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GBCA for Cardiac MRI



* More than 300 million GBCA doses worldwide since 1988: 

crucial medical information and excellent safety profile.

* Nephrogenic systemic sclerosis (NSF) and long-term

gadolinium retention in the brain: regulatory actions.

* In 2017 the EMA suspended the marketing authorizations of

multipurpose linear GBCAs.

* Healthcare professionals should consider the characteristics

of each agent when choosing a GBCA.

* The dose of GBCA should be as low as possible.

* Noncontrast techniques should be considered whenever possible.

Gadolinium-based contrast agents - GBCA

Overview



➢ Why Gadolinium?

- A paramagnetic substance

- Atomic number of 64

- 7 unpaired electrons

- TOXIC

- To reduce their toxicity they have to be bound in chelates.
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Types of Contrast Agents

How and 
why?

* Based on the type of ligand, GBCAs can be categorized as ionic versus nonionic and linear versus macrocyclic compounds. 

* All GBCAs share a common structure of an organic ligand that tightly binds to and improves the stability, solubility, and 

safety of the central gadolinium heavy metal ion. 

* Cyclic GBCAs are more stable than linear one, and have a higher stability constant and substantially lower dissociation rate. 



Types of Contrast Agents



EXTRACELLULAR

(NON BLOOD-POOL)
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* Gadolinium based contrast agent (GBCA) dosing and safety in cardiac MRI:

1. Volumes and injection rates vary depending on the contrast agent and scan protocol. 

2. Injection rates are different for 1 mmol/ml contrast agents (gadobutrol) and 0.5 mmol/ml agents. 

As a guideline, divide the given injection rates by a factor of 2 for the 1 mmol/ml formulation. 

3. GBCA contrast agents with higher relaxivity require smaller doses.

GBCA IN CARDIAC MRI



* Gadolinium based contrast agent (GBCA) dosing and safety in cardiac MRI:

4. Approved clinical doses range from 0.1 and 0.3 mmol/kg body weight.

5. The document on standardized cardiac MR protocols of the Society for Cardiovascular Magnetic Resonance

(SCMR) provides a practical overview of the recommended contrast and chasing bolus doses and injections rates 

(0.05–0.1 mmol/kg for perfusion imaging and 0.1–0.2 mmol/kg for LGE imaging).
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GBCA: ACUTE ADVERSE EVENTS

* GBCAs can be considered safe for the referred population in general and the cardiac MRI population in particular, with       

reported acute adverse event (AAE) rates 0.04%-3% in recent reports, at clinical doses (0.1–0.2 mmol/kg)

* Most reactions are mild and physiologic, including coldness, warmth, or pain at the injection site; nausea with or without

vomiting; headache; paresthesias; dizziness.
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GBCA: ACUTE ADVERSE EVENTS

* GBCAs can be considered safe for the referred population in general and the cardiac MRI population in particular, with           

reported acute adverse event (AAE) rates 0.04%-3% in recent reports, at clinical doses (0.1–0.2 mmol/kg)

* Most reactions are mild and physiologic, including coldness, warmth, or pain at the injection site; nausea with or without

vomiting; headache; paresthesias; dizziness.

* Allergic-like reactions are uncommon (0.004% to 0.7%). Severe life-threatening anaphylactic reactions occur but are      

exceedingly rare (0.001% to 0.01%). Fatal reactions to gadolinium chelate agents occur but are extremely rare. 

* No deaths due to contrast administration in cardiac MRI were reported.

* AAEs are reported to be more common after administration of any pharmacologic stressor

(dobutamine and regadenoson > adenosine).   



* The frequency of AAEs to GBCM is about 8 times higher

in patients with a previous reaction to GBCM.

* A prior reaction to iodinated contrast media increases

the risk of reactions to GBCAs.

* Treatment of acute adverse reactions to GBCM is similar to that

for acute reactions to iodinated contrast media.

* At many institutions, a prior allergic-like reaction to GBCM is often

an indication for corticosteroid prophylaxis prior to subsequent

exposures.
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GBCA: ACUTE ADVERSE EVENTS



* Rare fibrosing condition

* Patches of skin become thickened

    and tethered to the underlying tissue 

* The fibrosing process can also

involve internal organs

* 5% of cases have a fulminant course, resulting in death

➢ In 2000 the first report on nephrogenic systemic fibrosis (NSF), observed in patients with endstage chronic kidney disease.

➢ In 2006 Grobner associated Gd with NSF

➢ High et al. and Wiginton et al. found Gd in 

the biopsy of NSF patients
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GBCA & NSF

Prince et al. RadioGraphics 2009; 29:1565–1574 



➢ The exact mechanism of NSF causation is unknown. The pathogenesis of NSF most likely involves the dissociation of free 

and toxic Gd3+ through transmetallation by endogenous metal ions such as Zn2+ or Cu2+.

➢ It is now known that there are differences in the likelihood of a patient developing NSF after exposure to different

formulations of GBCAs. 
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➢ Among patients with severe CKD (CKD4) that developed NSF, most had an eGFR between 15-30 ml/min/1.73 m2.

There have been rare published case reports of patients with eGFR values > 30 ml/min/1.73 m2.

➢ As studies found an association between high dosage of gadolinium chelates (0.2–0.3 mmol/kg) and increased incidence

of NSF, double or triple dosing is no longer common practice.

➢ GBCM are not considered nephrotoxic at dosages approved for MR imaging (0.1–0.2 mmol/kg).

GBCA & NSF



➢ In 2017, the Pharmacovigilance Risk Assessment Committee of the European Medicines Agency suspended the use of high-risk 

linear Group III GBCAs (gadodiamide, gadopentetate dimeglumine, and gadoversetamide) and limited the use of gadobenate

dimeglumine and gadoxetic acid (Group II) to hepatobiliary imaging only.

➢ Patients receiving group I GBCAs should be considered at risk of developing NSF if any of the following conditions apply to the 

patient: • On dialysis (of any form)

• Severe or end-stage CKD (CKD 4 or 5, eGFR < 30 mL / min/1.73 m2)

• AKI

➢ No special precautions are typically necessary for patients with stage 1, 2, or 3 CKD. 

GBCA & NSF
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➢ Less stable compounds (linear agents) are more strongly linked to brain deposition than more stable compounds (macrocyclic agents).

➢ GBCA brain deposition depend on the cumulative dose and administered class.

➢ Not clear if the accumulated gadolinium is free Gd3+ or chelated

➢ Up until now, the clinical relevance of the gadolinium brain deposition is unknown. 

It has not been associated with neurologic or biological adverse effects. 
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GBCA & BRAIN DEPOSITION



* Noncontrast techniques should be considered whenever possible

* For all patients at risk of chronically reduced renal function (including age >60 years, hypertension, 

or diabetes), GFR should be estimated through laboratory sampling. 

* GBCAs should be carefully administered when GFR<30ml/min/1.73m2.

* The use of a lower-than-recommended GBCA dose for NSF prevention is not supported by evidence and may compromise 

image quality.

* Need of further research about other sites of GBCAs’ deposits.
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GBCA IN CARDIAC MRI

GBCAs provide crucial 

medical information in 

many applications and have

an excellent safety profile

Deep knowledge

about GBCAs’ risk

classification is

required

Further

research



GBCA IN CARDIAC MRI

Thank you for your attention!
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