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Abstract 

The aim of this study was to develop an algorithm to 

automatically calculate infarct transmurality based on a 

non dichotomous infarct classification, and to compare 

with manual delineation. 

Global transmurality as calculated by the computer 

algorithm were significantly smaller than the consensus 

delineation of three observers (p<0.05).  

On a regional basis in 6 sectors of each slice the 

variability of the three observers compared to consensus 

delineation was 17%, 15%, and 20%. The variability of 

the automated algorithm was 16%.  

In conclusion, weighted calculation of transmurality 

gave smaller global transmurality compared to consensus 

delineation, but did had the same variability on a 

regional basis. 

1. Introduction 

Infarct size and transmurality are important 

determinants of prognosis after myocardial infarction [1]. 

Infarct size can be measured by using contrast delayed 

enhancement MRI (DE-MRI). There have been many 

approaches to automatically calculate infarcted 

myocardium from DE-MRI [2-8]. A common 

denominator of all these methods is that they all try to 

determine an image intensity threshold above which 

pixels are treated as completely hyperenhanced. Instead 

we have proposed an approach where pixels are not 

dichotomously classified as hyperenhanced or not [9]. In 

this approach each pixel that is classified as 

hyperenhanced after myocardial infarction is weighted 

with the pixel intensity to compensate for partial volume 

effects. Partial volume effects may cause one image pixel 

to be partially hyperenhanced or gray. Although partial 

volume effects have been suggested as a potential source 

of error in DE-MRI [10-12] to our knowledge no one has 

up until now incorporated a compensation for partial 

volume effects when designing automated methods for 

quantification of infarct size. 

 

 

 

2. Aim 

The aim of the study was to extend the previously 

proposed weighted algorithm to be able to calculate 

infarct transmurality, and compare these results with 

manual delineation. 

3. Methods 

For the previously developed automated infarct 

quantification algorithm [9], each pixel is assigned an 

infarct percentage. In order to assess infarct transmurality 

the following two steps are required. 

 

3.1 Region of hyperenhancement 

The first step in the process is manual delineation of 

both endocardium and epicardium. This process can also 

be made semi-automatically [13]. The algorithm applied 

to find the region of hyperenhancement is based on 

finding a threshold between hyperenhanced and normal 

viable myocardium based from number of standard 

deviations from remote. This is then combined with a 3D 

post processing method that restricts the hyperenhanced 

region to be spatial contiguous both in the in plane and 

through plane direction [14]. The number of used 

standard deviations from remote myocardium was 

optimized and calibrated by comparing the result of the 

algorithm on in vivo images with high resolution ex vivo 

images in 8 pigs as a reference standard [9]. 

 

3.2 Calculation of infarct transmurality 

To calculate infarct transmurality the infarct 

percentage was integrated along radial spikes of the 

myocardium. The complete algorithm was implemented 

in the freely available software Segment 

(http://segment.heiberg.se).  
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An illustration of the user interface is shown in Figure 1 

below.  

 

 

 

Figure 1. Screenshot of the freely available software. 

 

 

Infarct transmurality was visualized in a bullsye plot 

according to the 17 segment model endorsed by AHA 

[15] (Figure 2).  

 

 

 

 
 

 

 

Figure 2. Example of segmental output from the software. 

3.3 Patient population 

The patient participants used in this study have 

previously been described [14]. In short, 20 patients had 

acute first time ST-elevation infarcts (all men, age 62±11 

years, age range 41-84 years, time between infarct and 

MRI was 8±1 days, range 6-10 days). Another group of 

20 patients had been clinically referred for viability 

assessment (16 male and 4 women, age 59±14 years, 

range 23-78 years). No patient was excluded based on 

poor image quality.  

3.4 Image acquisition 

For both patient groups (acute and chronic), half of the 

patients were scanned on a 1.5 T Siemens Vision 

Magnetom scanner (Siemens, Erlangen, Germany), and 

the other half on a 1.5T Philips scanner. 

Imaging was performed in the short-axis plane during 

end-expiratory apnea. Image resolution was 1.6*1.6*8 

mm, gap 2 mm (Siemens) or 1.56*1.56*8 mm, gap 0 mm 

(Philips). Imaging parameters were TR/TE: 3.8 

ms/1.1ms, flip angle 25o, FOV 400mm, matrix size 

240*180, inversion time typically 230-290ms (Philips), 

TR/TE: 250ms/3.4ms, flip angle 15o, FOV 410mm, 

matrix size 256*192, inversion time typically 150-210ms 

(Siemens).  

 

3.5 Comparing automated method to 

manual delineation 

Three observers blinded to each others results 

manually outlined infarct region in 40 patients. All three 

observers used the same delineation of the endo- and 

epicardium. A consensus delineation was defined as 

mean of the three observers. Infarct transmurality was 

quantified both globally and regionally for each patient. 

Global infarct transmurality was defined as the mean 

infarct transmurality of all myocardium that was 

indicated as hyperenhanced. Regional transmurality was 

quantified in 6 sectors in each MRI short axis slice. 

4. Results 

Results are presented as mean ± SD, and measured as 

difference between observers and the automated 

algorithm. 

4.1 Global results 

Mean global transmurality for the three observers, and 

computer algorithm were: 35%, 31%, 38%, and 28%, 

respectively. Differences compared to consensus 

delineation were (mean±SD): -0.6±4.4%, -4.2±5.3%, 

3.6±5.5%, and -6.7±13%, respectively. The three  
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observers were not statistically different from each other 

(one-way ANOVA, p=0.18). Transmurality as calculated 

by the computer algorithm were significantly smaller 

than the consensus delineation (p<0.05).   

4.2 Regional results 

For the three observers, and the computer algorithm 

the mean transmurality in infarcted sectors were: 44%, 

31%, 49%, and 30%, respectively. Number of infarcted 

sectors were: 962, 1324, 789, and 1449. The differences 

compared to consensus delineation were for the three 

observers 6.7%, 2%, and -9%. The difference compared 

to consensus delineation for the computer algorithm was 

3.2%. The variabilities of the three observers compared to 

consensus delineation were 17%, 15%, and 20%, 

respectively. The variability of the computer algorithm 

compared to consensus delineation was 16%.  

The three observers differed significantly from each 

other (one-way ANOVA, p<0.01). The computer 

algorithm was significantly different from consensus 

(p<0.01). 

4. Discussion and conclusions 

Quantification of infarct transmurality is difficult since 

the left ventricular wall is relatively thin compared to the 

pixel resolution. As an example, in a normal ventricle the 

wall is about 12 mm thick, given a pixel resolution of 1.5 

mm one single pixel difference will give a difference in 

transmurality of 13%. Therefore using a weighted 

approach to calculate transmurality has the potential to 

reduce the variability since it works on a sub-pixel level. 

On a global level the automated algorithm showed lower 

infarct transmurality compared to manual delineation. On 

the regional scale the variability is substantial between 

the three observers, indicating that regional assessment of 

infarct transmurality is difficult unless the sectors are 

sufficiently large to average out the some of the 

variability.  

Weighted calculation of infarct size shows smaller 

variability compared to dichotomous approaches [9]. 

Further studies are merited in order to determine if this 

also applies for weighted calculation of transmurality as 

proposed in this study. 

In conclusion, weighted calculation of transmurality 

gave smaller global transmurality compared to consensus 

delineation, but did had the same variability on a regional 

basis as manual delineation. 
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