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A biomedical imaging technology that enables one to 
visualize, quantify, and characterize molecular 
pathways and signatures of disease in living subjects	


Definition of Molecular Imaging 
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Molecular Imaging:  The path from laboratory bench top to clinical bedside 

M. James et al. Phys. Rev. Vol 92, April 2012  
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Modalities for Pre-clinical (small animal) and Clinical Molecular Imaging: 

M. James et al. Phys. Rev. Vol 92, April 2012  
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Imaging has exploited a wide range of the electromagnetic spectrum 

& annihilation 
photons!
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Optical Imaging Modality 1:  Bioluminescence 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Optical Imaging Modality 1:  Bioluminescence 

C.S. Levin et al. Eur. J. Nuclear Medicine and Molecular Imaging, Vol. 32, No. 14, Dec. 2005  
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Optical Imaging:  Bioluminescence 

C.S. Levin et al. Eur. J. Nuclear Medicine and Molecular Imaging, Vol. 32, No. 14, Dec. 2005  
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Optical Imaging 

C.S. Levin et al. Eur. J. Nuclear Medicine and Molecular Imaging, Vol. 32, No. 14, Dec. 2005  
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C.S. Levin et al. Eur. J. Nuclear Medicine 
and Molecular Imaging, Vol. 32, No. 14, 
Dec. 2005  
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Optical Imaging:  Fluorescence 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Stanford University 

Tomographic imaging system 
Optical Imaging:  Fluorescence 
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Lung lymph 
node metastasis	


Optical fluorescence tomographic image 
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Optical Imaging:  Fluorescence 
Spectral Fluorescence Imaging:  Liquid Crystal Tunable Filter 
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(e) Un-mixed signal from red spectrum  
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Optical Imaging:  Intra-vital microscopy 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Optical Imaging:  Raman Scattering 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Radionuclide Imaging:  Positron Emission Tomography (PET) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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LSO Array Technology (d) LSO Array 

Tapered 
Light 
Guide 

PSPMT 

511 keV 
photon 
imaging 
detector 

Radionuclide Imaging:  PET 
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Radionuclide Imaging:  Single Photon Emission Computed 
Tomography (SPECT) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Parallel-hole collimator Pin-hole collimator 

Radionuclide Imaging:  SPECT 
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Projected γ-ray activity profile 
onto detector panel 
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Ultrasound 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Photoacoustic Imaging (optical + ultrasound) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Magnetic Resonance Imaging (MRI) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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RF transmit/receive coils for high res MRI 
Solenoid design Bird-cage design 
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(d) 

Figure 6d 

Gradient coils for hi res MRI 
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X-ray Computed Tomography (CT) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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(a) (d) (b) 
Multi-Modality Imaging:  PET/CT 

(a) (d) (b) 
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(a) (d) 

Multi-Modality Imaging:  PET/CT fused images 
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Dual Modality Imaging: SPECT/CT 
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X-ray camera 

Courtesy of Gamma Medica, Inc. 
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Sample CT/SPECT Fused Images  
111In Herceptin® in Xenograft Tumor Mouse 

Courtesy of S. P. Williams, Ph.D., Genentech, Inc. and 
Gamma Medica	
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Multi-Modality Imaging:  PET/MRI 
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Multi-Modality Imaging:  
PET/MRI fused images 
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Types of Molecular Imaging Contrast Agents 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Example Molecular Imaging Contrast Agent:  Fluorodeoxyglucose (FDG) 

M. James et al. Physiol. Rev. Vol. 92, April 2012  
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18F-Fluorodeoxyglucose (FDG)-PET  
Neurological disorders	
 Oncology	
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M. James et al. Physiol. Rev. Vol. 92, April 2012  
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Summary 
• Molecular Imaging is distinguished by being able to measure the fundamental 
mechanisms of disease on the cellular and molecular level using measurements from 
outside the body	

• Lots of instrumentation research are going on to improve system parameters such as 
spatial resolution and signal sensitivity	

• There is no perfect imaging modality---depends on the basic biology question you are 
asking	

• Multi-modality systems enable multiple parameters to be measured in the same imaging 
session	

• Molecular imaging contrast agents enable amplification of the basic imaging signal.  Also 
an active field of research.	





