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ABSTRACT   

MIBG (iodine-123-meta-iodobenzylguanidine) is a radioactive medicine that is used to help diagnose not only 
myocardial diseases but also Parkinson’s diseases (PD) and dementia with Lewy Bodies (DLB). The difficulty of the 
segmentation around the myocardium often reduces the consistency of measurement results. One of the most common 
measurement methods is the ratio of the uptake values of the heart to mediastinum (H/M). This ratio will be a stable 
independent of the operators when the uptake value in the myocardium region is clearly higher than that in background, 
however, it will be unreliable indices when the myocardium region is unclear because of the low uptake values. This 
study aims to develop a new measurement method by using the image fusion of three modalities of MIBG scintigrams, 
201-Tl scintigrams, and chest radiograms, to increase the reliability of the H/M measurement results. Our automated 
method consists of the following steps: (1) construct left ventricular (LV) map from 201-Tl myocardium image database, 
(2) determine heart region in chest radiograms, (3) determine mediastinum region in chest radiograms, (4) perform image 
fusion of chest radiograms and MIBG scintigrams, and 5) perform H/M measurements on MIBG scintigrams by using 
the locations of heart and mediastinum determined on the chest radiograms. We collected 165 cases with 201-Tl 
scintigrams and chest radiograms to construct the LV map. Another 65 cases with MIBG scintigrams and chest 
radiograms were also collected for the measurements. Four radiological technologists (RTs) manually measured the H/M 
in the MIBG images. We compared the four RTs’ results with our computer outputs by using Pearson’s correlation, the 
Bland-Altman method, and the equivalency test method. As a result, the correlations of the H/M between four the RTs 
and the computer were 0.85 to 0.88. We confirmed systematic errors between the four RTs and the computer as well as 
among the four RTs. The variation range of the H/M among the four RTs was obtained as 0.22 based on the equivalency 
test method. The computer outputs were existed within this range. We concluded that our image fusion method could 
measure equivalent values between the system and the RTs. 
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1. INTRODUCTION  
MIBG (iodine-123-meta-iodobenzylguanidine) is a radioactive medicine that is used to help diagnose not only 

myocardial diseases but also Parkinson’s diseases (PD) and dementia with Lewy bodies (DLB) [1, 2]. The quantitative 
analysis of the uptakes from the myocardium regions in scintigrams is required to discriminate these diseases; however, 
it is difficult to precisely segment the heart region because the uptake values tend to be very low in PD or DLB patients’ 
images. The difficulty of segmentation often reduces the consistency of the measurement results. One of the most 
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common measurements is the ratio of the uptake value of the heart to mediastinum (H/M). This ratio will be stable when 
the uptake value from the myocardium region is obviously higher than the background signals. However, it may be an 
unreliable index when the myocardium region is unclear because of the low uptake value to be segmented in the 
scintigram. This study aims to develop an image fusion technique for MIBG scintigrams and chest radiograms to reduce 
the inter-/intraoperator variability in measuring H/M in MIBG scintigrams. Furthermore, it aims to construct a statistical 
atlas for the left ventricular (LV) map by using 201-Tl scintigrams to precisely determine the myocardium region in 
MIBG scintigrams when the uptake value was low. 

 

2. METHODS 
Our automated method consists of the following steps:  
(1) Construct LV map from 201-Tl myocardium image database and chest radiograms of anterior-posterior (AP) 

projections 
(2)  Determine heart region in chest radiograms 
(3)  Determine mediastinum region in chest radiograms 
(4)  Perform image fusion of chest radiograms and MIBG scintigrams by using mutual information of the two images 
(5)  Perform H/M measurement in MIBG scintigrams by using the heart and mediastinum regions determined from the  
       chest radiograms. 
 
Step (1): Figure 1 shows an overview of constructing the LV map. First, all myocardium regions in the 201-Tl 
scintigrams were manually extracted by board-certified radiological technologists (RTs). Second, two images of the 
scintigrams and AP chest radiograms were fused by a manual procedure to determine the myocardium, as shown in Fig. 
1(a). All of the myocardium regions were located and were deformed to fit the same typical body shape as shown in 
Fig.1(b). A no rigid image deformation based on the thin-plate-spline (TPS) method was used for the deformation. Four 
landmarks (LMs), LM1 to LM4, were automatically detected in the AP chest radiograms. LM1 to LM4 are located 
between the right-first-arches with right-second-arches, around the last right-second-arches, between the left-third- 
arches with left-fourth-arches, and the apex of myocardium regions, respectively. After all of the myocardium regions 
were deformed on the same coordinate in the chest radiogram, the statistical atlas to present the existence probability was 
constructed as shown in Fig. 1(c) and was used as the LV map. 

 

 
  (a) Myocardium region and fused image            (b) Standardized heart             (c) Statistical atlas of left ventricular 

 
Fig. 1 Overview of constructing left ventricular map. 

 
 

Step (2): To apply the LV map to an objective chest image, the determination of the four LMs was required to deform 
the shape of the LV map. The LMs were used for the template-matching in the chest X-ray image. The sum of squared 
difference (SSD) was employed for evaluating the similarity in template-matching. Four template images, as shown in 
Fig. 2, were used to determine the locations of the four LMs, respectively. LM1, LM2, LM3, and LM4 respectively 
determine the locations of the upper right, lower right, upper left, and lower left of the heart. The four LMs were 
searched within limited regions around the heart. The statistical atlas, as shown in Fig.1(c), was deformed to fit the four 
LMs.  
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(a) Template for LM1                    (b) Template for LM2                        (c) Template for LM3                    (d) Template for LM4 

Fig.2 Template images for landmark determination 

 

Step (3): A median line on the radiograms (green line in Fig. 3(a)) and apexes of the lung (red line in Fig. 3(b)) was 
determined to locate a mediastinum region. The median line was estimated by using the image profile in the head-tail 
direction in the chest radiogram. The highest frequency of the profile around the image center was obtained to determine 
the location of the median line. The apexes were determined by image-thresholding of the chest image. The threshold 
was determined using the Otsu-method. The top two regions from the largest area except the background were 
determined as the right and left lung fields. The apexes were considered as the  lung apexes. A mediastinum region, 
shown by the rectangular region in Fig. 3(b) was determined to be slightly below (5 mm) from the intersection point of 
the apexes of the lung and the median line.  

 

 
    (a) Two determined lines                    (b) Localized mediastinum region            (c) LV region on chest radiogram 

Fig. 3 Localization of mediastinum and heart region on chest radiograms 
 
Step (4): To obtain the pixel counts of the mediastinum and heart regions in the MIBG scintigram, the chest radiogram 
and MIBG scintigram were fused after their image resolutions, inclinations, and the outer area of the body were matched. 
The image resolution of the two images was matched to 1.16mm x 1.16mm of the scintigram. The mutual information 
(MI)  of the chest radiogram and scintigram was used to determine the alignment for image fusion [3, 4]. After the image 
fusion of the radiogram and the scintigram, the mediastinum region and LV region were localized in the chest radiogram 
and the MIBG scintigram. 
 
Step (5): The uptake values in the mediastinum and myocardium regions as the LV region in the scintigrams were 
obtained based on the fused images. Figure 4(a) shows an example of the fused image of a chest radiogram and an MIBG 
scintigram. By using this fused result, the mediastinum and myocardium regions were mapped in the scintigram. Figure 
4(b) shows two examples with high and low uptakes in the myocardium regions. The mediastinum regions were detected 
correctly as shown in the examples, and the myocardium regions were also determined correctly irrespective of whether 
the uptake values of these regions was high or low. 
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