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ABSTRACT

BACKGROUND: The classification of myocardial infarction into 5 types was introduced in 2007. The
prognostic impact of this universal definition, with particular focus on type 2 myocardial infarction, has not
been studied prospectively in unselected hospital patients.
METHODS: During a 1-year period, all hospitalized patients having cardiac troponin I measured were
considered. The diagnosis of a myocardial infarction was according to the universal definition, and specified
criteria were used in the classification of type 2 myocardial infarction. Follow-up was at least 1 year, with
mortality as the end point.
RESULTS: A total of 3762 consecutive patients were studied, of whom 488 (13%) had a myocardial
infarction. In 119 patients a type 2 myocardial infarction was diagnosed. After a median of 2.1 years
(interquartile range, 1.6-2.5 years), 150 patients had died, with a mortality rate of 49% (58/119) in those
with type 2 myocardial infarction and 26% (92/360) in those with type 1 myocardial infarction (P < .0001).
In a multivariable Cox regression analysis the following variables were independently associated with
mortality: current or prior smoker, high age, prior myocardial infarction, type 2 myocardial infarction,
hypercholesterolemia, high p-creatinine, and diabetes mellitus. The multivariable-adjusted hazard ratio for
type 2 myocardial infarction was 2.0 (95% confidence interval, 1.3-3.0). With shock as the only exception,
mortality was independent of the triggering conditions leading to type 2 myocardial infarction.
CONCLUSIONS:Mortality in patients with type 2 myocardial infarction is high, reaching approximately 50%
after 2 years. Further descriptive and survival studies are needed to improve the scientific evidence on
which treatment of type 2 myocardial infarction is based.
� 2014 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2014) 127, 295-302
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The clinical classification of myocardial infarction into
5 types was introduced in 2007 as an important component
of the universal definition.1 Type 1 myocardial infarction
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is related to a coronary plaque rupture, fissuring, or dis-
section with resulting intraluminal thrombosis, whereas
type 2 myocardial infarction is secondary to myocardial
ischemia due to increased oxygen demand or decreased
supply. The launch of the universal definition has aroused
clinical interest particularly in type 2 myocardial infarc-
tion, for which several conditions have been proposed
as being causal.1 In an effort to improve the detection of
and the distinction between different clinical conditions
causing type 2 myocardial infarction, explicit criteria for
this category have been proposed.2 The main purpose of
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this study was to investigate prospectively the mortality
rate in patients with type 2 myocardial infarction.

METHODS

Study Design
CLINICAL SIGNIFICANCE

� Patients with type 2 myocardial infarc-
tion are less likely to undergo coronary
revascularization or to be treated with
dual antiplatelet therapy, statins, and
beta-blockers than patients with type
1 myocardial infarction.

� Mortality in patients with type 2 myo-
cardial infarction is high, reaching ap-
proximately 50% after 2 years.

� The excess mortality in type 2 myocar-
dial infarction is more likely caused by
the nature of the myocardial infarction
rather than patient comorbidity.
The present data are a part of
the Consequences of the Univer-
sal 2007 DEFinition of Acute
Myocardial Infarction study in a
Danish consecutive hospital popu-
lation.2 Odense University Hospi-
tal is a 1000-bed hospital serving
as a tertiary referral center for
a region of 1.2 million inhabitants
and as a local hospital for a catch-
ment area of 300,000 residents.
The inclusion of patients started
January 6, 2010, and during the
following 1 year all patients who
had cardiac troponin I measured at
any of the hospital’s 27 clinical
departments were traced through
retrieval 3 times daily at the
department of Clinical Biochem-
istry of the hospital. Within 24

hours after the initial cardiac troponin I sampling, patients
had a supplementary history taken by dedicated study per-
sonnel paying special attention to symptoms, clinical char-
acteristics, and comorbidity. We included only comorbidity
that could be validated by confirmation from the patient’s
medical records or by the list of current medication. Patients
transferred from other hospitals were excluded, because
we wanted to avoid selection of complicated myocardial
infarction cases. Patients aged less than 18 years were
excluded, and a patient could be included only once.
Management of patients was according to guidelines from
the European Society of Cardiology.3,4

Analysis of Cardiac Troponin I
The cardiac troponin I was analyzed by Architect c16000
(Abbott Diagnostics, Lake Forest, Ill),5 which has a detec-
tion limit of 0.01 mg/L, with an upper reference limit of 99th
percentile of 0.028 mg/L and a coefficient of variation <10%
at 0.032 mg/L. Accordingly, a cardiac troponin I value
>0.03 mg/L has been considered the decision limit for the
diagnosis of myocardial infarction.

Imaging Data
Echocardiographic data were retrieved from the hospital
records, and the results of coronary angiography were
collected from the Western Denmark Heart Registry.2,6

A significant coronary artery stenosis had to be �50% of
the artery diameter. Patients were classified as having no
significant coronary artery disease or 1-, 2-, or 3-vessel
disease.
Definition of Myocardial Infarction and
Subtypes
To fulfill the diagnostic criteria of the universal definition,
a typical increasing or decreasing pattern in cardiac
troponin I values had to be present with at least 1 value
above the 99th percentile of the
upper reference limit. In addition,
evidence of myocardial ischemia
had to be verified as originally
described.1 The timing of cardiac
troponin I measurements was ac-
cording to the routine procedures
of the hospital. Thus, patients
with a suspected myocardial in-
farction had cardiac troponin I
drawn on first assessment and
again 6 to 9 hours later. If the first
2 cardiac troponin I measure-
ments were not elevated but the
clinical suspicion of a myocardial
infarction persisted, an additional
cardiac troponin I sampling af-
ter 12 to 24 hours was recom-
mended. On the basis of data
from the literature,1,7-10 we de-
veloped specific criteria for the
definition of type 2 myocardial infarction. These criteria
have been described recently.2

Patients with type 3 myocardial infarction were not
considered because cardiac biomarkers per definition
are unavailable in these patients.1 Type 4a, 4b, and 5
myocardial infarctions were defined according to the
Universal definition.1 A post-noncardiac surgery myocar-
dial infarction was considered in patients who had un-
dergone major noncardiac surgery in general anesthesia
within 7 days. In these patients, cardiac troponin I mea-
surements were done only at the discretion of the attending
physicians.
Classification of Patients Without Myocardial
Infarction
Patients with cardiac troponin I values >0.03 mg/L but not
fulfilling the myocardial infarction criteria and patients with
cardiac troponin I �0.03 mg/L were classified as previously
described.2
Adjudication of the Final Diagnosis
A diagnosis committee composed of 3 experienced cardi-
ologists (LS, TSP, HM) evaluated all cases. The cardiac
diagnoses were based on the sources of information pro-
vided by the specified supplementary history, laboratory
sheets, and patient records. The Task Force Co-Chairman
(KT) of the Universal definition was consulted in cases
of diagnostic ambiguity to reach consensus about the
classification.1,2,11,12
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Data Collection
The following variables were registered: age, sex, history
of diabetes, hypercholesterolemia, smoking, family history
of myocardial infarction, prior myocardial infarction, prior
coronary artery bypass grafting, prior percutaneous coro-
nary angiography, heart failure, prior stroke, peripheral
arterial disease, chronic obstructive pulmonary disease,
and arrhythmia. Also, cardiovascular prescription medi-
cation reimbursed by the patients within the last 3 months
before hospital admission and within the first 3 months
after hospital discharge was identified through the Odense
Pharmaco-epidemiological Database.13 On October 12,
2012, the number of deaths was retrieved from the Danish
Civil Personal Registration System.14

Statistical Analysis
Continuous variables are presented as medians (with
interquartile range) or means (� standard deviation).
Categoric variables are listed as numbers (%). The Mann-
Whitney U test has been used to test for inter-group dif-
ferences for continuous variables. Pearson chi-square
test has been used for inter-group comparison of categoric
variables in 2 � 2 tables. For comparing larger contingency
tables (rX c tables, r,c >2), the chi-square test also has been
applied. Because less than 20% of the expected numbers
were <5 and none were <1, the chi-square test was con-
sidered valid. Unadjusted survival data have been plotted
as Kaplan-Meier curves, and comparison between groups
has been performed using log-rank statistics. Univariable
and multivariable Cox regression analyses have been used
to evaluate the prognostic significance of the following
variables concerning mortality at follow-up: age, gender,
Figure 1 Flow diagram illustrating patien
smoking (current or prior), hypertension, diabetes, hyper-
cholesterolemia, prior myocardial infarction, heart failure,
prior stroke, left ventricular ejection fraction, peak cardiac
troponin I, P-creatinine, ST-elevation myocardial infarc-
tion or noneST-elevation myocardial infarction, and type
1 myocardial infarction versus type 2 myocardial infarc-
tion. The relationship between mortality and individual
precipitating causes, such as gender, age, anemia, shock,
respiratory failure, bradyarrhythmia, tachyarrhythmia, and
pulmonary edema, of developing type 2 myocardial in-
farction has been examined in a multivariable Cox regres-
sion analysis. All analyses have been performed using
STATA IC 11 (StataCorp LP, College Station, Tex).
Ethics
The study complied with the Declaration of Helsinki and
was approved by the Danish National Committee on
Biomedical Research Ethics and the Danish Data Protection
Agency.
RESULTS
Of the 7230 patients, 4499 qualified for inclusion2; how-
ever, 737 were readmissions. The remaining 3762 patients
from our local 300,000 resident catchment area comprised
this study population. Figure 1 illustrates that 488 patients
(13.0%) had a myocardial infarction, of whom 119 had
type 2 and 360 had type 1. Nine myocardial infarctions
were related to cardiac procedures: type 4a (n ¼ 1), type
4b (n ¼ 5), and type 5 myocardial infarction (n ¼ 3).

Patients with type 2 myocardial infarction were older
and more often female, and had more comorbidity. Left
t inclusion. cTnI ¼ cardiac troponin I.
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ventricular ejection fraction was lower in patients with
type 2 myocardial infarction. A myocardial infarction after
noncardiac surgery was observed in 9 patients (1.9%); one
third of these had type 2 (Table 1). Before the myocardial
infarction no differences were found in the use of cardiac
drugs between those with type 1 myocardial infarction
and those with type 2 myocardial infarction (Table 2).
However, after hospital discharge, patients with type 2
myocardial infarction took clopidogrel, statins, and beta-
blockers significantly less frequently than those with type
1 myocardial infarction.
Mortality
The median follow-up period was 2.1 years (interquartile
range, 1.6-2.5 years), during which 150 patients died: 58
(48.7%) with a type 2 myocardial infarction and 92 (25.6%)
with a type 1 myocardial infarction (Figure 2). In-hospital,
30-day, and 1-year mortality in type 2 myocardial infarction
were 19.3%, 23.6%, and 43.7%, respectively, compared
Table 1 Demographic and Clinical Characteristics of Patients with Ty

Variable Type 1 MI (n ¼ 360

Age, y (�SD) 70 (13)
Male, no. (%) 230 (63.9)
Diabetes 46 (12.8)
Hypercholesterolemia 137 (38.1)
Hypertension 193 (53.6)
Current or ex-smoker, no./total no. (%) 284/354 (80.2)
Family history of MI, no./total no. (%) 93/284 (32.7)
Prior MI 71 (19.7)
Prior coronary artery bypass surgery 28 (7.8)
Prior percutaneous coronary angioplasty 45 (12.5)
Heart failure 32 (8.9)
Prior stroke 43 (12.0)
Peripheral arterial disease 20 (5.6)
Chronic obstructive pulmonary disease 38 (10.6)
Arrhythmias 32 (8.9)
Major noncardiac surgery <7 d 6 (1.7)
In-hospital registrations, median/total no. (IQR)

First troponin I, mg/L 0.30/360 (0.07-1.63
Peak troponin I value, mg/L 3.82/360 (0.53-19.0
Hemoglobin, mmol/L 8.3/354 (7.6-9.0)
Creatinine (enzymatic)-P, mmol/L 83/357 (70-100)
Total cholesterol, mmol/L 4.9/286 (4.1-5.6)
Systolic blood pressure, mm Hg 149/359 (123-170)
Heart rate, beats/min 80/357 (67-100)

Ejection fraction, median/total no. (IQR) 50/321 (40-55)
NoneST-elevation MI, no. (%) 231 (64.2)
Coronary angiography, no. (%) 268 (74.4)

Zero-vessel disease, no./total no. (%) 32/268 (11.9)
One-vessel disease, no./total no. (%) 121/268 (45.2)
Multivessel disease, no./total no. (%) 115/268 (42.9)

In-hospital procedures, no. (%)
Percutaneous coronary angioplasty 194 (53.8)
Coronary artery bypass surgery 9 (2.5)

Hospital stay, d, median (IQR) 3 (2-5)

IQR ¼ interquartile range; MI ¼ myocardial infarction; SD ¼ standard devia
with 6.9%, 9.2%, and 16.7%, respectively, in type 1 myo-
cardial infarction. Variables predicting mortality according
to univariable Cox regression analyses are presented in
Table 3.

A total of 67 patients had no data on left ventricular
ejection fraction, and P-creatinine or smoker status was
unavailable in another 7 patients. Thus, 74 patients (29 with
type 2 myocardial infarction and 45 with type 1 myocardial
infarction) were excluded from the multivariate analysis of
predictors for mortality. Among the remaining 405 patients,
the following variables provided independent prognostic
information (Table 4): age, current or prior smoker,
hypercholesterolemia, prior myocardial infarction, left
ventricular ejection fraction, type 2 myocardial infarction,
and P-creatinine. The hazard ratio (HR) for type 2
myocardial infarction compared with type 1 was 2.0 (95%
confidence interval, 1.3-3.0). A model with only age and
gender included produced nearly identical results for type
2 myocardial infarction: HR ¼ 1.8 (95% confidence
interval, 1.3-2.5). In patients with type 2 myocardial
pe 1 and Type 2 Myocardial Infarction (n ¼ 479)

) Type 2 MI (n ¼ 119) P Value

75 (11) <.0001
63 (52.9) .03
28 (23.5) .005
48 (40.3) .66
66 (55.5) .73
91/119 (76.5) .38
11/62 (17.7) .02
26 (21.9) .62
9 (7.6) .94
15 (12.6) .98
26 (21.9) <.0001
24 (20.2) .03
17 (14.3) .002
31 (26.1) <.0001
25 (21.0) <.0001
3 (2.5) .70

) 0.23/119 (0.07-0.71) .13
3) 0.85/119 (0.39-3.27) <.0001

7.9/113 (6.9-8.9) .006
102/118 (76-137) <.0001
4.9/51 (4.0-5.4) .80
139/116 (110-167) .02
112/117 (91-131) <.0001
45/91 (30-55) .0008
115 (96.6) <.0001
28 (25.5) <.0001
13/28 (46.4)
4/28 (14.3) <.0001
11/28 (39.3)

4 (3.4) <.0001
0 .12
7 (3-11) <.0001

tion.



Table 2 Use of Reimbursed Cardiovascular Drugs 3 Months Before and 3 Months After Hospitalization in Patients with Type 1 Versus Type
2 Myocardial Infarction

3-Month Period Before Hospital Admission 3-Month Period After Hospital Discharge

Type 1 MI Type 2 MI P Value Type 1 MI Type 2 MI P Value

No. of Patients (%) 360 119 335* 96*
Platelet inhibitors 102 (28.3) 42 (35.3) .15 269 (80.3) 56 (58.3) <.0001

Clopidogrel 16 (4.4) 5 (4.2) .91 204 (60.9) 13 (13.5) <.0001
Aspirin 95 (26.4) 40 (33.6) .13 215 (64.2) 51 (53.1) .049
Prasugrel 0 0 6 (1.8) 0 .19

Statins 101 (28.1) 37 (31.1) .53 216 (64.5) 38 (39.6) <.0001
Beta-blockers 75 (20.8) 28 (23.5) .54 208 (62.1) 44 (45.8) .004
ACE inhibitors and/or angiotensin-II antagonists 107 (29.8) 43 (36.1) .19 154 (46.0) 38 (39.6) .27
Warfarin 16 (4.4) 9 (7.6) .19 19 (5.7) 10 (10.4) .10

ACE ¼ angiotensin-converting enzyme; MI ¼ myocardial infarction.
*Figures represent the number of patients discharged from hospital.
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infarction, shock was the only underlying condition
independently predicting mortality (Table 5, Figure 3).
However, shock was a relatively rare cause of type 2
myocardial infarction. Nineteen patients (0.5%) were lost
to follow-up; 18 of these had emigrated.
DISCUSSION
This is the first prospective study to assess the mortality
rates of myocardial infarction type 2 in consecutively
admitted patients classified according to the Universal
definition.1 Furthermore, it is a first-time occurrence of a
study design that relates clinical outcome to newly devel-
oped specified criteria for myocardial infarction type 2.

The study showed a high short- and long-term mortality
in patients with type 2 myocardial infarction. It appeared
that the higher mean age and the occurrence of other
essential risk factors together with more severe comorbid-
ities played a major role in the poor outcome. Moreover,
Figure 2 Kaplan-Meier survival curves according to classi-
fication of myocardial infarction in type 1 and type 2. MI ¼
myocardial infarction.
patients with type 2 myocardial infarction were less likely to
undergo coronary angiography or percutaneous coronary
angioplasty or to take dual antiplatelet therapy, statins, and
beta-blockers than patients with type 1 myocardial infarc-
tion. The reason for this discrepancy is most likely multi-
factorial. Indeed, the treating physicians may exhibit an
overly cautious approach to patients with myocardial
infarction type 2, who had significantly more conditions,
such as anemia, renal failure, chronic obstructive pulmonary
disease, and heart failure (Table 1), potentially contradicting
this management. Also, the older patients with type
2 myocardial infarction may have been less likely to
agree to undergo invasive procedures or to take multiple
medications.15,16 Finally, we have to realize that current
guidelines are oriented toward the treatment of plaque
rupture, and no established recommendations regarding
therapy for patients with myocardial necrosis in the
absence of an unstable plaque exist. Indeed, it may be
questioned whether patients without plaque rupture would
need anticoagulation, antiplatelet therapy, or even coronary
angiography.

Of note, the significantly lower peak cardiac troponin I
values observed in patients with type 2 myocardial infarc-
tion indicate that the size of the current myocardial infarc-
tion did not have an independent prognostic value. On the
basis of the multivariate analysis, it seems that the excess
mortality in patients with type 2 myocardial infarction is
more likely to be caused by the nature of their myocardial
infarction rather than their comorbidity. First, there seems to
be little difference between an HR adjusted only for age and
gender and an HR based on the full model with further
adjustment for comorbidity (Table 4). Second, with shock
as the only notable exception, the mortality seems to be
largely independent of the triggering conditions leading to
type 2 myocardial infarction (Table 5). If the underlying
mechanisms were important for the prognosis, we would
have expected more diversity.

The overall mortality rate in the present study was
30.7% during a median follow-up of approximately 2 years.



Table 3 Significance of Selected Clinical Variables in Predicting All-Cause Mortality in Patients with Type 1 or 2 Myocardial Infarction:
Univariable Cox Regression Analyses

Variables Median (IQR) or n (%) Valid Cases Hazard Ratio (95% CI) P Value

Age (y) 73 (63-82) 479 1.08 (1.06-1.09) <.0001
Male sex 293 (61.2) 479 0.7 (0.5-0.98) .03
Current or ex-smoker 375 (79.3) 473 2.5 (1.5-4.3) .001
Hypertension 259 (54.1) 479 1.2 (0.9-1.6) .31
Diabetes 74 (15.5) 479 1.3 (0.9-2.0) .16
Hypercholesterolemia 185 (38.6) 479 0.7 (0.5-1.0) .05
Family history of MI 104 (30.1) 346 0.7 (0.4-1.2) .16
Prior MI 97 (20.3) 479 1.5 (1.03-2.1) .03
Heart failure 58 (12.11) 479 1.4 (0.9-2.2) .12
Prior stroke 67 (14.0) 479 2.1 (1.4-3.1) <.0001
Arrhythmias 57 (11.9) 479 1.7 (1.1-2.6) .01
Laboratory data

Peak troponin I 2.1 (0.46-11.38) 479 1.0 (0.99-1.01) .95
Creatinine-P 86 (70-108) 475 1.002 (1.001-1.003) .001

Ejection fraction 50 (40-55) 412 0.96 (0.95-0.98) <.0001
NoneST-elevation MI 346 (72.2) 479 2.0 (1.3-3.0) .001
Type 2 MI 119 (24.8) 479 2.3 (1.7-3.3) <.0001
Coronary angiography data

Zero-vessel disease 45 (15.2) 296 1.0 (0.5-2.3) .94
One-vessel disease 125 (42.2) 296 0.3 (0.2-0.7) .002
Multivessel disease 126 (42.6) 296 2.6 (1.4-4.8) .002
Left main vessel disease 18 (6.1) 296 2.2 (0.9-5.5) .001

CI ¼ confidence interval; IQR ¼ interquartile range; MI ¼ myocardial infarction.
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Mortality at 30 days and 1 year was 12.5% and 22.9%,
respectively, which is higher than in data originating from
large-scale clinical trials and voluntary-based registries from
the last decade.17-25 However, compared with the few
available cohort studies addressing long-term mortality in
unselected hospitalized patients, our results indicate that
a prognostic improvement has occurred over time, seeing
1-year mortality percentages of 27% to 28% a decade
Table 4 Significance of Selected Clinical Variables in Predict-
ing All-Cause Mortality in Patients with Type 1 or 2 Myocardial
Infarction (n ¼ 405): Multivariable Cox Regression Analyses

Hazard Ratio (95% CI) P Value

High age 1.07 (1.05-1.09) <.001
Male vs. female 1.0 (0.6-1.5) .89
Type 2 vs type 1 MI 2.0 (1.3-3.0) .002
NoneST-elevation vs
ST-elevation MI

1.5 (0.8-2.6) .21

Current or prior smoker 2.5 (1.4-4.5) .003
Hypertension 1.1 (0.7-1.6) .69
Diabetes 1.6 (1.0-2.8) .07
Hypercholesterolemia 0.5 (0.3-0.8) .008
Prior MI 2.0 (1.1-3.4) .02
Heart failure 0.6 (0.3-1.2) .15
Prior stroke 1.2 (0.7-1.9) .56
Ejection fraction 0.97 (0.96-0.99) .003
Peak troponin I 1.01 (0.99-1.02) .24
P-creatinine 1.002 (1.000-1.004) .01

CI ¼ confidence interval; MI ¼ myocardial infarction.
ago.26,27 The high mortality observed in the present study
compared with consistently lower mortality rates reported
in voluntary-based registries and large-scale clinical trials
most likely reflects selective recruitment of subjects to those
registries and trials. As an example, the mean age of our
patients was more than 70 years, compared with a mean age
less than 60 years in the recent Strategic Reperfusion Early
After Myocardial Infarction trial.25

Clinical studies addressing the proportion of type 2
myocardial infarction in patients with noncardiac surgery
myocardial infarction are not available. Although cardiac
troponin elevations are common after noncardiac surgery, a
myocardial infarction according to the universal definition
was demonstrated in only approximately 1 of 200 patients.28

Previously, it has been proposed that most post-noncardiac
Table 5 Significance of Type 2 Myocardial Infarction Trigger
Conditions in Predicting All-Cause Mortality (n ¼ 119):
Multivariable Cox Regression Analyses

Hazard Ratio (95% CI) P Value

Age 1.04 (1.01-1.07) .003
Male sex 1.2 (0.7-2.1) .51
Anemia 0.9 (0.4-2.3) .84
Shock 2.2 (1.1-4.5) .03
Respiratory failure 1.6 (0.7-3.3) .23
Bradyarrhythmia 1.0 (0.2-4.8) .99
Tachyarrhythmia 0.9 (0.4-2.0) .75
Pulmonary edema 0.7 (0.3-1.7) .44

CI ¼ confidence interval.



Figure 3 Association between triggering conditions and
mortality in patients with type 2 myocardial infarction. In 14 of
119 patients, more than 1 triggering condition was identified (2
in 12 patients and 3 in 2 patients).
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surgery myocardial infarctions are of type 2.29-31 However,
in an earlier autopsy study, coronary plaque rupture was
demonstrated in 46% of patients with perioperative
myocardial infarction.32 In 2 recent studies, coronary plaque
rupture on angiography was demonstrated in 59%33 and
45%34 of patients with post-noncardiac surgery myocardial
infarction. These data together with the low proportion of
type 2 myocardial infarctions found in our study (Table 1)
may indicate that a noncardiac surgery myocardial infarction
less frequently than originally supposed is of type 2.
Study Limitations
First, this is a real-world study, and complete cardiac
examinations were not performed in all patients. Thus,
diagnostic procedures and supplementary blood sampling
were done at the discretion of the treating physicians.
Second, it should be noted that the proportion of type 4a
myocardial infarction is surprisingly low, but according
to the standards of the hospital, cardiac troponin was
measured after percutaneous coronary angioplasty only in
case of clinical symptoms of myocardial infarction. Also,
the number of patients with type 5 myocardial infarction
is most likely underreported. However, this study was
designed to assess the frequency and mortality rate of type
2 myocardial infarction, and per definition the proportion
of myocardial infarctions related to cardiac procedures
will not influence this issue. Finally, the third Universal
definition was published in 2012, a fact that might reduce
the general interest for our results. However, consider-
ing spontaneous myocardial infarctions, the definitional
criteria are identical in the 2007 and 2012 Universal
definition.1,31

Among the strengths of our study is the thorough case
ascertainment. All patients were evaluated by both a
3-member local end point committee and 1 external expert.
Second, all mortality data were obtained from a national
registration system linked to a unique civil registration
number (records on all Danish citizens, living and
deceased).14 Third, we did not obtain data on medication at
discharge. Instead, we had information on medication dis-
pensed after discharge. This may result in a more precise
registration of the medication actually taken by the patients.
Fourth, 99.5% of patients were followed for at least a mean
of 2 years. Last, the detailed type 2 myocardial infarction
criteria proposed by us do not necessarily represent “the gold
standard.” We wanted to give a more precise and objective
description of the population with type 2 myocardial
infarction, thereby enabling replication of our results by
other scientists. Indeed, we consider this work as one single
step in the development and adaption of a clinically useful
and globally accepted definition of myocardial infarction.
CONCLUSIONS
Clinical research addressing type 2 myocardial infarction is
limited, and prognostic studies in this setting are not avail-
able for now. The main message from this study is that
patients with type 2 myocardial infarction have a 2-year
mortality of approximately 50%. Moreover, in the multi-
variate analysis, the presence of a type 2 myocardial
infarction was found to be an independent predictor of
increased mortality. Current evidence-based management
guidelines of myocardial infarction are directed toward
treatment of a culprit lesion, but patients with type 2
myocardial infarction per definition do not have athero-
sclerotic plaque rupture. At the present time, a lack of sci-
entific information to guide treatment decisions in these
patients exists. More descriptive and survival data of
patients with documented type 2 myocardial infarction are
needed.

References
1. Thygesen K, Alpert JS, White HD. Joint ESC/ACCF/AHA/WHF Task

Force for the Redefinition of Myocardial Infarction. Universal defini-
tion of myocardial infarction. Eur Heart J. 2007;28:2525-2538.

2. Saaby L, Poulsen TS, Hosbond S, et al. Classification of myocardial
infarction: frequency and features of type 2 MI. Am J Med. 2013;126:
789-797.

3. Van de Werf F, Bax J, Betriu A, et al; ESC Committee for Practice
Guidelines (CPG). Management of acute myocardial infarction in pa-
tients presenting with persistent ST-segment elevation: the Task Force
on the Management of ST-Segment Elevation Acute Myocardial
infarction of the European Society of Cardiology. Eur Heart J.
2008;29:2909-2945.

4. Bassand JP, Hamm CW, Ardissino D, et al. Guidelines for the diag-
nosis and treatment of non-ST-segment elevation acute coronary syn-
dromes. Eur Heart J. 2007;28:1598-1660.

5. Lam Q, Black M, Youdell O, Spilsbury H, Schneider HG. Performance
evaluation and subsequent clinical experience with the Abbott Auto-
mated Architect STAT Troponin-I assay. Clin Chem. 2006;52:298-300.

6. Schmidt M, Maeng M, Jakobsen C, et al. Existing data sources for
clinical epidemiology: The Western Denmark Heart Registry. Clin
Epidemiol. 2010;2:137-144.

7. Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and septic
shock. Crit Care Med. 2008;36:296-327.

8. Dickstein K, Cohen-Solal A, Filippatos G, et al; ESC Committee
for Practice Guidelines (CPG). ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure 2008: the Task Force
for the Diagnosis and Treatment of Acute and Chronic Heart Failure

http://refhub.elsevier.com/S0002-9343(14)00033-3/sref1
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref1
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref1
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref2
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref2
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref2
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref3
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref4
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref4
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref4
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref5
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref5
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref5
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref6
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref6
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref6
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref7
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref7
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref7
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8


302 The American Journal of Medicine, Vol 127, No 4, April 2014
2008 of the European Society of Cardiology. Eur Heart J. 2008;29:
2388-2442.

9. Celli BR, MacNee W, ATS/ERS Task Force. Standards for the diag-
nosis and treatment of patients with COPD: a summary of the ATS/
ERS position paper. Eur Respir J. 2004;23:932-946.

10. Nieminen MS, Harjola VP. Definition and epidemiology of acute heart
failure syndromes. Am J Cardiol. 2005;96:5G-10G.

11. Thygesen K, Mair J, Katus H, et al; Study Group on Biomarkers in
Cardiology of the ESC Working Group on Acute Cardiac Care. Rec-
ommendations for the use of cardiac troponin measurement in acute
cardiac care. Eur Heart J. 2010;31:2197-2204.

12. Braunwald E. Unstable angina. A classification. Circulation. 1989;80:
410-414.

13. Gaist D, Sørensen HT, Hallas J. The Danish prescription registries.
Dan Med Bull. 1997;44:445-448.

14. Pedersen CB. The Danish Civil Registration System. Scand J Public
Health. 2011;39:22-25.

15. Dziewierz A, Siudak Z, Rakowski T, et al. In-hospital management and
mortality in elderly patients with non-ST-segment elevation acute
coronary syndromes treated in centers without on-site invasive facil-
ities. Cardiol J. 2008;15:451-457.

16. Krumholz HM, Radford MJ, Wang Y, Chen J, Heiat A, Marciniak TA.
National use and effectiveness of beta-blockers for the treatment of
elderly patients after acute myocardial infarction: National Cooperative
Cardiovascular Project. JAMA. 1998;280:623-629.

17. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intra-
venous thrombolytic therapy for acute myocardial infarction: a quan-
titative review of 23 randomised trials. Lancet. 2003;361:13-20.

18. Andersen HR, Nielsen TT, Rasmussen K, et al; DANAMI-2 In-
vestigators. A comparison of coronary angioplasty with fibrinolytic
therapy in acute myocardial infarction. N Engl J Med. 2003;349:
733-742.

19. Sinnaeve P, Alexander J, Belmans A, et al; ASSENT-2 Investigators.
One-year follow-up of the ASSENT-2 trial: a double-blind, random-
ized comparison of single-bolus tenecteplase and front-loaded alteplase
in 16,949 patients with ST-elevation acute myocardial infarction. Am
Heart J. 2003;146:27-32.

20. Fox KA, Steg PG, Eagle KA, et al; GRACE Investigators. Decline in
rates of death and heart failure in acute coronary syndromes, 1999-
2006. JAMA. 2007;297:1892-1900.

21. Mandelzweig L, Battler A, Boyko V, et al; Euro Heart Survey
Investigators. The second Euro Heart Survey on acute coronary
syndromes: Characteristics, treatment, and outcome of patients with
ACS in Europe and the Mediterranean Basin in 2004. Eur Heart J.
2006;27:2285-2293.
22. Goldberg RJ, Currie K, White K, et al. Six-month outcomes in a
multinational registry of patients hospitalized with an acute coronary
syndrome (the Global Registry of Acute Coronary Events [GRACE]).
Am J Cardiol. 2004;93:288-293.

23. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel
in patients with acute coronary syndromes. N Engl J Med. 2009;361:
1045-1057.

24. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population
trends in the incidence and outcomes of acute myocardial infarction.
N Engl J Med. 2010;362:2155-2165.

25. Armstrong PW, Gershlick AH, Goldstein P, et al; STREAM Investi-
gative Team. Fibrinolysis or primary PCI in ST-segment elevation
myocardial infarction. N Engl J Med. 2013;368:1379-1387.

26. Terkelsen CJ, Lassen JF, Nørgaard BL, et al. Mortality rates in pa-
tients with ST-elevation vs non-ST-elevation acute myocardial
infarction: observations from an unselected cohort. Eur Heart J.
2005;26:18-26.

27. Aune E, Hjelmesaeth J, Fox K, Endresen K, Otterstad JE. High mor-
tality rates in conservatively managed patients with acute coronary
syndrome. Scand Cardiovasc J. 2006;40:137-144.

28. van Waes JAR, Nathoe HM, de Graaf JC, et al; on behalf of the
Cardiac Health After Surgery (CHASE) Investigators. Myocardial
injury after noncardiac surgery and its association with short-term
mortality. Circulation. 2013;127:2264-2271.

29. Fleisher LA, Nelson AH, Rosenbaum SH. Postoperative myocardial
ischemia: etiology of cardiac morbidity or manifestations of underly-
ing? J Clin Anesth. 1995;7:97-102.

30. Landsberg G, Mosseri M, Shatz V, et al. Cardiac troponin after major
vascular surgery: the role of perioperative ischemia, preoperative
thallium scanning, and coronary revascularization. J Am Coll Cardiol.
2004;44:569-575.

31. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR,
White HD. the Writing Group on behalf of the Joint ESC/ACCF/AHA/
WHF Task Force for the Universal Definition of Myocardial Infarction.
Third universal definition of myocardial infarction. Eur Heart J.
2012;33:2551-2567.

32. Cohen MC, Aretz TH. Histological analysis of coronary artery lesions
in fatal postoperative myocardial infarction. Cardiovasc Pathol.
1999;8:133-139.

33. Hanson I, Kahn J, Dixon S, Goldstein J. Angiographic and clinical
characteristics of type 1 versus type 2 perioperative myocardial
infarction. Catheter Cardiovasc Interv. 2013;82:622-628.

34. Gualandro DM, Campos CA, Calderaro D, et al. Coronary plaque
rupture in patients with myocardial infarction after noncardiac surgery:
frequent and dangerous. Atherosclerosis. 2012;222:191-195.

http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref8
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref9
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref9
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref9
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref10
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref10
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref11
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref11
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref11
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref11
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref12
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref12
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref13
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref13
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref14
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref14
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref15
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref15
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref15
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref15
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref16
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref16
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref16
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref16
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref17
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref17
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref17
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref18
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref18
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref18
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref18
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref19
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref19
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref19
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref19
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref19
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref20
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref20
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref20
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref21
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref21
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref21
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref21
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref21
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref22
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref22
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref22
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref22
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref23
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref23
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref23
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref24
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref24
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref24
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref25
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref25
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref25
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref26
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref26
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref26
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref26
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref27
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref27
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref27
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref28
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref28
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref28
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref28
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref29
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref29
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref29
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref30
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref30
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref30
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref30
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref31
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref31
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref31
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref31
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref31
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref32
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref32
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref32
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref33
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref33
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref33
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref34
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref34
http://refhub.elsevier.com/S0002-9343(14)00033-3/sref34

	Mortality Rate in Type 2 Myocardial Infarction: Observations from an Unselected Hospital Cohort
	Methods
	Study Design
	Analysis of Cardiac Troponin I
	Imaging Data
	Definition of Myocardial Infarction and Subtypes
	Classification of Patients Without Myocardial Infarction
	Adjudication of the Final Diagnosis
	Data Collection
	Statistical Analysis
	Ethics

	Results
	Mortality

	Discussion
	Study Limitations

	Conclusions
	References


