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Learning objectives
• To learn the mechanism of action of liver-specific contrast 

agents (LS-CA) 
• To get acquainted with the added value of LS-CA in the 

characterization of focal liver lesions
• To understand the most common pitfalls and limitations of LS-

CA
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Coronal T1-weighted MRI in hepatobiliary phase
N. Kartalis, Karolinska Institutet



Coronal T1-weighted MRI in hepatobiliary phase
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Outline
• Lecture

⎻  Mechanism of action
⎻  Added value in characterization
⎻  Pitfalls and limitations

• Case-based interactive discussion
⎻  Take-home
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Extracellular CA (CT + MRI)
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T1-w, unenhanced T1-w, arterial ph T1-w, portal venous ph

T1-w, late venous ph T1-w, equilibrium ph

+ ≈30 sec + 1 min

+ 3 min + 5 min

Extracellular contrast agents
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• Gadoxetic acid
 Gd-EOB-DTPA
 Primovist/Eovist

• Gadobenate dimeglumine
 Gd-BOPTA
 MultiHance

Liver-specific contrast agents (MRI)

www.medicines.org.uk/emc/medicine/6132. Accessed on June 18, 2024
N. Kartalis, Karolinska Institutet
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MultiHance: 2-4%

Primovist: 50%



T1-w, unenhanced T1-w, arterial ph T1-w, portal venous ph

T1-w, late venous ph T1-w, equilibrium ph

+ ≈30 sec + 1 min

+ 3 min + 5 min

Extracellular contrast agents
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portal v phlate arterial phunenhanced 3 min ph 5 min ph hepatobiliary ph

Gadobenate dimeglumine (MultiHance)

Gadoxetic acid (Primovist)

Liver-specific contrast agents (MRI)
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T1-w, arterial ph T1-w, arterial ph

T1-w, 3-5 min: transitional phT1-w, 3-5 min: equilibrium ph
MultiHance Primovist
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• Gadoxetic acid
 Gd-EOB-DTPA
 Primovist

• Gadobenate dimeglumine
 Gd-BOPTA
 MultiHance

– 50% hepatobiliary & 
    50% renal
– 1 h

– 0.025 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s

– 5% hepatobiliary & 
    95% renal
– 1-2 h

– 0.05 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s 

Excretion:

½ life:

Recom. dose
@ inj. rate:

Technique LS-CA
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Outline
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⎻  Mechanism of action
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⎻  Pitfalls and limitations

• Case-based interactive discussion
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Outline
• Lecture

⎻  Mechanism of action
⎻  Added value in characterization: benign
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• Case-based interactive discussion
⎻  Take-home
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• FNH vs. adenoma
 FNH: ↑ /− HPB 

DWI, b50

DWI, b800

T1-w, late arterial ph

T1-w, hepatobiliary phT1-w, portal venous ph

T1-w, unenhanced

FNH
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DWI, b50

DWI, b800

T1-w, late arterial ph

T1-w, portal venous ph

T1-w, unenhanced

Adenoma
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T1-w, hepatobiliary
ph



DWI, b50

DWI, b800

T1-w, late arterial ph

T1-w, hepatobiliary
ph

T1-w, portal venous ph

T1-w, unenhanced DWI, b50

DWI, b800

T1-w, late arterial ph

T1-w, hepatobiliary
ph

T1-w, portal venous ph

T1-w, unenhanced

Adenoma Adenoma
follow-up
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T1-w, unenhancedT2-w

• Connex with bile 
ducts
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T1-w, unenhancedT2-w

• Connex with bile 
ducts
 Bile duct cyst T1-w, hepatobiliary ph
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Outline
• Lecture

⎻  Mechanism of action
⎻  Added value in characterization: malignant
⎻  Pitfalls and limitations

• Case-based interactive discussion
⎻  Take-home
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1Paisant A, et al. Comparison of extracellular and hepatobiliary MR contrast agents for the diagnosis of 
small HCCs. J Hepatol. 2020

• HCC improved sens.
 Absence of hep. function
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1Paisant A, et al. Comparison of extracellular and hepatobiliary MR contrast agents for the diagnosis of 
small HCCs. J Hepatol. 2020

• HCC improved sens.
 Absence of hep. function
 Specificity: beware!
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• HCC vs.
 CCC @ DWI & HBP → 

targetoid appearance

T1-w, unenhanced T2-w

T1-w, HBP DWI b800

N. Kartalis, Karolinska Institutet



• HCC microvascular 
invasion
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• HCC microvascular 
invasion→recurrence
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• HCC microvascular 
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 Transplantation
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• HCC microvascular 
invasion→recurrence
 Transplantation
 Resection
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• HCC microvascular 
invasion→recurrence
 Transplantation
 Resection

DWI b800

T2-w

T1-w, late arterial ph

T1-w, hepatobiliary
ph

T1-w portal venous ph

T1-w, unenhanced
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• HCC microvascular 
invasion→recurrence
 Transplantation
 Resection

T1-w, portal venous ph

T1-w, hepatobiliary ph

T1-w, late arterial ph

T1-w 3 minDWI b800

T2-w
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• CRLM→ response to 
chemotherapy
 Relative tumour 

enhancement @ HBP >25%
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• CRLM→ response to 
chemotherapy
 Relative tumour 

enhancement @ HBP >25% T1-w, hepatobiliary ph

T1-w, unenhanced

Sub HBP-unenhanced

CT

follow-up
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• Case-based interactive discussion
⎻  Take-home
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• Delay/absence
 Severe cholestasis
 Liver failure

Extracellular
space

Hepatocyte

Hepatocyte

Hepatocyte

Extracellular
space

Extracellular
space

Extracellular
space

Hepatocyte

Hepatocyte

Hepatocyte

Vascular ph Hepatobiliary ph
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• Delay/absence
 Severe cholestasis
 Liver failure

T1-w, late arterial ph Tc-99 scintigraphyT1-w, unenhanced

T1-w, hepatobiliary ph
20 min

T1-w, hepatobiliary ph
40 min

T1-w, hepatobiliary ph
120 min

Tc-99 scintigraphy
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• Delay/absence
 Severe cholestasis
 Liver failure

T2-w T1-w late arterial T1-w portal v. T1-w HBP 20’

T2-w T1-w 3 min T1-w 5 min T1-w HBP 20’
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• Delay/absence
 Severe cholestasis
 Liver failure

• Bilirubin
 To test or not to test?
 >3 mg/dL
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• Delay/absence
 Severe cholestasis
 Liver failure

• Bilirubin
 To test or not to test?
 >3 mg/dL 
 Drainage!

Extracellular
space

Hepatocyte

Hepatocyte

Hepatocyte

Extracellular
space

Extracellular
space

Extracellular
space

Hepatocyte

Hepatocyte

Hepatocyte

Vascular ph Hepatobiliary phN. Kartalis, Karolinska Institutet



N. Kartalis, Karolinska Institutet



Outline
• Lecture

⎻  Mechanism of action
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• Primovist (1/4 dose Gd/kg BW vs. EC-CA)

“Weak” arterial phase
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late arterial ph late arterial ph

Occasion A Occasion B
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portal venous ph portal venous ph

Occasion A Occasion B
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unenhanced

portal venous ph late venous ph

unenhanced

portal venous ph late venous ph

late arterial ph late arterial ph
Occasion A Occasion B
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unenhanced

portal venous ph late venous ph

unenhanced

portal venous ph late venous ph
Primovist

late arterial ph late arterial ph
Occasion A Occasion B
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unenhanced

portal venous ph late venous ph

unenhanced

portal venous ph late venous ph
PrimovistPrimovist

late arterial ph late arterial ph
Occasion A Occasion B
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unenhanced

portal venous ph late venous ph

unenhanced

portal venous ph late venous ph
Primovist, 10 mlPrimovist, 8.5 ml

late arterial ph late arterial ph
Occasion A Occasion B
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• Primovist (1/4 dose Gd/kg BW vs. EC-CA)
• Suggestion

–  amount of IV contrast, e.g. 10 ml to all “flat-dose”

“Weak” arterial phase

N. Kartalis, Karolinska Institutet



N. Kartalis, Karolinska Institutet



Outline
• Lecture

⎻  Mechanism of action
⎻  Added value in characterization
⎻  Pitfalls and limitations

• Case-based interactive discussion
⎻  Take-home

N. Kartalis, Karolinska Institutet

3



N. Kartalis, Karolinska Institutet



unenhanced late arterial ph portal venous ph

3 min 5 min hepatobiliary ph
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Multiple arterial phases
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Multiple arterial phases

Free-breathing
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Multiple arterial phases

Free-breathing
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• Gadoxetic acid
 Gd-EOB-DTPA
 Primovist

• Gadobenate dimeglumine
 Gd-BOPTA
 MultiHance

– 50% hepatobiliary & 
    50% renal
– 1 h

– 0.025 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s

– 5% hepatobiliary & 
    95% renal
– 1-2 h

– 0.05 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s 

Excretion:

½ life:

Recom. dose
@ inj. rate:

Technique LS-CA
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• Gadoxetic acid
 Gd-EOB-DTPA
 Primovist

• Gadobenate dimeglumine
 Gd-BOPTA
 MultiHance

– 50% hepatobiliary & 
    50% renal
– 1 h

– 0.025 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s → 1 ml/s

– 5% hepatobiliary & 
    95% renal
– 1-2 h

– 0.05 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s 

Excretion:

½ life:

Recom. dose
@ inj. rate:

Technique LS-CA
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• Gadoxetic acid
 Gd-EOB-DTPA
 Primovist

• Gadobenate dimeglumine
 Gd-BOPTA
 MultiHance

– 50% hepatobiliary & 
    50% renal
– 1 h

– 0.025 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s → 1 ml/s
& (dilute & n. saline)

– 5% hepatobiliary & 
    95% renal
– 1-2 h

– 0.05 mmol Gd/kg 
(=0.1 ml/kg) @ 2 ml/s 

Excretion:

½ life:

Recom. dose
@ inj. rate:

Technique LS-CA
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portal v phlate arterial phunenhanced 3 min ph 5 min ph hepatobiliary ph

Gadobenate dimeglumine (MultiHance)

Gadoxetic acid (Primovist)

Liver-specific contrast agents (MRI)

N. Kartalis, Karolinska Institutet

No “pure” vascular phases
beyond portal venous phase



T1-w, arterial ph T1-w, arterial ph

T1-w, 3-5 min: transitional phT1-w, 3-5 min: equilibrium ph
MultiHance Primovist
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• Hemangioma EC-CA 
 Typical CE-pattern

T2-w

T1-w, late arterial ph T1-w, portal venous phT1-w, unenhanced

T1-w, 5 minT1-w, 3 min
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• Hemangioma EC-CA 
 Typical CE-pattern

DWI b800

T1-w, late arterial ph T1-w, portal venous phT1-w, unenhanced

T1-w, 5 minT1-w, 3 min
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T1-w, portal venous ph

T2-w

T1-w, late arterial ph

T1-w, hepatobiliary phT1-w, 3’ or transitional ph

T1-w, unenhanced

• Hemangioma LS-CA
 Typical CE-pattern 

N. Kartalis, Karolinska Institutet



• Hemangioma LS-CA
 “Flash-filling”: 

pseudo-washout
T1-w, portal ven. ph

T2-wT1-w, late arterial ph

T1-w, transitional
ph

T1-w, unenhanced

ADC DWI b800

DWI b50
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• Hemangioma LS-CA
 “Flash-filling”: 

pseudo-washout
T1-w, portal ven. ph

T2-wT1-w, late arterial ph

T1-w, transitional
ph

T1-w, unenhanced

ADC DWI b800

DWI b50
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• Hemangioma
 High SI T2-w

T2-w

DWI, b800

DWI b50

DWI b800T1-w, late arterial ph

T2-w DWI b400

ADC
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• Hemangioma
 High SI T2-w
 No impeded diffusion

T2-w

DWI, b800

DWI b50

DWI b800T1-w, late arterial ph

T2-w DWI b400

ADC
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Primovist

T1-w, unenhanced T1-w, arterial ph

T1-w, portal venous ph T1-w, 3 min
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Primovist

T1-w, unenhanced T1-w, arterial ph

T1-w, portal venous ph T1-w, 3 min

Washout
appearance??
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Primovist ECCA

T1-w, unenhanced T1-w, arterial ph

T1-w, portal venous ph T1-w, 3 min

T1-w, unenhanced T1-w, arterial ph

T1-w, portal venous ph T1-w, 3 min

Washout
appearance??
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EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol. 2018.

EASL diagnostic algorithm and recall policy

Arterial 
hypervascularity 

(APHE) 
& 

venous/late phase 
washout
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Many thanks!

nikolaos.kartalis@ki.se
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