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• Department of Radiology at Copenhagen University Hospital Herlev and 

Gentofte, Denmark

• Department of Clinical Medicine, Copenhagen University, Denmark

• Radiological Artificial Intelligence Test center (RAIT.dk)

Michael.brun.andersen@regionh.dk
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• 13 CT systems

• 4 Philips Iqon (Dual-layer detector)

• 3 Siemens Somatom Force (Dual Source)

• 3 Siemens Somatom Flash (Dual Source)

• 1 GE Revolution Apex (Rapid KV switching)

• 1 Siemens Neotome Alpha (Photon Counting CT)

• 1 Other

Dedicated Spectral/Dual 

energy CT scanners
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• Pulmonary Embolism (Most scans since 2017)

• Abdominal Scans (All Scans since 2019)

• Upper and Lower Extremities (Since 2020)

• Oncology workups and follow-up (All Scans since 2020)
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Billedresultat for CT scanner siemens

Intellispace/Syngovia/AWS

PACSSBI/SPP 

Files Thin Slices

Dual-Energy Series

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwifo5GHrNjdAhUpsqQKHZ1oAsQQjRx6BAgBEAU&url=https://www.designaffairs.com/siemens-somatom-force/&psig=AOvVaw08RGXy8342iISGmJGaK87_&ust=1538040101228926
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Billedresultat for CT scanner siemens

Intellispace/Syngovia/AWS

SBI/SPP 

Files Thin Slices PACS Magic glass

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwifo5GHrNjdAhUpsqQKHZ1oAsQQjRx6BAgBEAU&url=https://www.designaffairs.com/siemens-somatom-force/&psig=AOvVaw08RGXy8342iISGmJGaK87_&ust=1538040101228926
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Magic glass in PACS Intellispace portal/Syngovia/AWS
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• Since 2019 and 2020 respectively

• Purpose

• Increase conspicuity of lesions

• Reduce follow-up scans

• Close to dose neutral and workload neutral

• Noise and image quality matched to non-spectral protocols

• Spectral/Dual Energy CT is mainly read in PACS!
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• Virtual MonoE at 50 keV – Replaces conventional CT images for primary 

assessment.

”Calculated virtual monoenergetic series – 

presented as if the patient was scanned at 

50 keV. Increases the conspicuity of 

contrast media without removing 

information from the image. Can be used 

as a replacement for the axial 3/3 series 

during initial assessment.

To achieve same image impression as 

normal abdominal 400/40 window a W/L 

600/60 can be used for reconstruction.”
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• Iodine map and virtual non-contrast: Assessment of Lesions
Iodine Map, calculated based on three-material 

decomposition. Shows contrast enhancement 

(i.e. ∆) in HU. Used for assessment of contrast 

enhancement. Other materials like calcium will 

also be present on the iodine map. Careful 

when assessing potentially fat containing 

lesions! Can be used to differentiate 

hyperdense renal cysts from contrast enhancing 

tumors. Traditionally lesions above 20HU (=0.8 

mg/ml iodine) are classified as enhancing and 

below 10HU (=0.4mg/ml) as non-enhancing.

Virtuel Non-Contrast (VNC). Calculated by 

subtraction of the iodine map from the original 

series. Used as an estimate for how a non-

contrast image would appear. Beware of 

subtraction of smaller calcifications (e.g. kidney 

stones) and incomplete subtraction. Can be 

used to determine for example if hyperdense 

lesions in the bowel are pills or iodine 

extravasation.

"Iodine Map"

"Virtual Non-Contrast (VNC)"

"Virtual 

noncontrast with 

Iodine overlay"
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• Effective atomic number/RhoZ

Automatic series in abdominal/oncological scans

”Measurement of the effective atomic 

number of voxels/tissue (Z/Z-effective). 

Can be used to seperate fat and 

water/tissue in areas NOT uptaking 

contrast. The values represent atomic 

numbers, even though PACS denominates 

it as HU. Fat have atomic number 6.0-6.5 

(Red/Philips – Blue/Siemens), Water and 

tissue have atomic number 7,3-7,7 

(Green/yellow). Used for finding 

cholesterol stones in gallways, urat stones 

in the urinary tract and for quality 

assessment of a spectral/DE-CT scan. 

Measurement on the series in PACS is 

NOT allowed.”
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• Low virtual mono E (40-50 keV) – Primary reading series

• Typically better signal to noise ratio compared to conventional series

• Increase the conspicuity of both hypodense and hyperdense lesions

• Window level settings have to be adjusted to organ and level of keV

• Center around normal tissue, window width should be narrow 150-300 HU depending on the 

organ and preferred noise levels

• Effective Z (effective atomic number)

• Always check gallbladder and gallways for cholesterol stones (values correspond to 

fat)
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• Beam hardening/photon starvation

• Time consumption

• Quality control
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• Hyperdense cyst or solid enhancing tumor?

Somatom 

Flash 

100/Sn140

CTDI 16.6 

mGy/cm

Day 1

Somatom 

Force 

100/Sn150

CTDI 15.8 

mGy/cm

Day 12

Z map 
(atomic number)Mixed VNC Iodine Map 100kV image
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Reading time
Conventional: 300 seconds (65-499)

Spectral:  382 seconds (132-

822)

Welch ttest: p<0.00001

Mean reading time of spectral CT results 

increases with only 82 seconds

MB Andersen et al. Impact of spectral body imaging in patients suspected for occult cancer: a prospective study of 503 patients. Eur Radiol. 2020 Oct;30(10):5539-5550
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Technical Challenges – Quality control
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Z-effective

Measure areas close to lesions 

containing fat without contrast 

enhancement. Eg. Perirenal fat, 

intraabdominal fat or subcutaneous 

fat. If values are <6.0-6.5 results 

from iodine/VNC measurements can 

not be trusted.
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Oncology: Do you see the metastases?
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Detection - Pancreas
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Detection - Pancreas
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Detection - Pancreas
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Detection - Pancreas
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DetectionDetection – Colon
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Detection
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Detection – Mamma
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Detection – Is Spectral/Dual-energy CT better?
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• In a study of 503 patients suspected for 

serious illness that could be cancer

• 73 proven cancers in the patient 

population

• Sensitivity 89% vs 77%, p<0.005

• Specificity 77 vs 83%, p<0.005

• 18 suspected cancer findings on 

conventional CT excluded on spectral.

MB Andersen et al. Impact of spectral body imaging in patients suspected for occult cancer: a prospective study of 503 patients. Eur Radiol. 2020 Oct;30(10):5539-5550
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In imaging of the kidneys traditionally lesions with an 

increase of 20HU (=0.8 mg/ml iodine) between true non 

contrast and contrast series are classified as enhancing 

and below 10HU (=0.4 mg/ml) as non-enhancing.
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Oncology – Characterization (Cysts/tumors)

30

Case courtesy Erik Brandt, Copenhagen University Hospital
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Oncology – Characterization (Adrenals)
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We use the traditional cut-off at 10 HU even on VNC.

Currently a cut-off at 15 HU is being implemented into the 

Danish guidelines
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Oncology – Characterization (Adrenals)
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Usually VNC underestimates the 

contribution from fat and always 

have higher HU values in organs or 

areas of fat compared to true non-

contrast.

Niehoff JH et al Virtual Non-Contrast versus True Non-Contrast Computed Tomography: Initial Experiences with a Photon Counting CT Scanner Approved for Clinical Use 

Diagnostics 2021 Dec; 11(12):2377
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Follow-up examinations and economic implications
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• A total of 400 patients with both CE-CT and CE-SCT

• Suggested follow-up procedures registered

• An estimated cost saving per patient for follow-up procedures of 

130 Euro.
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in clinical practice…

35

• Virtual MonoE/Quantitative maps

• Think specific MRI sequences designed to visualize specific lesions/materials

• We can specificly design our material decompositions to certain pathologies

• Bone marrow edema, iodine quantification (perfussion)

• Requires training of radiologists to be confident in using the images similar 

to new MRI sequences.
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Conclusions
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• Actively choose to use spectral imaging in the departments

• Increased sensitivity for malignant findings

• Increased reading time – potentially overestimated due to learning 

curve

• Decreased number of follow-up procedures and cost savings of 

130 Euro per patient
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