
Didier Bielen, MD, PhD

Department of Imaging and Pathology - Radiology

KU Leuven - University Hospitals Leuven, Belgium

Non-invasive methods for screening, imaging and treatment of liver lesions

The role of MRI and Photon-Counting CT 



The role of MR and Photon-Counting CT

• Conflict of interest

– I declare that I have no commercial or financial interests 
pertaining to the subject of this presentation or its content.

• Recordings

– No recordings of the presentation are allowed, for personal 
nor commercial purposes.

The role of MRI and Photon-Counting CT - La Hulpe, BE30/09/2022



Patient characteristics

• No comorbidities?

• Known or suspected primary tumour?

• History of cirrhosis?

Imaging modalities

• Ultrasound (US or CEUS)?

• Computer tomography (CT)?

• Magnetic resonance (MR)?

• Nuclear medicine (PET-CT or PET-MR)?

Focal liver lesions and imaging

The role of MRI and Photon-Counting CT - La Hulpe, BE30/09/2022

1. Marin D, et al. (2009) Clinical Gastroenterology and Hepatology 7:624-634.



Focal liver lesions and imaging

The role of MRI and Photon-Counting CT - La Hulpe, BE

Patient characteristics

30/09/2022

1. Marin D, et al. (2009) Clinical Gastroenterology and Hepatology 7:624-634.



No comorbidities

• US >> CT > MRI

• “Daily business” lesions
– cyst

– haemangioma

– undetermined
• focal nodular hyperplasia (FNH)?

• adenoma?

• haemangioma in steatotic liver?

• …
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No comorbidities - US
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No comorbidities - CT
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Known or suspected primary tumour

• CT >> US > MRI

– liver metastasis

– undetermined

• cholangiocarcinoma?

• hepatocellular carcinoma?

• …
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Known or suspected primary tumour - CT
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Hypovascular metastasis CRC
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Known or suspected primary tumour - US
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Known or suspected primary tumour - MRI
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Signal intensity T2w – Rule of thumb
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Signal intensity T2w – Rule of thumb
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History of cirrhosis

• MRI >> CT > US
– Regenerative nodule
– Dysplastic nodule

• Low grade
• High grade

– Hepatocellular carcinoma
• Early HCC (de novo – in  situ) 
• Advanced HCC (sequence)
• Well differentiated
• Moderate differentiated
• Poorly differentiated
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Key factors in the diagnosis of HCC
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Key factors in the diagnosis of HCC
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Key factors in the diagnosis of HCC
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History of cirrhosis - CT versus MRI?
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Overall MRI preferred over CT due to higher sensitivity lesions < 2 cm

• MRI advantage of functional imaging evaluation1

• Combined DWI and hepatobiliary phase imaging2

1. Li J, et al. (2019) European Radiology 29:6519-6528.

2. Park MJ, et al. (2012) Radiology 264:761-70.
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MRI standard examination for HCC1

• T1-weighted MRI

• T2-weighted MRI

• T1-weighted MRI + liver specific contrast
– Including late phase 20’ after gadoxetate disodium 

(Primovist®) or 60’ after gadobenate dimeglumine 
(Multihance®) injection

• Diffusion weighted imaging DWI

• Standardization in classification and reporting2
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Standardization in classification and reporting

• Liver Imaging Reporting and Data System (LI-RADS) in imaging of HCC 
in At-Risk Patients1-2

– From definitively benign, probably benign, intermediate probability of being 
HCC, probably HCC, and definitively HCC (corresponding to LI-RADS 
categories 1-5)3

• Simplified LI-RADS for HCC Diagnosis at Gadoxetic Acid-enhanced MRI4
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3. Mitchell DG, et al. (2015) Hepatology 61:1056-1065.

4. Kwag M, et al. (2022) Radiology:220659.
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• RECIST 1.1

• Treatment reducing tumour size

• Chemotherapy (Taxo-carbo, 

Folfox, Folfiri, Gem-cis, etc)

Response assessment of treatment
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Response assessment of treatment

• Treatment not reducing tumour 
size

– targeted therapies

A. Decrease in tumour size

B. Decrease in vascularity ± size 
reduction

C. Cystic changes ± size reduction

D. Cavitations ± size reduction

E. Tumour haemorrhage ± size 
reduction
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Response assessment of treatment
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MRI for focal liver lesions

• Advantages
– MRI standard examination

• For HCC1

• For problem solving after US or/and CT

• Disadvantages
– Long waiting lists!

– Length of examination slot 30-45 min!

– Need for expertise!

– Patient conditions
• Pacemakers, neurostimulators, claustrophobia, …
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Role of PCCT for focal liver lesions?

• What can PCCT offer to compete with MRI and/or EID CT?

– Improved resolution
• spatial, contrast and temporal

– Lower dose
• X-ray and contrast

– Spectral analysis
• monoenergetic images

• material decomposition

– …
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CTDIvol: 1.28 mGy CTDIvol: 1.17 mGy

-9%

Dose reduction for low dose EID CT
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Dose reduction for low dose EID CT

CTDIvol: 1.28 mGy CTDIvol: 1.00 mGy

-22%
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Dose reduction for low dose EID CT

CTDIvol: 1.28 mGy CTDIvol: 0.85 mGy

-32%

1. Courtesy Joris Awouters et al @Pentalfa 16/12/2021

2. Willemink MJ, et al. (2018) Radiology 289:293-312.
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Role of PCCT for focal liver lesions?

• What can PCCT offer to compete with MRI and/or EID CT?

– Improved resolution
• spatial, contrast and temporal

– Lower dose
• X-ray and contrast

– Spectral analysis
• monoenergetic images

• material decomposition

– …
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Heart rate

Body Weight

Height

Contrast Medium

Volume (ml/m²)1 On / Off

Patient tailored contrast dose
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Suggested Volume

Patient tailored contrast dose
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Patient tailored contrast dose

• Reduction in the average indexed 
volume ...

– Minus 28,50%

• … and in the costs for the 
hospital!
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120 ml 84 ml

Patient tailored contrast dose
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Role of PCCT for focal liver lesions?

• What can PCCT offer to compete with MRI and/or EID CT?

– Improved resolution
• spatial, contrast and temporal

– Lower dose
• X-ray and contrast

– Spectral analysis
• monoenergetic images

• material decomposition

– …
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The PCCT effect on iodine HU
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50 keV60 keV70 keV120 kV

106 HU 142 HU119 HU107 HU
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The PCCT effect on iodine HU

• Dilution proposal:

– 120kV CT FORCE → 60keV PC CT
• 70% of original concentrations

– 120kV CT FORCE → 50keV  PC CT
• 50% of original concentrations!
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Role of PCCT for focal liver lesions?

• What can PCCT offer to compete with MRI and/or EID CT?

– Improved resolution
• spatial, contrast and temporal

– Lower dose
• X-ray and contrast

– Spectral analysis
• monoenergetic images

• material decomposition

– …
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PCCT and Virtual Non Contrast imaging
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PCCT and Multiple contrast agents
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PCCT and Multiple contrast agents

• One image acquisition

– Late enhancement Gadolinium, first 
pass Iodine
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Take home messages

• MRI is the imaging modality of choice
– For problem solving after equivocal CT and/or US

• Patients with no comorbidities
• Patients with known or suspected primary tumour

– In diagnosis and staging of HCC in cirrhosis

• PCCT promising technique
– Improved spatial, contrast and temporal resolution
– Lower X-ray and contrast dose
– Future perspectives

• Use of multiple contrast agents simultaneously?
• Imaging targeted nanoparticles?
• …
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Thank you !!!
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