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Gadolinium-based contrast agents have expanded the diagnostic usefulness and capability
of magnetic resonance imaging. Despite their highly favorable safety profile, these agents
have been associated with nephrogenic systemic fibrosis in a small number of patients who
have advanced kidney disease. Recently, trace amounts of gadolinium deposition in the
brain and other organs have been reported after contrast exposure, even in patients with
normal renal function. In this review, we provide a brief overview of recent updates and dis-
cuss typical clinical situations related to the use of gadolinium-based contrast agents. (Tex
Heart Inst J 2022;49(3):e217680)

agnetic resonance imaging (MRI) is an important diagnostic method with

high spatial resolution that provides exquisite soft-tissue contrast without

the need for ionizing radiation or a potentially nephrotoxic contrast agent.
The use of a gadolinium (Gd)-based contrast agent (GBCA) further increases the
diagnostic sensitivity and capabilities of MRI. In the United States (US), GBCAs
are used in 30% to 45% of the approximately 40 million MRI procedures performed
each year.' Since receiving US regulatory approval in 1988, GBCAs have come into
widespread clinical use. In addition to having a favorable safety profile,> GBCAs are
unlikely to cause or worsen renal insufficiency, and they precipitate anaphylactoid
reactions in no more than 0.01% of cases.’

At the turn of the recent millennium, a rare systemic ailment called nephrogenic
systemic fibrosis (NSF) was observed after GBCA exposure in some patients who had
existing advanced chronic kidney disease (CKD).*¢ Trace amounts of Gd of uncertain
clinical significance have been observed in other organs after GBCA exposure, even
in patients with normal renal function.

In this review, we discuss updates and answer typical questions related to GBCA
classification, GBCA and NSF, and GBCA use during dialysis, pregnancy, and breast-
feeding. In addition, we discuss recent findings of Gd deposition in the brain.

Classification of Gadolinium-Based Contrast Agents

Gadolinium ion (Gd?*) is a heavy metal with 7 unpaired orbital electrons. In its free
ionic form, Gd?" is highly toxic and can disrupt calcium-mediated signal pathways;
therefore, it must be bound with an appropriate ligand to form a sufficiently stable
complex that enables its excretion intact.® The chemical nature of GBCAs has been
reviewed elsewhere.>”” Gadolinium-based contrast agents can be classified as ionic
or nonionic, or in accordance with their linear or cyclic structures. In general, cy-
clic GBCAs, which have a rigid, cage-like structure, are more stable than are linear
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GBCAs, and they have a higher stability constant and
substantially lower dissociation rate.”*

The American College of Radiology’s most recent
GBCA classification is based on the associated risk of
developing NSF (Table I)."

Gadolinium-Based Contrast Agents

in Patients With

Nephrogenic Systemic Fibrosis

In the early 2000s, a small number of patients with
advanced CKD and previous GBCA exposure showed
signs of skin edema and erythema in their extremities
that sometimes worsened into thickened, woody, and
contracted skin.*” In addition, the sclerosing process
could extend to other organs and tissues, such as the
lungs, diaphragm, esophagus, myocardium, skeletal
muscle, and dura mater. This condition, termed NSFE,>"!
was primarily associated with the use of less stable linear
GBCA:s in patients with advanced CKD, and it rarely
developed when cyclic GBCAs were used”’

The pathogenesis of NSF, previously reviewed by
Cheong and associates,”” most likely involves the disso-
ciation of free and toxic Gd?* through transmetallation
by endogenous metal ions such as Zn?* or Cu?".

Increased awareness among practicing clinicians re-
garding the relationship among NSF, advanced CKD,
and less stable linear (Group I) GBCAs has led to chang-
es in clinical practice, including the use of more-stable
GBCAs. Furthermore, clinical research uncovering
the potential underlying mechanisms of NSF, together
with guidance regarding GBCA use provided by the
US Food and Drug Administration (FDA) and several
professional societies,”*"*" has reduced or eliminated
the incidence of NSF."*?? Beyond 2008, Attari and
colleagues” noted only 7 out of 639 biopsy-confirmed

NSF cases after GBCA administration, further support-
ing a decline in the incidence of NSF.

With respect to NSE, macrocyclic (Group II) GBCAs
have been relatively safe.*** In the Gadobutrol in Renal-
ly Impaired Patients Study”—a prospective international,
multicenter, open-label study in which gadobutrol-
enhanced MRI was used—no NSF was reported during
the 2-year follow-up period; 284 of 908 patients (31.3%)
had an estimated glomerular filtration rate (€GFR) <30
mL/min/1.73 m?. In a recent meta-analysis of 16 studies,
comprising 4,931 patients with stage 4 or 5 CKD who
were given a Group II GBCA and were monitored for up
to 72 months, no NSF was reported.”

Few investigators have studied the safety of using
gadoxetic acid (a Group III GBCA, primarily for hepa-
tobiliary imaging),”* although no NSF was noted dur-
ing follow-up in patients who had moderate or severe
CKD.” In studies of Group II gadobenate dimeglumine
use in patients with severe CKD,”*** none of the pa-
tients developed NSF during the study period.

Gadolinium-Based Contrast Agents in

Patients With Chronic Kidney Disease

In 2017, the Pharmacovigilance Risk Assessment Com-
mittee of the European Medicines Agency suspended the
use of high-risk linear Group I GBCAs (gadodiamide,
gadopentetate dimeglumine, and gadoversetamide),”
although gadopentetate dimeglumine can be used dur-
ing an MRI arthrogram.” Gadobenate dimeglumine
and gadoxetic acid are now limited to hepatobiliary
imaging only. Gadopentetate dimeglumine and gado-
versetamide have been discontinued in the US, whereas
gadodiamide is still available, albeit with a contraindi-
cation warning for patients with acute kidney injury
(AKI) and those with an eGFR <30 mL/min/1.73 mZ2.

TABLE I. Gadolinium-Based Contrast Agents Classified by Risk of Nephrogenic Systemic Fibrosis

Cyclic Linear
lonic Gadoteric acid Gadobenate dimeglumine (MultiHance, Bracco Diagnostics Inc.)
(Dotarem, Guerbet;
Clariscan, GE Healthcare) Gadoxetic acid (Eovist, Bayer HealthCare Pharmaceuticals Inc.)
Gadopentetate dimeglumine (Magnevist, Bayer HealthCare
Pharmaceuticals Inc.)
Nonionic  Gadoteridol (ProHance, Bracco Diagnostics Inc.) Gadodiamide (Omniscan, GE Healthcare)

Gadobutrol (Gadavist, Bayer HealthCare
Pharmaceuticals Inc.)

Gadoversetamide (OptiMARK, Guerbet)

Green = Group Il gadolinium-based contrast agents (GBCAs), associated with few or no unconfounded cases of nephrogenic
systemic fibrosis (NSF); yellow = Group lll GBCAs, associated with only a few administrations with no unconfounded cases of NSF;
red = Group | GBCAs, associated with the highest number of cases of NSF. Most GBCAs are renally excreted except for gadobenate
dimeglumine (3% biliary excretion) and gadoxetic acid (50% biliary excretion).

Adapted with permission from: ACR Committee on Drugs and Contrast Media. ACR manual on contrast media. Available from:
https://www.acr.org/-/media/ACR/files/clinical-resources/contrast_media.pdf [2021; cited 2021 Mar 3]."°
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Various professional societies have provided fairly sim-
ilar recommendations regarding GBCA use in patients
with CKD."*** No special precautions are typically
necessary for patients with stage 1, 2, or 3 CKD. Fur-
thermore, when a Group II GBCA is being used for a
clinically indicated study, it is unnecessary to measure
eGFR or avoid GBCA administration in patients with
advanced CKD who are not undergoing dialysis. For
patients undergoing hemodialysis, the next treatment
session can be scheduled as soon as possible after MRI,
preferably within a few hours.

Group II (macrocyclic) GBCAs should be used when-
ever possible, given their exceedingly low to nonexistent
risk for inducing NSF."'** Hepatobiliary imaging may
necessitate the only available class IIl GBCA (gadoxetic
acid), which also imposes minimal NSF risk.”>'¢#

The MRI physician can play an important role in
optimizing imaging protocols to minimize the re-
quired total GBCA dose. In general, when multiple
GBCA doses are expected in an urgent situation, im-
aging should not be delayed simply because of NSF
risk. When multiple doses are anticipated for elective
imaging, a delay of longer than 24 hours or dialysis be-
tween doses in dialysis-dependent patients may improve
GBCA clearance’

In patients with advanced CKD or undergoing
dialysis, the use of GBCA in MRI studies should be
evaluated on a case-by-case basis. Specifically, clini-
cians should consider whether non—contrast-enhanced
MRI will provide sufficient information or whether any
other imaging method can provide information similar
to that obtained from MRI with GBCA enhancement.

Typical Questions
Related to Gadolinium-Based
Contrast Agent Uses

What is the Recommended Dose for a
Single Session?

In general, only the FDA-approved GBCA dose should
be administered during a single imaging session. The
approved dose is 0.1 mmol/kg, except for the liver-
specific gadoexetic acid dose (0.025 mmol/kg). None-
theless, imaging physicians can make exceptions
according to imaging requirements.” The use of a low-
er-than-recommended GBCA dose for NSF prevention
is not supported by evidence®*and may compromise
image quality.'*%*°

What is the Recommended Time Interval
Between Gadolinium-Based Contrast Agent
Administrations?

In patients with normal renal function, GBCAs have a
half-life of approximately 1.5 hours®; thus, more than
95% of an injected dose is eliminated within 24 hours.’

Texas Heart Institute Journal © 2022, Vol. 49, No. 3

However, the mean half-life is prolonged to 5.6 hours
in patients with moderate CKD and to 9.2 hours in
those with severe CKD, and it can be as long as 30
hours when the GFR is <5 mL/min.*" Hemodialysis
removes GBCAs with ~70% clearance after 1 session
and >95% clearance after 3 sessions.” Thus, the follow-
ing guidelines for the repeat administration of GBCA
are recommended:

1) In patients with normal renal function, GBCA
can be readministered after 24 hours if a GBCA-
enhanced MRI examination is clinically neces-
sary. The European Society of Urogenital Radiol-
ogy recommends at least 4 hours between GBCA
injections in patients with an eGFR >30 mL/
min/1.73 m2." The most recent joint consensus
statement from the American College of Radiology
and the National Kidney Foundation states that
“if multiple urgent Group II or Group III GBCA
doses are indicated, subsequent dose(s) should not
be delayed for fear of NSE.”

2) For patients undergoing hemodialysis, 3 dialysis
sessions will clear >95% of a GBCA. For this rea-
son, GBCA can be readministered one week later
for a nonurgent, clinically indicated study."

3) For nondialysis outpatients with suspected ad-
vanced (severe) CKD, GBCA can be administered
one week apart for a nonurgent, clinically indicated
study, taking into account the prolonged half-life
of GBCA in patients with severe CKD."

Is Routine Evaluation of Renal Function
Necessary?

According to the most recent recommendations from
the Canadian Association of Radiologists, eGFR es-
timation is no longer needed for outpatients, because
Group II and Group III GBCAs are associated with
an exceedingly low to nonexistent risk for NSE.** The
American College of Radiology and National Kidney
Foundation consensus statement suggests that eGFR
evaluation is not mandatory for any Group II GBCA,
but that it is necessary for Group III GBCAs.

It is important to ascertain whether an outpatient
is undergoing dialysis so that the next dialysis session
can be facilitated, preferably as soon as feasible, after
GBCA administration.”” For inpatients, even those
given a Group II GBCA, the imaging team should be
alert for AKI along with concurrent medical issues,
because AKI is a risk factor for NSF."” An available
alternative imaging method should be considered for
patients with AKI. However, if MRI with GBCA is
clinically indicated in the presence of AKI and no alter-
native imaging method is available, MRI with GBCA
should be performed and not delayed, given the very
low risk for NSF for a standard GBCA dose.” In this
situation, a Group II GBCA should be used. Figure 1
shows an overview of GBCA administration.
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Do Gadolinium-Based Contrast Agents
Cause Acute Kidney Injury?

Administering an FDA-approved dose of GBCA is not
generally associated with postcontrast AKI, especially
in patients with normal renal function.”'**** Using a
higher-than-approved dose or an intra-arterial injection
are well-described risk factors for GBCA-associated
postcontrast AKT.>*

When Should Hemodialysis and Peritoneal
Dialysis Be Performed After Gadolinium-
Based Contrast Agent Administration?
Hemodialysis effectively removes GBCAs.** Dialy-
sis should optimally be performed as soon as possible
after GBCA administration.”>* However, no clear-cut
evidence supports the hypothesis that hemodialysis pre-
vents NSF in at-risk populations.”* Therefore, hemo-
dialysis should not be initiated solely to prevent NSF.
Even though it is not feasible to perform dialysis as
soon as possible after MRI with GBCA, the benefit of
MRI with use of a GBCA outweighs the risk of NSF,

so MRI should still be performed if clinically indicated.
The patient should then continue with regularly sched-
uled dialysis after MRI

Peritoneal dialysis should continue after GBCA ad-
ministration. Insufficient data are available to support
switching from peritoneal dialysis to hemodialysis.”

Is Gadolinium-Based Contrast Agent
Administration Safe During Pregnancy?
Magnetic resonance imaging is increasingly used during
pregnancy because of its ability to depict detailed cross-
sectional anatomy without the use of ionizing radiation.
Despite theoretical concerns regarding the safety of
MRI with GBCA administration during pregnancy, no
harm has yet been attributed to MRI during any trimes-
ter of pregnancy. However, prospective and longitudinal
studies are lacking. The gestational outcomes of 397
pregnant women who underwent MRI with GBCA ad-
ministration from 2003 through 2015 were compared
with those of 1,418,451 pregnant women who were not

exposed to MRIL?” The number of stillbirths and neo-

Yes No
Yes
No -

-
=

Fig. 1 Flow chart shows an
overview of GBCA administration.

eGFR = estimated glomerular
filtration rate; GBCA = gadolinium-
based contrast agent: MRl =
magnetic resonance imaging
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natal deaths in the exposure group was 7 (1.8%), com-
pared with 9,844 (0.7%) in the nonexposure (control)
group (adjusted relative risk, 3.70; 95% CI, 1.55-8.85).
Of note, the control group underwent no MRI, rather
than noncontrast MRI, and whether GBCAs were ad-
ministered during the first trimester was not specified.

Teratogenicity has not been reported after GBCA
administration during pregnancy.”* Although no ran-
domized trials have been performed to evaluate the use
of GBCA during pregnancy, a prospective study of 26
women who underwent MRI with use of a GBCA dur-
ing the first trimester showed no evidence of teratogen-
esis or mutagenesis at follow-up.”

According to the most recent recommendations,
Group II GBCAs should be used during pregnancy
only if the potential benefits justify the unknown risk
to the fetus.*'*%

Is GBCA Administration Safe in
Breastfeeding Mothers?

In women with normal renal function, <0.04% of a
GBCA dose is excreted into breast milk within the first
24 hours after it is administered. Infants absorb <1%
of this small amount from their gastrointestinal tract.
The expected systemic dose absorbed by the infant is
<0.0004% of the intravascular dose given to the moth-
er; therefore, the likelihood of an adverse effect from
such a small amount of GBCA absorbed from breast
milk is remote," suggesting that no breastfeeding in-
terruption is required after GBCA administration.”*

Gadolinium Deposition

Kanda and colleagues® first reported the observation of
T1-weighted hyperintensities in the dentate nucleus and
globus pallidus during the brain MRI of patients with
normal renal function who had received multiple doses
of linear GBCAs in the past. In tissues with similar MRI
findings, Gd deposits were detected by using spectros-
copy and electron microscopy.” Gadolinium deposition
in other brain regions and extracranial organs has also
been reported, even in patients with normal renal func-
tion.” Gadolinium deposition in the brain is thought to
be a kinetic process,* suggested after studies in rodents
revealed that the accumulation of intact Gd-chelate
molecules of both linear and macrocyclic GBCAs in
the brain was progressively eliminated over time. On the
other hand, dechelated Gd (predominantly from linear
GBCAs) binding to soluble macromolecules led to per-
manent deposition.”*

One proposed mechanism of Gd accumulation in tis-
sues is competition with other metals for the contrast
agent chelator.” The result is transmetallation, whereby
endogenous metals such as Fe3*, Zn?+, Cu?*, and Ca?
have a high affinity for the chelator and release Gd?,
which is deposited in the tissue as Gd phosphate.” The
iron-rich basal ganglia are heavily invested with metal

Texas Heart Institute Journal © 2022, Vol. 49, No. 3

transporters that may favor the accumulation of insolu-
ble Gd.

Studies that compare the degree of Gd deposition
associated with various GBCAs are lacking.” A few
autopsy and imaging studies of the brain have revealed
evidence of Gd deposits from both Group I and II
GBCAs, with much greater Gd deposition for Group
I (linear) GBCAs than from Group II GBCAs, pre-
sumably reflecting the more stable nature of Group II
GBCAs.7 Although no negative health effects from
Gd brain deposition have been identified,*"”** further
research and longer-term monitoring are warranted.

Recommendations for GBCA use that are spe-
cifically related to Gd brain deposition include using
GBCAs only when medically necessary, not exceeding
the recommended dose, and avoiding repeated GBCA
administration unless clinically indicated.® Given that
comparison studies of GBCAs are limited, the more
stable Group II (macrocyclic) GBCAs are generally the
best option, unless hepatobiliary imaging is required.
When macrocyclic GBCAs are not available, or if the
patient has a history of severe allergic reaction to Group
I GBCAs, Group I linear agents may be used after the
risk-to-benefit ratio is considered.”

Conclusions

Gadolinium enhances MRI capabilities. In its chelated
form, it can be safely administered in most patients at
the approved doses. Nephrogenic systemic fibrosis has
been observed in a small subset of patients with ad-
vanced CKDj; most of these cases are related to Group
I GBCAs. During the last decade, increased under-
standing of the role of chelating agents has led to the
implementation of processes that have effectively elimi-
nated the incidence of NSFE. Although most GBCAs are
cleared from the body, trace amounts may accumulate
in tissues, most notably the brain, even in patients with
normal renal function. However, the clinical signifi-
cance of this accumulation is currently unknown, and
no adverse health effects have been observed. The low
risk of GBCA administration in high-risk patients (such
as in patients with advanced CKD) should be balanced
against the risk of denying patients a clinically well-
indicated contrast-enhanced MRI examination, espe-
cially with the newer and safer Group II GBCAs.
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