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討論一 
 現在各醫院用在SPECT、PET定量檢查的軟體有哪些? 

 腦部 

 心臟 

 肺臟 

 腎臟 

 唾液腺 

 骨骼 

 其他 

 



討論二 
 有無新的軟體工具提供參考，或是未來採購依據? 



Bang-Hung Yang, PhD 

Department of Nuclear Medicine and National 
PET/Cyclotron Center,  

Taipei Veterans General Hospital 
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核醫影像品質影響因子 
 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 
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What do we have now for clinical diagnosis? 
 Neurology  

   1. eZIS SW: ECDSPECT imaging analysis 

   2. TRODAT-1 SW: TRODAT-1 SPECT imaging analysis 

   3. Corex ID SW : FDG PET imaging analysis 

 Cardiology 

   1.EF analysis (first-pass) 

   2. Heartsee for NH3 PET  

 

 



easy Z-score imaging system (eZIS) 
 statistical analysis methods for automated diagnosis 

 perfusion SPECT images 

 regional cerebral blood flow (rCBF) 



  J Nuci Med 1995; 36:1238-1248  
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easy Z-score imaging system (eZIS) 
- developed by Prof. Hiroshi Matsuda, National Center of Neurology and 

Psychiatry, Japan (NCNP; 日本國立精神神經研究中心) 



Z-score  
 Voxel normalization : global mean or cerebellar values 

 Z-score = ( [control mean] - [individual value] )/ 
(control SD)  



easy Z-score imaging system (eZIS) 
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For Hyperperfusion 









For Early Alzheimer’s 

Disease 
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TRODAT1-1 SPECT images 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 





Cortex ID 
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First pass analysis 





Father of Flow Quantitation 

• Professor, Division of Cardiovascular 
Medicine, Weatherhead PET Center 
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The University of Texas Medical 
School at Houston 

K. Lance Gould, M.D. 
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HeartSee 

http://www.uth.tmc.edu/pet/ 
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Standard FDG-PET/CT imaging protocol 

36 J Nucl Med 2004; 45:25S-35S 
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J Nucl Med 2004; 45:25S-35S 38 



CT-BASED ATTENUATION CORRECTION (CT-AC) 

39 J Nucl Med 2008; 49:938–955 Bilinear scaling function 



計畫目的 
 過去的PET/CT及SPECT/CT造影系統皆搭載濾波反投
影影像重建法(filter back-projection reconstruction, 
FBP)來進行CT影像的重建，爾後提供PET或SPECT做
影像衰減校正使用，主要原因為 FBP影像重建法對於
龐大的CT影像資料處理速度既快速又簡便。 

 疊代影像重建法(iterative reconstruction, IR)為降低輻
射劑量策略中最有效的方法之一，使得CT造影時可使
用低劑量造影參數，達到更好的影像品質。因此，本
計畫目的為建立核醫影像品質與低劑量造影參數之最
佳化。  

40 



41 



Filtered Back Projection (FBP) 
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• Image reconstruction 

using simple 

backprojection.  

 

• Filtered backprojection 

(FBP) using different 

viewing angles. 

 



Iterative reconstruction 

43 
AJR. 2015;205(1): W19-31. 



PET/CT影像收集 
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14

HA

Air

4:1

(8.62kBq/ml)

8:1

(17.2kBq/ml)

Background 

(2.15kBq/ml)

(A) (B)

使用水假體進行影像擷取，背景值(background)為18F-FDG (Fludeoxyglucose)放
射性同位素水溶液(圖2A)，水假體內將放置四支試管，分別為：a.空氣、b.鈣化
物質(hydroxyapatite, HA; 200mg/cm3)用來模擬骨頭等效組織、c. 與背景質濃度
比4:1的放射性同位素水溶液、d. 與背景質濃度比8:1的放射性同位素水溶液(圖
2B)，目的在於模擬不同組織的密度及不同濃度的hot spot。 



Low-dose CTAC Evaluation 
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Background  

(5.3 kBq/ml) 

​K2HPO4 

Air 

4:1 

(21.2 kBq/ml) 

        8:1 

(42.4 kBq/ml) 

Description Classification Parameters 

CT 

kVp 120 

mA 120, 80, 60, 40, 20, 10 

Rotation time (s) 0.5 

Pitch 1.35 

Scan mode spiral 

Reconstruction 
FBP, ASiR 10%, ASiR 30%, ASiR 50%,  

ASiR 70%, ASiR 90%, ASiR 100% 

PET 

Emission time (min) 10 

Scan mode 3-D mode 

FOV 70 

  Water  
phantom 



PET Imaging Analysis 
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4:1 

8:1 

BKG 

Air 

​K2HPO4 



(C) CT ASiR70(40mA) 

(A) CT FBP(120mA) (B) CT ASiR100(120mA) 

(D)CT ASiR100(40mA) 

CT images 
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  CT parameter 

kVp mA s Reconstruction methods   

120 10 0.5 

FBP 

ASiR10% 

ASiR30% 

ASiR50% 

ASiR70% 

ASiR90% 

ASiR100% 

  

120 20 0.5 

  

FBP 

ASiR10% 

ASiR30% ASiR50% 

ASiR70% ASiR90% 

ASiR100% 
  

120 40 0.5 

  

FBP 

ASiR10% 

ASiR30% ASiR50% 

ASiR70% ASiR90% 

ASiR100% 
  

120 60 0.5 

  

FBP 

ASiR10% 

ASiR30% ASiR50% 

ASiR70% 

ASiR90% 

ASiR100% 

  

120 80 0.5 

  

FBP 

ASiR10% 

ASiR30% ASiR50% 

ASiR70% 

ASiR90% 

ASiR100% 

  

120 120 0.5 

  

FBP 

ASiR10% 

ASiR30% ASiR50% 

ASiR70%  

ASiR90% 

ASiR100% 
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PET parameter 

PET-CTAC 

PETFBP-10mA 

PETASiR10-10mA PETASiR30-

10mA 

PETASiR50-10mA 

PETASiR70-10mA,PETASiR90-10mA , PETASiR100-10mA 

PETFBP-20mA, 

PETASiR10-20mA 

PETASiR30-20mA 

PETASiR50-20mA 

PETASiR70-20mA, PETASiR90-20mA, PETASiR100-20mA 

PETFBP-40mA 

PETASiR10-40mA 

PETASiR30-40mA 

PETASiR50-40mA 

PETASiR70-40mA PETASiR90-40mA PETASiR100-40mA 

PETFBP-60mA 

PETASiR10-60mA 

PETASiR30-60mA 

PETASiR50-60mA 

PETASiR70-60mA,PETASiR90-60mA ,PETASiR100-60mA 

PETFBP-80mA 

PETASiR10-80mA 

PETASiR30-80mA 

PETASiR50-80mA 

PETASiR70-80mA PETASiR90-80mA PETASiR100-80mA 

PETFBP-120mA, 

PETASiR10-120mA 

PETASiR30-120mA 

PETASiR50-120mA 

PETASiR70-120mA, PETASiR90-120mA PETASiR100-120mA 
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Result (PET SUV) 
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PETFBP(120mA) 
PETFBP(80mA) PETFBP(60mA) 

PETFBP(40mA) PETFBP(20mA) PETFBP(10mA) 

4:1 

8:1 Air 

K2HPO4 
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3

SUV 8:1 4:1 K2HPO4 Air Background

PET 
Classification

Mean±SD R2 Mean±SD R2 Mean±SD R2 Mean±SD R2 Mean±SD R2

FBP(120mA) 4.96±0.69 1 2.57±0.32 1 0.18±0.06 1 0.18±0.06 1 0.75±0.05 1

FBP(80mA) 4.97±0.69 0.998 2.58±0.33 0.995 0.18±0.06 1 0.18±0.06 1 0.75±0.05 0.987

FBP(60mA) 4.98±0.69 0.997 2.58±0.33 0.991 0.18±0.06 1 0.18±0.06 1 0.75±0.05 0.991

FBP(40mA) 4.98±0.69 0.998 2.57±0.33 0.989 0.18±0.06 1 0.18±0.06 0.972 0.75±0.05 0.985

FBP(20mA) 4.99±0.69 0.998 2.59±0.33 0.995 0.18±0.06 0.985 0.18±0.06 0.947 0.75±0.05 0.985

FBP(10mA) 5.03±0.70 0.999 2.6±0.33 0.997 0.18±0.06 0.935 0.17±0.06 0.871 0.76±0.05 0.982
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PET FBP(10mA)   PET ASiR10(10mA)  PET ASiR30(10mA)  
PET ASiR50(10mA)  

PET ASiR70(10mA) PET ASiR90(10mA)  PET ASiR100(10mA)  

FBP  VS OSEM 
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SUV 8:1 4:1 K2HPO4 Air Background 

PET 
Classificatio

n 
Mean±SD R2 Mean±SD R2 Mean±SD R2 Mean±SD R2 Mean±SD R2 

FBP(10mA) 5.03±0.70 1 2.60±0.33 1 0.18±0.06 1 0.17±0.06 1 0.76±0.05 1 

ASiR10 
(10mA) 

5.03±0.70 1 2.60±0.33 1 0.18±0.06 1 0.17±0.06 1 0.76±0.05 1 

ASiR30 
(10mA) 

5.03±0.70 1 2.60±0.33 0.999 0.18±0.06 1 0.17±0.06 0.966 0.76±0.05 1 

ASiR50 
(10mA) 

5.03±0.70 0.999 2.60±0.33 0.999 0.18±0.06 1 0.17±0.06 0.966 0.76±0.05 1 

ASiR70 
(10mA) 

5.03±0.70 0.999 2.60±0.33 0.998 0.18±0.06 0.984 0.17±0.06 0.966 0.76±0.05 1 

ASiR90 
(10mA) 

5.03±0.70 0.999 2.60±0.33 0.998 0.18±0.06 0.984 0.17±0.06 0.966 0.76±0.05 1 

ASiR100 
(10mA) 

5.03±0.70 0.999 2.60±0.33 0.997 0.18±0.06 0.984 0.17±0.06 0.913 0.76±0.05 1 



FBP  VS OSEM 
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Radiation Dose Concerns 
 From Image Wisely (web of ACR and RSNA)  

57 

Typical acquisition techniques used for whole-body FDG-PET-CT imaging 



PET Diagnostic Accuracy: Improvement with In-Line PET-
CT System: Initial Results 

58 Radiology 2002; 225:575–581 



Radiology 2002; 225:575–581 59 



Left-sided intrapulmonary mass (sarcomatoid tumor) in a 
76-year-old male patient. (a) Transverse  FDG PET image 
shows pathologic uptake of FDG (arrow in a–e) in the 
infracarinal region and physiologic uptake of FDG 
(arrowhead in a–e) in the heart. (b) Transverse PET–10-mA 
CT scan at the same level as a shows the tumor to be in the 
left atrium. (c) PET–40-mA CT, (d) PET–80-mA CT, and (e) 
PET–120-mA CT images at the same level as a and b do not 
give additional information. 

Radiology 2002; 225:575–581 60 



結語 
透過上述的分析結果，可以得知低劑量CT造
影條件對CT、PET、SPECT影像品質造成的影
響並不是很大，甚至在低劑量影像之間是幾
乎沒有影響；適當運用IR影像重建法可以有
效改善低劑量影像之雜訊，提高影像品質，
證明低劑量CT在核醫影像檢查具有臨床診斷
價值，進一步達到降低病人醫療輻射曝露累
積劑量的效果。 
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Imaging Artifacts from CT 
1. Metal Artifacts 

     假牙、金屬關節、對比劑、鋇劑、ECG墊片、人工
血管等等 

    

2.Motion Artifacts 

    呼吸移動、躁動 
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衣服有亮片（CT） 
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Potential image artifacts generated from CT-AC 

65 J Nucl Med 2008; 49:938–955 



66 J Nucl Med 2008; 49:938–955 



Metal Artifacts 
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A:嘴巴有金屬而形成CT streaking artifacts 
B:PET 影像因AC 的過度補償而形成嘴巴的uptake增高 

C:PET 影像無AC 的影像 

（J Nucl Med Technol 2005; 33:156–161） 



68 



69 



70 



71 



Motion 
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Barium 
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A 檢查前一天有做鋇劑腸胃造影 

B:PET影像 高AC 的補償 

C:PET 影像 No AC的補償 



Epilepsy 
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Oral CM 
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What’s different? 
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CT detector problem  

77 



CT detector problem  

78 



79 



Degradation of image 
quality as function of patient BMI. 

80 J Nucl Med 2008; 49:938–955 
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 化療10天的病人  手術3天 



腹水 

82 



Truncation 
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Truncation 
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Truncation 
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Overflow 
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Overflow Correction 
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IV site 

88 Early phase 



IV site 

89 Delay phase 
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W/O AC 
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W/O SC 
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93 



Brown Fat 
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Brown Fat 
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Brown Fat 
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Benign Pathological Variants: Fractures 
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Benign Pathological Variants: Fractures 
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Common sites of skeletal muscular uptake:  
1. Ocular muscles  

2. Muscles of mastication  

3. Neck strap muscles  

4. Tongue - especially the base  

5. Larynx  

6. Forearms  

7. Hands  

8. Large muscles of the legs  
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