
Experimental
Molecular
Imaging

Fabian Kiessling

Experimental Molecular Imaging
RWTH-Aachen University, Germany

Physical limits: Sensitivity, 
specificity and quantitation:

Computed Tomography
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μCT-Scanners
• μCT-scanners vary with respect to design and image 

processing software 

– Ex vivo bench top systems
• High resolution imaging (5-50 μm)
• Slow (scan times 10-60 minutes)
• Usually not gantry based
• High x-ray dose

– In vivo μCT-scanners
• Usually gantry based systems (180°or 360°rotation)
• Often flat panel detectors
• Scanners with dual energy function available
• Moderate resolution (50-150 μm)
• Fast (scan times: 1 sec. - 10 minutes)
• Lower x-ray dose
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Non Gantry Based μCT

Bartling et al., CMIR 2007

Spatial resolution depend on 
• distance between object and detector
• pixel size at the detector
• image reconstruction
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„In vivo“ μCT scanners

Spatial resolution depend on 
• pixel size at the detector
• image reconstruction
• „Real“ spatial resolution should be determined with phantoms

(e.g. line pairs in thungsten wire phantoms) 
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Quantification
• CT is a quantitative image modality

– X-ray absorption correlates with measured signal
– X-ray absorption depend on the photon energy

• CT number: quantitative but not calibrated

• Hounsfield Unit: CT number normalised for 
water being 0 and air being -1000
– Clinically used unit
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Pitfall

• Scanners are often not calibrated
– CT numbers from different scans are not directly 

comparable
– Different values for different energies (voltage)
– Detector saturation (particularly for flat panels)

• if object is too small
• if power (mAs) is too high
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Artefacts
• Beam hardening artefacts

– Most detectors do not acquire spectral information
– Selective removal of soft X-rays from the X-ray beam
– Linearity not given - loss of information - reconstruction 

errors  
– If not corrected reduction of the reconstructed attenuation 

coefficient toward the centre
– Additional artifacts for bone, metal and CA within the object

correctedmetalbone
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Artefacts
• Ring artefacts

– Calibration error for single pixels
(change in pixel sensitivity during and between different scans due to heating)

– Strong: defect detector pixels /detector line
– Solution: 

• Interpolation from other pixels
• Change of detector
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Potential problems
• Background noise

– increases with increasing spatial resolution
– decreases with increasing current
– 10-30 HU for clinical scanners ((~200μm)3)
– up to 60 HU for μCT-scanners ((50-100μm)3)

• DCE μCT-scans with high temporal resolution
– Peak enhancement in tumors often < 60 HU

• Reliable curve fitting not possible

– Complicated by beam hardening artefacts from 
large vessels 

Tips: 
• Decrease energy (voltage)
• Slow CA injection (careful with postprocessing model)
• Averaging
• Beam hardening correction (not provided by most

manufacturers)
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Clinical CA: 4D Perfusion Imaging

• Contrast agent: Imeron 400 (1:1 in NaCl)
• Scan parameters: 80kV, 50mA, 5s rotation time, 4 rotations 
• 360°reconstruction 180°overlap

Bartling (DKFZ), Grasruck (Siemens), et al.
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DCE μCT: Data postprocessing
• RBV determination using blood pool CA
• First pass analysis (e.g. Miles model)
• Compartment models

– Brix 
– Tofts 
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A431: SCC

Calu-6: Lung cancer

MLS: Ovarian cancer 

A549: Lung cancer

Vessel Function: μCT for rBV-Analysis

HUtumor after CA - HUtumor before CA

HUblood after CA - HUblood before CA
rBV (%) = 100 x

Ehling, Gremse, Lammers et al. (ExMI)
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Tissue Response
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Miles et al. Radiology 1993 188: 405 

Assumption: no CA extravasation during first pass 

First pass analysis (Miles model)

after chemotherapy

before chemotherapy
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Two compartment models

Brix 1991: 
• Assumes CA  infusion

Tofts 1991:
• Assumes bolus injection
• AIF curve pre-defined

Newer models:
• Measured AIF

Experimental
Molecular
Imaging

Dual Energy Triangle

40kV

65kV
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Dual Energy CT

• Decomposition in three components
• Water, calcium and iodine

40KV

65KV

Calcium 
Map

Iodine 
Map

Gremse et al., ExMI
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Calcium / Iodine Maps

Dual Energy Scan Calcium Map           Iodine Map

• Atherosclerotic mouse under western diet
• No need for native scan / calcium quantification

Gremse et al., ExMI

(3D rendering)
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Cardiac Gating and Breath Triggering

• 1025L Monitoring and Gating System (I4SA); BNC cabel (1/0 
trigger signal)

– Pneumatic pillow
– ECG-electrode

Bartling (DKFZ), Grasruck (Siemens), et al.
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Intrinsic Gating

Dinkel, et al. Circulation Cardiovasc. Imaging 2008
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During continuous data 
acquistion, several 
complete rotations are 
acquired….

….together with physiological data such as 
ECG or respiratory motion. Gating intervals 
of acceptable projections are defined (grey 
bars) and…

…projections are sorted 
according to the gating 
signals.

Resulting in one new, gated dataset that can be
used for volume reconstruction.

Retrospective Gating
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fpVCT Breath Triggering (Rat)

Bartling (DKFZ), Grasruck (Siemens), et al.• Contrast agent: Fenestra (2.5 ml)
• Scan parameters: 80kV, 50mA, 5s rotation time, 16 rotations
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Blood Pool CA: Cardiac Function

Bartling (DKFZ), Grasruck (Siemens), et al.

• Scan parameters: 80kV, 50mA, 5s rotation time, 16 rotations 
• Breath gating: 20-80% between 2 respirations
• Cardiac gating: 5 equisized phases through cardiac cycle
• Contrast agent: Fenestra (2.5 ml)

Segmentation of cardiac chamber volumes
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Cardiac Imaging

Dobutamin stress test (mouse)

before                                          after Dobutamin inj. 

Dinkel et al., Circulation: Cardiovasc. Imag. (2008)
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Summary
• CT is a versatile quantitative imaging modality

• CT numbers depend on voltage and detector 
calibration

• Artefacts (beam hardening, rings)
• Background noise 
• Perfusion CT
• Dual energy applications 
• Motion correction
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