b MI. In 169 cases, the MI diagnosis was 
considered incorrect with 165 patients re-classified to a multi-
factorial myocardial injury and 4 patients to a non-ischaemic 
myocardial injury. The prevalence of MI types and myocardial 
injury differed considerably between patients registered and not 
registered in SWEDEHEART (figure 2).

Compared with type 1 MI, patients with type 2 MI were older, 
more often female, had more cardiovascular or other comor-
bidities, were significantly less often investigated with coronary 
angiography and less often invasively or pharmacologically 
treated to address CAD. In contrast, only a few differences were 
seen between patients with type 2 MI and multifactorial myocar-
dial injury (table 1). The inhospital mortality rate was higher 
in patients with multifactorial myocardial injury compared with 
those with both type 1 MI and type 2 MI (23.6% vs 9.7% and 
11.0%, respectively).

Triggering mechanisms
The most common triggering mechanisms causing type 2 MI 
were tachyarrhythmia, anaemia and respiratory failure and the 
by far most common underlying condition associated with multi-
factorial myocardial injury was heart failure, followed by renal 
failure and sepsis (figure 3).

Classification agreement analyses
Overall, agreement between the initial two reviewers was 
reached in 1022 cases (77%) with a Kappa value (κ) of 0.55 
(95% CI 0.51 to 0.59), representing a moderate rate of agree-
ment (table 2).

The two initial reviewers agreed in 85.7% (716/888), 64.2% 
(158/246) and 55.2% (91/165) of the cases adjudicated as type 1 
MI, type 2 MI and multifactorial injury, respectively. As shown in 
online supplementary tables S2–S4, when distinguishing type 1 
MI there was a substantial rate of agreement between reviewers 

(κ: 0,61, 95% CI0.57 to 0.66) compared with a moderate rate of 
agreement when distinguishing type 2 MI (κ: 0.54, 95% CI 0.48 
to 0.60) and multifactorial myocardial injury (κ: 0.48, 95% CI 
0.41 to 0.55).

Analysed in a multivariate logistic regression model, ST eleva-
tion MI, current smoking, performed coronary angiography and 
a more dynamic cTn pattern all independently made reviewers 
agree significantly more often, while agreement decreased 
significantly with higher systolic blood pressure, symptoms of 
dyspnoea, higher CRP levels on admission and a history of stroke 
or transient  ischaemic   attack (TIA) (figure 4, online supple-
mentary table S5). Stratified kappa analyses showed kappa values 
in line with the % agreement in the different strata, except in the 
stratum of patients with ST elevation MI where the kappa value 
fell to a fair level (κ: 0,29) despite an increase in % agreement 
(online supplementary table S5).

dIsCussIOn
This is the first study to investigate in detail how physicians 
agree adhering to the MI and myocardial injury classification 
presented in third universal definition of MI. Even for specially 
trained physicians strictly adhering to this classification, it is 
challenging especially to distinguish type 2 MI and multifacto-
rial myocardial injury where reviewers reached lower grade of 
agreement than when distinguishing type 1 MI. This is also the 
first study to investigate which clinical variables or investigations 
influence the grade of agreement, giving suggestions to where 
the guidelines should be improved.

While differences in group characteristics between type 1 
and type 2 MI are well documented,3 8–12 less is known about 
how patients with type 2 MI and multifactorial myocardial 
injury differ from each other. In line with some previous studies, 
patients with type 2 MI and multifactorial myocardial injury in 
this study were similar regarding age, sex and comorbidities,5 13 14 
and patients with type 2 MI had higher peak cTn levels.13 14 A 
higher incidence of chest pain in the type 2 MI group compared 
with the myocardial injury group was also observed. A high 
heart rate and a low haemoglobin level also predisposed to type 
2 MI diagnose, where tachyarrhythmia and anaemia were the 
most common provoking mechanisms.13 14

Generally, all studies on type 2 MI claim to base on the classi-
fication in the third universal definition of MI, but there are still 
vast differences in how the type 2 MI concept is interpreted, 
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Table 1 Comparison in baseline characteristics, clinical parameters, investigations and treatment between type 1 MI, type 2 MI and multifactorial 
myocardial injury

Type 1 MI Type 2 MI
Multifactorial myocardial 
injury p T1 vs T2 p T2 vs M

Total number 888 246 165

Age, years, mean (SD) 73.0 (12.9) 79.5 (11.2) 79.9 (10.8) <0.001 ns

Male sex, n (%) 548 (61.7) 124 (50.4) 84 (50.9) 0.001 ns

Risk factors and medical history, n (%)

  Current smoking 175 (19.7) 26 (10.6) 12 (7.3) 0.001 ns

  Diabetes mellitus type 2 175 (19.7) 63 (25.6) 35 (21.2) 0.044 ns

  Hypertension 484 (54.5) 148 (60.2) 96 (58.2) ns ns

  Hyperlipidaemia 230 (25.9) 40 (16.3) 36 (21.8) 0.002 ns

  Prior MI 255 (28.7) 97 (39.4) 63 (38.2) 0.001 ns

  Known heart failure 103 (11.6) 62 (25.2) 48 (29.1) <0.001 ns

  Chronic kidney disease 56 (6.3) 39 (15.9) 28 (15.8) <0.001 ns

Symptoms at admission, n (%)

  Chest pain 745 (83.9) 133 (54.1) 56 (33.9) <0.001 <0.001

Clinical findings, mean/n tested (IQR)

  Oxygen saturation 97/688 (95–98) 95/199 (91–98) 95/125 (91–97) <0.001 ns

  Systolic blood pressure 147/845 (130–165) 140/237 (120–177) 140/158 (120–164) ns ns

  Heart rate 78/846 (67–90) 92/236 (78–120) 88/157 (70–100) <0.001 <0.001

Treating department, n (%)

  Cardiology department 716 (80.6) 132 (53.7) 60 (36.4) <0.001 0.001

  Laboratory results, median (IQR)*

  Tn maximum level, standarlised 69.09 (15.0–310.0) 28.15 (9.4–28.1) 8.93 (3.8–38.3) <0.001 <0.001

  Tn dynamic, %, standarlised† 412% (49%–240%) 346% (80%–226%) 60% (12%–273%) ns <0.001

  CRP maximum level, mg/L 5.00 (2.5–27.0) 29.50 (5.0–93.0) 41.50 (5.0–142.5) <0.001 ns

  Creatinine maximum level, μmol/L 88.00 (73.0–114.0) 104.00 (81.5–152.5) 103.00 (77.0–154.7) <0.001 ns

  Haemoglobin on admission, g/L 138.00 (126.0–148.0) 121.0 (107.7–137.0) 128.0 (118.0–140.0) <0.001 0.002

Investigations in hospital, n (%)

  Coronary angiography performed 649 (73.1) 68 (27.6) 32 (19.4) <0.001 0.056

  CA stenosis >50% (% of investigated) 624 (96.1) 46 (67.6) 15 (46.9) <0.001 0.047

  PCI performed (% of investigated) 547 (84.3) 26 (38.2) 13 (40.6) <0.001 ns

Medications on discharge, n (% of living)

  RAAS blockers 613 (76.4) 136 (62.1) 88 (69.8) <0.001 ns

  Acetylsalicylic acid 772 (96.3) 171 (78.1) 100 (79.4) <0.001 ns

  Other platelet inhibitors 691 (86.2) 96 (43.8) 57 (45.2) <0.001 ns

  Beta-blockers 705 (87.9) 183 (83.6) 98 (77.8) ns ns

  Statins 664 (82.8) 110 (50.2) 67 (53.2) <0.001 ns

  Anticoagulants 53 (6.6) 36 (16.4) 22 (17.5) <0.001 ns

*>95% tested in all subtypes.
†((cTn maximum level–cTn minimum level)/cTn minimum level)x100.
CRP, C reactive protein; cTn, cardiac troponin; M, multifactorial myocardial injury; MI, myocardial infarction; CA, coronary artery; PCI, percutaneous coronary intervention; RAAS, 
renin angiotensin aldosterone system. 

especially in relation to myocardial injury. While in some studies, 
all patients without type 1 MI but with elevated cTn are called 
type 2 MI,4 in other studies only myocardial injury caused by 
the mechanisms that may lead to cardiac oxygen supply/demand 
mismatch presented in third universal definition of MI are clas-
sified as type 2 MI.3 Some studies even uses specific cut-off 
values for these mechanisms (eg, tachyarrhythmia >120 beats 
per minute) to further sharpen the type 2 MI diagnose.3 15 16 
A condition causing much ambiguity is sepsis. In many studies, 
sepsis is reported as one of the most common causes of type 2 
MI.5 15 16 However, according to the third universal definition of 
MI, the myocardial injury seen in sepsis is not solely related to 
myocardial ischaemia but rather of a multifactorial nature and 
should not routinely be classified as type 2 MI.2 On the other 
hand, septic shock is postulated as a triggering mechanism of 
type 2 MI; however, in clinical practice, differentiation between 

those two conditions may be difficult. Heart failure is another 
condition causing trouble in this classification. In this study, 78 
patients out of 1326 patients had incorrectly received MI diag-
nose based on elevated cTn levels secondary to heart failure. 
Elevated cTn in acute heart failure should always raise the suspi-
cion of a type 1 MI, and also indicate an increased wall stress 
causing either secondary ischaemia or apoptosis and, experimen-
tally demonstrated, also proteolysis of the cardiac contractile 
apparatus.17 Cardiac troponins are poor diagnostic markers for 
an ischaemic versus non-ischaemic aetiology in heart failure.18 
In absence of clinical evidence of ischaemia, the myocardial 
injury should be regarded as multifactorial.2 Since both chest 
discomfort may occur and abnormal ECG findings frequently 
occur in patients with acute heart failure, assessing the nature of 
a myocardial injury in this condition constitutes a great clinical 
challenge.19
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Figure 3 Underlying conditions associated with a secondary myocardial injury. (A) Triggering mechanisms causing an ischaemic imbalance in 
type 2 myocardial infarction. (B) Conditions associated with a multifactorial myocardial injury. PE, pulmonary embolism; PAH, pulmonary arterial 
hypertension.

Table 2 Comparison of MI and myocardial injury classification between the initial two reviewers (κ: 0.55; overall agreement: 77.0%)

First reviewer second reviewer

MI type 1 MI type 2 MI types 3–5 Multifactorial Non-ischaemic Total

MI type 1 716 69 11 46 0 887

MI type 2 53 158 2 32 0 245

MI types 3–5 12 2 10 4 0 28

Multifactorial 38 28 1 91 1 159

Non-ischaemic 2 2 0 3 2 9

Total 866 259 24 176 3 1328

MI, myocardial infarction.

When evaluating agreement between observers, kappa statis-
tics rather than raw (percentage) agreement is preferred since 
it takes chance into account.20 Overall, there was a moderate 
rate of agreement between reviewers with a κ value of 0.55 
when classifying the patients into MI and myocardial injury 
subtypes in this study. This is in contrast to the almost perfect 
agreement (κ: 0.92) between reviewers in a recent study.5 There 
are some circumstances that may explain part of the difference 
in κ values. In their study, the pathophysiological mechanisms 
leading to the myocardial injury were not taken into account 
when differentiating between type 2 MI and myocardial injury. 
For example, cTn elevation in pericarditis, which is clearly not 
caused by ischaemia, was classified as type 2 MI as well as cTn 
elevation in renal failure, neurological diseases, sepsis and heart 
failure where the myocardial injury is multifactorial according 
to the third universal definition of MI.2 Furthermore, all patients 

included were initially diagnosed with MI in this study. This 
naturally means that the patients with myocardial injury in 
this study resembled patients with MI more than patients with 
myocardial injury in general.

A high rate of agreement between physicians when distin-
guishing type 1 from type 2 MI is desirable, since the handling 
and treatment of patients with these MI types clearly differs. The 
clinical importance of distinguishing type 2 MI from multifac-
torial myocardial injury is however less obvious, since there are 
no guidelines motivating different treatment strategies between 
these two conditions.

The results from the multivariate logistic regression anal-
ysis and the stratified kappa analysis show that performing a 
coronary angiography helps physicians in classifying a MI or 
myocardial injury by making the assessment more reproducible, 
and therefore raising the rate of agreement between reviewers. 
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Figure 4 Multivariate logistic regression model for the effect of clinical variables on disagreement between the initial two reviewers 
(agreement=0). Not normally distributed numerical variables has been logarithmised and all numerical variables divided by their SD. Categorical 
variables are binary (yes or no). CRP, C reactive protein; MI,  myocardial  infarction; TIA, transient ischaemic attack. 

Active smoking in a patient as well as a clear rising or falling 
pattern in cTn levels also makes reviewers agree more often. 
Some of these variables may be associated with type 1 MI, 
hence reflecting that reviewers agree more often when distin-
guishing type 1 MI compared with when distinguishing type 2 
MI or multifactorial myocardial injury. On the contrary, a high 
systolic blood pressure, high CRP levels on admission, symptoms 
of dyspnoea and a history of stroke or TIA made the reviewers 
disagree on the diagnosis. This is probably because these findings 
and anamnestic information are less specific and may apply to 
any of the MI or myocardial injury categories, or because they 
apply to the diagnosis of type 2 MI or multifactorial myocardial 
injury, where reviewers disagreed more often. Regarding hyper-
tension, opinions vary greatly on how pronounced it should be 
to cause myocardial ischaemia, both in previous studies3 15 and 
obviously also between reviewers in this study, indicating that 
some kind of guiding criteria are needed. Dyspnoea is problem-
atic since it might be interpreted as an equivalent of angina, but 
has a low specificity for myocardial ischaemia.2 Elevated CRP 
may be associated with MI21; at the same time, it is known that 
sepsis may cause a secondary multifactorial myocardial injury22 
but it is not certain how to interpret an elevated cTn in infections 
without sepsis.

Since ST elevation is almost pathognomonic for type 1 MI, it 
is not surprising that it is associated with a higher % agreement 
compared with no ST elevation; however, the kappa value was 
clearly lower indicating that the few cases of type 2 MI among 

patients with ST elevations are especially difficult to reach 
consensus about.

Apart from this, the multivariate logistic regression model 
does not show any clinical variable associated with type 2 MI 
or myocardial injury that helps reviewers agree. This further 
stresses that these patient groups are very heterogeneous and 
insufficiently defined.

limitations
More than one third of the patients with multifactorial myocar-
dial injury in this study were treated at a cardiology department 
which might have led to that cardiac-oriented causes of the 
injury, such as heart failure, are over-represented. Furthermore, 
since all patients with multifactorial myocardial injury were orig-
inally diagnosed with MI they are not representative for the total 
population of patients with multifactorial myocardial injury, but 
should rather be assumed to represent the fraction of patients 
with myocardial injury that are most challenging to distinguish 
from MI. This might partially explain both the similarities with 
the type 2 MI group and the moderate rate of agreement between 
reviewers when differentiating between multifactorial myocar-
dial injury and MI. However, the similarities between type 2 MI 
and myocardial injury groups regarding background profile seen 
in this study are seen in most studies on the subject. The differ-
ences related to ischaemia between these groups are rather more 
clear in this study where the patients with type 2 MI apart from 
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having higher peak cTn levels and a more pronounced rising or 
falling pattern on serial cTn samplings had also a higher preva-
lence of chest pain.13 14

The retrospective design of this study may also have affected 
the classification done by the reviewers. There might have 
been clinical information not captured in the patient records 
that would have changed the classification in some rare cases. 
However, in a clinical situation the classification may be even 
more difficult, since it must be done in a quite early stage, often 
in the emergency department with substantially less available 
information, deciding an adequate admission strategy, handling 
and treatment of the patients.

COnClusIOn
The results from this study indicate that the current classi-
fication of MI and myocardial injury subtypes presented 
in the third universal definition of MI is indistinct. Even 
for specially trained reviewers, with access to all clinical 
information retrospectively, this classification only gave 
a moderate rate of agreement in deciding the diagnosis, 
suggesting that this classification is also very challenging 
for a practicing clinician. Thus, there is a need for more 
precise and clinically applicable criteria for the current clas-
sification, especially for type 2 MI diagnosis and myocardial  
injury.

Key messages

What is already known on this subject?
There are no studies investigating the interobserver agreement 
between physicians when differentiating between myocardial 
infarction (MI) and myocardial injury subtypes, strictly adhering 
to the classification presented in the third universal definition of 
MI. The interpretation of this classification varies considerably 
between clinicians and in different studies.

What might this study add?
There’s a moderate rate of agreement (κ: 0.55) between trained 
physicians when classifying patients into MI or myocardial 
injury subtypes according to the current universal definition. The 
interobserver agreement is better when distinguishing type 1 MI 
(κ: 0.61) compared with type 2 MI (κ: 0.54) and multifactorial 
myocardial injury (κ: 0.48). Performing a coronary angiography 
makes physicians more likely to agree in this classification, while 
symptoms of dyspnoea and a high systolic blood pressure are 
associated with disagreement.

how might this impact on clinical practice?
The results of this study show that MI subtypes and myocardial 
injury in the current universal definition are insufficiently well 
defined, especially type 2 MI and myocardial injury need to be 
better defined. Furthermore, the results indicate that assessing 
the nature of myocardial injury is particularly demanding in 
patients with dyspnoea and hypertension.
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