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Introduction
At present, in the United States, six general-use, extracellular fluid (ECF) 

gadolinium (Gd)-based contrast agents (GBCAs) are approved for use for a num-
ber of magnetic resonance imaging (MRI) indications. From a safety perspec-
tive, most GBCAs were once considered essentially interchangeable, but we 
now know that GBCAs vary in their safety profile. As a result, selecting a GBCA 
has become an increasingly complex challenge, as well as an opportunity, for 
radiologists and referring physicians. 

Applied Radiology assembled a group of six well-respected radiologists 
experienced in adult and pediatric MR neuroimaging to discuss and debate 
their views on selection of contrast agents for contrast-enhanced neuro-MRI. 
This article summarizes those discussions, with particular emphasis on differen-
tiation among currently available GBCAs based on safety and stability, and on 
how clinicians can use this information to institute evidence-based best prac-
tices at their institutions.
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The properties of available ECF GBCAs are 
provided in Table 1.1-8 GBCAs consist of a 

Gd ion chelated to a carrier molecule. In terms 
of structure and stability, GBCAs may be macro-
cyclic or linear, and ionic or nonionic. In mac-
rocyclic agents, the Gd ion is encircled by a 
chelate “cage,” and such complexes have been 
shown to be more stable than GBCAs with lin-
ear chelates.7,10,11 In addition, for GBCAs, ionic-
ity also contributes to tighter binding between 
the Gd and chelate; ie, ionic GBCAs are less 
likely to dissociate and release the Gd ion.12 

These concepts align with the prevailing theory 
that the most stable Gd-chelate complex would 
be ionic and have a macrocyclic backbone. In 
fact, Dotarem® (gadoterate meglumine), the 
first macrocyclic and ionic GBCA, demonstrates 
the highest thermodynamic and kinetic stability 
constants.1-8 (Table 1)

For neuroradiology applications, all the ECF 
GBCAs are indicated for MRI evaluation of the 
central nervous system (CNS) in adults and chil-
dren over the age of 2 years. Dotarem, Gada-
vist® (gadobutrol), and MultiHance® (gadobenate 

Contrast-Enhanced Neuroimaging with Dotarem® 
(Gadoterate Meglumine)

The Benefits of a Macrocyclic, Ionic Contrast Agent | An Expert Forum Summary

   Contrast Agent	     Type	 Nonionic	          Stability	 (T1/2 @ pH 1.0, 25°C)	 Overall Stability	
			   log Ktherm	 log Kcond  
				    (pH 7.4)	

   Dotarem® 	 Macrocyclic	 Ionic	 25.6	 19.3	 338 hr	 High 
   (gadoterate  
   meglumine)

   Gadavist® 	 Macrocyclic	 Nonionic	 21.8	 14.7	 43 hr	 High 
   (gadobutrol)

   ProHance® 	 Macrocyclic	 Nonionic	 23.8	 17.1	 3.9 hr	 High 
   (gadoteridol)

   Clariscan™	 Macrocyclic	 Ionic	 25.6	 19.3	 NA*	 High 
   (gadoterate  
   meglumine)

   MultiHance® 	 Linear	 Ionic	 22.6	 18.4	 < 5 sec	 Medium 
   (gadobenate  
   dimeglumine)

   Omniscan™	 Linear	 Nonionic	 16.9	 14.9	 < 5 sec	 Low  
   (gadodiamide)

Table 1. ECF GBCAs Approved for Use in the United States1-8

*Data shown related to gadoterate meglumine were not derived from a study using Clariscan, but the study drug has an active  
pharmaceutical ingredient equivalent to Clariscan. 



Contrast-Enhanced Neuroimaging with Dotarem® (Gadoterate Meglumine) Injection

4       n        SUPPLEMENT TO APPLIED RADIOLOGY
©

        www.appliedradiology.com November–December 2020

dimeglumine; at half dose) are also indicated 
for evaluation of the CNS in term neonates and 
children 0-2 years old.1,2,5

Relaxivity, defined as the ability of the GBCA 
to create enhancement, is comparable among 
all the available GBCAs (with the exception of 
MultiHance, which is a bit higher), and stable 
over the range of magnetic fields used in clinical 
practice (0.2-1.5T).1-8 Another differential prop-
erty is the formulation: all the ECF GBCAs have 
a concentration of 0.5 mmol/mL, with the excep-
tion of Gadavist, which is twice as concentrated 
as the others (ie, formulated at 1 mmol/mL), 
and thus requires half the volume to deliver the 
same amount of Gd as the other agents.2 

GBCA Structure and the  
Implications for Stability 
Measuring GBCA Stability 

Stability of GBCAs can be assessed by mea-
suring the conditional thermodynamic stability 
constant (log Kcond, measured at physiologic pH 
7.4) and the half-life (T1/2).

8,13 Figure 1A shows 
that the ionic contrast agents Dotarem and 

MultiHance have higher conditional thermody-
namic stability compared with nonionic agents. 
Note that these constants are measured on a 
logarithmic scale and, therefore, small differ-
ences represent large differences in stability. 
In addition, the half-life, or T1/2, is substantially 
different among the GBCAs: the T1/2 of the lin-
ear agents is <5 seconds, while the T1/2 is 3.9 
hours for ProHance® (gadoteridol), 43 hours for 
Gadavist, and up to 338 hours for Dotarem (the 
endpoint of the experiment).8 (Figure 1B) The 
same relationships were confirmed in a study 
performed in human plasma in the absence 
and presence of competitor ions:7 the pres-
ence of competitor ions in the plasma hastened 
the release of Gd, and the macrocyclic agents 
remained most resistant to transmetallation.

Nephrogenic Systemic Fibrosis (NSF)
It has been known for just over 10 years 

that the least stable GBCAs increase the risk 
for NSF among patients with severe renal  
dysfunction. NSF is a painful, potentially fatal 
disease in which severe fibrosis is seen in  

A

B

FIGURE 1. Conditional thermodynamic stability (A) and T1/2 (B) values for GBCAs.8

“Contrast -enhanced 
imaging is indicated 
in children for a wide 
variety of situations, 
including evaluation 
of intracranial, spine, 
and head and neck 
pathologies.”

Dr. Roberts is Associate  
Professor at the Medical  

University of South Carolina

Donna R. Roberts, MD

NOTE: Data shown are related to Dotarem; Clariscan was not used in this study, but has an equivalent active 
pharmaceutical ingredient.
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various organs, including the skin, muscle, and 
internal organs.14-17 In addition to end-stage 
renal disease, the main risk factors for devel-
oping NSF include administration of high and 
repeated doses of a low-stability GBCA.14,15 As 
NSF does not occur in the majority of patients 
with end-stage renal disease administered high/
multiple doses of a low-stability GBCA, other 
unique and less well-understood physiologic  
or clinical factors are presumed to contribute to 
NSF incidence. 

Based on the number of unconfounded 
(ie, single agent) cases of NSF seen following 
administration of each GBCA, we know the 
risk of NSF is: highest with linear, nonionic 
agents; intermediate with linear, ionic agents; 
and lowest with macrocyclic agents. (Fig-
ure 2) Although factors such as market share 
and usage patterns undoubtedly contribute 
to some skew in the data,18-20 it is notewor-
thy that among the macrocyclics, no uncon-
founded cases of NSF have been associated 
with the highly stable macrocyclic and ionic 
GBCA Dotarem, despite extensive use in the 
“pre-NSF era” and after over 100 million doses 
have been administered worldwide. (Guerbet; 
data on file) 

Since the association of GBCA use with NSF 
was reported, various government regulatory 
bodies and professional societies, including 
the U.S. Food and Drug Administration (FDA) 
and the American College of Radiology (ACR), 
have issued guidelines classifying the various 
GBCAs according to their inherent NSF risk, 
as well as recommendations for GBCA use in 
patients with various degrees of renal dysfunc-
tion.21,22 The recommendation by both groups 
is to avoid (contraindicated by the FDA) low- 
stability agents in patients with acute kidney 
injury or severe renal dysfunction (eGFR <30 
mL/ min/1.73 m2). (Table 2) These guidelines, 
together with the ensuing changes in clinical 
practice patterns around GBCA administration, 
have resulted in a dramatic decrease in the 
number of newly reported NSF cases. 

Administration of GBCAs in Patients with 
Known Renal Dysfunction 

Patients with end-stage renal disease are 
at greatest risk for NSF. However, evidence 
shows that the risk of NSF is reduced when 
Group II agents are used. For example, in the 
RESCUE Study, Deray et al compared the safety 
of contrast-enhanced MRI with Dotarem to 

FIGURE 2. Graphic representation of the relationship between chelate structure and ionicity, and  
confirmed unconfounded NSF cases.18-20

“I would say without a 
doubt, having Dotarem 
on the shelf has changed 
my personal level of anx-
iety in the patient with a 
low GFR. Again, the indi-
vidual patient matters, 
the clinical indication, 
etc., but having that on 
the shelf has changed 
my threshold for saying 
that I don’t feel comfort-
able giving contrast in a 
particular patient. ” 

Daniel J. Podberesky, MD

Dr. Podberesky is 
Radiologist-in-Chief at Nemours  

Children’s Health System
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IMPORTANT SAFETY INFORMATION1

WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
Gadolinium-based contrast agents (GBCAs) increase the risk for NSF among patients with impaired elimination of the drugs.  
Avoid use of GBCAs in these patients unless the diagnostic information is essential and not available with non-contrasted  
MRI or other modalities. NSF may result in fatal or debilitating fibrosis affecting the skin, muscle and internal organs.
•  The risk for NSF appears highest among patients with:
 o  Chronic, severe kidney disease (GFR < 30 mL/min/1.73m2), or
 o  Acute kidney injury.
•  Screen patients for acute kidney injury and other conditions that may reduce renal function. For patients at risk for 
    chronically reduced renal function (e.g. age > 60 years, hypertension, diabetes), estimate the glomerular filtration rate  
    (GFR) through laboratory testing.
•  For patients at highest risk for NSF, do not exceed the recommended DOTAREM dose and allow a sufficient period of 
    time for elimination of the drug from the body prior to any re-administration. 

Indications and Usage
DOTAREM® (gadoterate meglumine) injection is a prescription gadolinium-based contrast agent indicated for intravenous use with magnetic resonance imaging (MRI) in 
brain (intracranial), spine and associated tissues in adult and pediatric patients (including term neonates) to detect and visualize areas with disruption of the blood brain 
barrier (BBB) and/or abnormal vascularity.

Contraindications
History of clinically important hypersensitivity reactions to DOTAREM. 

Warnings and Precautions
•  Hypersensitivity Reactions: Anaphylactic and anaphylactoid reactions have been reported with DOTAREM, involving cardiovascular, respiratory, and/or cutaneous  
    manifestations. Some patients experienced circulatory collapse and died. In most cases, initial symptoms occurred within minutes of DOTAREM administration and resolved 
    with prompt emergency treatment.
•  Before DOTAREM administration, assess all patients for any history of a reaction to contrast media, bronchial asthma and/or allergic disorders. These patients may  
    have an increased risk for a hypersensitivity reaction to DOTAREM. 
•  Administer DOTAREM only in situations where trained personnel and therapies are promptly available for the treatment of hypersensitivity reactions, including personnel trained  
    in resuscitation. 
•  Gadolinium Retention: Gadolinium is retained for months or years in several organs. The highest concentrations have been identified in the bone, followed by brain,  
    skin, kidney, liver and spleen. The duration of retention also varies by tissue, and is longest in bone. Linear GBCAs cause more retention than macrocyclic GBCAs. 
•  Consequences of gadolinium retention in the brain have not been established. Adverse events involving multiple organ systems have been reported in patients with 
    normal renal function without an established causal link to gadolinium retention.
•  Acute Kidney Injury: In patients with chronically reduced renal function, acute kidney injury requiring dialysis has occurred with the use of GBCAs. The risk of acute 
    kidney injury may increase with increasing dose of the contrast agent; administer the lowest dose necessary for adequate imaging.
•  Extravasation and Injection Site Reactions: Ensure catheter and venous patency before the injection of DOTAREM. Extravasation into tissues during DOTAREM  
    administration may result in tissue irritation.

Adverse Reactions
•  The most common adverse reactions associated with DOTAREM in clinical trials were nausea, headache, injection site pain, injection site coldness and rash. 
•  Serious adverse reactions in the Postmarketing experience have been reported with DOTAREM. These serious adverse reactions include but are not limited to:  
    arrhythmia, cardiac arrest, respiratory arrest, pharyngeal edema, laryngospasm, bronchospasm, coma and convulsion.

Use in Specific Populations
•  Pregnancy: GBCAs cross the human placenta and result in fetal exposure and gadolinium retention. Use only if imaging is essential during pregnancy and cannot  
    be delayed.
•  Lactation: There are no data on the presence of gadoterate in human milk, the effects on the breastfed infant, or the effects on milk production. However, published 
    lactation data on other GBCAs indicate that 0.01 to 0.04% of the maternal gadolinium dose is present in breast milk. 
•  Pediatric Use: The safety and efficacy of DOTAREM at a single dose of 0.1 mmol/kg has been established in pediatric patients from birth (term neonates ≥ 37 weeks 
    gestational age) to 17 years of age based on clinical data. The safety of DOTAREM has not been established in preterm neonates. No cases of NSF associated with 
    DOTAREM or any other GBCA have been identified in pediatric patients age 6 years and younger.

You are encouraged to report negative side effects of prescription drugs to the FDA. Visit www.fda.gov/medwatch or call 1-800-FDA-1088.
Please see the full Prescribing Information, including the patient Medication Guide, for additional important safety information.  
*Dotarem was launched globally in 1989 and approved by the FDA for use in the US in 2013.
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PROVEN.

Dotarem remains an industry standard for 
contrast imaging with a low incidence of 
immediate adverse events for patients 
of all ages.2-10

The Dotarem® safety profile has been tested 
and proven in both studies and 30 years 
of global clinical use.*

A low incidence of adverse events can  
help your patient focus on what matters  
most in their life.

Spontaneously Reported 
Worldwide Adverse Events.
(>50 million doses)3-100.007%

The first macrocyclic 
and ionic GBCA molecule.1
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You are encouraged to report negative side effects of prescription drugs to the FDA. Visit www.fda.gov/medwatch or call 1-800-FDA-1088.
Please see the full Prescribing Information, including the patient Medication Guide, for additional important safety information.  
*Dotarem was launched globally in 1989 and approved by the FDA for use in the US in 2013.
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REAL-WORLD TESTED.

REAL-WORLD 
PROVEN.

Dotarem remains an industry standard for 
contrast imaging with a low incidence of 
immediate adverse events for patients 
of all ages.2-10

The Dotarem® safety profile has been tested 
and proven in both studies and 30 years 
of global clinical use.*

A low incidence of adverse events can  
help your patient focus on what matters  
most in their life.
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Worldwide Adverse Events.
(>50 million doses)3-100.007%

The first macrocyclic 
and ionic GBCA molecule.1
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unenhanced MRI in 114 patients with chronic 
kidney disease, and found no difference in the 
incidence of NSF in the two patient groups.23 

In the prospective ProFINEST Study, Amet et 
al assessed the incidence of NSF in long-term 
dialysis patients that either received or did not 
receive a GBCA.24 Of the 571 included patients, 
almost all (88.9%) received Dotarem and, after 
a 4-month follow-up period, no cases of NSF 
were detected in these patients, supporting 
the use of a stable, macrocyclic agent when  
contrast-enhanced MRI is indicated, in even the 
most renal compromised. 

The general consensus among radiologists 
is that if a patient is on hemodialysis (but not 
peritoneal dialysis, as there is no evidence that 
it is protective), the contrast-enhanced exam 
should be scheduled so the next dialysis ses-
sion immediately follows the imaging exam.22 

The use of dialysis to minimize the risk of NSF 
has not been confirmed in any randomized, 
controlled trials, and it is generally agreed that 
initiating hemodialysis prior to or after GBCA 
administration in a patient not currently receiv-
ing hemodialysis is not warranted. 

Neuroimaging in the  
Adult Population 

Contrast-enhanced MRI in patients with 
malignant brain tumors provides information 
critical to diagnosis, treatment-related deci-
sions, and treatment follow-up. (Figure 3) 
Historically, MRI contrast agents have been 
viewed as having a favorable safety profile, 
with low adverse reaction rates.25,26 (Figure 
4) However, when using a GBCA for imaging 
adult patients with neurologic disease, several 
patient populations are at increased risk of 

	 Gadolinium-based	 FDA	 ACR Group	 NSF Risk per ACR 
	 Contrast Agent

	 Dotarem® 	 No contraindication	 Group II	 Associated with few, if any, 
	 (gadoterate meglumine) 		   	 unconfounded cases of NSF 

	 Gadavist®	 No contraindication	 Group II	 Associated with few, if any,	  	
	 (gadobutrol)			   unconfounded cases of NSF	

	 ProHance® 	 No contraindication	 Group II	 Associated with few, if any, 
	 (gadoteridol) 		   	 unconfounded cases of NSF 	

	 MultiHance® 	 No contraindication	 Group II	 Associated with few, if any, 
	 (gadobenate 			   unconfounded cases of NSF 
	 dimeglumine)		   	  				    

	 Omniscan™ 	 Contraindicated in	 Group I	 Associated with the greatest	  	
	 (gadodiamide) 	 patients with AKI or		  number of NSF cases  
		  eGFR <30 mL/min/1.73 m2			 

	 Magnevist® 	 Contraindicated in	 Group I	 Associated with the greatest 
	 (gadopentetate 	 patients with AKI or		  number of NSF cases 
	 dimeglumine) 	 eGFR <30 mL/min/1.73 m2 

Table 2. FDA and ACR Classification of Gadolinium-based Contrast Agents  
Relative to Nephrogenic Systemic Fibrosis Risk21,22

NOTE: Clariscan is not referenced in the ACR Contrast Media Manual, but it has an equivalent active pharmaceutical ingredient to Dotarem.
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“Contrast-enhanced MRI 
in patients with malig-
nant brain tumors pro-
vides information critical 
to diagnosis, treatment- 
related decisions, and 
treatment follow-up.”

Lawrence N. Tanenbaum, 
MD, FACR

Dr. Tanenbaum is Vice  
President & Medical Director,  

East Region, and Director  
of CT, MR & Advanced  

Imaging for RadNet, Inc.

clinical sequelae, particularly when less stable 
GBCAs are used. 

Even in low-risk patients, it is often benefi-
cial to evaluate clinical situations when it might 

be possible to avoid contrast use — eg, where 
the contrast may not actually contribute to the 
diagnosis or surveillance. MR contrast may be 
helpful for diagnosis and treatment planning, 

FIGURE 3. 67-year-old patient with new-onset seizures. Volumetric T2-weighted imaging, and postcontrast FLAIR and volumetric T1-weighted 
imaging after administration of 15 mL Dotarem reveal a heterogeneously enhancing mass with significant surrounding high signal and associ-
ated mass effect consistent with a diagnosis of glioblastoma. Images courtesy of Dr. L. Tanenbaum.

FIGURE 4. Rates of immediate allergic-like adverse events per 10,000 administrations, from a system-
atic review of 9 studies, including 716,978 GBCA administrations.26
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FIGURE 5. Postcontrast imaging from 6-month-old child with a vein of Galen malformation reveals the regions of most avid flow. Images 
courtesy of Dr. L.Tanenbaum.

but consideration should be given to its value 
in assessing interval changes in lesion size. The 
ability to routinely surveil primary brain lesions 
without contrast is somewhat more controver-
sial. However, if the primary brain lesion does 
not enhance, contrast may be less likely to 
contribute important information during sur-
veillance. Imaging the blood-brain barrier with 
contrast is also of limited value in distinguishing 
between treatment-related findings and recur-
rent tumor. In such cases, alternative methods, 
such as arterial spin labeling, could be helpful in 
lesion interrogation and characterization. 

Contrast-enhanced  
Neuroimaging:  
A Pediatric Perspective 

Contrast-enhanced imaging is indicated  
in children for a wide variety of situations, 
including evaluation of intracranial, spine, 
and head and neck pathologies. (Figures 5, 6) 

In fact, in many children, asymptomatic recur-
rence of brain tumors is detectable only with 
postcontrast imaging, justifying contrast-en-
hanced MRI for surveillance neuroimaging 
studies.27,28 However, when deciding whether 
to administer a GBCA, concerns for pediatric 
patients are somewhat different from those 
for adults. Surveillance imaging in children 
can potentially lead to a much larger cumula-
tive burden of Gd exposure over the course of 
a lifetime. In addition, other challenges to con-
trast administration in children include the dif-
ficulty in administering small doses accurately 
(often <1 mL), and the desire to avoid initiating 
an IV or using sedation. 

Finally, an important consideration when 
deciding whether to administer contrast in a 
child is the uncertain value of measuring eGFR 
in the very young. In the newborn, the GFR is 
only approximately 40 mL/min/1.73 m2, and 
it doesn’t reach adult levels of 100–125 mL/

“Dotarem is macrocyclic 
and ionic, so there is a 
chemical basis to support 
the fact that it’s a very 
stable agent.”

Dr. Brown is Professor and  
Chair of the Department  

of Radiology at  
Saint Louis University 

Jeffrey J. Brown, MD, FACR
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min/1.73 m2 until the child is about 2 years 
of age.29 As a result, eGFR thresholds typically 
used as guidelines for GBCA use in adults are 
not appropriate for pediatric patients. Rather, 
assuming the child is not known to have renal 
dysfunction, patient age is a better indicator 
of renal function than eGFR and often, waiting 
even 1 week before administering contrast can 
allow for substantial maturation in renal func-
tion. Although there are very few, if any, doc-
umented cases of NSF in children <2 years of 
age, their immature renal function potentially 
does, in theory, represent an NSF risk.30 There-
fore, it is important, particularly in children, 
(1) to administer a GBCA only when clinically 

necessary, (2) to document the number of 
doses administered to a patient, (3) to consider 
temporal spacing between exams to permit 
full clearance, and (4) when indicated, to use a 
high-stability agent. 

Recent practice-pattern surveys confirm a 
trend among pediatric radiologists to switch 
from linear agents to macrocyclics.31 Specif-
ically, in a survey of over 5,000 physicians 
in various pediatric specialties conducted 
between January 2016 and March 2016, 
(overall response rate 690/5,390 [13%]), 80% 
of responding pediatric hospitals were found 
to use a macrocyclic GBCA. Of those pediat-
ric radiology departments that switched in the 

“We keep several agents 

on formulary. We have 

a main agent, Dotarem, 

and we feel good about 

it, particularly in children. 

We keep a second agent 

for the rare patient who 

has a serious adverse 

“allergic or allergic-like 

reaction” to a macrocy-

clic — we figure if they’re 

going to get an agent 

next t ime, we’re better 

off giving them a linear 

agent. And then we have 

other agents for niche 

uses. But 95% of what 

we’re using now is Dot-

arem, because that was 

acceptable to everybody.”

Dr. Weinreb is Professor  
of Radiology and

Chief of MRI Services,
Yale School of Medicine

Jeffrey C. Weinreb, MD, FACR

FIGURE 6. Contrast-enhanced MR image of the spine of a 24-month-old child with leptomeningeal 
drop-metastases from medulloblastoma (2.2 mL Dotarem [gadoterate meglumine]). Image courtesy of 
Prof. G. Sebag.
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last year (15/26 [58%]), most (8/15 [53%] 
switched to Dotarem, and the most common 
reasons for switching included brain gado-
linium deposition concerns (11/15 [73%]), 
improved safety profile (7/15 [47%]), and 
improved stability (5/15 [33%]). Previously, 
GBCAs were used off-label in children <2 
years of age; however, Dotarem, Gadavist, and  
MultiHance are all currently FDA-approved for 
use in neonates and young children.1,2,5 

Administrative Considerations 
When selecting a contrast agent, it is pru-

dent practice that physicians with knowledge 
and experience be part of the decision-making 
team. 

Upon switching agents, care must be taken 
to ensure a smooth transition, since increases 
in reports of adverse reactions shortly after a 
transition can occur due to staff on the “look-
out” for new reactions (Weber effect), a phe-
nomenon that has been recognized to occur 
after a GBCA switch.32,33 Educating nurses and 
technologists regarding the history of (ie, num-
ber of administrations worldwide) and safety 
profile of the newer agent can often ensure and 
boost comfort. An updated and current depart-
ment-wide contrast agent policy that provides 
clear guidelines on which agent to use in which 
patients, when to screen for renal function, 
when to pretreat, etc., is essential. 

Conclusions 
In summary, the currently available ECF 

GBCAs have varying structures that impact their 
stability, and thus their propensity to release 
Gd from the chelate in vivo. Therefore, when 
a risk-benefit analysis supports the use of 
contrast with MRI, stability is a very important 
consideration when selecting from among the 
currently available GBCAs. 
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Individual results may vary

For more information on Dotarem®, please see Full Prescribing Information, including Boxed Warning and Medication Guide.

Case Studies

Patient: 46-year-old female with history of migraine and 
tension headaches. 

Procedure: Brain MRI; 11 mL Dotarem® administered. 
Patient dosage was weight-based. 

Impression: MRI of the brain with contrast demonstrates dif-
fuse leptomeningeal enhancement and thickening suggest-
ing intracranial hypotension.

Case courtesy of: Peachtree Neurological Clinic, Atlanta, Georgia. 

AXIAL NONCONTRAST AXIAL CONTRAST

Patient: 4-year-old with history of an optic pathway glioma 
and moderate renal insufficiency. 

Procedure: Brain MRI; patient administered a weight-
based dose of Dotarem®. 

Impression: Axial T1-weighted images before and after 
the administration of Dotarem® show enhancement within 
the masses of the optic pathway.

Case courtesy of: Cincinnati Children’s Hospital Medical Center, 
Cincinnati, Ohio. 

AXIAL T1 UNENHANCED AXIAL T1 ENHANCED

Patient: 8-year-old with tuberous sclerosis and mild renal 
insufficiency. 

Procedure: Brain MRI; patient administered a weight-based 
dose of Dotarem®. 

Impression: Axial T1-weighted images show enhancement 
of a right-sided subependymal giant cell astrocytoma at the 
level of the foramen of Monro.

Case courtesy of: Cincinnati Children’s Hospital Medical Center, 
Cincinnati, Ohio. 

AXIAL T1 UNENHANCED AXIAL T1 ENHANCED
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IMPORTANT SAFETY INFORMATION
	
 WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
	� Gadolinium-based contrast agents (GBCAs) increase the risk for NSF among patients with impaired elimination of the drugs. 

Avoid use of GBCAs in these patients unless the diagnostic information is essential and not available with non-contrasted 
MRI or other modalities. NSF may result in fatal or debilitating fibrosis affecting the skin, muscle and internal organs.

		  • The risk for NSF appears highest among patients with:      
			   • Chronic, severe kidney disease (GFR < 30 mL/min/1.73 m2), or
			   • Acute kidney injury.
		  • �Screen patients for acute kidney injury and other conditions that may reduce renal function. For patients at risk for 

chronically reduced renal function (e.g. age > 60 years, hypertension, diabetes), estimate the glomerular filtration 
rate (GFR) through laboratory testing.

		  • �For patients at highest risk for NSF, do not exceed the recommended DOTAREM dose and allow a sufficient period of 
time for elimination of the drug from the body prior to any re-administration.

INDICATIONS AND USAGE
DOTAREM® (gadoterate meglumine) injection is a prescription gadolinium-based contrast agent indicated for intravenous use 
with magnetic resonance imaging (MRI) in brain (intracranial), spine and associated tissues in adult and pediatric patients (includ-
ing term neonates) to detect and visualize areas with disruption of the blood brain barrier (BBB) and/or abnormal vascularity.

CONTRAINDICATIONS
History of clinically important hypersensitivity reactions to DOTAREM.

WARNINGS AND PRECAUTIONS
		  • �Hypersensitivity Reactions: Anaphylactic and anaphylactoid reactions have been reported with DOTAREM, involv-

ing cardiovascular, respiratory, and/or cutaneous manifestations. Some patients experienced circulatory collapse and 
died. In most cases, initial symptoms occurred within minutes of DOTAREM administration and resolved with prompt 
emergency treatment.

		  • �Before DOTAREM administration, assess all patients for any history of a reaction to contrast media, bronchial asthma 
and/or allergic disorders. These patients may have an increased risk for a hypersensitivity reaction to DOTAREM.

		  • �Administer DOTAREM only in situations where trained personnel and therapies are promptly available for the treat-
ment of hypersensitivity reactions, including personnel trained in resuscitation.

		  • �Gadolinium Retention: Gadolinium is retained for months or years in several organs. The highest concentrations 
have been identified in the bone, followed by brain, skin, kidney, liver and spleen. The duration of retention also 
varies by tissue, and is longest in bone. Linear GBCAs cause more retention than macrocyclic GBCAs.

		  • �Consequences of gadolinium retention in the brain have not been established. Adverse events involving multiple 
organ systems have been reported in patients with normal renal function without an established causal link to gado-
linium retention.

		  • �Acute Kidney Injury: In patients with chronically reduced renal function, acute kidney injury requiring dialysis has 
occurred with the use of GBCAs. The risk of acute kidney injury may increase with increasing dose of the contrast 
agent; administer the lowest dose necessary for adequate imaging.

		  • �Extravasation and Injection Site Reactions: Ensure catheter and venous patency before the injection of DOTAREM. 
Extravasation into tissues during DOTAREM administration may result in tissue irritation.

ADVERSE REACTIONS
		  • �The most common adverse reactions associated with DOTAREM in clinical trials were nausea, headache, injection site 

pain, injection site coldness and rash.
		  • �Serious adverse reactions in the Postmarketing experience have been reported with DOTAREM. These serious 

adverse reactions include but are not limited to: arrhythmia, cardiac arrest, respiratory arrest, pharyngeal edema, 
laryngospasm, bronchospasm, coma and convulsion.

USE IN SPECIFIC POPULATIONS
		  • �Pregnancy: GBCAs cross the human placenta and result in fetal exposure and gadolinium retention. Use only if imag-

ing is essential during pregnancy and cannot be delayed.
		  • �Lactation: There are no data on the presence of gadoterate in human milk, the effects on the breastfed infant, or 

the effects on milk production. However, published lactation data on other GBCAs indicate that 0.01 to 0.04% of the 
maternal gadolinium dose is present in breast milk.

		  • �Pediatric Use: The safety and efficacy of DOTAREM at a single dose of 0.1 mmol/kg has been established in pediatric 
patients from birth (term neonates ≥ 37 weeks gestational age) to 17 years of age based on clinical data. The safety 
of DOTAREM has not been established in preterm neonates. No cases of NSF associated with DOTAREM or any other 
GBCA have been identified in pediatric patients age 6 years and younger.

You are encouraged to report negative side effects of prescription drugs to the FDA. Visit www.fda.gov/medwatch or call 1-800-FDA-1088  
Please see the full Prescribing Information, including the patient Medication Guide, for additional important safety information. 
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