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SPECT腦部影像品質定量分析 



核醫腦部影像品質影響因子 
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• 藥物 

    -吸收特性、藥物標誌比活度、注射劑量 

• 儀器 

    -儀器品管、準直儀、廠牌 

• 病患 

    -檢查前準備事項、移動、病兆區域大小 

• 收集影像條件 

    -收集的角度、時間，Zoom，繞360、矩陣大小、COR、距離 

• 影像重建法 

    - AC、SC、FBP、OSEM、Filter 



 Topic #   Item   Parameter    Remark 
  RadioIsotope for   

  Phantom 
1   99m-Tc   10-20mCi   

  Image Device 
2   Camera 

  SPECT    

   SPECT/CT   

3   Collimator 
   LEHR   

   Fan Beam   

I. Image Acquisition 

  SPECT Acq. Mode 

1   Spatial Resolution  < 15mm (?)   

2   Typical Radius of Rotation  12~15 cm   

3   Photopeak (Energy Window)  140 keV ± 10%   

4   Matrix  128 x 128   

5   Mode  Step-and-Shoot:  Angle increments of 3°    

6   Coverage of Head  360°    180° of each head of dual-head camera  

7   Scanning Duration  45 minutes   

8   Total Counts   > 5 x 106   

9   Center of Rotation (COR)   < 1/10 of a pixel   Adjust for Fan Beam collimator 

10  Zoom    1.5 放大倍率影響計數  

  II. Image Post-Processing 

  Projection Preview 
1   Initial Evaluation   Linogram or Sinogram  

  For an initial determination of scan quality,  

patient motion, and artifacts 

2   Motion correction algorithms (?)     

  Attenuation  

  Correction 

1   a. Radiation source    CT, Gd-153   

2   b. First-order Chang's method 
  Linear Correction Coefficient  

  = 0.12/cm for Tc-99m 
  

  Image  

 Reconstruction 

1   a. Iterative reconstrution (IR) 
  Pixel Size 3.5~4.5 mm or 2.7~3.3 mm  

  Slices: 1 pixel thick 
  

2   b. Filtered BackProjection (FBP) 
  a. Butterworth (low-pass filtered)           

       Slope of 6, cutoff of 0.55    

  b. Metz (band-pass filtered) 
  

SPECT BRAIN IMAGE PROTOCOL 



觀念回顧 
• Reliability: precision; reproducibility   (信度) 

• Accuracy : validity (效度) 

• Bias: systematic or nonrandom difference between the true value of 

property; Prejudice. 

• Error : measurement error 

• Range : data distribution  

• Standard deviation: range of variation surrounding the mean. 

2x
SD

M





Example : 

• With the values 7,3,6 and 4, the mean is 5.  

What is the standard deviation ? 
 

 

 

2 2 2 2 2(7 5) (3 5) (6 5) (4 5)
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• Variance : square of the SD 

• Poisson distribution : random distribution in which the variance is equal 

to mean. In Poisson statistic in nuclear medicine, the SD can be 

estimated by taking the square root of mean.(ex. Mean=144, SD=12) 

• Gaussian distribution : normal distribution or bell-shaped curve that is 

continuous w/ both tail extending to infinity.  



Full width at half maximum(FWHM) 







PROJECTIONS 



Basics of Imaging Theory and Statistics 



• SPECT systems, FOV (with zoom =1) is precalibrated by the 

manufacturer, the size of a pixel, D, in millimeters, may be 

calculated: 

MATRIX SIZE 

128x128 image will only have 1/4 the counts per 

pixel as the corresponding 64X64 image. 



Some basic properties of the frequency 

domain 
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• The low frequency correspond to 

the slowly varying components of 

an image 

• The higher frequency correspond 

to the faster gray level changes in 

an image 









COUNTS FACTOR 







Effect of collimator 





Converging Collimator 

Fan Beam Collimator 

扇形式多孔準直儀（Fan Beam Collimators） 





Signal to noise ratio (SNR) 

• Signal-to-noise ratio is defined as the power 

ratio between a signal (meaningful 

information) and the background noise 

(unwanted signal). 



Modulation Transfer Function 

• Good low frequency response is needed to outline 

the coarse details of the image and is important for 

the presentation and detection of relatively large but 

low contrast lesion. 

• Good high frequency response is necessary to 

portray fine details and sharp edges. 

• A typical nuclear medicine image system transfers 

lower spatial frequencies image. 

 





Contrast 
• Background count rates can reduce the image contrast 

substantially. 

• Scattered radiation and septal penetration have the same 
effect of adding background to the image. 

• Pulse height analyzer (narrow the window) could be used for 
the scatter rejection but there is a trade-off (decrease counts 
and increase noise) 

• Decreased contrast (background, scatter or septal penetration) 
results in poorer visibility of both large low contrast objects 
as well as fine details (all structures) in the image. 

• Scatters add long tails to the spread function, suppress the 
low frequencies and shift the limiting high frequency in MTF. 

 



Contrast 

• Image contrast refers to the differences in density 

(or intensity) in parts of the image. 

• There are a number of factors that could affect the 

contrast such as the radiopharmaceuticals (high 

lesion-to-background uptake desirable) 

• Film contrast (transparency has better contrast than 

Polaroid film) enhance both desire image contrast 

and noise. 







Noise 
• Image noise may be either random or structured 

• Structured noise refers to non-random variation in 

counting rate superimposed on and interfering with 

the perception of the structures of interest 

• Structured noise may arise from the radionuclide 

distribution itself or caused by system artefacts. 

• Random noise is caused by statistical variation of 

count rate and is very important factor in nuclear 

medicine. 



Random Noise 

• Random noise is related to the information 

density 

• Information density is defined as the counts per 

unit area recorded 

• Information density can be increased by increase 

count rate or imaging time 

• Information density affects the minimum 

detectable size and contrast of lesions. 





Noise vs Lesion Contrast 

• Noise contrast is the percentage standard 

deviation of counts recorded in an area 

• A 3-5 times the noise contrast is required for 

a lesion to be detectable 

• Lesion contrast requirement increases as 

lesion size decrease 

• Random noise may be the detection limiting 

factor for small, low contrast lesions. 





Measuring Intrinsic Uniformity 
 



Measuring Extrinsic Uniformity 



Integral Uniformity (IU) Index 



Differential Uniformity Index 









Inter-Relationship of Uniformity, 

Resolution, and Linearity 



Sequential Improvement in Image 

Quality with added Corrections 



Uniformity Correction – 

May Mask Underlying Problems! 
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假體灌製 
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FLANGELESS DELUXE JASZCZAK 

PHANTOM™  MODEL ECT/FL-DLX/P 

48 

Specifications of Insert and Spheres: 

Rod diameters: 4.8, 6.4, 7.9, 9.5, 11.1, and 12.7 mm 

Height of rods: 8.8 cm 

Solid sphere diameters: 9.5, 12.7, 15.9, 19.1, 25.4 and 31.8 

mm 
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Flangeless Deluxe PET and SPECT Phantoms 



15𝑚𝐶𝑖

1500𝑐. 𝑐
 

 

=10μCi/c.c 

4:1 

3:1 

2:1 

Background 

= 16c.c + 4c.c 
水1500c.c 

Tc 15mCi 

= 6c.c + 4c.c 

= 4c.c + 6c.c 

= 1200c.c + 4800c.c 

8μCi/c.c 

6μCi/c.c 

4μCi/c.c 

2μCi/c.c 

Step1 Step2 
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造影參數設定 
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LEHR no Filter (FBP) 
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LEHR no Filter (OSEM) 



LEHR BW 0.46 10 (FBP) LEHR BW 0.46 10 (OSEM) 
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24 HR LEHR no Filter (FBP) 24 HR LEHR no Filter (OSEM) 

61 



24 hr LEHR BW 0.46 10 (FBP) 24 hr LEHR BW 0.46 10 (OSEM) 
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Fan BW 0.46 10 (OSEM) Fan BW 0.46 10 (FBP) 
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SEMI-QUANTITATIVE ANALYSIS 
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• Specific uptake ratio (SUR) 

 

 

 

 

 

• Asymmetry 

*target：striatum, caudate or putamen 

*background：occipital cortex, frontal cortex  

                      or cerebellum 

* unit：counts/voxel 



IMAGE QUALITY 



均勻水假體發現有環狀活性假影 



10 mCi Tc-99m
FBP
60F30sec
Butterworth  1  30

(A) Metz filter

(B) Butterworth filter

(C) Non filter
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最後將獲得的SPECT影像，圈選ROI的位置，並與原本
預計調配的活性比值，互相比較分析 

Target Background 



結論 
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TRODAT影像品質受到很多影響，再掃描前建議如下 

1.儀器品保要確實，尤其旋轉中心(COR)等 

2.影像重建法影像TRODAT影像很大，不同重建法或是使用
不同的濾波器都會造影影像品質不同，有些條件甚至造成
放射熱區或是球體實心空白區影像變形扭曲，故建議可以
利用假體影像找出最適合該醫院醫師讀片之條件為主。 

3.TRODAT影像受限於腦部吸收的數值偏低，無論選擇平行
孔準直儀、扇形準直儀，都建議需要固定造影參數，影像
矩陣大小、選轉360度收集影像、Zoom的大小等等都需要
小心注意。 

 


