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According to the Fourth Universal Definition of Myo-
cardial Infarction Consensus Document, myocardial 

infarction is diagnosed when a patient has evidence of 
acute myocardial injury in the setting of myocardial 
ischemia (1). Type 1 myocardial infarction is caused by 
atherosclerotic plaque disruption, coronary thrombosis, 
and vessel occlusion. In contrast, type 2 myocardial in-
farction occurs when there is myocardial oxygen supply 

and demand mismatch induced by numerous patho-
physiologic precipitants (2). Differentiating between 
type 1 and type 2 myocardial infarction is a common 
clinical conundrum that can be difficult to resolve (3), 
particularly as both can occur in the presence or absence 
of obstructive coronary artery disease (4). Proper differ-
entiation is important because treatment strategies vary 
substantially, and the correct diagnosis can have major 
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Purpose:  To determine whether quantitative plaque characterization by using CT coronary angiography (CTCA) can discriminate be-
tween type 1 and type 2 myocardial infarction.

Materials and Methods:  This was a secondary analysis of two prospective studies (ClinicalTrials.gov registration nos. NCT03338504 
[2014–2019] and NCT02284191 [2018–2020]) that performed blinded quantitative plaque analysis on findings from CTCA in par-
ticipants with type 1 myocardial infarction, type 2 myocardial infarction, and chest pain without myocardial infarction. Logistic regres-
sion analyses were performed to identify predictors of type 1 myocardial infarction.

Results:  Overall, 155 participants (mean age, 64 years 6 12 [SD]; 114 men) and 36 participants (mean age, 67 years 6 12; 19 men) 
had type 1 and type 2 myocardial infarction, respectively, and 136 participants (62 years 6 12; 78 men) had chest pain without 
myocardial infarction. Participants with type 1 myocardial infarction had greater total (median, 44% [IQR: 35%–50%] vs 35% [IQR: 
29%–46%]), noncalcified (39% [IQR: 31%–46%] vs 34% [IQR: 29%–40%]), and low-attenuation (4.15% [IQR: 1.88%–5.79%] vs 
1.64% [IQR: 0.89%–2.28%]) plaque burdens (P , .05 for all) than those with type 2. Participants with type 2 myocardial infarction 
had similar low-attenuation plaque burden to those with chest pain without myocardial infarction (P = .4). Low-attenuation plaque 
was an independent predictor of type 1 myocardial infarction (adjusted odds ratio, 3.44 [95% CI: 1.84, 6.96]; P , .001), with better 
discrimination than noncalcified plaque burden and maximal area of coronary stenosis (C statistic, 0.75 [95% CI: 0.67, 0.83] vs 0.62 
[95% CI: 0.53, 0.71] and 0.61 [95% CI: 0.51, 0.70] respectively; P  .001 for both).

Conclusion:  Higher low-attenuation coronary plaque burden in patients with type 1 myocardial infarction may help distinguish these 
patients from those with type 2 myocardial infarction.

Clinical trial registration nos. NCT03338504 and NCT02284191
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measures of plaque composition and burden can help differ-
entiate between type 1 and type 2 myocardial infarction.

Materials and Methods

Study Participants
Participants included in this study had been recruited into two 
prospective clinical studies evaluating the role of CTCA in the 
diagnosis of acute coronary syndromes and type 2 myocardial 
infarction. A detailed description of the inclusion and exclu-
sion criteria can be found in Appendix E1 (supplement). The 
studies were both registered on ClinicalTrials.gov and approved 
by the South East Scotland Research Ethics Committee (ref-
erence nos. 14/SS/1096 and 17/SS/0078). Both studies were 
conducted in accordance with the Declaration of Helsinki, and 
written informed consent was obtained from all participants.

The Rapid Assessment of Potential Ischemic Heart Disease 
with CT Coronary Angiography (RAPID-CTCA) study was 
an open prospective multicenter randomized controlled par-
allel group trial that recruited 1748 patients who presented 
to the emergency department with suspected or provision-
ally diagnosed acute coronary syndrome in 37 centers across 
the United Kingdom between 2014 and 2019 (ClinicalTrials.
gov registration no. NCT02284191, Appendix E1 [supple-
ment]). Patients were required to have symptoms consistent 
with cardiac ischemia, together with at least one of the fol-
lowing: abnormal findings at 12-lead electrocardiography, a 
history of prior ischemic heart disease, or an elevated plasma 
cardiac troponin concentration (10). Of the 887 participants 
who were randomized to CTCA, 767 underwent completed 
imaging. In total, 422 scans were available and consecutively 
analyzed, comprising all scans from the top five recruitment 
centers and a quality assurance cohort of 121 scans obtained 
from all participating sites. In RAPID-CTCA, the clinical di-
agnosis was not independently adjudicated but was assigned by 
the attending clinician. To avoid potential diagnostic misclas-
sification, patients with myocardial injury of uncertain cause 
or with unstable angina were a priori excluded, and only those 
with either type 1 myocardial infarction or chest pain without 
myocardial infarction were included.

The Determining the Mechanism of Myocardial Injury and 
Role of Coronary Disease in Type 2 Myocardial Infarction (DE-
MAND-MI) study was a prospective single-center observational 
cohort of 100 patients with a clinical diagnosis of type 2 myo-
cardial infarction, which aimed to determine the mechanism of 
myocardial injury and the role of coronary artery disease (Clini-
calTrials.gov registration no. NCT03338504, Appendix E1 
[supplement]) (11). DEMAND-MI enrolled participants with 
evidence of acute myocardial injury (defined as a rise and/or fall 
in cardiac troponin concentration), clinical symptoms of myo-
cardial ischemia or signs of myocardial ischemia on a 12-lead 
electrocardiogram, and objective evidence of myocardial oxygen 
supply or demand imbalance, consistent with a clinical diagno-
sis of type 2 myocardial infarction. All participants underwent 
extensive imaging to confirm the diagnosis of type 2 myocardial 
infarction, including systematic coronary and structural imaging 

implications for patient outcomes (5). For example, in type 
1 myocardial infarction, dual antiplatelet therapy plays an 
important role in the treatment and prevention of recurrent 
coronary atherothrombotic events, whereas in type 2 myo-
cardial infarction, dual antiplatelet therapy may be harmful, 
especially when occult bleeding and anemia are contributing 
factors. Thus, a noninvasive test that can distinguish between 
type 1 and type 2 myocardial infarction would be of major 
clinical benefit.

CT coronary angiography (CTCA) can noninvasively help 
assess both the severity of coronary artery stenosis and the 
characteristics of coronary atherosclerotic plaque. The ne-
crotic core of high-risk atherosclerotic plaque is thought to 
be the pathologic precursor to type 1 myocardial infarction, 
and with the advent of quantitative CT plaque analysis, the 
presence and extent of low-attenuation plaque features can 
now be quantified (6–8). CT-defined high-risk low-attenu-
ation plaque can be used to risk stratify patients with coro-
nary artery disease and is one of the strongest predictors of 
future myocardial infarction (9). While this prognostic value 
in patients with stable coronary artery disease has been estab-
lished, the diagnostic potential of quantitative plaque analysis 
in patients with acute chest pain is less clear. Identification 
and quantification of high-risk low-attenuation plaque at CT 
prior to revascularization may provide an alternative diagnos-
tic approach that could help distinguish between type 1 and 
type 2 myocardial infarction.

In this study, we aimed to describe the differences in CT-
defined coronary atherosclerosis in patients with acute chest 
pain and to determine whether quantitative CT angiographic 

Abbreviations
AIC = Akaike information criteria, CTCA = CT coronary angiogra-
phy, DEMAND-MI = Determining the Mechanism of Myocardial 
Injury and Role of Coronary Disease in Type 2 Myocardial Infarc-
tion, RAPID-CTCA = Rapid Assessment of Potential Ischemic 
Heart Disease with CT Coronary Angiography

Summary
There may be important differences in the plaque composition of 
patients with type 1 and type 2 myocardial infarction, which can be 
quantified at CT coronary angiography.

Key Points
	n Patients presenting with type 1 myocardial infarction have 

greater burdens of total (44% [IQR: 35%–50%] vs 35% [IQR: 
39%–46%]), noncalcified (39% [IQR: 31%–46%] vs 34% [IQR: 
29%–40%]), and low-attenuation (4% [IQR: 2%–6%] vs 2% 
[IQR: 1%–2%]) plaque than those with type 2 myocardial infarc-
tion (P , .001 for all).

	n Low-attenuation plaque burden provided strong discrimination 
between type 1 and type 2 myocardial infarction, independent of 
the severity of coronary stenosis or clinical characteristics (adjusted 
odds ratio, 3.44 [95% CI: 1.84, 6.95]; P , .001).

	n Quantitative plaque analysis may help differentiate between pa-
tients with type 1 and type 2 myocardial infarction.

Keywords
Ischemia/Infarction, CT Angiography, Quantitative CT
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determine the odds ratios with 95% CIs of type 1 myocardial 
infarction. Multivariable regression models were constructed us-
ing a priori selection, adjusting for age, sex, history of smoking, 
hypertension, hyperlipidemia, maximal area stenosis, and indi-
vidual plaque subtype burdens. Plaque burdens for each subtype 
were log transformed for this analysis (log2 of 1 plus the plaque 
variable). Receiver operating characteristic curves were created 
to assess the discrimination of patients with type 1 myocardial 
infarction and type 2 myocardial infarction (pROC package ver-
sion 1.17.0 in R; R Foundation for Statistical Computing), and 
differences between curves were compared by using DeLong test 
(19,20). Akaike information criteria (AIC) and log likelihood 
were calculated to determine which multivariable model offered 
the best fit for predicting type 1 myocardial infarction versus 
type 2 myocardial infarction. Statistical significance was defined 
as a two-sided P value less than .05. All statistical analysis was 
performed using R, version 4.0.2.

Results

Study Participants
In total, 460 CT scans were assessed, of which 20 were ex-
cluded due to poor image quality, 75 due to a diagnosis of 
myocardial injury of uncertain cause, and 38 due to a diagno-
sis of unstable angina (Fig 1). The final study sample included 
327 participants: 155 participants (mean age, 64 years 6 12; 
114 men) had type 1 myocardial infarction, 36 (mean age, 
67 years 6 12; 19 men) had type 2 myocardial infarction, 
and 136 (mean age, 62 years 6 12; 78 men) had chest pain 
without infarction (Table 1). The subgroup of participants 
from the RAPID-CTCA trial was representative of the overall 
trial participants (Table E1 [supplement]).

Clinical Characteristics of Study Participants
Participants with type 1 myocardial infarction were less likely 
to be female or to have undergone coronary artery bypass 
grafting and more likely to have a history of smoking or hy-
perlipidemia. All other risk factors for myocardial infarction 
were similar between cohorts (Table 1). Compared with those 
who had type 2 myocardial infarction, participants with type 1 
myocardial infarction had higher hemoglobin concentrations 
and lower white cell counts but similar maximal high-sensi-
tivity cardiac troponin concentrations. More participants with 
type 1 myocardial infarction than those with type 2 myocardial 
infarction presented with chest pain (144 of 155 [93%] vs 27 
of 36 [75%], P = .004), but similar proportions had abnormal 
electrocardiograms at presentation (98 of 155 [63%] vs 19 of 
36 [53%], P = .2). The three most common mechanisms of 
supply-demand imbalance in participants with type 2 myocar-
dial infarction were tachyarrhythmia (18 of 36 [50%]), anemia 
(six of 36 [17%]), and hypoxia (five of 36 [14%]; Table E2 
[supplement]).

In general, patients with chest pain without myocardial in-
farction had a similar profile to those with myocardial infarc-
tion (Table 1). The three most common discharge diagnoses in 
those presenting with chest pain in the absence of myocardial 

with invasive coronary angiography or CTCA and cardiac MRI 
or echocardiography. The final diagnosis was adjudicated by 
consensus of an expert panel. Every participant who underwent 
CTCA was included in the current analysis. Patients were re-
cruited between 2018 and 2020.

CT Angiography and Quantitative Plaque Analysis
CT imaging was performed by using CT scanners with 64 
or more multidetector rows according to the study proto-
col (ClinicalTrials.gov registration nos. NCT03338504 and 
NCT02284191) (12). Reconstructions of contrast-enhanced 
images were performed on the best phase in mid diastole or 
end systole according to established techniques (13). CT an-
giography data sets were anonymized and exported in a Digi-
tal Imaging and Communications in Medicine (ie, DICOM) 
format to allow quantitative measurement of plaque subtypes. 
Plaque analysis was performed using semiautomated software 
(Autoplaque version 2.5; Cedars-Sinai Medical Center) by 
an observer with 3 years of experience in quantitative plaque 
analysis (M.N.M.) blinded to study of origin and diagnosis. 
This method has excellent observer agreement, even in patients 
with advanced coronary disease, and has been validated against 
intravascular US (6,14,15).

Coronary artery centerlines were extracted in a semiauto-
mated fashion for each major artery and any tributary larger 
than 2 mm in diameter with visually observed disease. A region 
of interest was placed in the aorta to define blood pool attenua-
tion. Coronary artery segments were defined manually accord-
ing to Society of Cardiovascular Computed Tomography guid-
ance, using side branches to mark progression from proximal to 
mid and distal segments (16,17). Segments with visible disease 
were manually identified, and vessel wall and plaque constitu-
ents were automatically determined using scan-specific thresh-
olds with manual adjustments made as required. Area stenosis 
was calculated automatically and refers to the maximal area of 
stenosis on a per-participant level. Stented segments and graft 
insertion points were excluded from analysis, in line with previ-
ously described methods (6). Scans with image quality that was 
too poor to complete quantitative plaque analysis were excluded.

Plaque volume was measured (in millimeters cubed) for total, 
noncalcified, calcified, and low-attenuation plaque subtypes. Cal-
cified and noncalcified plaque were determined using scan-specific 
thresholds based on attenuation in the thoracic aorta (15), and 
low-attenuation plaque was defined with a fixed attenuation of less 
than 30 HU (18). To normalize for differences in vessel volume, 
plaque burden was calculated by dividing plaque volume by the 
vessel volume of segments assessed and multiplying by 100.

Statistical Analysis
Categorical variables are presented as numbers and percentages. 
Continuous variables are presented as medians with IQRs in pa-
rentheses or as means 6 SDs, when normally distributed. Sta-
tistical significance was assessed using Wilcoxon rank sum test, 
Pearson x2 test, and Fisher exact test, as appropriate. Logistic 
regression analysis was performed with participants who had 
a diagnosis of either type 1 or type 2 myocardial infarction to 
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ships (Table E4 [supplement]). Participants with chest pain 
without myocardial infarction had lower maximal area stenosis 
and coronary plaque burdens compared with those with type 1 
or type 2 myocardial infarction, although the burdens of calci-
fied and low-attenuation plaque were similar to those with type 
2 myocardial infarction (Table 2, Fig 2).

Predictors of Type 1 Myocardial Infarction
On univariable logistic regression analysis of all patients with 
myocardial infarction (type 1 or type 2), male sex and hyperlip-
idemia were associated with an increased likelihood of type 1 
myocardial infarction (P , .02 for all, Table 3). On univariable 
analysis of imaging assessments, only low-attenuation plaque 
burden was associated with an increased likelihood of type 1 
myocardial infarction (odds ratio, 2.34 [95% CI: 1.58, 3.55]; 
P , .001; Table 3). On multivariable analysis, low-attenuation 
plaque burden remained an independent predictor of type 1 
myocardial infarction (adjusted odds ratio, 3.44 [95% CI: 
1.84, 6.95]; P , .001; Table 3).

Receiver operating characteristic curves illustrate the discrim-
ination of area stenosis, noncalcified plaque burden, and low-
attenuation plaque burden in patients with type 1 myocardial in-
farction or type 2 myocardial infarction (Fig 3). In this restricted 
sample, noncalcified plaque had a C statistic of 0.62 (95% CI: 
0.53, 0.71) and maximal area stenosis of 0.61 (95% CI: 0.51, 
0.70). Low-attenuation plaque burden appeared to better dis-
tinguish between type 1 and type 2 myocardial infarction when 
compared with both these measures, with a C statistic of 0.75 
(95% CI: 0.67, 0.83; P  .001 for both). Similarly, the multi-
variable model including low-attenuation plaque offered a better 
fit for the data (AIC, 167.5) when compared with noncalcified 

infarction included chest pain of uncertain cause (58 of 136 
[43%]), gastrointestinal causes (21 of 136 [15%]), and muscu-
loskeletal pain (20 of 136 [15%]; Table E2 [supplement]).

CTCA Findings
CTCA examinations were performed within a median inter-
val of 1 day (IQR: 0–1 days) in patients with type 1 myocar-
dial infarction and those with chest pain in the absence of 
myocardial infarction, and within 16 days (IQR: 7–23 days) 
after presentation in participants with type 2 myocardial in-
farction. Participants with type 1 myocardial infarction had 
similar proportions of normal, nonobstructive, and obstruc-
tive coronary artery disease compared with patients with type 
2 myocardial infarction (Table 2), but there was more disease 
in the left main stem of those with type 1 myocardial infarc-
tion (P = .03). Compared with those without myocardial in-
farction, participants with type 1 myocardial infarction were 
more likely to have obstructive (P , .001) and two- or three-
vessel coronary disease (P  .03 for both). This was similarly 
the case when participants without myocardial infarction 
were compared with those with type 2 myocardial infarction, 
who were more likely to have obstructive and three-vessel 
coronary disease (P  .004 for both).

Plaque Characteristics
Compared with those with type 2 myocardial infarction, par-
ticipants with type 1 myocardial infarction had greater maxi-
mal area stenosis and total, noncalcified, and low-attenuation 
plaque, but there was no evidence of a difference in calcified 
plaque burden (Fig 2, Table E3 [supplement]). Respective 
plaque volume measurements demonstrated similar relation-

Figure 1:  Substudy diagram shows the screening and final study participants. DEMAND-MI = Determining the Mechanism of Myocardial Injury and Role of Coronary 
Disease in Type 2 Myocardial Infarction, RAPID-CTCA = Rapid Assessment of Potential Ischemic Heart Disease with CT Coronary Angiography.
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Table 1: Baseline Characteristics of Study Participants

Characteristic
Type 1 MI
(n = 155)

Type 2 MI
(n = 36)

Acute Chest Pain 
without MI
(n = 136)

P Value
Type 1 MI vs 
Type 2 MI

P Value
Type 1 MI vs 
Non-MI

P Value
Type 2 MI vs 
Non-MI

Age (y) 64 6 12 67 6 12 62 6 12 .075 .3 .008
Sex .02 .004 .6
  Women 41 (26) 17 (47) 58 (43)
  Men 114 (74) 19 (53) 78 (57)
Smoking habit .001 .01 .2
  No longer smokes 74 (48) 11 (31) 51 (38)
  Doesn’t smoke 46 (30) 22 (61) 63 (46)
  Smokes 35 (23) 3 (8) 22 (16)
Family history of CAD 53 (34) 8 (25) 48 (35) .3 .8 .3
Hypertension 73 (47) 16 (44) 60 (44) .8 .6 ..9
Hyperlipidemia 67 (43) 6 (17) 57 (42) .003 .8 .005
Diabetes 17 (11) 5 (14) 22 (16) .6 .2 .7
Previous MI 19 (12) 6 (17) 42 (31) .6 ,.001 .09
Previous PCI 14 (9.0) 4 (11) 29 (21) .8 .003 .2
Previous CABG 10 (6.5) 4 (11) 8 (5.9) .3 .8 .3
Previous CVD 4 (2.6) 1 (2.8) 7 (5.1) ..9 .3 ..9
Hemoglobin level (g/L) 145 (134–154) 132 (112–150) 142 (131–151) .008 .1 .05
White cell count (3109/L) 8.1 (7.2–10.4) 10.3 (8.3–11.9) 7.6 (6.4–9.2) .007 .004 ,.001
Creatine level (mmol/L) 82 (69–93) 74 (66–102) 78 (67–86) .4 .030 ..9
Peak high-sensitivity troponin level 

(ng/mL)
156 (60–839) 277 (75–1026) 5 (3–9) .4 ,.001 ,.001

Chest pain at admission 144 (93) 27 (75) 122 (90) .004 .3 .03
Ischemic ECG at admission 98 (63) 19 (53) 96 (71) .2 .2 .04

Note.—Continuous data are presented as means 6 SDs or medians with IQRs in parentheses, and categorical data are presented as num-
bers with percentages in parentheses. P values obtained with Wilcoxon rank sum test, Pearson x2 test, or Fisher exact test, as appropriate. 
CABG = coronary artery bypass grafting, CAD = coronary artery disease, CVD = cerebrovascular disease, ECG = electrocardiogram, MI = 
myocardial infarction, PCI = percutaneous coronary intervention.

Table 2: Comparison of CT Analysis

Characteristic
Type 1 MI
(n = 155)

Type 2 MI
(n = 36)

Acute Chest Pain
without MI
(n = 136)

P Value
Type 1 MI vs 
Type 2 MI

P Value
Type 1 MI vs 
Non-MI

P Value
Type 2 MI vs 
Non-MI

Time from presentation to scan 
(d)

1 (0–1) 16 (7–23) 1 (0–1) ,.001 .5 ,.001

Normal coronary arteries 8 (5.2) 4 (11) 39 (29) .2 ,.001 .030
Nonobstructive disease 68 (44) 15 (42) 76 (56) .8 .04 .1
Obstructive disease 79 (51) 17 (47) 21 (15) .7 ,.001 ,.001
Left main stem disease 27 (17) 1 (2.8) 16 (12) .03 .2 .1
Single-vessel disease 22 (14) 3 (8.3) 25 (18) .4 .3 .2
Two-vessel disease 50 (32) 7 (19) 24 (18) .1 .004 .8
Triple-vessel disease 73 (47) 22 (61) 47 (35) .1 .030 .004
Segment involvement score 4 (2–7) 5 (4–8) 2 (0–5) .009 ,.001 ,.001
Maximal area stenosis (%) 76 (60–100) 67 (50–79) 50 (33–70) .04 ,.001 .001
Remodeling index 1.43 (1.25–1.65) 1.33 (1.21–1.57) 1.30 (1.11–1.49) .2 ,.001 .2

Note.—Continuous data are presented as medians with IQRs in parentheses; categorical data are presented as numbers with percentages in 
parentheses. P values obtained with Wilcoxon rank sum test, Pearson x2 test, or Fisher exact test, as appropriate. MI = myocardial infarc-
tion. 
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plaque burden (AIC, 179.7) or maximal area stenosis (AIC, 
180.0; Table E5 [supplement]). The specificity with which a 
type 1 myocardial infarction could be detected from a popula-
tion that also included patients with type 2 myocardial infarc-
tion appeared to increase with larger burdens of low-attenuation 
plaque (Table E6 [supplement]).

Discussion
In this secondary analysis of two prospective clinical studies 
of patients with acute chest pain, we demonstrate that quan-
titative coronary artery plaque characteristics at CTCA differ 
between patients with type 1 and type 2 myocardial infarc-
tion. Specifically, low-attenuation plaque burden distinguished 
between these two distinct pathologic conditions independent 
of maximal area stenosis and standard clinical characteristics 
(adjusted odds ratio, 3.44 [95% CI: 1.84, 6.96]; P , .001). 
These findings suggest that quantitative CT plaque analysis 
holds promise in discriminating between type 1 and type 2 
myocardial infarction and may have the potential to inform the 
clinical management of patients with myocardial infarction of 
uncertain cause (Fig 4).

Type 1 myocardial infarction is defined by acute atheroscle-
rotic plaque rupture or erosion leading to coronary thrombo-
sis and luminal obstruction (1,21). The lipid-rich necrotic core 

is central to the pathogenesis of type 1 myocardial infarction 
and correlates closely to CT-defined low-attenuation plaque 
(8,15,18,22). Consistent with this, our study demonstrates a 
higher burden of low-attenuation plaque at quantitative CT in 
patients with type 1 myocardial infarction compared with those 
with type 2 myocardial infarction or chest pain without infarc-
tion, a finding which has not, to our knowledge, been estab-
lished in the literature. These findings are logical and intuitive 
because low-attenuation lipid-rich necrotic plaque is the primary 
driver for type 1 myocardial infarction, and our cohort is unique 
in that CT scans were completed prior to invasive angiography 
and revascularization.

With the widespread adoption of high-sensitivity cardiac tro-
ponin level testing, diagnosis of myocardial injury and infarction 
has increased (23), and up to 20% of patients with an elevated 
cardiac troponin concentration are now diagnosed with type 2 
myocardial infarction (3,24,25). However, plasma cardiac bio-
markers have a limited ability to discriminate between type 1 
and type 2 myocardial infarction (26). This is due in part to 
the complex nature of type 2 myocardial infarction, which of-
ten occurs in a heterogeneous group of patients with multiple 
comorbidities and can have an unclear cause or pathophysiol-
ogy (27–29). Infarction may occur due to unmet myocardial 
oxygen demand (tachyarrhythmia, hypertrophy) or a reduction 

Figure 2:  Comparison of plaque burden subtypes in patients with type 1 myocardial infarction, type 2 myocardial infarction, and acute 
chest pain without myocardial infarction. Histograms (medians ± IQRs) comparing burden of plaque subtypes demonstrate that participants 
with type 1 myocardial infarction had higher burdens of total, noncalcified, and low-attenuation plaque burden. MI = myocardial infarction, 
ns = not significant, * = P < .05, ** = P < .01, *** = P < .001, **** = P < .0001.
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in myocardial oxygen supply (anemia, hypotension, hypoxia) 
(2,30). While this often occurs in the presence of obstructive 
coronary artery disease, it may also occur when myocardial de-
mand outstrips supply, even in the absence of flow limitation 
or obstruction. This begs the question, “How do we know if 
obstructive coronary artery disease with myocardial infarction is 
due to plaque rupture or a supply and demand mismatch?” In 
our study, the presence of obstructive coronary artery disease was 
not sufficient to distinguish between type 1 and type 2 myocar-
dial infarction. However, many patients with type 2 myocardial 
infarction had substantial coronary artery disease but a reduced 

Table 3: Univariable and Multivariable Models for Type 1 Myocardial Infarction Compared with Type 2 Myocardial In-
farction

Characteristic No. of Participants

Univariable Regression Multivariable Regression

OR 95% CI P Value OR 95% CI P Value

Age 191 0.97 0.94, 1.00 .10
Male 191 2.49 1.17, 5.26 .02
Hypertension 191 1.11 0.54, 2.33 .8
Hyperlipidemia 191 3.81 1.59, 10.6 .005
Diabetes 191 0.76 0.28, 2.46 .6
Smoking 191 3.21 1.07, 13.9 .07
Family history of CAD 187 1.56 0.68, 3.92 .3
Previous MI 191 0.70 0.27, 2.05 .5
Previous PCI 191 0.79 0.26, 2.94 .7
Previous CVA 191 0.93 0.13, 18.4 ..9
Normal CT 191 0.44 0.13, 1.71 .2
Nonobstructive disease 191 1.09 0.53, 2.31 .8
Obstructive disease 191 1.16 0.56, 2.42 .7
Left main stem disease 191 7.38 1.49, 134 .05
Single-vessel disease 191 1.82 0.58, 8.01 .4
Two-vessel disease 191 1.97 0.85, 5.17 .1
Triple-vessel disease 191 0.57 0.27, 1.18 .1
Segment involvement score 191 0.85 0.74, 0.97 .015
Remodeling index 191 1.56 0.58, 5.11 .4
Maximal area stenosis* 191 1.43 0.77, 2.55 .2
Total plaque burden* 191 0.94 0.64, 1.24 .7 0.66 0.35, 1.07 .1
Noncalcified plaque burden* 191 0.91 0.60, 1.22 .6 0.64 0.34, 1.04 .1
Calcified plaque burden* 191 1.18 0.88, 1.59 .3 1.14 0.79, 1.67 .5
Low-attenuation plaque burden* 191 2.34 1.58, 3.55 ,.001 3.44 1.84, 6.95 ,.001

Note.—Multivariable regression adjusted for age, sex, smoking, hypertension, hyperlipidemia, and area stenosis. CAD = coronary artery 
disease, CVA = cerebrovascular accident, MI = myocardial infarction, OR = odds ratio, PCI = percutaneous coronary intervention.
* Log transformed.

Figure 3:  Predictors of type 1 myocardial infarction. Receiver operating char-
acteristic curves compare ability of low-attenuation plaque (LAP; black) burden, 
noncalcified plaque (NCP; green) burden, and maximal area stenosis (blue) to 
discriminate between type 1 and type 2 myocardial infarction. There was a low-
attenuation plaque burden C statistic of 0.75 (95% CI: 0.67, 0.83), noncalcified 
plaque burden C statistic of 0.62 (95% CI: 0.53, 0.71), and maximal area stenosis 
C statistic of 0.61 (95% CI: 0.51, 0.70). AUC = area under the receiver operating 
characteristic curve.
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burden of low-attenuation plaque. This raises the possibility that 
CTCA with quantitative plaque characterization may help in the 
evaluation of patients with myocardial infarction of uncertain 
cause. In those with reduced low-attenuation plaque, clinicians 
may be reassured that plaque disruption and type 1 myocardial 
infarction are unlikely.

Irrespective of the presence of nonobstructive or obstructive 
coronary artery disease, it can be challenging to confirm whether 
and where acute plaque rupture or erosion has occurred. The 
culprit lesion is often misascribed at invasive angiography, with 
discordance between the treated lesion and the territory of infarc-
tion in up to half of cases (31). While invasive adjunctive coronary 
imaging, such as optical coherence tomography or intravascular 
US, can assist in diagnosing acute plaque disruption, the cost, 
necessary expertise, and inability to cross or image the majority 
of lesions with severe disease are barriers to widespread adoption 
in routine clinical practice (28). In contrast, CT angiography can 
provide a global assessment of coronary atherosclerotic plaque that 
includes the vessel wall and plaque, can assess critically stenosed 
lesions, and is not merely limited to assessing the luminal stenosis. 
The identification of low-attenuation plaque may also provide an 
opportunity to intensify the application of more advanced preven-
tative therapies to reduce recurrent events.

Our study reported on a third group of patients who pre-
sented with chest pain but without evidence of myocardial 

injury or infarction. Acute chest pain is one of the most common 
reasons for individuals to present to the emergency department, 
and patients with a prior history of coronary heart disease are 
more likely to attend (32). It has previously been reported that 
patients presenting with acute chest pain without myocardial in-
farction have a higher burden of plaque compared with asymp-
tomatic individuals (33). Moreover, due to inclusion criteria, our 
study sample was enriched for patients with a prior history of 
coronary heart disease. Despite this enhanced prevalence of cor-
onary artery disease, patients without myocardial infarction had 
a low burden of low-attenuation plaque, equivalent to those with 
type 2 myocardial infarction. This reinforces the study conclu-
sion that coronary artery disease in type 2 myocardial infarction 
is predominantly stable, and myocardial infarction has occurred 
due to a supply and demand imbalance. It also suggests that a 
high burden of low-attenuation plaque is more specific to those 
with type 1 myocardial infarction.

Our study had several important limitations. First, our study 
population was pooled from two different studies with differing 
study designs; as such, unmeasured confounders may impact the 
differences in plaque burden and characteristics. To limit ascer-
tainment bias, patients were consecutively recruited, and image 
analysis was performed in a single core laboratory blinded to the 
trial of origin and clinical diagnosis. Image acquisition proto-
cols were also identical, as both trials were designed and led by 

Figure 4:  Representative images of CT plaque analysis demonstrate differences between type 1 and type 2 myocardial infarction. Left panel: Images in a 42-year-
old man diagnosed with type 1 myocardial infarction. (A) Image from invasive angiography demonstrates severe stenosis in the distal left anterior descending artery. (B) 
CT coronary angiogram, curved planar reformation, (C) quantitative plaque analysis, and (D) three-dimensional quantitative plaque analysis demonstrate a high burden 
of low-attenuation plaque. Right panel: Images in a 74-year-old man diagnosed with type 2 myocardial infarction. (E) Electrocardiogram demonstrates broad-complex 
tachycardia consistent with ventricular tachycardia. (F) CT coronary angiogram, curved planar reformation, (G) quantitative plaque analysis, and (H) three-dimensional 
quantitative plaque analysis demonstrate a low burden of low-attenuation plaque. Both participants have obstructive coronary artery disease detected with CT coronary 
angiography. Quantitative plaque analysis demonstrates clear differences, with a much higher burden of low-attenuation plaque in the participant presenting with type 1 
myocardial infarction compared with the participant presenting with type 2.
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the same investigators. We confirmed that our cohort of patients 
with type 1 myocardial infarction was representative of the over-
all trial population, and every patient with type 2 myocardial 
infarction who underwent CT was included. This minimized 
any case selection bias. Moreover, because the diagnosis of type 
2 myocardial infarction can be heterogeneous, its categoriza-
tion was carefully and independently adjudicated by an expert 
panel following systematic and comprehensive cardiac imaging, 
including echocardiography and cardiac MRI. Despite this, the 
total number of patients with an adjudicated diagnosis of type 2 
myocardial infarction who underwent CT was relatively modest 
(n = 36), limiting our ability to draw strong conclusions. Ad-
ditionally, the diagnosis of type 1 myocardial infarction was de-
termined by site investigators, which might have led to some 
misclassification. Finally, although a semiautomated process, 
quantification of plaque subtype can take up to 20 minutes, 
which may limit clinical use of this approach. Further automa-
tion and machine learning algorithms could improve the rapid-
ity and practical application of plaque quantification (34).

In conclusion, quantitative CTCA helped identify impor-
tant differences between the plaque characteristics of patients 
with type 1 and type 2 myocardial infarction. Future prospec-
tive studies are needed to validate this technique and investigate 
whether the differences could be used to differentiate between 
these distinct pathologic conditions in clinical practice.
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