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Abstract
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Unlike the coronary thromboembolic type 1 myocardial infarction (MI), a type 2 MI occurs
secondary to other conditions causing an imbalance in myocardial oxygen supply and demand.
Type 2 MI is associated with high mortality and evidence based treatment is lacking. It may
also be difficult to differentiate type 2 MI from type 1 MI and myocardial injury, which
causes uncertainty among physicians. Therefore, the aim of this thesis was to evaluate the
current classification of MI types and myocardial injury with special emphasis on evaluating
the therapeutic and prognostic importance of distinguishing and diagnosing type 2 MI. The
validity of type 2 MI reports in the Swedish national register for MI (SWEDEHEART) was
also investigated.

The study populations consisted of 1328 patients with a clinical MI diagnosis from eight sites,
whereof 792 had been reported to SWEDEHEART, as well as 281 patients with elevated cardiac
troponins but without a clinical MI diagnosis from one site. The diagnosis of each patient was
retrospectively adjudicated in accordance with the Third Universal Definition of Myocardial
Infarction.

Overall, the adjudicators agreed moderately when deciding the diagnosis and it was
particularly difficult to distinguish type 2 MI and non-ischemic myocardial injury. Patients
with type 2 MI were often treated outside cardiology departments which led to a significant
underreporting to SWEDEHEART. Using the adjudicated diagnosis as a gold standard, type 2
MI registry reports had a positive predictive value of 62.5%. Receiving care outside cardiology
departments was found to be associated with a lesser use of MI specific therapies and an adverse
short and long term prognosis in MI patients overall. However, although clinically unrecognized
type 2 MI patients received the least cardiology care in all aspects, this was still not observed
to significantly affect the long term prognosis.

In conclusion; the current MI classification defines type 2 MI as a very heterogeneous
condition that is difficult to distinguish. This makes clinically defined type 2 MI populations,
such as the one in SWEDEHEART, unreliable and it also makes it difficult to find and apply
specific, prognostically relevant recommendations and therapeutic strategies for this serious
condition.
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Introduction 

Myocardial infarction and myocardial injury, definition 
and diagnosis 
In pathology, a myocardial infarction (MI) is defined as myocardial cell death 
caused by myocardial ischemia 1. Therefore, in a clinical setting, a MI diag-
nosis requires both 1) evidence of an acute myocardial injury and 2) clear 
signs of acute myocardial ischemia. Hence, the clinical criteria for MI are the 
following 2: 

1. Clinical evidence of an acute myocardial injury; measurement of
elevated blood levels of cardiac biomarkers with a rising or falling
pattern.

2. Clinical signs of myocardial ischemia; at least one of the following:
• Symptoms of ischemia – such as chest pain.
• ECG signs of ischemia – such as ST-elevation/depression or

development of pathological q-waves.
• Imaging findings consistent with ischemia – such as regional

cardiac wall motion abnormalities on echocardiography.
• Identification of an intracoronary thrombus by angiography or

autopsy.

Cardiac biomarkers – troponins 
Elevation of cardiac biomarkers is evidence of a myocardial injury, which is 
fundamental for a MI diagnosis 2. The development of more sensitive bi-
omarkers over the last decades has increased the detected number of patients 
with MI 3. In particular, the development and use of cardiac troponins (cTn) 
as the biomarker of choice and the development of high sensitive cardiac tro-
ponin assays have led to the detection of smaller myocardial injuries 1. Even 
though elevated cardiac troponins are highly specific for a myocardial injury, 
the biomarker does not give information about the underlying etiology 1. As a 
result, it has been necessary to redefine MI and distinguish different causes of 
myocardial injuries. 
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Types of myocardial infarction 
A clinical classification of MI in five different subtypes, depending on the 
pathophysiological mechanism leading to the acute ischemic myocardial in-
jury, was introduced in 20074. This classification was published in a global 
consensus document of MI – The Universal Definition of Myocardial Infarc-
tion, and has thereafter been revised in 2012 1 and in 2018 2. The MI types are 
defined as follows: 

Type 1 Spontaneous MI due to a local thromboembolic formation in a 
coronary artery caused by an atherosclerotic plaque rupture or 
erosion. 

Type 2 MI secondary to other conditions resulting in a decreased car-
diac oxygen supply or an increased cardiac oxygen demand. 

Type 3  Highly presumed cases of MI when death occurs before cardiac 
biomarkers are obtained. 

Type 4a MI related to percutaneous coronary intervention (PCI).  
Type 4b MI related to stent thrombosis associated with PCI. 
Type 4c MI related to restenosis associated with PCI. 
Type 5  MI related to coronary artery bypass grafting (CABG). 

Myocardial injury 
A myocardial injury is defined as elevated blood levels of cTn, above the 99th 
percentile upper reference limit, and is a common condition also in the ab-
sence of a MI 5. A myocardial injury may be acute, with a dynamic rising or 
falling pattern in cTn levels, or chronic, with persistently elevated cTn levels 
2. It may occur due to cardiac- or non-cardiac conditions 2. The release of cTn 
may be a result of other mechanisms than myocyte necrosis, such as apoptosis, 
increased cell membrane permeability and the formation and release of mem-
branous blebs 2. Further, apart from ischemia, a myocardial injury may be the 
result of cardiac inflammation, toxicity, trauma or mechanical stress 6. In some 
a cases, the origin of a myocardial injury is clearly not myocardial ischemia, 
while in other cases the cause of a myocardial injury is multifactorial and the 
significance of a possible ischemic component is difficult to decide 1. In cases 
with elevated cTn in a clinical setting absent from signs of acute myocardial 
ischemia, the term “myocardial injury” rather than the term MI should be used, 
since the criteria for a MI diagnosis are not met 2. Conditions commonly as-
sociated with a myocardial injury are heart failure, sepsis, stroke, pulmonary 
embolism, renal dysfunction, myocarditis, cardiac procedures and situations 
with critical illness in general 2.   
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Type 2 myocardial infarction 

Definition and diagnosis 
In a type 2 MI, the ischemic myocardial injury is not caused by a thromboem-
bolic event in the coronary arteries but occurs due to other cardiac or non-
cardiac conditions causing an imbalance in myocardial oxygen supply and de-
mand. A type 2 MI may occur with or without significant coronary artery dis-
ease (CAD) 2. The MI-diagnosis criteria must be met for a type 2 MI diagnosis 
along with at least one identified triggering mechanisms of secondary myo-
cardial ischemia. The following triggering mechanisms may cause a type 2 MI 
1: 

• Tachy- or bradyarrhythmias 
• Severe anemia 
• Severe respiratory failure 
• Shock 
• Aortic dissection or severe aortic valve disease 
• Hypertrophic cardiomyopathy 
• Hypertension (especially if left ventricular hypertrophy is present) 
• Coronary spasm, embolism or endothelial dysfunction  

Although specific cut-offs have been proposed, there are no universally ac-
cepted severity thresholds for these mechanisms to trigger a type 2 MI 5,7,8. In 
some cases, it may be very challenging to distinguish a type 2 MI from a type 
1 MI or a myocardial injury. 

Prevalence 
There is a great variation in type 2 MI prevalence, ranging from 1.6 – 62.1 % 
in different MI populations 9. Also among Swedish hospitals, the reported 
prevalence of type 2 MI in 2011 varied between 0 and 25 % whereof most 
hospitals reported a prevalence of 5-10 % 10. Possible explanations of this var-
iation are differences in study populations and study settings as well as a var-
iation in the interpretation of the MI classification between different studies 
and different physicians. For example, the prevalence of type 2 MI is signifi-
cantly higher among MI-patients treated outside a cardiology department 
compared to MI-patients treated at a cardiology department 5,11. 

Prognosis  
According to several studies, the crude long-term mortality is higher in pa-
tients with type 2 MI and myocardial injury than in patients with type 1 MI 
12,13. This higher crude mortality is due to a higher rate of non-cardiovascular 
death while the rate of cardiovascular death has been reported to be higher in 
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patients with type 1 MI 14,15. Significant CAD has been associated with a 
higher mortality rate and has been identified as an independent risk factor for 
major adverse cardiovascular events (MACE) in patients with type 2 MI 12,16. 

Treatment 
Acute and long-term treatment in patients with type 1 MI are well documented 
with clear, internationally accepted algorithms and recommendations. This in-
cludes invasive strategies with PCI and CABG as well as pharmacological 
treatment with anticoagulants, platelet inhibitors, statins, beta-blockers and 
RAAS-inhibitors 17,18. On the contrary, there is no evidence based treatment 
for patients with type 2 MI or myocardial injury. In clinical routine, treatment 
of these patients is focused towards the underlying triggering condition, while 
there is no consensus whether to, or how to, investigate and target a potential 
coronary artery disease. Consensus on long-term treatment in these patients is 
also lacking. 

Data from the Swedish Web-system for Enhancement and Development of 
Evidence-based care in Heart disease Evaluated According to Recommended 
Therapies (SWEDEHEART) registry suggests that approximately one third of 
Swedish patients with a type 2 MI and reported to the registry are investigated 
with coronary angiography whereof significant coronary artery stenosis are 
found in half of the cases 16. Compared to patients with type 1 MI, patients 
with type 2 MI are significantly less often treated with PCI and classical sec-
ondary prevention, even if significant CAD is present 12,16. 

Another SWEDEHEART based study examined the association between 
classical pharmacological secondary prevention and long-term cardiovascular 
events in patients with myocardial infarction with non-obstructive coronary 
artery disease (MINOCA), which may include both type 1 and type 2 MI pa-
tients and probably also patients with other myocardial injuries. The results 
indicated a lower incidence of MACE in patient treated with statins and RAAS 
inhibitors and a positive trend in patients treated with beta blockers 19. A pos-
sible positive long-term effect of beta blockers has also been observed in pa-
tients with type 2 MI in another observational study 20.   
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SWEDEHEART 
SWEDEHEART is a Swedish national registry of coronary artery disease care 
and valvular interventions. It is a merger of the following national registers: 

• Swedish Register of Information and Knowledge about Swedish 
Heart Intensive Care Admissions (RIKS-HIA) 

• Secondary Prevention after Heart Intensive Care Admission (SE-
PHIA) 

• Swedish Coronary Angiography and Angioplasty Registry 
(SCAAR) 

• Swedish Cardiac Surgery Registry 
• Swedish transcatheter cardiac intervention registry (SWENTRY) 
• Swedish national cardio-genetic register (SNKR) 

Most MI patients in Sweden are reported to SWEDEHEART. The median 
coverage of MI patients in 2011 was 88% among patients <80 years and 60% 
in older patients. All Swedish hospitals take part in the registry, and reported 
patients are classified into different MI subtypes by the reporting physician 
since 2010 (Figure 1) 10,21. This reporting is carried out in connection with 
hospital discharge. SWEDEHEART includes a large population of patients 
reported as type 2 MI. In 2011 alone, 19 647 MI patients were reported 
whereof 1 403 as type 2 MI 22. This type 2 MI population has already been 
used in research and there is an opportunity to use SWEDEHEART for large 
observational studies on type 2 MI 16,22. Possibly also registry-based random-
ized clinical trials in the future. 
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Figure 1. SWEDEHEART report form. 
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Aims  

The overall aim of this thesis was to evaluate the MI and myocardial injury 
classification presented in the Universal definition of myocardial infarction, 
with special emphasis to evaluate the clinical relevance of distinguishing type 
2 MI from type 1 MI and from myocardial injury. The specific research ques-
tions were: 

Study I How often do physicians agree when classifying patients into 
type 1 MI, type 2 MI and myocardial injury?  

Study II  How valid are the type 2 MI reports in SWEDEHEART? Can 
the registry be used for studies of type 2 MI?  

Study III  Which MI patients are treated outside a cardiology department 
and does treatment and prognosis differ in this patient group 
compared with MI patients treated at a cardiology department? 

Study IV Which patients with elevated cTn do not get a clinical MI di-
agnosis and how common is underdiagnosing of MI (especially 
type 2 MI)? What are the effects of a clinical MI diagnosis for 
treatment and prognosis in patients with type 2 MI and myo-
cardial injury?  
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Methods 

Study design 
All studies were observational studies. Studies I and II were essentially cross 
sectional studies using data from a specific care event, while studies III and 
IV were cohort studies using longitudinal data, analyzing the association be-
tween an exposure and a future outcome. 

 
Table 1. Overview of the study design in studies I-IV 

 Study I Study II Study III Study IV 
Design Observational Observational Observational  

cohort 
Observational  
cohort 

Data Cross sectional Cross sectional Longitudinal Longitudinal 
Population With clinical  

MI diagnosis 
With clinical  
MI diagnosis 

With clinical  
MI diagnosis 

With elevated 
cTn  

Year  2011 2011 2011 2011 
Patients 1328 772 1310 1245 
Data Patient records Patient records 

SWEDE-
HEART 

Patient records 
Swedish tax 
agency 

Patient records 
Swedish tax 
agency 

Exposure - - Care outside 
cardiology  
department. 

Clinical MI  
diagnosis 

Outcome Agreement PPV  
Agreement 

All-cause 
mortality 

All-cause  
mortality 

Statistics Cohen’s kappa 
Logistic  
regression 

Cohen’s kappa 
Gwet’s AC1 
PPV 

Cox regression Cox regression 

Status Published Published Published Manuscript 

MI - myocardial infarction. cTn - cardiac troponin. PPV – positive predictive value. 
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Figure 2. Patient selection in studies I-IV. I.21 – ICD-code for a myocardial infarction 
diagnosis. MI – myocardial infarction. cTn – cardiac troponin. SWEDEHEART - 
Swedish Web-system for Enhancement and Development of Evidence-based care in 
Heart disease Evaluated According to Recommended Therapies. 
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Study population 
Study 1 
A study cohort of 1328 patients with a clinical MI diagnosis (ICD-code I.21) 
at eight Swedish hospitals in 2011 was used in study I (Figure 2). The patient 
inclusion was stratified to include the first 100 MI patients reported, as well 
as the first 100 not reported to SWEDEHEART from each site. Since data had 
been collected in slightly less than 100 reported MI patients at three sites, and 
since considerably less than 100 MI patients could be found outside the regis-
try at five sites, the cohort included 792 reported and 536 unreported patients 
(Figure 3).  

Study II 
The 792 SWEDEHEART reported patients were used in study II. However, 
twenty patients were excluded after retrieving data from SWEDEHEART, ei-
ther because they were not found in the registry or because the reported ad-
mission date deviated more than 48 hours. 

Study III 
Thirteen-hundred and ten patients with complete data on caring department, 
out of the 1328 in study I, were used in study III. 

Study IV 
In study IV, patients with elevated cTn without a clinical MI diagnosis (ICD-
code I.21) at Uppsala University Hospital in 2011 were identified using the 
local laboratory records. The first, consecutive 281 patients with at least one 
additional cTn measurement within 24 hours were included and described. 

After excluding 49 patients admitted due to cardiac surgery, 232 of these 
patients were compared with the first 964 consecutive patients with a clinical 
MI diagnosis (out of the 1328 in study I) (Figure 3).  
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Figure 3. Baseline inclusion of patients with a clinical MI diagnosis in studies I-IV.  

Data collection 
All studies 
Data were collected from the local electronic patient records in a similar way 
for all patients in all studies, using a pre-specified case report form (CRF). 
This included information on age, gender, tobacco use, medical history, med-
ications at admission, symptoms, physical parameters at admission, laboratory 
results, results from coronary angiography, echocardiography, chest X-ray, 
chest computed tomography and brain computed tomography, medications in 
hospital, performed or planned invasive coronary procedures, medications at 
discharge, diagnoses at discharge and follow up. In addition to the CRF, cop-
ies of ECGs and relevant medical notes were also collected from the electronic 
patient records.  

Study II 
The reported diagnosis, the reported MI type and the reported date of admis-
sion were retrieved from SWEDEHEART. 

Studies III and IV 
Date of death was provided by the Swedish Tax Agency. 
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Troponin assays 
Different cTn assays with different reference values were used at the different 
hospitals in study I-IV. Presented on a group level, all cTn values have been 
standardized by dividing the cTn level with the 99th percentile upper reference 
limit of the assay used. During the classification process, adjudicators had ac-
cess to all the original values and the time of sampling. 

Diagnosis adjudication 
Based on the collected data, all included patient cases in all studies were ad-
judicated and classified into MI subtypes or myocardial injury by two inde-
pendent physicians (adjudicators), specially trained in the MI classification 
presented in the Third Universal Definition of Myocardial Infarction. In case 
of disagreement between the two adjudicators, a third independent adjudicator 
made an additional classification to reach a majority decision. In case of disa-
greement between all three adjudicators a relative majority was reached using 
a fourth independent adjudicator (Figure 4). Acting as adjudicators were An-
ton Gard (MD), Tomasz Baron (MD, PhD), Gorav Batra (MD, PhD), Marcus 
Hjort (MD, PhD), Karolina Szummer (MD, PhD) and Bertil Lindahl (MD, 
PhD). 

In addition to the classification, adjudicators also assessed the underlying 
condition triggering an ischemic (in case of type 2 MI) or non-ischemic myo-
cardial injury.  

 

 
Figure 4. Classification process. MI - myocardial infarction. 
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Adjudicators classified patients using a pre specified adjudication formula 
(Figure 5). MI was defined as acute ischemic myocardial necrosis and the di-
agnosis required evidence of acute myocardial necrosis (in form of elevated 
cTn with a rising or falling pattern) in a clinical setting of myocardial ischemia 
(such as ischemic symptoms, ischemic ECG findings, imaging evidence of 
new loss of viable myocardium or identification of an intracoronary throm-
bus). 

Type 1 MI was defined as MI caused by a verified or highly suspected coro-
nary artery plaque rupture, ulceration, fissuring or dissection resulting in an 
intracoronary thrombus formation. 

Type 2 MI was defined as MI without intracoronary thrombus formation where 
conditions other than acute atherosclerotic CAD contributed to a cardiac oxy-
gen supply/demand imbalance. The following conditions alone or together 
were accepted as potential triggering mechanisms (no specified cut off levels 
other than those presented in the Third Universal Definition of Myocardial 
Infarction were used): 

• Tachyarrhythmia 
• Bradyarrhythmia 
• Aortic dissection 
• Severe aortic stenosis or insufficiency  
• Shock (cardiogenic, hypovolemic or septic) 
• Respiratory failure 
• Severe anemia 
• Hypertension with or without left ventricular hypertrophy 
• Coronary spasm, endothelial dysfunction or embolism or vasculitis 

Multifactorial myocardial injury was defined as evidence of myocardial ne-
crosis in form of elevated cTn with or without a rising or falling pattern and 
without clear clinical evidence of ischemia. The following conditions alone  
or together were accepted as potentially causing a multifactorial myocardial 
injury: 

• Heart failure 
• Takotsubo cardiomyopathy 
• Severe pulmonary embolism or pulmonary hypertension 
• Sepsis (not septic shock) or critically ill patients 
• Renal failure 
• Severe acute neurological diseases, e.g. stroke or subarachnoid 

hemorrhage  
• Infiltrative diseases, e.g. amyloidosis or sarcoidosis 
• Strenuous exercise 
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In addition, some patients, presenting with typical ischemic symptoms or 
ECG-changes, without an underlying provoking condition, and where the cTn 
concentrations were only slightly elevated without a rising or falling pattern, 
were classified as unstable angina and categorized as multifactorial myocar-
dial injury.  

Non-ischemic myocardial injury was defined as evidence of myocardial ne-
crosis in form of elevated cTn with or without a rising or falling pattern and 
without clear clinical evidence of ischemia. The following conditions alone or 
together were accepted as potentially causing a non-ischemic myocardial in-
jury: 

• Cardiac contusion, surgery, ablation, pacing, or defibrillator shocks 
• Rhabdomyolysis with cardiac engagement 
• Myocarditis 
• Cardiotoxic agents, e.g. anthracyclines or Herceptin  

Studies II-IV did not distinguish between multifactorial and non-ischemic my-
ocardial injury. 
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Figure 5a. Adjudication formula page 1. 
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Figure 5b. Adjudication formula page 2. 
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Statistics 
Mann-Whitney U test, student T-test, Pearson’s chi-square, McNemar’s test, 
Cohen’s Kappa and logistic regression analyses were performed with IBM 
SPSS Statistics 24.0 (SPSS, IBM Corporation, Armonk, NY). Predictive val-
ues, sensitivity, specificity, Gwet’s AC1, multiple imputation and cox regres-
sion analyses were performed with SAS Software, version 9.4 (SAS Institute 
Inc., Cary, NC, USA). 

In all studies; groups were compared using Mann-Whitney U test for non-
normally distributed continuous variables presented as medians with inter-
quartile range, student T-test for normally distributed continuous variables 
presented as means with standard deviation, and Pearson’s chi-square test for 
categorical variables presented as numbers with percentages. 

A two-tailed p-value <0.05 was considered statistically significant in all 
studies. 

Study I 
• Inter-adjudicator agreement was analyzed with Cohen’s Kappa. 
• Predictors of inter-adjudicator agreement were analyzed using a 

multivariate logistic regression model.  
• Clinical variables that differed significantly between cases with 

and without agreement were included in an original model.  
• Variables were selected into the final model by stepwise exclu-

sion of non-significant variables (backward selection).  
• In addition; age, sex, performed coronary angiography and per-

formed echocardiography were forced into the final model. 
• All included continuous variables were divided by their stand-

ard deviation and all non-normally distributed continuous vari-
ables were ln-transformed. 

• Inter-adjudicator agreement was analyzed with Gwet’s AC1 as a 
complement in this thesis. 

 
  



 

 28 

Analyzing agreement between two raters  
If two raters rate subjects on a nominal scale with two categories (for the sake 
of simplicity), the following 2x2 table may be constructed: 

 

 
Figure 6. Cross table with rater 1 compared with rater 2. 

Agreement between the raters can be analyzed by calculating the proportion 
of all cases were the raters agree. This is referred to as observed agreement 
(Po) which may take values between 0 and 1. 

 

 

However, in cases where at least one of the raters are uncertain how to classify 
a subject, an element of randomness will occur in the rating. Hence, agreement 
will most probably occur just by chance in a number of cases 23. This proba-
bility of chance-agreement is referred to as expected agreement (Pe). As a re-
sult, chance-corrected agreement coefficients have been developed that ad-
justs Po for Pe.  

 

 

Expressed in words the formula will answer the following question; what is 
the difference between the observed and expected agreement compared with 
the maximally possible difference in case of perfect agreement 24. All chance-
corrected agreement coefficients may be defined by this formula 25 and may 
take values between -1 (no agreement) to 1 (perfect agreement), where 0 is 
equal to the agreement that would occur by chance. However, they differ in 
how Pe is defined.  
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Cohen’s kappa 
The most commonly used coefficient is Cohen’s Kappa (ĸ), where Pe is de-
fined as follows 23: 

 

 

Pe(ĸ) is the expected amount of agreement under chance conditions 24. It may 
take values between 0 and 1. Although widely used, several limitations have 
been identified with ĸ 26. Since Pe(ĸ) is dependent on marginal distributions, 
ĸ will behave in a counterintuitive, paradoxical way under certain circum-
stances.  

1. ĸ will be inflated in case of rater bias, i.e. systematic differences 
between raters in their tendency to make particular ratings.  

2. ĸ is also very sensitive to prevalence and will be much lower if one 
particular rating is very common (Figure 7). 

 
Figure 7. The effect of prevalence on agreement coefficients (after25). A perfectly 
equal prevalence of different ratings gives a prevalence index of 0. 

Gwet’s first order agreement coefficient 
Gwet’s first order agreement coefficient (AC1) was introduced as an alterna-
tive designed to overcome the limitations of ĸ 27. In AC1 Pe is defined as fol-
lows: 
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Pe(AC1) is the proportion of cases with agreement where at least one of the 
raters did a random rating 28. In contrast to Pe(ĸ), Pe(AC1) may take values 
between 0 and 0.5 and is less dependent on marginal distributions 25. There-
fore, in contrast to ĸ, AC1 is not affected by rater bias. However, it is slightly 
dependent on prevalence, but in contrast to ĸ, AC1 increases if one particular 
rating is very common (Figure 7).  

Interpreting the coefficient 
Table 2. Interpretation of ĸ and AC1

29 

ĸ / AC1 Level of agreement 
<0.20 Slight 
0.21-0.40 Fair 
0.41-0.60 Moderate 
0.61-0.80 Substantial 
>0.80 Excellent 

ĸ – Cohen’s Kappa coefficient. AC1 – Gwet’s first order agreement coefficient. 

Several benchmark tools have been proposed 30. A common interpretation of 
both ĸ and AC1 is presented in table 2. However, since AC1 is based on a more 
restrictive assumption of how often agreement is reached due to truly random 
ratings, AC1 will usually be higher than ĸ 30. Further, it has been debated 
whether simple interpretation tools, such as table 2, can be used at all 31.  
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Study II 
• Using the adjudicated final majority classification as a gold stand-

ard; predictive values, sensitivity and specificity with 95% confi-
dence intervals, were calculated for a type 2 MI classification in 
SWEDEHEART.  

• Agreement between the gold standard classification and the classi-
fication in SWEDEHEART was analyzed with Cohen’s ĸ and 
Gwet’s AC1. 

• A comparison of reported and unreported type 2 MI patients has 
been added as a complement in this thesis.  

  



 

 32 

Predictive values 
In order to evaluate a test, it must be compared with a gold standard. This 
should be the best possible method available to decide whether the disease of 
interest is present or not. Using a gold standard, test properties such as sensi-
tivity and specificity may be calculated. However, even though the gold stand-
ard is used as a surrogate for the truth, it is important to note that it is not. The 
quality of the gold standard will decide the quality of the test evaluation 32. In 
study II, the classification in SWEDEHEART is the test being evaluated using 
the adjudicated final majority classification as gold standard. 
 

 
Figure 8. Test results in comparison with a gold standard. 

Sensitivity and Specificity 32 
Sensitivity is the probability of a positive test when the disease is truly present, 
or in other words, the tests ability to correctly identify individuals with the 
disease. 

Specificity is the probability of a negative test when the disease is truly 
absent, or in other words, the tests ability to correctly identify individuals 
without the disease. 

These are both important measures for the test itself. Sensitivity and spec-
ificity are properties that may depend on the disease prevalence, but to a lesser 
degree and they are therefore relatively stable in different settings. 

Predictive values 32 
The positive predictive value (PPV) is the probability of the disease being 
truly present when a test is positive, or in other words, the proportion of test 
positives that truly have the disease. 
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The negative predictive value (NPV) is the probability of the disease being 
truly absent when a test is negative, or in other words, the proportion of test 
negatives that truly are disease free. 

These are both measures for the reliability of a specific test result. As long 
as the test properties are fairly good, the PPV is affected by the specificity to 
a higher degree and sensitivity to a lower degree. The opposite is true for NPV 
33. However, both predictive values are greatly affected by the disease preva-
lence in the tested population and therefore unstable in different settings. With 
higher disease prevalence, PPV will increase and NPV decrease. Further, the 
importance of test specificity for obtaining a high PPV increases with lower 
disease prevalence 34.  

Which measure is most important 35 
If it is most important to safely rule out a disease, for example if the disease is 
serious but uncomplicated to treat, then a high NPV (and therefore usually 
high sensitivity) is important. Also, consider the importance of a high NPV 
for Sars-Cov-2 PCR testing in order to reduce spread of the infection. 

If it is most important to safely rule in a disease, for example if the treat-
ment has severe side effects, then a high PPV (and therefore usually high spec-
ificity) is important. Also, consider the importance of a high PPV for Sars-
Cov-2 antibody testing in order to reduce spread of the infection. 
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Study III 
• Predictors of care outside a cardiology department were analyzed 

in a multivariate logistic regression model.  
• Clinical variables known at the time of hospital admission that 

differed significantly between patients treated and not treated 
at a cardiology department were included in an original model. 

• Variables were selected into the final model by stepwise exclu-
sion of non-significant variables (backward selection).  

• In addition, sex was also included in the final model. 
• All included continuous variables were divided by their stand-

ard deviation and all non-normally distributed continuous vari-
ables were ln-transformed. 

• The association between treatment outside cardiology departments 
and all-cause death was analyzed in cox regression models with 
stepwise adjustment: 
• Model 1: no adjustment 
• Model 2: adjustment for age, sex, active smoking, modified 

Charlson comorbidity index (1 p for myocardial infarction, 
congestive heart failure, peripheral vascular disease, dementia, 
cerebrovascular disease, chronic lung disease and history of 
bleeding; 1,5 p for diabetes mellitus; 2 p for kidney disease and 
liver disease; 6 p for metastatic tumor), clinical parameters at 
admission (heart rate, systolic blood pressure and oxygen satu-
ration), laboratory results at admission (troponin, C-reactive 
protein, hemoglobin and creatinine) and ECG at admission 
(STEMI, yes or no). 

• Model 3: As per model 2 plus adjustment for treatment in-hos-
pital (intravenous anticoagulants, diuretics, inotropes, antibiot-
ics, invasive or non-invasive ventilation and PCI). 

• Model 4: As per model 3 plus adjustment for treatment at dis-
charge (RAAS inhibitors, ASA, other platelet inhibitors, beta 
blockers, statins and anticoagulants). 

• Multiple imputation of missing data for covariates in the cox re-
gression models was performed. Variables in the covariate section 
were used to produce the imputed values. The results from each of 
five imputed datasets were combined. 

• A sensitivity analysis of the crude mortality when only including 
consecutive patients is added as a complement in this thesis. 
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Potential sources of bias 

 
Figure 9. Simple causal diagram to illustrate potential sources of bias in study III. 

Causal diagrams 36 
The effect of different variables on each other can be sketched in a causal 
diagram (also called directed acyclic graph, or DAG) which can be a useful 
tool to visualize sources of bias. This is done based on prior knowledge and 
reasoning. Two simple rules apply to the diagram. It must be: 

• Directed: an arrow may only go in one direction between two vari-
ables.  

• Acyclic: A variable cannot directly or indirectly cause itself. Imag-
ining time moving from left to right in the diagram may be useful. 

In contrast to the arrows themselves, association flow freely along arrows in 
both directions, creating pathways of association between different variables. 
However, variables where two arrows collide (referred to as colliders) blocks 
the flow of association. 

Putting a box around a variable represent some kind of conditioning on that 
variable. That may for example be to select patients with a specific value on 
that variable or to adjust for that variable in a regression model. This blocks 
the pathway of association leading through the variable. However, condition-
ing on a collider has the opposite effect and will open a previously closed 
pathway of association. 

Confounding and selection bias in study III 
Study III investigates the association between MI treatment outside a cardiol-
ogy department (exposure) and all-cause mortality (outcome) (Figure 9). 
However, there are several potential sources of bias in the analysis that needs 
to be addressed.  
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If there are common causes of both exposure and outcome, an association 
between them is expected even without any true effect of exposure on out-
come. These common causes are called confounders and will bias the analysis 
36. In study III, age exemplifies a measured confounder which could be 
blocked by adjustment in the regression analysis. Frailty, however, exempli-
fies an unmeasured confounder, unmanageable and leading to residual con-
founding. 

Common effects of exposure and outcome will usually not cause bias since 
these variables are colliders. However, conditioning on a common effect will 
open a pathway of spurious association referred to as collider bias or selection 
bias 36. In study III, a suspicion arose that both caring department and in-hos-
pital death affected the probability of SWEDEHEART reporting. If true, this 
would have led to selection bias since the patient selection was conditioned 
on registry reporting. One way of handling this was to also do the analysis 
with follow up starting at 30 days after hospital admission. This excludes in-
hospital deaths from the analysis and therefore removes the arrow from all-
cause mortality to SWEDEHEART in the diagram. 

Variables on the pathway between exposure and outcome are called medi-
ators. These variables are usually not included in the diagram. The effect of 
exposure on outcome is always mediated by something and conditioning on 
mediators will bias the analysis of this effect 36. In study III, treatment with 
PCI exemplifies a mediator that were adjusted for in a separate analysis. This 
was done to analyze the contribution of that mediator to the association be-
tween exposure and outcome, rather than to analyze the total association be-
tween exposure and outcome per se. 
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Study IV 
• Related samples were compared with McNemar’s test. 
• The association between a clinical MI diagnosis and all-cause mor-

tality was analyzed in cox regression models with stepwise adjust-
ment: 
• Crude: No adjustment  
• Model 1: adjustment for age, sex, active smoking and modified 

Charlson comorbidity index (see statistics – study III). 
• Model 2: As per model 1 plus adjustment for heart rate at ad-

mission, systolic blood pressure at admission, reaction level 
scale  >1 at admission (yes or no), creatinine level at admission, 
maximal troponin level, maximal C-reactive protein level and 
invasive or non-invasive ventilation during hospital stay (yes or 
no). 

• Multiple imputation of missing data for covariates in the cox re-
gression models was performed. Variables in the covariate section 
were used to produce the imputed values. The results from each of 
five imputed datasets were combined. 
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Multiple imputation of missing data 
Missing data are common and may lead to bias and/or lower precision in sta-
tistical analyses. Assumptions are made for why the data are missing 37: 

• Missing completely at random (MCAR): The missing data does not 
depend on neither observed nor unobserved data. 

• Missing at random (MAR): The missing data depend on observed 
data.  

• Missing not at random (MNAR): The missing data depend on un-
observed data, for example the missing data itself. 

It is possible to analyze whether data are MCAR or not, however, there are no 
statistical methods to distinguish MAR from MNAR 38. 
 

 
Figure 10. Different ways to handle missing data. 
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When constructing a regression model, listwise deletion is usually the default 
way to handle missing data in statistical software packages (Figure 10). This 
means deleting subjects with missing data on any of the covariates from the 
analysis. A problem with this method is that wasting data leads to lower sta-
tistical power, hence, increasing the risk of type 2 errors. Further, wasting data 
also leads to bias as long as the missing data are not MCAR 38. 

Imputation means filling in missing data with estimated data. Filling in miss-
ing data may be considered as artificial, unethical or cheating. This is probably 
one reason for why researchers often decide to use listwise deletion instead 38.  

There are several methods of imputing missing data. Single imputation 
methods could for example be to fill in the mean value or a predicted value 
from a regression model. However, although avoiding type 2 errors, single 
imputation methods introduce new bias (of different sort depending on the 
method) 37. A common problem with all single imputation methods is that the 
imputed data are incorrectly treated with the same certainty as the recorded 
data, which will bias p-values and confidence intervals downward 38. Hence, 
increasing the risk of type 1 errors. 

Multiple imputation handles this by incorporating the uncertainty of the 
missing data. In short, multiple imputation works in three steps 38: 

1. Several datasets are created with single imputation of missing data 
based on information from other variables in the data set plus a ran-
dom component. This will create several slightly different datasets 
with slightly different values of the imputed data. 

2. All created datasets are analyzed separately, with slightly different 
results. 

3. These results are combined in an overall statistical analysis where 
the uncertainty of the missing data is incorporated in the standard 
error and significance tests. 

Regardless of why data are missing, multiple imputation should be preferred 
over listwise deletion since it leads to higher statistical power and at least 
equally (in the case of MCAR), or more likely, less biased results 38. 
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Ethical considerations 
All studies have been approved by the Regional Ethical Review Board Upp-
sala, reference number 2012/208. In accordance with the ethical decision, in-
formed consent was obtained from all living study participants not reported to 
SWEDEHEART. Concerning the few specific variables that were retrieved 
from SWEDEHEART; all reported patients are informed about their partici-
pation in the registry and have the rights to refuse participation in research. In 
order to limit the risk for an individual study participant to be identified, all 
data were pseudonymized and analyzed on a group level.  
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Results  

Table 3. Overview of patient characteristics in the different study populations 

Study population With clinical 
MI diagnosis 

Without clinical 
MI diagnosis 

SWEDEHEART Reported Not reported Not reported 
Total number of patients 792 536 281 
Cardiovascular risk factors    
     Age, mean (SD) 71 (12) 82 (11) 73 (14) 
     Male sex 521 (66) 256 (48) 159 (57) 
     Active smoking* 165 (21)  49 (9)  34 (12) 
     Hypertension 411 (52) 332 (62) 166 (59) 
     Hyperlipidemia 222 (28) 94 (18) 36 (13) 
     Diabetes mellitus 175 (22) 142 (27) 60 (21) 
Medical history    
     Myocardial infarction 226 (29) 198 (37) 77 (27) 
     Heart failure 91 (12) 127 (24) 69 (25) 
     COPD 47 (6) 56 (11) 22 (8) 
     Dementia 19 (2) 66 (12) 19 (7) 
Investigations in hospital    
     Coronary angiography 644 (81) 127 (24) 12 (4) 
     Echocardiography 555 (70) 195 (36) 83 (30) 
Alive at discharge 750 (95) 417 (78) 257 (92) 
Treatment at discharge, %  
of alive 

   

     Aspirin 731 (98) 352 (84) 120 (47) 
     Statin 675 (90) 350 (84) 74 (28) 
     Beta blocker 659 (88) 207 (50) 155 (60) 
Alive five years later†     552 (70)  162 (30)  132 (47) 

Values are number (%). cTn – Cardiac troponin, MI – myocardial infarction, COPD 
– chronic obstructive pulmonary disease.  
* 12% missing data for reported patients with clinical MI diagnosis, 42% for not reported pa-
tients with clinical MI diagnosis and 16% for patients without a clinical MI diagnosis  
† 3 % lost to follow up among both reported and not reported patients with clinical MI diagno-
sis. No lost to follow up among patients without clinical MI diagnosis. 
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Study I. Agreement in the MI classification 
According to the final majority adjudication, 888 out of the 1328 included 
patients, had a type 1 MI, 246 had a type 2 MI and 25 had types 3-5 MI (Figure 
2, methods). In 169 patients, the MI criteria were not met resulting in 165 
patients being adjudicated as multifactorial myocardial injury and four pa-
tients as non-ischemic myocardial injury. 

 
Table 4. Comparison in MI- and myocardial injury classification between the initial 
two adjudicators. 

1st Adjudicator 2nd Adjudicator 
 Type  

1 MI 
Type  
2 MI 

Types  
3-5 MI 

Multi- 
factorial 

Non- 
ischemic 

Total 

Type 1 MI 716 69 11 46 0 887 
Type 2 MI 53 158 2 32 0 245 
Types 3-5 MI 12 2 10 4 0 28 
Multifactorial 38 28 1 91 1 159 
Non-ischemic 2 2 0 3 2 9 
Total 866 259 24 176 3 1328 

MI – myocardial injury. Multifactorial – multifactorial myocardial injury. Non-is-
chemic – Non-ischemic myocardial injury. 

The two initial adjudicators agreed in the MI classification in 1022 cases 
(77%). A comparison between the classifications is presented in Table 4. An-
alyzed with Cohen’s kappa, there was a moderate level of agreement between 
the adjudicators in the overall classification (κ: 0.55 with 95% CI: 0.51-0.59).  
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Table 5. Comparison between the initial two adjudicators in distinguishing type 1 MI, 
type 2 MI and multifactorial myocardial injury. 

1st Adjudicator 2nd Adjudicator 
 Type 1 MI Other  Total 
Type 1 MI 761 126 887 
Other 105 336 441 
Total 866 462 1328 
 Type 2 MI Other  Total 
Type 2 MI 158 87 245 
Other 101 982 1083 
Total 259 1069 1328 
 Multifactorial Other  Total 
Multifactorial 91 68 159 
Other 85 1084 1189 
Total 176 1152 1328 

MI – myocardial infarction. Multifactorial – multifactorial myocardial injury. 

The level of agreement was substantial in distinguishing type 1 MI (κ: 0.61 
with 95% CI: 0.57-0.66) compared with a moderate level of agreement in dis-
tinguishing type 2 MI (κ: 0.54 with 95% CI: 0.48-0.60) and multifactorial my-
ocardial injury (κ: 0.48 with 95% CI: 0.41-0.55) (Table 5). 

Agreement between the two initial adjudicators was reached in 86%, 64% 
and 55% of the cases finally decided by majority as type 1 MI, type 2 MI and 
multifactorial myocardial injury respectively. 
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Predictors of agreement 

 
Figure 11. Multivariate logistic regression model for the association between clinical 
variables and agreement in the MI classification between the initial two adjudicators.  
MI – myocardial infarction. Max – maximal value. Min – minimum value. CRP – C-
reactive protein. TIA – transient ischemic attack. 

Analyzed in a multivariate logistic regression model; ST-elevation MI, current 
smoking, a performed coronary angiography and a more dynamic cTn-pattern 
all independently made adjudicators agree significantly more often, while 
agreement decreased significantly with higher systolic blood pressure, symp-
toms of dyspnea, higher CRP levels at admission and a history of stroke or 
TIA (Figure 11). 
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Complementary analysis with Gwet’s AC1 
Analyzed with AC1, there was a substantial level of agreement between the 
initial two adjudicators in the overall classification (AC1: 0.73; 95% CI: 0.70-
0.75). Further, the level of agreement was substantial in distinguishing type 1 
MI (0.68; 95% CI: 0.64-0.72), almost excellent in distinguishing type 2 MI 
(0.80; 95% CI: 0.77-0.82), and excellent in distinguishing multifactorial my-
ocardial injury (0.86; 95% CI: 0.84-0.88). These AC1 values were not calcu-
lated in the original published version of study I. 
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Study II. Validation of Type 2 MI in SWEDEHEART 
A comparison of the gold standard classification and the reported classifica-
tion among the 772 included patients in study II is presented in Table 6. In 86 
cases the MI type had been reported to SWEDEHEART as “unknown” and in 
24 cases the classification variable was missing in the registry.  

 
Table 6. Comparison in MI classification between SWEDEHEART and Gold 
standard 

SWEDEHEART Gold standard 
 Type  

1 MI 
Type  
2 MI 

Types  
3-5 MI 

Myocardial 
injury 

Total 

Type 1 MI 523 47 6 33 609 
Type 2 MI 10 30 0 8 48 
Types 3-5 MI 4 0 1 0 5 
Unknown/missing 88 16 3 3 110 
Total 625 93 10 44 772 

MI – myocardial infarction. 

Among the 93 patients with a type 2 MI according to the gold standard, 30 had 
been reported as type 2 MI in SWEDEHEART. This underreporting of type 2 
MI was consistent among all eight investigated hospitals. Out of the total of 48 
reported type 2 MI patients, 30 were true type 2 MIs according to the gold stand-
ard. Among the remaining false type 2 MI reports, ten patients had a type 1 MI 
and eight patients a myocardial injury according to the gold standard. Predictive 
values, sensitivity and specificity are presented in Table 7. 

 
Table 7. Predictive values, sensitivity and specificity for a type 1 and type 2 MI clas-
sification in SWEDEHEART 

 PPV  
(95% CI) 

NPV  
(95% CI) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

Type 1 MI 85.9  
(82.9-88.5) 

37.4  
(30.0-45.3) 

83.7  
(80.5-86.5) 

41.5  
(33.4-49.9) 

Type 2 MI 62.5  
(47.3-76.0) 

91.3  
(89.0-93.2) 

32.3  
(22.9-42.7) 

97.3  
(95.8-98.4) 

PPV – positive predictive value. NPV – negative predictive value. CI – confidence 
interval. MI – myocardial infarction. 
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A comparison between SWEDEHEART and the gold standard in deciding a 
type 2 MI diagnosis, after exclusion of all “unknown” and missing classifica-
tions, is presented in Table 8. The level of agreement in deciding a type 2 MI 
was moderate analyzed with Cohen’s Kappa (κ: 0.43; 95% CI 0.31-0.54) but 
excellent analyzed with Gwet’s first order agreement coefficient (AC1: 0.88; 
95% CI 0.85-0.91). The under-reporting of type 2 MI was the dominating error 
in the registry leading to disagreement with the gold standard. 

 
Table 8. Comparison between SWEDEHEART and gold standard in deciding a type 
2 MI diagnosis. 

SWEDEHEART Gold standard 
 Type 2 MI Other  Total 
Type 2 MI 30 18 48 
Other 47 567 614 
Total 77 585 662 

MI – myocardial infarction. 

The level of agreement between the gold standard adjudicators in deciding a 
type 2 MI diagnosis was moderate according to Cohen’s κ (0.53) and excellent 
according to Gwet’s AC1 (0.88). 

Complementary comparison with unreported type 2 MI  
The following analyses were not performed in the original published version 
of study II. In comparison with adjudicated type 2 MI patients outside 
SWEDEHEART, the reported type 2 MI patients had a high frequency of car-
diology department care, hyperlipidemia, chest pain at admission and coro-
nary angiography investigations (Table 9). On the contrary, the reported type 
2 MI patients were less often active smokers, had lower CRP levels and a 
lower short term all-cause mortality. Further, reported type 2 MI patients were 
more often prescribed statins compared with unreported type 2 MI patients. 
When compared with adjudicated type 2 MI patients without a clinical MI 
diagnosis, reported patients were also prescribed acetylsalicylic acid and beta 
blockers to a greater extent. 
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Table 9. Comparison between the type 2 MI population in SWEDEHEART and ad-
judicated type 2 MI in the other study populations. 

 Reported Adjudicated but not reported 
Clinical MI diagnosis Yes Yes No 
Number of patients 48 149 37 
   Prevalence in studied population 6% 28%* 13%* 
   Prevalence among MI patients 6% 36%* 78%* 
Admitted to cardiology dep. n (%) 42 (88) 78 (52)* 4 (11)* 
Risk factors, n (%)    
   Age (years), mean (SD) 76 (8) 82 (11)* 70 (14)* 
   Male sex 29 (60) 67 (45) 17 (46) 
   Current smoking 1 (2)‡ 15 (10)*‡ 9 (24)*† 
   Hypertension 28 (58) 96 (64) 24 (65) 
   Diabetes any type 16 (33) 43 (29) 7 (19) 
   Hyperlipidemia 13 (27) 20 (13)* 1 (3)* 
Comorbidities, n (%)    
   Previous MI 21 (44) 53 (36) 13 (35) 
   Heart failure 11 (23) 39 (26) 7 (19) 
   Dementia 5 (10) 18 (12) 3 (8) 
Clinical findings    
   Systolic blood pressure 134 (39) 139 (60) 135 (68) 
   Heart rate 98 (40) 91 (44) 80 (33)* 
   Chest pain, n (%) 32 (67) 65 (44)* 6 (16)* 
Laboratory, median (IQR)     
   CRP max value (mg/dL) 12 (53) 56 (156)* 101 (214)* 
   cTn max value, std. 38 (228) 28 (94) 10 (47)* 
   Creatinine first value (µmol/L) 102 (64) 106 (67) 89 (49) 
Coronary angiography, n (%) 14 (29) 19 (13)* 2 (5)* 
Alive at discharge, n (%) 45 (94) 126 (85) 29 (78)* 
Treatment at discharge, n (%)    
   Aspirin 33 (73) 95 (75) 13 (45)* 
   Beta blockers 36 (80) 107 (85) 14 (48)* 
   Statin 26 (58) 45 (36)* 5 (17)* 
Five year mortality, n (%) 30 (63) 113 (76) 26 (70) 

MI – myocardial infarction. cTn – cardiac troponin. Std. – standardized value. 
* p <0.05 for comparison with reported type 2 MI patients.  
† 10-20% missing data.  
‡ >20% missing data.  
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Figure 12. Single site (Uppsala University Hospital) number of type 2 MI patients in 
the different patient cohorts and in relation to the patient inclusion period of each 
cohort. 

By restricting the study population to only include patients at Uppsala Uni-
versity hospital in 2011, consecutive patients from all study populations in this 
thesis may be compared. This allows for a more specific illustration of the 
registers local type 2 MI coverage in the beginning of that year. As illustrated 
in Figure 12; 38 unreported type 2 MI patients were identified during the time 
period of the first three type 2 MI reports. 
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Study III. MI care outside cardiology departments 
Among the 1310 included MI patients, 235 received care exclusively outside 
a cardiology department (CD). The remaining 1 075 patients received care at 
a CD at some point of the care event.  

 

 
Figure 13. Prevalence of myocardial infarction types outside CDs and at CDs.  

The distribution of type 1 MI, type 2 MI and myocardial injury was fairly 
equal outside CDs (Figure 13). In contrast, type 1 MI was the dominating MI 
type at CDs. Distinctive clinical features among patients treated outside a CD 
were high age, female sex and a high prevalence of non-cardiac comorbidities 
(Table 10). Further, abnormal clinical- and laboratory findings were more 
common among these patients in comparison to the CD-patients. There was 
no association between the level of the first cTn measurement and caring de-
partment, however, the rise in cTn levels over serial measurements was more 
modest among the non-CD patients. Although less common in comparison to 
the CD patients, ST-elevations on ECG were nonetheless seen in almost 10% 
of the non-CD patients. Only 3.8% of the non-CD patients were investigated 
with coronary angiography and PCI was performed in just four out of the 235 
patients. Further, the non-CD patients were prescribed secondary preventive 
treatment to a lesser extent, with less than one third of the patients having 
statin therapy at discharge. 

Analyzed in a multivariate logistic regression model, independent predic-
tors of non-CD care were old age, metastatic cancer, a depressed level of con-
sciousness as well as higher CRP and creatinine levels at admission. On the 
contrary, chest pain at admission and ST-elevations on ECG were both inde-
pendent predictors of CD care. 
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Table 10. Baseline characteristics, treatment and follow up. 

 Cardiology  
department 

Other  
department p 

Total n 1075 235  

Reported to SWEDEHEART 773 (72) 10 (4) <0.01 
Age, years, mean (SD) 73 (13) 84 (10) <0.01 
Male sex, n (%) 657 (61) 109 (46) <0.01 
Risk factors and medical history, n (%)    
     Current smoking* 191 (18) 22 (9) <0.01 
     Prior MI 334 (31) 86 (37) 0.10 
     Heart failure 162 (15) 54 (23) <0.01 
     Chronic kidney disease 79 (7) 45 (19) <0.01 
     COPD 75 (7) 28 (12) 0.01 
     Dementia 43 (4) 39 (17) <0.01 
     Metastatic cancer 11 (1) 9 (4) <0.01 
Clinical findings, n (%)    
     Chest pain at admission 867 (81) 73 (31) <0.01 
     ST-elevation on ECG 362 (34) 23 (10) <0.01 
     Depressed level of consciousness† 28 (3) 28 (13) <0.01 
Laboratory results, median (IQR)    
     cTn level at admission, standardized 5 (2 - 33) 6 (2 - 31) 0.97 
     cTn maximum level, standardized  46 (12 - 233) 24 (7 - 122) <0.01 
     CRP at admission, mg/L  5 (2 - 13) 27 (6 – 77) <0.01 
     Creatinine at admission, μmol/L  86 (71 - 110) 102 (75 - 150) <0.01 
In-hospital PCI, n (%) 593 (55) 4 (2) <0.01 
Discharge, total n 1004 167  
Medications, n (%)    
     RAAS inhibitors 765 (76) 88 (53) <0.01 
     Acetylsalicylic acid 930 (93) 132 (79) <0.01 
     Other platelet inhibitors 800 (80) 58 (35) <0.01 
     Beta blockers 876 (87) 128 (77) <0.01 
     Statins 802 (80) 54 (32) <0.01 
     Anticoagulants 90 (9) 23 (14) 0.05 
Specialist follow up, n (%) 752 (75) 35 (21) <0.01 
No follow up, n (%) 46 (5) 48 (29) <0.01 

More than 95% tested for each variable if otherwise not stated.  TIA – transient is-
chemic attack, COPD – chronic obstructive pulmonary disease, CRP – C-reactive pro-
tein, cTn – cardiac troponin, PCI – percutaneous coronary intervention, RAAS – 
renin-angiotensin-aldosterone system. 
* 19% and 42% missing values of smoking in CD and non-CD patients respectively  
† 16% and 12% missing values of reaction level scale in CD and non-CD patients respectively  
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Prognosis of MI outside cardiology departments 
The median follow-up time was 6.2 years (interquartile range 1.0 – 7.0 years). 
During this period 673 (55%) patients died, whereof 203 (88%) of those 
treated outside a CD and 470 (45%) treated at a CD (Figure 14). A total of 34 
(3%) patients, whereof three non-CD and 31 CD patients, were considered lost 
to follow-up since the patients personal ID-numbers did not find a match at 
the Swedish Tax Agency.  
 

   
Figure 14. Crude total follow-up and 30 days survival curves for patients treated at a 
cardiology department (red) and patients treated outside a cardiology department 
(blue). 

In the total follow-up period, the crude all-cause mortality was significantly 
higher among non-CD patients in comparison with CD-patients, with a hazard 
ratio (HR) of 3.72 (95% CI 3.13-4.41). As visualized in Figure 14, early deaths 
contributed considerably to the high mortality among non-CD patients.  
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Table 11. All-cause mortality 

Cox regression models for all-cause mortality in non-CD versus CD patients; among 
all patients (left) and among patients surviving the first 30 days (right).  
Model 1: Unadjusted 
Model 2: Adjustment for age, sex, active smoking, modified Charlson comorbidity index, clin-
ical parameters at admission, laboratory results at admission and ECG at admission (STEMI 
y/n). 
Model 3: As per model 2, with adjustment for in-hospital treatment including PCI 
Model 4: As per model 3, with adjustment for treatment at discharge 
 
The mortality rate remained significantly higher among non-CD patients after 
adjustment for baseline characteristics with a HR of 2.28 (95% CI, 1.62-3.22) 
after 30 days, HR = 1.82 (95% CI, 1.39-2.36) after one year and HR = 1.62 
(95% CI, 1.32-1.98) after five years. Further adjustment for in-hospital treat-
ment, including PCI, attenuated, but did not eliminate the significant differ-
ence in mortality between the groups (Table 11).  

With follow up starting from thirty days after admission, the adjusted one-
year mortality did not significantly differ between non-CD and CD-patients. 
In contrast, the five-year mortality was significantly higher among non-CD 
patients, also after adjustment for available admission data with a HR of 1.48 
(95% CI, 1.13-1.94). However, no significant difference remained after ad-
justment for in-hospital treatment, including PCI, and long-term pharmaco-
logical treatment. 
  

Start of fol-
low-up 

Hospital admission 30-days post hospital admission 

Variable Valid 
cases 

Hazard ratio (95% 
CI) 

p Valid 
cases 

Hazard ratio (95% 
CI) 

p 

30-days       
     Model 1 1276 4.68 (3.49-6.29) <0.01    
     Model 2 1276 2.28 (1.62-3.22) <0.01    
     Model 3 1276 1.71 (1.19-2.46) <0.01    
     Model 4       
1-year       
     Model 1 1276 4.15 (3.32-5.18) <0.01 1142 3.49 (2.48-4.92) <0.01 
     Model 2 1276 1.82 (1.40-2.36) <0.01 1142 1.38 (0.91-2.08) 0.13 
     Model 3 1276 1.43 (1.10-1.88) <0.01 1142 1.13 (0.76-1.70) 0.55 
     Model 4    1142 1.14 (0.76-1.72) 0.53 
5-year       
     Model 1 1276 3.84 (3.21-4.58) <0.01 1142 3.43 (2.75-4.23)  <0.01  
     Model 2 1276 1.62 (1.32-1.98) <0.01 1142 1.48 (1.13-1.94) <0.01 
     Model 3 1276 1.33 (1.08-1.64) <0.01 1142 1.24 (0.95-1.63) 0.12 
     Model 4    1142 1.19 (0.91-1.57) 0.21 
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Complementary sensitivity analysis with consecutive patients 
The following analysis was not performed in the original published version of 
study III. Only selecting consecutive patients, regardless of SWEDEHEART 
reporting status, included 954 patients whereof 97 (10%) managed exclusively 
outside a CD and 857 (90%) managed at a CD at some point of the care event. 

 

 
Figure 15. Crude total follow up and 30 day survival curves for consecutive patients 
treated at a cardiology department (red) and consecutive patients treated outside a 
cardiology department (blue). 

During a median follow up of 6.9 years (interquartile range 1.8-7.1 years); 427 
(45%) patients died, whereof 86 (91%) of the non-CD patients and 341 (41%) 
of the CD patients (Figure 15). A total of 24 (3%) patients were lost to follow 
up. 
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Study IV. The importance of a clinical MI diagnosis 
Among the 281 patients with elevated cTn but without a clinical MI diagnosis, 
47 (17%) met the MI criteria with 37 (13%) adjudicated as type 2 MI. The 
remaining 234 patients (83%) were adjudicated as myocardial injury (Figure 
2, methods). These patients are described in Table 3. However, 49 patients 
admitted for cardiac surgery were excluded from the comparative analyses 
below due to a very distinctive clinical and prognostic profile.   

Among the 964 consecutive patients with a clinical MI diagnosis, 878 
(91%) met the MI criteria with 138 (14%) adjudicated as type 2 MI. In the 
remaining 86 (9%) patients, the MI diagnosis was considered as incorrect 
leading to a myocardial injury classification (Figure 2, methods).  

Comparison of adjudicated type 2 MI and myocardial injury 
patients with and without a clinical myocardial infarction 
diagnosis 
In patients adjudicated as having type 2 MI, a clinical MI diagnosis was asso-
ciated with older age, a higher prevalence of hyperlipidemia and chest pain as 
well as higher troponin levels. On the contrary, higher CRP and hemoglobin 
levels were observed among patients without a clinical MI diagnosis (Table 
12). Likewise, in those adjudicated as having myocardial injury, patients with 
a clinical MI diagnosis had a higher prevalence of hyperlipidemia, chest pain, 
prior myocardial infarctions as well as higher cTn levels than those without a 
clinical MI diagnosis.  

In adjudicated type 2 MI with a clinical MI diagnosis, a majority had been 
treated at a cardiology department (67%). On the contrary, treatment at a car-
diology department was rare among those without a clinical MI diagnosis 
(11%). In adjudicated myocardial injury; care was given at a cardiology de-
partment in 49% and 14% of those with and without a clinical MI diagnosis 
respectively.  

Regardless of the adjudicated diagnosis, the frequency of coronary angi-
ography investigations as well as treatment with Fondaparinux were higher in 
patients with a clinical MI diagnosis. On the contrary, treatment with antibi-
otics were more common in patients without a clinical MI diagnosis. The use 
of ventilatory support was also higher among adjudicated type 2 MI patients 
without a clinical MI diagnosis. 
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Table 12. Characteristics and in-hospital treatment  
Adjudicated diagnosis Type 2 MI p  Myocardial injury p  

 
Clinical MI diagnosis Yes No  Yes No  
Total number of patients 138 37  86 185  
   Age, mean (SD) 78 (11) 70 (14) <0.01 79 (12) 76 (14) 0.15 
   Male sex, n (%) 69 (50) 17 (46) 0.66 53 (62) 98 (53) 0.18 
   Active smoking, n (%) * 14 (10) 9 (24) 0.11 8 (9) 20 (11) 0.54 
Medical history, n (%)       
   Hypertension 79 (57) 24 (65) 0.40 49 (57) 109 (59) 0.76 
   Hyperlipidemia 25 (18) 1 (3) 0.02 21 (24) 21 (11) <0.01 
   Diabetes mellitus 36 (26) 7 (19) 0.37 19 (22) 43 (23) 0.83 
   Myocardial infarction 57 (41) 13 (35) 0.50 36 (42) 48 (26) <0.01 
   Heart failure 33 (24) 7 (19) 0.52 27 (31) 49 (27) 0.42 
   COPD 22 (16) 2 (5) 0.10 10 (12) 17 (9) 0.53 
Clinical findings, median (IQR)       
   Chest pain, n (%) 85 (62) 6 (16) <0.01 36 (42) 24 (13) <0.01 
   Oxygen saturation * 95 (6) 94.5 (6) 0.52 95 (5) 96 (4) 0.02 
   Systolic blood pressure 147 (60) 135 (68) 0.09 145 (39) 140 (40) 0.34 
   Heart rate 94 (41) 80 (33) 0.01 86 (35) 80 (30) 0.81 
   Reaction level scale >1, n (%) † 4 (3) 2 (5) 0.56 7 (8) 18 (10) 0.99 
Laboratory results, median (IQR)       
   cTn max value, std 25 (108) 10 (47) <0.01 8 (40) 5 (13) <0.01 
   cTn dynamic >20%, n (%) 127 (93) 35 (95) 0.69 55 (64) 143 (77) 0.04 
   CRP max value 16 (60) 101 (214) <0.01 36 (110) 55 (148) 0.21 
   Hemoglobin at admission 126 (32) 138 (28) <0.01 131 (21) 132 (27) 0.93 
   Creatinine at admission 92 (47) 89 (49) 0.24 102 (65) 93 (54) 0.20 
Cardiology department care, n (%) 93 (67) 4 (11) <0.01 42 (49) 25 (14) <0.01 
Investigations, n (%)       
   Echocardiography 66 (48) 12 (32) 0.09 38 (44) 33 (18) <0.01 
   Coronary angiography 54 (39) 2 (5) <0.01 24 (28) 3 (2) <0.01 
Treatment, n (%)       
   PCI 19 (14) 1 (0) 0.06 10 (12) 0 (0) <0.01 
   Fondaparinux i.v. 62 (45) 1 (3) <0.01 32 (37) 5 (3) <0.01 
   Antibiotics i.v. or p.o. 47 (34) 25 (68) <0.01 32 (37) 94 (51) 0.04 
   Ventilatory support 13 (9) 10 (27) <0.01 9 (11) 22 (12) 0.73 

P values for patients with vs. without a clinical MI diagnosis among adjudicated type 
2 MI and myocardial injury respectively. MI – myocardial infarction, COPD – chronic 
obstructive pulmonary disease, cTn – cardiac troponin, std – standardized value, CRP 
– C-reactive protein. PCI – percutaneous coronary intervention. i.v. – intravenous. 
p.o. – per oral. 
* 18% missing data 
† 7% missing data 
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Figure 16. Pharmacological treatment at admission (red) and at discharge (blue) 
among patients alive at discharge. MI – myocardial infarction. M. injury – myocardial 
injury. P values for comparison of proportions at admission vs at discharge within 
each category.  
* p <0.05.  
** p <0.01.  
*** p <0.001. 

As regards both adjudicated type 2 MI and myocardial injury patients; a clin-
ical MI diagnosis was associated with an increased use of Aspirin, P2Y12 in-
hibitors, statins, RAAS inhibitors and beta blockers. On the contrary, the use 
of secondary preventive pharmacological treatments remained essentially un-
changed in patients without a clinical MI diagnosis (Figure 16). 

Prognosis in patients with and without a clinical MI diagnosis 
The median follow up time was 6.0 years. Information on date of death could 
not be retrieved from the Swedish Tax Agency in seven patients with a clinical 
MI diagnosis (Four adjudicated type 2 MI and three adjudicated myocardial 
injury). In adjudicated type 2 MI, 95 (69%) patients with and 29 (78%) with-
out a clinical MI diagnosis died during follow up. In adjudicated myocardial 
injury, the corresponding numbers of deceased patients were 54 (63%) and 
123 (67%). Five year crude survival curves are presented in Figure 17. 
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Figure 17. Crude 5 year survival curves for adjudicated type 2 MI and myocardial 
injury patients with and without a clinical myocardial infarction diagnosis. 

In adjudicated type 2 MI, the crude all-cause mortality was similar among 
patients with and without a clinical MI diagnosis both at one year and at five 
years (Table 13). Likewise, no significant difference was observed at one or 
five years after adjustment for age, sex, active smoking and modified Charlson 
comorbidity index, or after further adjustment for clinical parameters at ad-
mission, laboratory results and invasive or non-invasive ventilation (fully ad-
justed five year hazard ratio (HR): 0.71 with 95% confidence interval (CI): 
0.39-1.30).   

In adjudicated myocardial injury, the crude one year all-cause mortality was 
higher among patients with a clinical MI diagnosis compared with patients 
without a clinical MI diagnosis (HR: 1.53 with 95% CI: 1.02-2.31) and the 
difference was borderline significant also after adjustment for age, sex, active 
smoking and modified Charlson comorbidity index (HR: 1.52 with 95% CI: 
1.00-2.32). No significant difference was observed after 5 years of follow up 
(fully adjusted HR: 1.18 with 95% CI: 0.82-1.71). 
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Table 13. All-cause mortality  

Adjudicated Type 2 MI with vs. without a clin-
ical MI diagnosis 

Adjudicated myocardial injury with vs. with-
out a clinical MI diagnosis 

Model Valid cases 
(events) 

Hazard ratio (95% 
CI) 

Model Valid cases 
(events) 

Hazard ratio (95% 
CI) 

1 year   1 year   
   Crude 171 (53) 0.84 (0.43-1.65)    Crude 268 (99) 1.53 (1.02-2.31) 
   Model 1 171 (53) 0.54 (0.27-1.07)    Model 1 267 (98) 1.52 (1.00-2.32) 
5 year   5 year   
   Crude 171 (116) 0.93 (0.60-1.44)    Crude 268 (170) 1.12 (0.80-1.57) 
   Model 1 171 (116) 0.66 (0.37-1.17)    Model 1 267 (169) 1.04 (0.73-1.49) 
   Model 2 171 (116) 0.71 (0.39-1.30)    Model 2 267 (169) 1.18 (0.82-1.71) 

Cox regression models for all-cause mortality in adjudicated type 2 MI (left) and my-
ocardial injury patients with a clinical MI diagnosis compared with patients without a 
clinical MI diagnosis.  
Model 1: Adjusted for age, sex, active smoking and modified Charlson comorbidity index. 
Model 2: As per model 1 with adjustment for clinical parameters at admission (systolic blood 
pressure, heart rate and reaction level scale >1 y/n), laboratory results (troponin max level, CRP 
max level and creatinine at admission) and invasive/non-invasive ventilation y/n. 

With follow up starting at 30 days after hospital admission, no difference in 
all-cause mortality was observed between patients with and without a clinical 
MI diagnosis, regardless of an adjudicated type 2 MI (fully adjusted five year 
HR: 0.78 with 95% CI 0.40-1.53) or myocardial injury (fully adjusted five 
year HR: 0.90 with 95% CI 0.58-1.40) diagnosis. After merging adjudicated 
type 2 MI and myocardial injury patients into one group, no significant differ-
ence in all-cause mortality was observed between patients with and without a 
clinical MI diagnosis, neither with follow up starting at hospital admission 
(fully adjusted five year HR: 0.97 with 95% CI 0.75-1.25) nor with follow up 
starting at 30 days after hospital admission (fully adjusted five year HR: 0.91 
with 95% CI 0.68-1.23). 
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Discussion  

Methodological considerations, study I. 
Factors that affect inter-rater reliability include 1) quality of the data, 2) qual-
ity of the raters, 3) qualities of the criteria that defines different rating catego-
ries, 4) how typical the subjects are and 5) chance 39. Hence, apart from 
chance, the level of chance corrected agreement may be explained by any of 
these factors. Below follows a discussion of these factors regarding the current 
diagnosis adjudication process: 

1. Diagnosis adjudication was performed retrospectively based on data 
collected from the electronic patient records. The data collection was 
done locally using a pre-specified CRF that included numerous (argu-
ably all) relevant recorded variables. In addition, copies were made 
on ECG, the discharge note and other relevant journal notes. Hence, 
the adjudicators had access to a very high quality of recorded data. 
However, there were naturally cases with insufficient recorded data. 
Nevertheless, all patients were adjudicated. Further, adjudicators had 
no access to unrecorded data which might have been be crucial in 
some cases. Examples could be; a patients exact description of chest 
pain or the direct, perceptive information that comes from seeing, 
hearing and touching. 

2. The adjudication was performed by adjudicators with varying clinical 
experience. Hence, the quality of the adjudicators would have been 
better if all had been experienced cardiologists. On the other hand, all 
adjudicators were specially trained in the MI classification presented 
in the third Universal Definition of Myocardial Infarction. This in-
cluded studies of the MI definitions and a short tutorial with an expert. 
This training, however, could have been pre specified more in detail. 

3. The third Universal Definition of Myocardial Infarction constituted 
the defining criteria. Adjudicators classified patients using a pre-spec-
ified adjudication formula based on these criteria to increase the like-
lihood of classifying subjects accordingly. Hence, the precision of 
these criteria was an important determinant of the inter-adjudicator 
reliability. 
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4. Adjudicated subjects were patients with a clinical MI diagnosis from 
eight Swedish hospitals, reported and not reported to SWEDE-
HEART, consecutive within each category but not consecutive over-
all. This led to a disproportionate inclusion of unreported patient 
which may have led to a higher proportion of less typical MI cases. 
Further, since all patients adjudicated as myocardial injury (by any of 
the adjudicators) had received a clinical MI diagnosis during the hos-
pital stay, these patients are hardly representative for the total popu-
lation of myocardial injury patients, but rather represents the fraction 
of myocardial injury patients most difficult to distinguish from MI.   

In another aspect, what is most important is not the level of agreement between 
adjudicators. What matters is to what degree clinical physicians agree in a real 
life situation. Therefore, the adjudication process should optimally be similar 
to a clinical situation. In a realistic clinical situation, the MI classification is 
often done at a quite early stage, for example by a cardiologist working at an 
emergency department (usually with less experience) or as a consultant (with 
varying experience). Therefore, in comparison with the adjudicators, a clinical 
physician: 

• Would have access to less recorded information, but more unre-
corded information.  

• Would have an opportunity to complement insufficient infor-
mation. 

• Would have an opportunity to discuss difficult cases. 
• Would probably be less trained for this particular task. 
• Would probably be more exhausted and stressed. 

Hence, although many similarities, there are some differences between adju-
dicating cases retrospectively and classifying patients in the clinic and it is 
difficult to say whether the level of agreement would be higher or lower in a 
real life situation compared with the adjudication process. 

Since agreement will occur by chance in a number of cases, Cohen’s ĸ was 
used to evaluate the level of chance-corrected agreement between the adjudi-
cators. ĸ has two major limitations; inflation due to rater bias, and deflation 
due to unbalanced trait prevalence 26. Therefore, situations may appear where 
ĸ deviates considerably from the observed % agreement. In the present study, 
adjudicators were interchangeable during the adjudication process in the sense 
that each adjudicator could act as adjudicator 1 sometimes and as adjudicator 
2 other times. Therefore, rater bias was not an important issue. However, the 
prevalence of different ratings were unbalanced. A very high observed % 
agreement is required to produce a high ĸ in such situation 25. Some argue this 
is not an issue, and actually the purpose of ĸ since ĸ adjust for the expected 
agreement and one would expect a higher agreement in a setting where one 
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rating is much more common 25. Others argue that this makes ĸ difficult to 
interpret and to compare between different studies 25. 

Gwet’s AC1 was used as a complement in this thesis. AC1 is not affected 
by rater bias and much less but inversely affected by prevalence. Hence, will 
produce a slightly higher coefficient in case of unbalanced rating prevalence. 
Some would argue that this is a desirable attribute since a more skewed prev-
alence should indicate better inter-rater agreement 25. Gwet makes a more re-
strictive assumption for how often agreement is reached by chance. He argues 
that agreement will occur with a fixed probability of 0.5 if a rating is truly 
random, therefore it is not reasonable that Pe could exceed 0.5 40. AC1 will 
therefore usually be higher than ĸ. AC1 will also be more in line with the ob-
served % agreement, which speaks to most researchers intuition 30. The prob-
lem with AC1 is that it is a relatively new and unfamiliar statistic. While Jacob 
Cohen introduced ĸ in 1960, Kilem Gwet introduced AC1 in 2001, and while 
most inter-reliability studies use ĸ, AC1 is rarely used, especially in the medi-
cal field 30,40. 

Although both agreement coefficients adjusts for chance agreement, they 
will answer slightly different questions. ĸ adjusts for the expected amount of 
agreement under chance conditions (roughly translated: how easy it is for 
raters to agree in the given situation) 24, while AC1 more specifically adjusts 
only for cases with agreement where at least one of the raters did a random 
rating 28. Hence, which one to use depends on which of these underlying ra-
tionales that appeals to the research question.  

Interpretation of findings, study I 
This is the first study to investigate in detail how physicians agree adhering to 
the MI and myocardial injury classification presented in Third Universal Def-
inition of Myocardial Infarction. Despite training and strict adherence to the 
guidelines, the overall level of agreement between the adjudicators was mod-
erate (ĸ: 0.55) which reflects that this classification is challenging. Further, it 
was particularly hard to reach agreement about type 2 MI (ĸ: 0.54) and multi-
factorial myocardial injury (ĸ: 0.48). 

In a more recent Scottish study by Chapman et al, patients at emergency 
departments with elevated cTn were classified into type 1 MI, type 2 MI and 
chronic or acute myocardial injury with a substantial level of agreement (ĸ: 
0.75) 41. ĸ values for distinguishing type 1 MI, type 2 MI and myocardial in-
jury were 0.78, 0.49 and 0.65 respectively. Hence, apart from when distin-
guishing type 2 MI, adjudicators agreed better in that study. There are some 
possible explanations for this. The Scottish study excluded 12% of the patients 
that were “unable to adjudicate” while the present study included all patients 
despite lack of important data. Further, the Scottish study included patients in 
a setting with a more balanced prevalence of MI types and myocardial injury 
which naturally gives higher ĸ values. Also, as discussed above, the present 
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study probably included myocardial injury patients that were unusually diffi-
cult to classify. Taking these differences into account, the results are reasona-
bly similar. Both studies agree that it is less challenging to reach consensus 
about type 1 MI compared with type 2 MI and myocardial injury. However, 
while the overall ĸ of 0.55 in the present study represent inter-physician agree-
ment among diagnosed MI patients, the overall ĸ of 0.75 in the Scottish study 
represent inter-physician agreement among patients presenting with suspected 
ACS at an emergency department. In this regard, the Scottish results might be 
more clinically relevant.  

AC1 gave more optimistic and conflicting results compared with ĸ. The 
overall level of agreement was substantial and the highest level of agreement 
was observed when distinguishing myocardial injury while the lowest was ob-
served when distinguishing type 1 MI. AC1 should be easier than ĸ to compare 
with other studies. However, this is the first and only study so far to use AC1 
for this study purpose. It is important to note that neither of the chance-cor-
rected agreement coefficients distinguish between agreement in who has the 
diagnosis and agreement in who has not the diagnosis. If the former aspect of 
agreement is most important, then it is obvious from the mere cross tables that 
type 1 MI was easier to reach consensus about than type 2 MI and myocardial 
injury. 

Interestingly, the study by Chapman et al found that the use of specific cut 
off criteria for the type 2 MI triggering mechanisms improved the diagnostic 
agreement in patients with type 2 MI 41. It is common sense that the precision 
of the defining criteria will affect the level of agreement between physicians. 
Different specific cut-off criteria for type 2 MI have been proposed 5,7,8. How-
ever, they are difficult to apply clinically since the vulnerability for disturb-
ances in cardiac oxygen supply/demand may vary considerably between indi-
viduals 42. Proposed specific cut off criteria vary most concerning how pro-
nounced hypertension must be to cause myocardial ischemia 5,7. This uncer-
tainty is further highlighted by the multivariate logistic regression analysis in 
the present study, observing high blood pressure to be an independent predic-
tor of disagreement. This indicates that some kind of guiding criteria are 
needed for the type 2 MI classification in hypertensive patients. Dyspnea was 
also observed to be associated with disagreement. This could reflect that dysp-
nea may be interpreted as a clinical sign of ischemia when applying the MI 
criteria 1. Dyspnea may certainly be an equivalent of angina, especially in el-
derly 43,44, but it has a low specificity for myocardial ischemia 1. A more pre-
cise guiding description of what kind of dyspnea that result from myocardial 
ischemia might be helpful 45. Another observation from the multivariate lo-
gistic regression analysis is that patients with a performed coronary angi-
ography were easier to reach agreement about. Hence, this investigation seems 
to be a helpful tool in patients that are difficult to classify.  
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Generalizability of the results, study I 
As discussed above, the adjudication process was neither optimal for reaching 
a high level of inter-rater reliability, nor identical to the clinical situation of 
interest. Still, the quality of the data was high and the adjudicators were spe-
cially trained in the MI definitions. It is reasonable to assume that the precision 
of these MI definitions stands out as a very important factor determining the 
inter-adjudicator agreement. In this regard, the results are interesting also in a 
wider context, reflecting the precision and clinical applicability of these MI 
definitions. 

The generalizability of Cohen’s ĸ is questionable due to its dependence on 
prevalence. The prevalence of MI types and myocardial injury varies a lot 
between studies depending on the selected study population and how guide-
lines are interpreted 46. There should be no problem comparing the observed 
ĸ with studies with a similar MI and myocardial injury prevalence as in the 
present study. However, it is debatable whether ĸ is comparable otherwise. 
AC1, on the other hand, is much less affected by prevalence. It is certainly 
more stable than ĸ in different settings, and therefore easier to interpret in a 
wider context 30.  

Methodological considerations, study II 
The gold standard classification was decided by the diagnosis adjudication 
process, which has been discussed under methodological considerations, 
study I. However, in contrast to study I, there is no reason for the adjudication 
process to imitate a clinical situation when deciding a gold standard. Coming 
close to the true classification is the only important thing here. Given the dif-
ficulties in this classification, as highlighted in study I, it is consequently also 
difficult to decide an optimal gold standard. However, using the majority cri-
terion strengthens the credibility since at least two of the adjudicators had de-
cided the gold standard classification in each case. The quality of the recorded 
data was high and the adjudicators were specially trained for this task. The 
patient cases were typical since this study included consecutive SWEDE-
HEART reported patients from each of eight Swedish hospitals.  

Although adjudicators had no insight into the SWEDEHEART classifica-
tion per se, they were still able to read the discharge notes written by the treat-
ing physician. Therefore, it is not reasonable to say that the adjudicators were 
completely blinded to the reported classification. 

The aim was to study whether the SWEDEHEART reported type 2 MI pop-
ulation is valid to use for studies of type 2 MI. Therefore, the PPV was calcu-
lated since this answers a very concrete and important question in this regard: 
If conducting a study on reported type 2 MI patients, what proportion of the 
patients will actually have a type 2 MI? The sensitivity and specificity was 
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calculated to assess how physicians report type 2 MI and for evaluating the 
reliability of the reported type 2 MI prevalence. 

The reported classification was also compared with the gold standard using 
chance-corrected agreement statistics. This is seldom done in validation stud-
ies, although Cohen’s ĸ has been proposed for diagnosis validation in Swedish 
quality registers 47. Gwet’s AC₁ was calculated and presented alongside Co-
hen’s ĸ. These statistics are discussed under methodological considerations, 
study I. 

Added in this thesis is a comparison of reported type 2 MI with unreported 
but adjudicated type 2 MI. This is important for evaluating how representative 
reported type 2 MI patients are for the total population of true type 2 MI. Alt-
hough this comparison is far from complete, it nonetheless gives some kind of 
estimation about the coverage of type 2 MI in SWEDEHEART. 

Interpretation of findings, study II 
This study aimed to validate the type 2 MI classification in SWEDEHEART, 
which has not previously been done. The PPV of a type 2 MI classification in 
SWEDEHEART was 62.5% and the registry underestimates the type 2 MI 
prevalence. 

Physicians report type 2 MI to SWEDEHEART with a low ability to cor-
rectly identify individuals with type 2 MI (sensitivity) and with a high ability 
to correctly identify individuals without type 2 MI (specificity). The latter is 
most important for obtaining a high PPV, especially when reporting from a 
low prevalent population 34. Based on the simple math; it takes extraordinary 
efforts to design a test with good PPV if the disease prevalence is low 33. 
Hence, a high PPV may not be expected for a relatively low prevalent sub-
diagnose like type 2 MI. Validation studies on sub-diagnoses tend to report 
lower PPVs, especially for rare sub-diagnoses, as has been observed in other 
conditions like dementia 48. Regarding SWEDEHEART, the current routine is 
to report patients treated at cardiology departments. Considering all investi-
gated populations in this thesis, only a minority of true type 2 MI patients are 
treated at cardiology departments, and this is also the place with the lowest 
prevalence of type 2 MI among MI patients. In a hypothetical scenario where 
true type 2 MI patients outside cardiology departments were diagnosed with 
MI and reported to SWEDEHEART; the reported type 2 MI prevalence would 
be higher which would lead to a better PPV. As an example, increasing the 
true type 2 MI prevalence among reported patients from the current 12% to 
16% would increase the PPV from 62.5% to 71.5% (if sensitivity and speci-
ficity were held constant). However, reporting less typical type 2 MI cases 
outside cardiology departments comes with a risk of lowering the specificity. 
There is a convex function of PPV regarding specificity were changes in spec-
ificity becomes more important at greater specificity values 33. Further im-
proving the specificity of type 2 MI reports, for example by not reporting cTn 
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elevations in heart failure as type 2 MI, would improve the PPV. As an exam-
ple, a small increase in the specificity from the current 97.3% to 98.5% would 
increase the PPV from 62.5% to 71.5% (if sensitivity and prevalence were 
held constant). Changes in sensitivity, on the other hand, would have modest 
effects on the PPV. 

Irrespective of the hypothetical reasoning above, the PPV for a type 2 MI 
classification in SWEDEHEART was 62.5% when compared to the gold 
standard. This is low compared with most diagnoses in the Swedish National 
Inpatient Register 49 and also compared with all major cardiovascular diagno-
ses in the Danish National Patient Registry 50. Although there is (to the best of 
our knowledge) no general consensus of what is an acceptable value, this must 
be concluded to be a low PPV that makes SWEDEHEART less suitable for 
type 2 MI studies than other adjudicated type 2 MI populations. However, 
there is no obvious reason to conclude that the PPV makes SWEDEHEART 
less suitable than other registers or un-adjudicated type 2 MI populations with 
a similar disease prevalence. Two Israeli studies by Stein and Landes have 
validated clinical type 2 MI diagnoses with a PPV of 71 and 73% respectively 
7,51. However the prevalence of true type 2 MI was not assessed in these studies 
and the diagnosis was adjudicated in accordance with the 2007 edition of the 
Universal Definition of Myocardial Infarction. 

Chance corrected agreement analyses, comparing the type 2 MI classifica-
tion in SWEDEHEART with the gold standard, gave conflicting results with 
a moderate level of agreement according to Cohen’s ĸ (0.43) and an almost 
perfect level of agreement with Gwet’s AC₁ (0.88). When analyzed in detail, 
the dominating error in the registry leading to disagreement was the underre-
porting of type 2 MI (47 false negatives and 18 false positives). Further, it is 
hardly reasonable to expect better agreement coefficients considering the level 
of agreement between the gold standard adjudicators. 

Overall, there was a variation in reported type 2 MI prevalence in 2011 
ranging from 0 to 25% whereof most hospitals reported a prevalence of 5-10% 
10. The present study found underreporting of type 2 MI in all eight investi-
gated hospitals. The issue with underreporting becomes even more obvious 
when also considering unreported type 2 MI patients. Comparing reported and 
unreported type 2 MI indicates that 1) the true type 2 MI coverage in the reg-
istry is very low and 2) the reported type 2 MI patients have other clinical 
features than the general type 2 MI population. It is especially worrisome that 
the reporting routines seems to select for patients with a low short-term mor-
tality, since this is a commonly used outcome measure. This is a potential 
source of selection bias when studying survival in this population, especially 
if other distinctive population features, such as statin therapy, are used as the 
exposure. The only way to make the reported type 2 MI population more rep-
resentative for the general type 2 MI population would be to expand the re-
porting routines to also include patients outside cardiology departments.  
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Generalizability of the results, study II 
This study aimed to be generalizable only within the SWEDEHEART regis-
try. As discussed above, patients were included in a robust, consecutive way 
and it would be difficult to design a better gold standard for this purpose. 
However, the study only includes patients reported in 2011 which is one year 
after the MI type was included in the SWEDEHEART reports. This is there-
fore an early validation study and the accuracy of other reported cardiovascu-
lar diagnoses has been observed to improve over time 50. The timing is im-
portant also in another aspect. The gold standard was decided in accordance 
with the 2012 edition of the Universal Definition of Myocardial infarction 1. 
The reporting physicians, on the other hand, classified patients according to 
the 2007 edition 4. These editions are similar in most ways, but the distinction 
between type 2 MI and myocardial injury was less clear in the 2007 edition. 
Also, some have interpreted type 2 MI as requiring a present CAD in the 2007 
edition 15. These limitations suggests that the accuracy of type 2 MI reports 
may have improved over time. However, the reported type 2 MI prevalence 
has been stable since the study period which argues against any dramatic 
changes in the clinical perception of this condition 10,52. 

Methodological considerations, study III. 
The patient inclusion was conditioned on SWEDEHEART reporting status 
which led to a study population consisting of 60% reported patients. This can 
be compared with the registers national MI coverage, at the time, of 88% 
among patients <80 years and 60% in older. This is a problem since both the 
department status (exposure) and the in-hospital mortality (which is part of 
the outcome) differed between reported and unreported patients. The inclusion 
of unreported patients is advantageous since this a patient group that covers a 
large share of non-CD patients. These patients are also often ignored in Swe-
dish MI research since many publications are based on SWEDEHEART data 
21,52,53. However, including truly consecutive patients regardless of reporting 
status would have been the best option. A sensitivity analysis, only including 
consecutive patients, was added as a complement in this thesis. This was done 
to evaluate the direction and magnitude of a potential selection bias in the 
original analysis. 

The cox regression models essentially included covariates that differed be-
tween the groups and were expected to affect outcome. To avoid problems 
with overfitting, the models aimed to not include more than one variable for 
every 10 events 54. Important prognostic variables not included in the models 
may have been sources of residual confounding. Examples could be variables 
that were never collected such as frailty, the level of education and department 
characteristics (including routines, equipment and staff training). The analysis 
was done both with time zero set at hospital admission and at 30 days after 
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hospital admission since very early deaths are less likely to be resulting from 
department care but more likely from residual confounding. Further, with re-
spect to the above mentioned problems with patient selection; starting the 
clock at 30 days after hospital admission also had the advantage of excluding 
in-hospital deaths from the analysis. Unfortunately, the study lack data on 
causes of death. All-cause mortality was therefore the only analyzed outcome 
measure. 

Multiple imputation of missing data in the cox regression models was per-
formed since this was considered the most appropriate method with respect to 
the risk of bias and type 2 errors 38. It is uncertain whether to assess missing 
data on smoking status as MAR or MNAR since the missingness may have 
been dependent on both recorded data and the missing data itself. However, 
multiple imputation should be preferred over listwise deletion regardless of 
MAR or MNAR 38. The imputation models included covariates from the Cox 
regression models exclusively. This is not necessarily the best way to optimize 
imputed values 37. 

Interpretation of findings, study III. 
In this study, comparing MI patients receiving care outside and within a CD, 
non-CD care was associated with advanced age, serious comorbidities, a lesser 
prevalence of type 1 MI, a lower frequency of PCI and pharmacological treat-
ment to address coronary artery disease, as well as an adverse short- and long 
term prognosis. 

Possible explanations for MI care outside CDs include advanced age, 
frailty, serious comorbidities, a short expected survival, contraindications for 
MI treatment and a shortage of available CD beds. The MI type could also be 
an important factor in the decision to give care within or outside a CD. Only 
one third of the non-CD patients had a classic type 1 MI, while a majority had 
either type 2 MI or myocardial injury, for which universally accepted treat-
ment guidelines are lacking 2. Similarly to a Danish study comparing MI pa-
tients treated outside vs. within a coronary care unit; the non-CD patients in 
the present study were older, more often female and had more non-cardiac 
comorbidities 5. The non-CD patients were generally prescribed less second-
ary prophylactic pharmacological treatment. Thirty-five percent, in compari-
son with 80% of the CD-patients, were prescribed other platelet inhibitors than 
acetylsalicylic acid, indicating a low level of dual anti-platelet therapy among 
the non-CD patients. This might have been reasonable considering the lower 
prevalence of type 1 MI combined with a higher risk of bleeding due to ad-
vanced age, female sex, kidney dysfunction, anemia and to some extent a 
higher prescription of oral anticoagulants 55. However, it is difficult to justify 
that merely one third of the patients were prescribed any statin therapy at all, 
considering the beneficial effects and safety of the therapy 56. The MIs of the 
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non-CD patients were also followed up to a low extent with 21% being fol-
lowed up by a specialist and 29% not being followed up at all. This may lead 
to an underutilization of survival beneficial interventions such as smoking ces-
sation, exercise-based cardiac rehabilitation, blood pressure- and drug adher-
ence control 57-60. Although there are MI cases were a conservative treatment 
approach at other departments than CDs may be appropriate, there are rarely 
absolute contraindications for long term beneficial treatment such as statins, 
beta blockers or other risk factor interventions. Therefore, these findings sug-
gest that there is an unjustified undertreatment of non-CD MI patients which 
needs to be addressed.  

Not surprisingly, a very small proportion of non-CD patients had been re-
ported to SWEDEHEART. This implies that the quality control of the registry 
does not include non-CD patients. This may lead to ignorance of deficiencies 
in the MI care outside CDs. The quality indices presented in quality registers, 
such as SWEDEHEART, have the ability to entail great improvements in 
compliance with guidelines through highlighting differences in patient care 52.  

The all-cause mortality was higher in non-CD patients, compared with CD 
patients in both crude and adjusted models with follow up starting at hospital 
admission. The five year mortality was higher in non-CD patients also among 
patients surviving the first 30 days. However, there were no significant differ-
ences in survival between the groups after adjustment for in-hospital treat-
ment, including PCI, and long term pharmacological treatment. This suggests 
that a higher use of recommended MI therapy outside CDs, which includes a 
proper use of PCI, platelet inhibitors, statins, beta blockers and RAAS inhibi-
tors, would improve the long term outcome in non-CD patients after dis-
charge.   

Generalizability of the results, study III. 
The disproportionate number of patients not reported to SWEDEHEART may 
be a source of selection bias which makes the generalizability of the results 
somewhat questionable. It is important to note that the observed proportion of 
MI patients managed outside CDs in the original analysis is not generalizable. 
However, the sensitivity analysis give a fair approximation of the true propor-
tion of non-CD care among Swedish MI patients in the beginning of 2011. 
Further, the nearly identical survival curves in the original analysis and the 
sensitivity analysis, strengthens the reliability and generalizability of the orig-
inal survival analysis.  

The generalizability of the results internationally and over time is compli-
cated to assess. Sweden has the lowest number of inpatient care beds per capita 
in all of northern Europe and North America. However, this is partly compen-
sated by having the highest number of long-term care beds in nursing and res-
idential care facilities 61. Further, in a national perspective, the number of in-
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patient care beds has decreased over time, especially regarding care of circu-
latory system diseases 61. This study could therefore be event more relevant 
today. Simultaneously, there has been a development in MI treatment, a de-
creased MI incidence, decreased mortality rates and shorter hospital stays 
since the study period according to SWEDEHEART data 52. However, this 
development is less certain in non-CD patients since they are not reported to 
the registry. 

Methodological considerations, study IV. 
This study included consecutive patients from each hospital. While patients 
with a clinical MI diagnosis were selected from eight hospitals, patients with-
out a clinical MI diagnosis were selected from one hospital. 

Discussion about the choice of covariates in the Cox regression models, 
time-zero and multiple imputation will be similar to the discussion under 
methodological considerations, study III. However, the analyses with time 
zero set at hospital admission should be considered as more reliable in this 
study since consecutive patients were included. Further, the “one in ten rule” 
was slightly violated in the type 2 MI models with time zero set at 30 days 
after hospital admission 54. This was a tradeoff between the advantage of keep-
ing the same models in the different analyses and the risk of overfitting. As in 
study III, study IV unfortunately also lack information on causes of death. 

Interpretation of findings, study IV. 
In this study, comparing consecutive patients with and without a clinical MI 
diagnosis, type 2 MI was observed to be a commonly unrecognized condition 
in clinical practice. A clinical MI diagnosis was clearly associated with more 
cardiac care, including more coronary investigations and an increased use of 
secondary preventive treatment in both adjudicated type 2 MI and myocardial 
injury patients. However, no significant difference in long term prognosis be-
tween patients with and without a clinical MI diagnosis could be observed in 
either of these conditions. 

It has previously been reported that approximately half of the patients with 
type 2 MI are found outside cardiology departments 5. This is in line with the 
result in the present study regarding type 2 MI patients with a clinical MI di-
agnosis. However, receiving care at cardiology departments was very rare 
among both type 2 MI and myocardial injury patients without a clinical MI 
diagnosis. As observed in study III, MI treatment outside a cardiology depart-
ment is associated with an adverse short- and long term prognosis. This is 
probably most true for patients with type 1 MI and whether this applies to 
patients with type 2 MI and myocardial injury is less certain. 

Elevated cTn in patients without a type 1 MI, has been reported to increase 
cardiology care and coronary angiography investigations, without altering the 
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use of MI therapies or the prognosis 62. Further, two observational studies have 
reported treatment with classic secondary preventive therapies to be associ-
ated with better survival in both type 2 MI and myocardial injury 20,63. How-
ever the survival models for type 2 MI in these studies suffers from significant 
overfitting. A clinical MI diagnosis was clearly associated with an increased 
use of MI specific therapies in the present study. Still, no significant difference 
in five year all-cause mortality could be observed in neither type 2 MI nor 
myocardial injury. This questions the clinical relevance of a MI diagnosis in 
either of these conditions as they are currently defined. Further, the clinical 
importance of distinguishing type 2 MI from myocardial injury it is yet to be 
demonstrated. Given the ischemic etiology of a type 2 MI, it is theoretically 
appealing to expect a high proportion of patients with underlying CAD which 
would benefit from pharmacological and possibly also invasive MI treatment. 
A prospective cohort study by Bularga et al. recently evaluated the prevalence 
of CAD in fairly unselected patients with type 2 MI. In this study, the type 2 
MI diagnosis was unusually strictly reserved for patients with clinical symp-
toms and signs of ischemia (70% had chest pain and 76% myocardial ischemia 
on ECG). In this population, researchers found a prevalence of non-obstruc-
tive and obstructive CAD of 38% and 30% respectively 64. This is in line with 
the pre-test probability of obstructive CAD among men 50-59 years with a 
typically described angina pectoris for whom at least non-invasive testing for 
ischemia would be recommended. Hence, a strict definition of the type 2 MI 
diagnosis, concerning ischemic signs and symptoms, seems to select for a clin-
ically relevant patient group for which specific recommendations could apply. 
Further, it has been observed that CAD is an important risk factor for future 
cardiovascular events in type 2 MI 12,16, and the risk has been reported to be 
even higher than in type 1 MI among type 2 MI patients with a high prevalence 
of obstructive CAD 65. Unfortunately, corresponding studies of CAD and its 
importance in myocardial injury are lacking. However, considering the high 
risk of cardiovascular death in both type 2 MI and myocardial injury 12, these 
patients should generally be considered to be at a very high risk for future 
cardiovascular disease when evaluating and treating cardiovascular risk fac-
tors such as smoking, blood pressure and lipids 66.   

Generalizability of the results, study IV. 
The inclusion of consecutive patients in study IV strengthens the generaliza-
bility of the results. Conversely, the low number of included type 2 MI pa-
tients, especially among patients without a clinical MI diagnosis, weakens the 
generalizability by increasing the risk of type 2 errors. The statistical power 
was higher in analyses including myocardial injury patients, especially when 
both conditions were merged into one larger group. 

During the study period in early 2011, the local laboratory in Uppsala rec-
ommended a decision limit for MI (0.3 μg/l) with Abbot Architect Troponin 
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I, which was higher than the 99th percentile (0.022 μg/l) (personal communi-
cation). This may be a reason for the high prevalence of clinically unrecog-
nized type 2 MI in the cohort without a clinical MI diagnosis. Hence, the true 
prevalence would probably be lower in a more recent patient sample using the 
99th percentile as the MI decision limit. This suspicion is further supported by 
a study reporting that the 2012 edition of the universal definition of myocar-
dial infarction (as used by adjudicators) increases the classified prevalence of 
type 2 MI compared with the 2007 edition (as used by the clinical physicians) 
15.  However, these limitation should not affect the generalizability of the re-
maining results. 

It is important to note that some of the adjudicated type 2 MI and myocar-
dial injury patients with a clinical MI diagnosis may have been assessed as 
having a type 1 MI by the attending physician. This could for example explain 
the high use of Fondaparinux and P2Y12-inhibitors for which the rationale is 
doubtful in MI in the absence of a thromboembolic event. Consequently, some 
patients may have received MI treatment that would be considered, by most, 
to be unreasonably aggressive in these conditions.  
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Informed consent as a source of selection bias 
In accordance with the decision from the regional ethical review board in Upp-
sala, informed consent was obtained only from living study participants not 
reported to SWEDEHEART. Although patients declining participation were 
replaced by new study participants, this still led to a selection bias by enriching 
the unreported study populations with dead participants. This is a limitation 
that needs to be specifically addressed since it affects all survival analyses in 
all studies. 

The magnitude of this selection bias is less certain among unreported pa-
tients with a clinical MI diagnosis. Although the informed consent inquiry was 
guided centrally, it was executed locally in each of the eight hospitals and 
efforts to collect all data concerning this process was not successful. Patients 
were asked for informed consent approximately two years after the index hos-
pitalization on average. Complete data exist from three of the hospitals con-
cerning the number of unreported patients eligible for inclusion, the number 
of patients alive at that time and the number of patients declining participation. 
Overall at these three sites; 12% declined participation and the proportion of 
dead patients at the time was 54%. Based on this, an arbitrary estimation of 
the true two-year mortality would be 6-7 percentage points lower than the ob-
served two year mortality.  

Unreported patients without a clinical MI diagnosis were asked for in-
formed consent four years and seven months after the index hospitalization on 
average. Since complete data exist among these patients, the magnitude of the 
selection bias is more certain. The true mortality at the time was 45%, which 
is 2.3 percent points lower than the observed four years and seven months 
mortality among the 281 finally included study participants.  

Study II 
Essentially, this selection bias concerns only the complementary analysis in 
Table 9 comparing in-hospital and five year mortality between reported and 
unreported type 2 MI patients. Applying the calculated estimations above, the 
observed difference in in-hospital mortality would be lower but most likely 
remain.  

Study III 
Since a vast majority of non-CD patients and only a small minority of CD-
patients were unreported, the true difference in mortality between these groups 
would be lower than the observed difference in study III. A worst case sce-
nario of this selection bias is illustrated in the survival curve below were the 
estimated 6-7 percent point lower two-year mortality among unreported MI 
patients are directly applied to the non-CD patients. Consequently, the true 
crude and adjusted hazard ratios in study III would have been lower. However, 
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the observed survival difference between the groups and the attenuation after 
adjustment for treatment would most likely remain.  

 

 
Figure 18. Modification of Figure 15 in study III showing survival curves for CD 
(red) and non-CD patients (blue). The blue dotted line is an estimation of the true 
survival curve among non-CD patients, being 6-7 percent points higher than the ob-
served curve at two years and slightly steeper thereafter (since some of those extra 
living patients would have died during the follow up). 

Study IV 
As estimated above, the true four years and seven months mortality among 
patients without a clinical MI diagnosis would be 2.3 percentage points lower. 
Among patients with a clinical MI diagnosis included in study IV, 18% were 
unreported, hence, the true two-year mortality would have been slightly lower 
(approximately 1 percent point) also among these patients. Consequently, the 
true hazard ratios in study IV would have been slightly higher. Compared with 
the observed results, the true association between a clinical MI diagnosis and 
all-cause mortality for type 2 MI would most likely be even more neutral. In 
myocardial injury, the true association between a clinical MI diagnosis and 
all-cause mortality would lean slightly more towards being negative. 
 



 

 75

Conclusions  

The classification of patients into specific MI types and myocardial injury is 
challenging. Nevertheless, it will affect different aspects of the cardiology care 
a patient will receive. The type 1 MI is especially important to identify since 
this MI type requires specific evidence based therapy. The type 2 MI classifi-
cation is more difficult to reach consensus about and the clinical interpretation 
of this condition seem to differ from how type 2 MI is meant to be universally 
defined. As a consequence, this makes the reliability of clinically defined 
study populations, such as SWEDEHEART, questionable. Type 2 MI and my-
ocardial injury have many similarities and are therefore particularly difficult 
to distinguish from each other. Although treatment guidelines are lacking, in-
terpreting the myocardial injury as MI or not seems to affect the choice of 
caring department, the level of cardiology investigations and the use of MI 
specific therapies, but without altering the prognosis in any of these conditions 
as they are currently defined. 
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Clinical implications and future perspectives 

An update of the MI classification came in 2018, which contain some clarifi-
cations of the type 2 MI definition and how to distinguish this MI type from 
myocardial injury 2. The 2018 edition also addresses specific situations where 
the interpretation of an elevated cTn is particularly challenging which may be 
of help in the clinic. Still, these clarifications mainly confirms how adjudica-
tors already interpreted the 2012 edition. Hence, this classification is most 
probably still very challenging and clinicians will continue to use the term MI 
based on a clinical, rather than a pathophysiological, rationale. Further revi-
sions of the MI definitions are therefore needed. 

The PPV and coverage of type 2 MI in SWEDEHEART will continue to 
be problematic as long as the reporting routines or the universal definition of 
type 2 MI does not change. However, considering the large number of reported 
type 2 MI (over 10 000 patients according to personal communication), 
SWEDEHEART allows for type 2 MI studies that would otherwise be very 
difficult to conduct. This cohort will therefore most certainly be used for stud-
ies of type 2 MI also in the future. When conducting such study, awareness of 
the results in study II may be of help for study design and result interpretation, 
especially if the aim is to produce results that are generalizable for the general 
type 2 MI population as currently defined by guidelines. However, remember 
that the reported type 2 MI population reflects how physicians working at car-
diology departments interpret this condition. Therefore, results from SWEDE-
HEART based studies may well be applied in that particular setting. Finally, 
using SWEDEHEART for registry based randomized clinical trials on type 2 
MI will not necessarily be associated with any of the observed limitations as 
long as 1) patients are included without conditioning on the caring department 
and 2) both the MI diagnosis and MI type is determined by expert adjudica-
tion. 

The findings regarding MI care outside cardiology departments are proba-
bly most applicable to type 1 MI patients and indicates that better routines are 
needed when managing these patients since they are at risk of not receiving 
prognostically important MI therapies. Further, since these patients are not 
reported to the Swedish quality register for MI, they tend to go under the radar 
which itself entails a risk of not being covered by improvements in MI care. 
This patient group would therefore benefit from more comprehensive 
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SWEDEHEART reporting routines that also covers at least type 1 MI patients 
at other departments. 

The results from Study IV questions the clinical relevance of using the term 
MI in currently defined type 2 MI or myocardial injury. However, the conclu-
sion is not that MI specific therapies should not at all be used in these condi-
tions. The results rather highlights the need of a careful individual approach 
in these patients, especially evaluating the probability of underlying, contrib-
uting conditions that requires specific therapies, such as CAD or structural 
heart diseases. Considering the adverse prognosis in these patients, random-
ized clinical trials evaluating specific therapies are urgently needed, and as the 
scientific knowledge progresses, these conditions should optimally be defined 
in such a way that specific clinical recommendations could be applied. 
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Sammanfattning på svenska 

Utvecklingen av allt känsligare biomarkörer har medfört ett ökat medvetande 
om att hjärtmuskelskador kan uppstå på många olika sätt. Detta har i sin tur 
gjort det nödvändigt att omarbeta definitionen av vad som är en hjärtinfarkt 
samt lett till en uppdelning av tillståndet i olika typer beroende på hur hjärtin-
farkten uppstått. Det är viktigt att särskilja den ”klassiska” typ 1 hjärtinfarkten 
som orsakas av blodproppsbildning i hjärtats kranskärl eftersom all vetenskap-
ligt preprövad behandling gäller för just detta tillstånd. Vid det relativt nya 
begreppet typ 2 hjärtinfarkt har istället en obalans i tillgång och efterfrågan på 
syre till hjärtmuskeln uppstått till följd av andra sjukdomstillstånd. Överlev-
naden hos dessa patienter är sämre än för patienter med typ 1 hjärtinfarkt men 
det finns ännu ingen vetenskapligt beprövad behandling att tillgå. Det kan vara 
svårt att i kliniken skilja typ 2 hjärtinfarkt både från typ 1 hjärtinfarkt och från 
andra typer av hjärtmuskelskador. Det övergripande syftet med denna avhand-
ling har varit att utvärdera hur kliniskt användbar den rådande uppdelningen 
av hjärtinfarkt och hjärtmuskelskador är, samt vilken betydelse den har för 
patienternas vård och överlevnad. 

I fyra observationsstudier undersöktes totalt 1609 patientfall med hjärtmus-
kelskada, varav 1328 fått en klinisk hjärtinfarktsdiagnos och 281 inte fått en 
klinisk hjärtinfarktsdiagnos. Information inhämtades från patientjournaler och 
på basen av denna klassades alla patienter i olika typer av hjärtinfarkt och 
hjärtmuskelskada i enighet med de rådande internationella definitionerna.  

Resultaten visar att denna klassning är svår och att det är särskilt svårt att 
avgöra om en patient har typ 2 hjärtinfarkt eller hjärtmuskelskador utan hjärt-
infarkt. Vidare observerades att de patienter som rapporterats som typ 2 hjär-
tinfarkt till det svenska kvalitetsregistret för hjärtinfarkt (SWEDEHEART) 
inte överensstämmer tillräckligt bra med den internationella definitionen av 
tillståndet för att kunna fastslå att registret är lämpligt för studier av typ 2 
hjärtinfarkt. Jämfört med typ 1 hjärtinfarkt så vårdades patienter med typ 2 
hjärtinfarkt betydligt mer sällan på hjärtavdelningar och behandlades mer säl-
lan med klassisk invasiv och farmakologisk hjärtinfarktsbehandling. Om man 
i kliniken korrekt tolkat och diagnosticerat typ 2 hjärtinfarkt som hjärtinfarkt 
så var detta kopplat till en klart ökad användning av både hjärtinfarktbehand-
ling och hjärtvård överlag. Däremot observerades ingen koppling mellan en 
hjärtinfarktsdiagnos och långtidsöverlevnad vilket ifrågasätter hur kliniskt re-
levant den nuvarande definitionen av typ 2 hjärtinfarkt är. 
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