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Abstract 
Purpose:
It has recently been reported that intravenous recombinant tissue 
plasminogen activator improves the clinical outcome after acute stroke. 
Computed tomography (CT) is the standard imaging method used to 
determine the indication for thrombolysis. However, detection of early 
ischemic change often results in an increase in local radiation exposure. 
Therefore, the effects of decreased matrix size and use of a noise reduction 
filter were evaluated. 
 
Materials and Methods:
The low contrast resolution was compared for different matrix sizes and 
imaging filters using a contrast-detail phantom. In addition, early ischemic 
change in clinical images with matrix sizes of 256×256 and 128×128 
processed using three imaging filters (Gaussian, smoothing, unsharp mask) 
from 11 patients within 3 h of stroke onset were evaluated by seven 
radiologists in a blind manner. 
 
Results:
The use of images with a matrix size of 256×256 and processed with the 
Gaussian filter increased the detection of early signs of acute stroke. 
 
Conclusions: 
This study was performed to determine whether the converted matrix size 
and use of imaging filters could improve the detectability of early ischemic 
change on CT images in acute stroke. To reduce the dose of radiation 
exposure for patients, it was effective to use an optimal noise reduction 
filter and reasonable matrix size. In particular, changing the matrix size to 
256×256 was the most effective for detection of early ischemic change in 
examinations using clinical images. 
 
Key words: acute stroke, early ischemic change, matrix size, detectability 
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1. Introduction  
Intravenous thrombolysis using recombinant tissue plasminogen activator 
(rt-PA) has recently been approved for acute stroke within 3 h of symptom 
onset.(1) Although this type of therapy has been shown to be effective if 
begun less than 3 h after onset, its effectiveness if begun more than 3 h 
after onset has not been established.(2) 
In addition, early thrombolysis in acute stroke often results in dramatic 
symptom improvement, but there is a risk of serious complications, 
including cerebral hemorrhage.(3) Therefore, careful judgment regarding 
the appropriateness of treatment is very important. Some institutions use 
Magnetic Resonance Image (MRI) to determine whether individual cases 
should be treated by thrombolysis, but Computed Tomography (CT) 
examination is used in many cases to avoid serious complications related to 
the timing of rt-PA treatment. It has been reported that identification of 
early ischemic change reduces the incidence rate of serious complications 
and improves patient convalescence.(4–8) However, identification of early 
ischemic change is difficult, and diagnosis is difficult for less experienced 
operators.(9–10) Diagnosis of early ischemic change requires a high 
signal-to-noise ratio to detect reduced contrast and loss of precise 
delineation of the gray–white interface in the margins. The simplest method 
is to use a low speed scan per rotation with a slice thickness of 8–10 mm 
and high tube current. However, these imaging techniques are unavoidably 
associated with exposure of the patient to high levels of radiation. In 
particular after a recent paper reporting an estimated risk of radiation 
induced malignancy from brain CT of up to 0.04%. (11) 
Therefore, the present study was performed to investigate the effects of 
decreased matrix size and addition of noise reduction filters to improve the 
detectability of early ischemic change. 
 
2. Materials and Methods 
In this study, physical evaluation using a phantom and clinical evaluation 
using clinical images were performed. The institutional review board 
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approved the study design and review of patient records and images. The 
device used was ProSeed-SA helical CT scanner (General Electric Co.). 
 
2-1. Phantom image evaluation 
A contrast-detail phantom (CD-phantom) was used for evaluation of low 
contrast resolution measurement. The contrast-detail phantom was 
constructed for the project The CD-phantom consisted of an acrylic board 
with holes 10, 9, 7, 5, 4, 3.5, 3, 2.5, 2, 1, 1.5, and 1 mm in diameter and 10, 
9, 8, 7, 6, 5, 4, 3, 2, 1, and 0.5 mm in depth. The CD-phantom is shown in 
Figure 1. 
First, scanning parameters were set at a peak kilovoltage (kVp) of 120 with 
a section thickness of 10 mm, and the tube current was set to 200, 160, 100, 
or 60 mA. The slice position was the center of the phantom, and the 
non-helical scanning was used in this experiment. 
Next, scanning parameters were set at 120 kVp and 100 mA, and section 
thickness was set to 10, 5, 3, or 1 mm. In this case, the slice position was 
1/2 of the section thickness from the side of the open holes for the phantom 
shown in Figure 2.  
Gaussian, smoothing, and unsharp mask image filters were applied to the 
CD-phantom image with 120 kVp, 100mA and a section thickness of 10 
mm using imageJ (image processing soft ware - http://rsb.info.nih.gov/ij/).  
Gaussian filters was used a radius parameter=2. Unsharp masking filter was 
used of the Gaussian radius=2 and mask weight=0.6 for the amount of 
sharpening effect that is produced. These images were saved as new images 
after processing. In addition, images in which the matrix size was 
converted to 256×256 or 128×128 using imageJ were also saved. For these 
images, the limited visible size and depth of hole for the CD phantom were 
evaluated by five observers. 
 
2-2. Clinical image evaluation 
The visibility and detectability of early CT signs were evaluated for CT 
images of 11 patients (4 women, 7 men; mean age, 64 years; range, 53–75 
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years) in whom CT was performed within 3 h of symptom onset and 
diffusion weighted MRI confirmed an ischemic lesion. The scanning 
parameters of all images were set at 120 kVp and 200 mA, and section 
thickness was set to 5 mm. The convolution kernel used in the 
reconstruction process is standard. We used images in which the matrix size 
was converted to 256×256 or 128×128 processed with three image filters 
(Gaussian, smoothing, unsharp mask) using imageJ. Gaussian filters was 
used a radius parameter=2. Unsharp masking filter was used of the 
Gaussian radius=2 and mask weight=0.6. One series of processed images is 
shown in Figure 3. 
A total of 66 images from the 11 patients processed in 6 ways (original, 
256×256, 128×128, Gaussian, smoothing, unsharp mask) were shown on a 
monitor at random and evaluated by 7 radiologists. The evaluation method 
was as follows: 
1. First, indicate the position that you think shows ischemic stroke. 
2. Second, indicate degree of conviction for the decision on a six-point 
scale. 
The evaluation standard is shown in Table 1. As last count, we marked false 
positions selected by the observers with “0.” Observers were blinded to the 
processing techniques, results of MRI study, and other information, such as 
the patients’ symptoms or histories. Observation time was not set and the 
observer was allowed to freely adjust the window width and window level 
on the monitor. In addition, images were presented to each observer at 
random. 
 
3. Results 
3-1. Phantom image evaluation 
A contrast-detail diagram (CD-diagram) with changes in tube current is 
shown in Figure 4. Image of decrease a tube current was necessary to 
detect more deep depth and large hole size for the CD phantom. This was 
regarded as due to the influence of quantum mottle. 
Figure 5 shows a CD-diagram with changes in section thickness. 
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Detectability improved with thinner sections, which was thought to be due 
to the partial volume effect. 
Detectability of CD-diagrams improved with application of the smoothing 
and Gaussian imaging filters, but deteriorated as compared to the original 
image in those processed using the unsharp mask filter.(Figure 6) 
Detectability improved by changing the matrix size to 256×256 for original 
images with a matrix size of 512×512, but deteriorated when the matrix 
size was changed to 128×128.(Figure 7) 
The greatest improvement in signal detectability was seen with a matrix 
size of 256×256 and application of “Gaussian and smoothing.” (Figure 8) 
 
3-2. Clinical image evaluation 
Figure 9 shows the average detectability for early CT signs of clinical 
images by the seven radiologists. The highest of degree of correct answer 
conviction was for the images in which the matrix size had been converted 
to 256×256. Detectability was significantly greater for these processed 
images in comparison with the original images by Wilcoxon’s signed rank 
test (P<0.05). However, there was no significant difference for images with 
a converted matrix size of 128×128 and addition of all three image filters. 
 
4. Discussion 
The present study was performed to examine whether the converted matrix 
size and application of image filters could improve the detectability of early 
ischemic change on CT images in cases of acute ischemic stroke. It was 
thought that high spatial resolution was not necessary but good contrast 
resolution was required to detect early CT signs. Therefore, we reviewed 
methods of improving low contrast resolution using a contrast-detail 
phantom. Improvement of noise characteristics leads to improvement of 
low contrast detectability. It was effective to increase the tube current and 
scanning time as shown in Figure 4, but the radiation dose was also 
increased. Increased section thickness led to improvement in the quantum 
mottle effect, but increasing the section thickness made it more difficult to 
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detect early signs and contrast was reduced by the partial volume effect, as 
shown in Figure 5. 
Detectability using the CD-diagram improved when smoothing and 
Gaussian filters were applied to the images. In contrast, detectability was 
reduced when the unsharp mask was applied to the images.(Figure 6) In 
addition, decreasing the matrix size led to improvements in noise 
characteristics due to the increased area of one pixel, but spatial resolution 
was also reduced. 
Detectability improved in images with a matrix size of 256×256 as shown 
in Figure 7, but did not improve with a matrix size of 128×128 due to the 
reduced spatial resolution. Therefore, the matrix size should be chosen 
appropriate for the purpose of each study. The most effective image 
processing procedure was to change the matrix size to 256×256, as shown 
in Figure 8. 
Similar results were obtained with clinical images. The best detection rates 
of early CT signs on clinical images by the seven radiologists were 
observed with a matrix size of 256×256. The detectability increased with 
the addition of smoothing and Gaussian filter, but the differences were not 
significant. These image processing techniques shades off an original 
image and are effective in improving the noise characteristics. In contrast, 
unsharp mask processing increases image sharpness, with deterioration of 
noise characteristics, and detectability became poorer than for the original 
image.  
On MRI, the operator always scans with an adequate matrix size for the 
purposes of a given examination. Thus, the operator can coordinate the 
noise characteristics and spatial resolution for diagnosis purposes. However, 
it is currently impossible for the CT operator to change the matrix size. The 
results of the present study predict that it will be possible to increase the 
detectability for diagnosis if future developments allow the selection of an 
appropriate matrix size at back projection. In general, a 50% reduction in 
matrix size is expected to be accompanied by a fourfold increase in 
signal-to-noise ratio (SNR). This improvement leads to low contrast 
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resolution and reduced patient radiation exposure dose. Therefore, it will be 
necessary to develop software to allow the CT operator to choose the 
matrix size for a given scan. 
 
5. Conclusions 
For detection of early ischemic change, it was necessary to increase 
contrast resolution but high spatial resolution was not necessary. 
Application of an optimal image filter and use of a reasonable matrix size 
were effective to reduce patient radiation exposure dose. In the present 
study using clinical images, changing the matrix size to 256×256 was the 
most effective for detection of early ischemic change. 
The use of thrombolysis treatment by rt-PA for treatment of acute stroke is 
predicted to increase in the near future. Therefore, the image processing 
methods described here should be implemented in CT scanning as soon as 
possible to facilitate treatment judgment. 
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Figure legend 

 

Fig. 1  Contrast-detail phantom (CD-phantom) image for evaluation of 

low contrast resolution. The CD-phantom consisted of an acrylic board 

with holes 10, 9, 7, 5, 4, 3.5, 3, 2.5, 2, 1, 1.5, and 1 mm in diameter and 10, 

9, 8, 7, 6, 5, 4, 3, 2, 1, and 0.5 mm in depth.  

 

Fig. 2  Positions of slices for CD-phantom with thickness of 10, 5, 3, and 

1 mm. The slice position was at 1/2 of the section thickness from the side 

of the open holes for the phantom. 

 

Fig. 3  The image matrix size was converted to 256×256 or 128×128 and 

three imaging filters were applied (Gaussian, smoothing, unsharp mask) 

using imageJ for CT within 3 h of stroke onset. In addition, an image of 

DWI on MRI within 8 h of stroke onset in the same patient is also shown.  

 

Fig. 4  Contrast-detail diagrams (CD-diagrams) with tube current of 200, 

160, 100, or 60 mA. It was necessary to decrease the tube current to detect 

deeper depths and larger holes.  

 

Fig. 5  CD-diagrams with section thicknesses of 1, 3, 5, and 10 mm. 

Detectability improved with thinner section thickness, which was thought 

to be due to the partial volume effect. 
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Fig. 6  CD-diagrams with addition of imaging filters. Smoothing and 

Gaussian imaging filters showed improved results, but the results with the 

unsharp mask filter were inferior to those with the original images. 

 

Fig. 7  CD-diagrams with changes in matrix size. Detectability improved 

by changing the matrix size to 256×256 for an original image matrix of 

512×512, but deteriorated with a change in matrix size to 128×128. 

 

Fig. 8  CD-diagrams with changes in matrix size and addition of imaging 

filters. The result greatest improvement in signal detectability was observed 

with a change in matrix size to 256×256. 

 

Fig. 9  Average detectability of early CT signs on clinical images by 

seven radiologists. The highest degree of correct answer conviction was for 

images with a matrix size of 256×256. No significant difference was seen 

for the matrix size of 128×128 and addition of all imaging filters. 
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The degree of conviction for the decision on a six-point 
scale of evaluation standard.

point decision standard
5 There is Early CT signs by all means.
4 There is Early CT signs by conviction degree of 80%.
3 There is Early CT signs by conviction degree of 60%.
2 There is Early CT signs by conviction degree of 40%.
1 There is Early CT signs by conviction degree of 20%.
0 There is not Early CT signs or does not understand it.

Table


