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Gadolinium-based contrast agents (GBCAs) have been in use since 
the late 1980s. The first to be approved by the U.S. Food and 

Drug Administration (FDA), in 1988, was the linear agent Magnevist 
(gadopentetate dimeglumine), and the second, in 1992, was the macro-
cyclic agent ProHance (gadoteridol). Both Magnevist (gadopentetate 
dimeglumine) and ProHance (gadoteridol) are non–tissue-specific, 
extracellular fluid (ECF) agents that were initially approved for im-
aging the central nervous system (CNS). Since then, several addi-
tional GBCAs have been approved, and now there are 6 ECF agents 
FDA-approved for use in the United States (Table 1), one of which 
has partial liver uptake and biliary excretion. This agent, MultiHance 
(gadobenate dimeglumine), has been shown to be useful in liver im-

aging.1 Among other properties, the 6 ECF agents vary in their chemical structure (macrocyclic or 
linear), concentration (0.5 or 1M), and stability, as well as their approved indications and doses 
(Table 1). Here we discuss with Dr. Matthew J. Kuhn, an early pioneer of contrast-enhanced MRI, 
his personal experience with each of the currently available GBCAs, as well as his preference for 
ProHance (gadoteridol) for MR neuro and cardiac imaging applications.

Applied Radiology (AR): Welcome, Dr. Kuhn. Can you please describe your imaging  
facility?
Dr. Matthew J. Kuhn (MJK): Thank you! I currently practice at 4 major hospitals: UnityPoint 
Health-Methodist Hospital, UnityPoint Health-Proctor Hospital, UnityPoint Health-Pekin Hospital, 
and Galesburg Cottage Hospital. Among these 4 sites, we have over 10 scanners in total, most of 
which are GE and most of which are 1.5 or 3T, but we also have others, including a new 1.2T Hitachi 
open-MRI scanner. 

AR: Can you tell us about your experience with the various GBCAs currently in use for 
contrast-enhanced MRI?
MJK: I first used contrast at Massachusetts General Hospital in 1987, as co-principal investigator on 
a compassionate-use study of Magnevist (gadopentetate dimeglumine) in patients with brain tumors. 
This was prior to its subsequent approval in 1988. We continued to use Magnevist (gadopentetate 
dimeglumine) post-approval, and I have administered this agent to many patients over the years; 
however, since it is known to be associated with nephrogenic systemic fibrosis (NSF) in patients with 
severely impaired renal function, we didn’t see any benefit in continuing its use.

In the early 1990s, I was involved in clinical research with ProHance (gadoteridol), including Phase 
3 studies in both adults and children.2-5 A major focus at that time was the potential use of the macrocy-
clic ProHance (gadoteridol) for high-dose applications. In 1994, we published results of one of the first  
clinical trials evaluating high-dose ProHance (gadoteridol) for detection of brain metastases.3 In this 
intraindividual study, 4 patients with “solitary” brain metastases demonstrated on contrast-enhanced 
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computed tomography (CT) were administered both single dose (0.1 
mmol/kg) Magnevist (gadopentetate dimeglumine) and triple dose 
(0.3 mmol/kg) ProHance (gadoteridol) in 2 separate MR exams 2 to 6 
days apart. Compared to the 4 lesions seen on CT, 18 metastases were 
detected on MR – 7 on unenhanced MR images, 9 with Magnevist 
(gadopentetate dimeglumine), and all 18 with ProHance (gadoteridol). 
This finding of additional lesions with ProHance (gadoteridol) was 
significant because it changed the therapeutic planning in these pa-
tients from surgery to radiation. We also found the use of triple dose 
ProHance (gadoteridol) allowed for reduced costs and shorter hospital 
stays.3,6 ProHance (gadoteridol) is the only agent approved for use at 
triple dose (0.3 mmol/kg) in the United States.7

MultiHance (gadobenate dimeglumine) is a high-relaxivity agent 
that was approved for use in CNS MRI in the United States in 2004 
(Table 1). In 2006, we published a large, multicenter, intraindividual 
crossover study comparing equivalent doses of MultiHance (gado-
benate dimeglumine) and Magnevist (gadopentetate dimeglumine) 
for MRI of CNS lesions, and showed that the higher relaxivity of 
MultiHance (gadobenate dimeglumine) provided significantly better 

enhancement and diagnostic information for MRI of the CNS.8 We 
performed a follow-up study focused on patient outcomes in which we 
found that the better enhancement and diagnostic information obtained 
with MultiHance (gadobenate dimeglumine) potentially allowed for 
better surgical planning and follow-up, as well as improved disease 
management.9

So we have found that MultiHance (gadobenate dimeglumine) is 
a great complement to ProHance (gadoteridol) due to its higher relax-
ivity. I use only ProHance (gadoteridol) and MultiHance (gadobenate 
dimeglumine). However, MultiHance (gadobenate dimeglumine) is 
linear, and some radiologists may favor the use of a macrocyclic agent 
in patients with low glomerular filtration rate (GFR), despite the fact 
that both agents are categorized as Class II (ie, low risk of NSF) by 
the ACR and FDA. In some practices, in patients with a GFR <40, 
they will only use ProHance (gadoteridol), while others are comfort-
able using MultiHance (gadobenate dimeglumine) in these patients; 
it just depends on their policy. Note that there are no unconfounded 
NSF cases with either agent. In fact, very recently, we published a 
prospective, multicenter study to determine the incidence of NSF in 

Table 1. Currently-Available ECF GBCAs7,35-41

Contrast Agent

Trade Name 	 ProHance®	 Gadavist®	 Dotarem®	 MultiHance®	 Magnevist®	 Omniscan™

Generic Name 	 Gadoteridol 	 Gadobutrol 	 Gadoterate	 Gadobenate	 Gadopentetate 	 Gadodiamide  
			   meglumine 	 dimeglumine 	 dimeglumine

Year FDA-approved	 1992	 2011	 2013	 2004	 1988	 1993

 
Physicochemical Properties

Chemical Structure	 Macrocyclic	 Macrocyclic	 Macrocyclic	 Linear	 Linear	 Linear

Ionicity	 Nonionic	 Nonionic	 Ionic	 Ionic	 Ionic	 Nonionic

Concentration (M)	 0.5	 1.0	 0.5	 0.5	 0.5	 0.5

Conditional Stability	 17.1	 15.3	 19.3	 18.4	 18.4	 14.9 
(pH7.4)

Kinetic Stability	 High	 High	 High	 Medium	 Low	 Low

Excess Chelate	 0.23	 0.5	 0	 0	 0.4	 12 
(mg/mL)

 
Indications and Dosage

Approved Indications*	 CNS (A,P); 	 CNS (A,P,N);	 CNS (A,P, N)	 CNS (A,P,N);	 CNS (A,P);	 CNS (A,P); 	
	 head & neck (A)	 breast disease; 		  MRA of renal or	 head & neck	 body (excluding 
		  supra-aortic		  aorto-iliofemoral	 (A,P); body	 heart) (A,P) 
		  /renal disease		  occlusive vascular	 (excluding heart)	  
		  (A,P,N)		  disease (A)	 (A,P)

Approved dose	 0.1 + 2nd dose	 0.1	 0.1	 0.1	 0.1	 0.1 
(mmol/kg)*	 of 0.2 up to 30 min 
	 after 1st dose if 
	 needed (A); 0.1 (P)

*A=adult; P=pediatric; N=neonate. 
CNS=central nervous system; ECF=extracellular fluid; GBCA=gadolinium-based contrast agent; MRA=magnetic resonance angiography.

2	                APPLICATIONS IN CONTRAST IMAGING	                   APPLIED RADIOLOGY



      APPLIED RADIOLOGY                       APPLICATIONS IN CONTRAST IMAGING	      3

patients with chronic kidney disease (CKD) exposed only to ProHance  
(gadoteridol; n=171) or MultiHance (gadobenate dimeglumine; 
n=363), and no cases of NSF were seen with either agent.10 These 
findings are consistent with the classification of these 2 agents as low-
risk GBCAs. 

AR: Do you have personal experience with Omniscan™  
(gadodiamide) or OptiMARK™ (gadoversetamide)?
MJK: I did use the GBCA OptiMARK (gadoversetamide) early on, 
primarily for research, and I have used Omniscan (gadodiamide) only 
as a comparator, not for clinical use. Both of these agents are rela-
tively unstable and considered higher risk for NSF.11 In addition, we 
know that they are both formulated with excess chelate, and I don’t 
want my patients exposed to higher risk of gadolinium transmetalla-
tion with endogenous metals, which is more likely to occur with these 
agents. Note that in 2017, Guerbet announced that their linear agent 
OptiMARK (gadoversetamide) would be phased out and no longer 
available after 2019.12

AR: What about the most recently approved agents, such as  
Gadavist® (gadobutrol) and Dotarem® (gadoterate meglumine)?
MJK: The newest agent on the market, Dotarem (gadoterate me-
glumine), was actually the second agent approved in the world after 
Magnevist (gadopentetate dimeglumine), but was only available in 

Europe for a very long time. I have no personal experience with this 
agent. Gadavist (gadobutrol) is another relatively new agent and this 
agent has twice the concentration of gadolinium (1M) vs the other 
agents (0.5M). I have used it, but I have limited experience with this 
agent. We often use half dose in patients with renal dysfunction, and 
for most agents, this translates to half volume. When it comes to Ga-
davist (gadobutrol), this would mean quarter volume, and we did have 
a tech give half volume Gadavist (gadobutrol) to a patient, which is 
essentially overdosing a patient with CKD. So I find this difference in 
concentration adds an unnecessary layer of complexity.

AR: Can you describe in more detail the attributes that you 
think are most important in selecting a GBCA?
MJK: Absolutely. I like to consider 3 things: safety, efficacy, and 
versatility. You always want to use the safest agent for your patient 
– for reducing the risk of adverse events (AEs), as well as NSF. In 
a large study of over 28,000 patients, AEs associated with adminis-
tration of ProHance (gadoteridol) have been demonstrated to be ex-
ceedingly low.13 In addition, in terms of NSF, ProHance (gadoteridol) 
is in the safest class of agents (Class II).11 Importantly, ProHance 
(gadoteridol) has demonstrated efficacy and safety in children,5,14 and 
has a pediatric indication.7 In children, the greater stability of a mac-
rocyclic agent is potentially even more important, as they have longer 
lives ahead of them.

Table 2. 2018 NIH/ACR/RSNA Workshop on Gadolinium Chelates:  
Knowledge Gaps in Understanding Gadolinium Retention34

Animal/Basic Science Research Questions

What is the long-term biodistribution of intravenously administered GBCA?

What is the toxic potential of chronically retained amounts of gadolinium in tissues? What are the mechanisms of this toxicity?

What are the best approaches to identification and quantification of gadolinium species in tissues? 

Are there measurable clinical manifestations (neurologic or nonneurologic)? Is there a toxic dose threshold for chronic gadolinium exposure?

Are there common molecular mechanisms and clinical manifestations between chronic gadolinium retention and NSF?

What is the long-term biodistribution of intravenously administered GBCA?

 
Clinical Research Questions

What is the long-term biodistribution of intravenously administered GBCA?

Define potentially altered dynamics in vulnerable populations 

Standardize and validate gadolinium and GBCA tissue measurement methods and quality assurance procedures

What chemical forms of gadolinium are found in tissues and body fluids?

Are all GBCAs retained in human CNS tissue?

To what extent does gadolinium accumulate in tissues other than CNS?

Are there clinical or demographic factors that predispose patients to gadolinium retention?

How is gadolinium entering CSF?

Are there measurable human clinical manifestations (neurologic or nonneurologic) due to GBCA exposure, retention, or both?

What is the risk benefit of each GBCA in clinical use?

Are there measurable adverse outcomes from GBCA exposure in vulnerable populations (elderly, pediatric populations, specific disease  
      population)? If so, what risk mitigation strategies are appropriate to minimize the risk in these populations? 

ACR=American College of Radiology; CNS=central nervous system; CSF=cerebrospinal fluid; GBCA=gadolinium-based contrast agent; NIH=National Institutes of Health; 
NSF=nephrogenic systemic fibrosis; RSNA=Radiological Society of North America.
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Second, you want the agent to be effective in order to get the 
best-quality images. Early Phase 2 and Phase 3 dosing studies com-
paring up to triple-dose ProHance (gadoteridol) with single dose 
Magnevist (gadopentetate dimeglumine) showed that at equivalent 
doses, the performance of these agents was comparable, while higher 
doses of ProHance (gadoteridol) were safe and more effective at de-
tecting and delineating certain CNS lesions.3,15 Since then, a number 
of double-blind, intraindividual, crossover studies comparing Pro-
Hance (gadoteridol) with other GBCAs have been published. In a 
Phase 3 trial from 2001, Greco and colleagues showed that equiv-
alent 0.1 mmol/kg doses of ProHance (gadoteridol) and Magnevist 
(gadopentetate dimeglumine) were equally effective for MRI of intra-
cranial lesions in 92 patients.16 Most recently, equivalent single doses 
of ProHance (gadoteridol) and the 1M agent Gadavist (gadobutrol) 
were compared in a large, multicenter, crossover study in 229 patients 
with brain tumors (the TRUTH study).17 The authors found that the 
agents provided similar information for visualization and diagnosis 
of brain lesions, and concluded that the 2-fold higher concentration of 
Gadavist (gadobutrol) conferred no benefit for routine morphologic 
imaging. In addition, the clinical studies included as part of the Gada-
vist (gadobutrol) clinical development program clearly state that the 
performance of 0.5M ProHance (gadoteridol) is similar to that of 1M 
Gadavist (gadobutrol).18

Finally, an important quality in a GBCA is versatility – the abil-
ity to use the agent in a variety of clinical settings. So, for example, 
the triple-dose approval of ProHance (gadoteridol) has been a huge 
advantage in the past, and still remains so. At the local gamma knife 
center, our surgeons often insist on double and triple dose studies, and 
they are comfortable with using ProHance (gadoteridol) at these higher 
doses in their patients. ProHance (gadoteridol) is approved for triple 
dose and, since it has such an excellent safety profile and is macro-
cyclic, they feel comfortable doing that. No other GBCA has that tri-
ple-dose approval, including the other 2 macrocyclic agents (Gadavist 
[gadobutrol] and Dotarem [gadoterate meglumine]). There are many 
studies showing triple dose is better not only for metastatic disease,3 
but also for imaging of multiple sclerosis lesions.19 For cardiac MR, 
we typically use a higher dose (30 mL), so it is also important to use a 
safe agent for this application. Finally, ProHance (gadoteridol) is ideal 
in the setting of intraoperative MRI. This technique requires dynamic, 
real-time images to be acquired during the surgical procedure. This 
places greater demands on the contrast – it may be necessary to give 
multiple doses as the operation proceeds – and ProHance (gadoteridol) 
is not just approved for high doses, but for repeat doses.7 

AR: Lately, there has been much discussion among radiologists 
and the public regarding gadolinium deposition in the brain.  
What is your thinking on this topic?
MJK: Well, we know from older studies that following GBCA ad-
ministration, gadolinium can be found in the bones of patients. White 
and colleagues showed that gadolinium was retained in human bone 
following hip replacement surgery, and that approximately 4 times 
more gadolinium was left behind following administration of the less 
stable linear agent Omniscan (gadodiamide) compared to the macro-
cyclic agent ProHance (gadoteridol).20 We also know gadolinium can 
be found in the skin of patients with NSF.21

Recently, a number of groups have reported detecting T1 hy-
perintensity in the brain following repeated contrast-enhanced scans, 
and this signal has been attributed to residual gadolinium from prior 

GBCA administration.22-26 The precise form and concentration of the 
gadolinium have yet to be elucidated, and no associated clinical se-
quelae have been demonstrated. At first, gadolinium deposition was 
thought to occur more frequently with linear than with macrocyclic 
agents.27-29 However, most recently, it was demonstrated that exposure 
to any agent can potentially result in gadolinium deposition.30 Very 
recently, a study showed gadolinium deposition in the liver of pediatric 
patients, even with a macrocyclic agent, in this case Dotarem (gad-
oterate meglumine).31 Presently, the FDA has indicated that the use of 
GBCAs should be limited to clinical circumstances in which the addi-
tional information provided by the contrast is necessary, and that the 
necessity for repetitive GBCA MRIs should be reassessed; however, 
at this time, they are not recommending any changes to the labels of 
GBCA products.32 Importantly, studies published recently support the 
lack of clinical consequences of gadolinium deposition in the brain: 
Welk et al showed no association between Parkinsonism symptoms 
and ≥1 GBCA exposure in almost 100,000 patients.33

In 2018, McDonald et al. published results from the 2018 NIH/
ACR/RSNA Workshop on Gadolinium Chelates, the purpose of which 
was to provide a “research roadmap” that would highlight the informa-
tion about gadolinium retention that is not known, and to identify and 
prioritize needed research.34 Table 2 summarizes the knowledge gaps 
that were identified, pointing out that there is yet much to be learned 
and understood about this potentially important clinical topic.
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Applied Radiology (AR): Dr. Maki, please briefly describe some of the challenges 
you face when selecting an MR imaging contrast agent.
Dr. Maki: Some of the most important challenges center on safety, patient tolerance, efficacy and cost.

Safety is always my foremost concern. I want to ensure my patients are subjected to the lowest 
possible risk of adverse events, both immediate, in terms of severe contrast reactions, and long-term, 
when considering sequelae such as nephrogenic systemic fibrosis (NSF). 

Going hand-in-hand with this is patient tolerance, by which I mean the more short-term and less-se-
vere side effects that cause no lasting harm, such as nausea, flushing, headache and others. These are, 
of course, undesirable, particularly from the patient’s perspective, but they go with the territory when 
administering any contrast agent. 

By efficacy, I mean how well does the contrast agent do what it is intended to do. On a fundamental 
level, this means shortening T1 (or in some applications shortening T2 or T2*), and on a clinical level 
this means providing evidence that it allows us to make a diagnosis, or to make a diagnosis earlier or 
more accurately than could be done with another test or another contrast agent. 

Finally, particularly in today’s cost-conscious medical environment, expense plays an important 
role. When choosing between otherwise equal MR contrast agents, price can be a differentiator. 

AR: Which contrast agents have you used in the past? Tell us about your experience with 
and knowledge of macrocyclic GBCAs. What attributes (eg, physiochemical properties, 
stability, efficacy, and safety) figured most prominently in your selection process?
Dr. Maki: I have used multiple GBCAs over the years. Most of my earliest work was with Magnevist, 
which was the first MR contrast agent approved back in 1988, and with Omniscan. I did a lot of dou-
ble-dose magnetic resonance angiography (MRA) before the relationship between gadolinium contrast 
and NSF was known, and these contrast agents were used at my hospitals based primarily on perceived 
side effects and contractual considerations. All of the gadolinium agents were seemingly magic back in 
the 1990’s, as we produced ever-improving contrast-enhanced MRA (CE-MRA) images.

As part of my research with MRA, I became more focused on the efficacy component of gado-
linium contrast than the safety component, which at that time was considered quite similar for the four 
approved US agents (Magnevist, Omniscan, Optimark, ProHance). By this I’m mainly referring to T1 
relaxivity, with the recognition that higher relaxivity contrast agents (such as MultiHance, which was 
approved in the US in 2004) cause more T1 shortening at a given dose, which translates to greater signal 
intensity or SNR. This was extremely important to us for CE-MRA, particularly when using older MR 
machines and coil systems, as increased SNR allows for increased speed and spatial resolution. The 
benefits of MultiHance for MRA have been shown in many studies, but beyond MRA there are multiple 
additional studies in neuro, breast, and liver MR, showing combinations of superiority at equal dose and 
non-inferiority at half dose.1-5

With the recognition of a link between gadolinium contrast and NSF in 2006, the MR community 
began scrutinizing gadolinium formulations and dosages carefully. Suddenly, new terms previously 
relegated to chemists and pharmacologists, such as “thermodynamic and kinetic stability constants,” 
“transmetallation,” “excess chelates,” and “macrocyclic vs. linear ligand structure” became common 
nomenclature and hot topics of discussion. 

While I don’t believe we completely understand NSF yet, what is clear to me is that it is a disease 
caused by prolonged exposure to certain gadolinium formulations, which in certain biochemical environ-
ments (eg, those associated with renal failure) can lead to the release of the toxic, heavy-metal gadolinium 
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Currently, there are 9 gadolinium-based contrast agents (GBCAs) approved by the FDA for mag-
netic resonance imaging (MRI), 7 of which are extracellular fluid agents: Dotarem (gadoterate 
meglumine; Guerbet), Gadavist (gadobutrol; Bayer Healthcare), ProHance (gadoteridol; Bracco 

Diagnostics), Magnevist (gadopentetate dimeglumine; Bayer Healthcare), MultiHance (gadobenate di-
meglumine; Bracco Diagnostics), Omniscan (gadodiamide; GE Healthcare), and OptiMARK (gadover-
setamide; Covidien). These agents vary in their physicochemical properties, potentially impacting their 
safety and efficacy.1-9

In 2006, an association was made between nephrogenic system fibrosis (NSF), a potentially fatal, 
systemic disease, and administration of GBCAs.10 Factors that increase the risk for development of 
NSF include factors related to the patient (severe renal dysfunction), contrast administration parameters 
(high and/or repeated GBCA doses), and to the GBCA itself (lower-stability GBCAs).11 For patients in 
whom the potential benefits of contrast-enhanced MRI outweigh the risks, it is appropriate to reduce the 
possibility of NSF by minimizing contrast volumes and selecting a more stable agent. Here we discuss 
with Drs. Desiree Morgan and Rupan Sanyal considerations for contrast agent selection in patients at 
risk for developing NSF, with particular emphasis on those aspects most relevant to clinical practice in 
a large, busy, academic hospital.

Applied Radiology (AR): Welcome, Drs. Morgan and Sanyal. Can you please describe 
for us your imaging facility at the University of Alabama at Birmingham (UAB)?
Drs. Morgan and Sanyal: The UAB Hospital is a large, 900-bed, tertiary-care, academic hospital that 
provides its patients with a complete range of primary and specialty care services. The UAB Depart-
ment of Radiology has more than 80 highly-trained, subspecialized radiologists. Our department has 
eight 1.5- and 3.0-T MR imaging scanners, and we perform approximately 30,000 MRI scans annually. 

AR: Briefly describe some of the challenges you are faced with when selecting a contrast 
agent for MR imaging. What attributes are most important (ie, physicochemical proper-
ties, stability, efficacy, safety) in choosing a GBCA? What considerations go into GBCA 
selection in patients with renal dysfunction?
Drs. Morgan and Sanyal: As you know, intravenous administration of GBCAs is an integral part of 
most MRI protocols. Intravenous GBCAs help radiologists better delineate anatomy and evaluate vari-
ous pathologies, including tumors, inflammation, ischemia, patency of blood vessels, and others. With 
respect to the challenges we face at UAB, many of the patients referred for MRI have varying degrees of 
renal dysfunction. Although intravenous contrast agents have clear advantages in most clinical situations, 
patients with renal dysfunction present radiologists with a dilemma: NSF, a recently described rare but 
serious disease, can develop in a patient with severe renal dysfunction, and it has been associated with 
intravenous GBCA administration.10 In at-risk patients, radiologists have to weigh the benefit of GBCA 
administration during MRI with the risk of potentially life-threatening NSF. Once a decision to admin-
ister a GBCA has been made, radiologists have to choose an appropriate agent, one that is least likely to 
cause NSF.

To choose an appropriate GBCA, it is important to understand the differences between the various 
types of GBCAs and the hypothesized pathophysiology of NSF, and also to draw upon the past experience 
of various institutions. NSF is likely caused by soft tissue deposition of free gadolinium liberated from 
the GBCA chelate that cannot be adequately excreted by the kidneys.12,13 It is known that in patients with 
renal dysfunction, the rate of elimination of GBCAs is slowed: in moderately renally-impaired subjects 
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Case Study

68-year-old female with weight loss,  
nausea, and vomiting, and a single  

episode of unresponsiveness

Case Summary
A 68-year-old female presented with weight loss, nau-

sea, and vomiting, and a single episode of unresponsiveness. 
Unenhanced images were obtained. Following the uncom-
plicated intravenous administration of 12 mL of ProHance 
(gadoteridol), axial, sagittal, coronal T1 images were obtained 
(Figure 1).

Imaging Findings
The axial FLAIR image shows subtle hyperintensity in 

the cerebellopontine angles, left greater than right. There are 
extensive areas of diffuse leptomeningeal enhancement and 
thickening involving the infundibulum, hypothalamus, mid-
brain, pons, medulla, cerebellar tonsils, and cervical spinal 
cord. In addition, there is focal nodular thickening in the left 
cerebellopontine angle and coating of cranial nerves seven 
and eight on the left.

Diagnosis
Neurosarcoidosis 

Conclusion
Neurosarcoidosis is characterized by noncaseating gran-

ulomas in the dura, leptomeninges, subarachnoid and peri-
vascular spaces and less commonly, in the brain parenchyma 
and spinal cord. Typical locations are demonstrated in this 
case, including suprasellar and cranial nerve involvement, 
cerebellopontine angle nodules and diffuse leptomeningeal 
thickening. Often there are only very subtle abnormalities on 
the unenhanced images. Judicious use of gadolinium-based 
contrast agents is key to diagnostic success. 
references
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FIGURE 1. Imaging findings: (A) Axial FLAIR; (B,C) axial T1-w with contrast; (D) sagittal T1-w 
with contrast; (E,F) coronal T1-w with contrast. 
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