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Abstract

Resumo

Complications from the use of intravenous gadolinium-
based contrast agents for magnetic resonance imaging

Complicacées do uso intravenoso de agentes de contraste a base de gadolinio
para ressondncia magnética

*

Jorge Elias Junior', Antonio Carlos dos Santos', Marcel Koenigkam-Santos?, Marcello
Henrique Nogueira-Barbosa', Valdair Francisco Muglia’

Gadolinium-based contrast agents are much safer than the iodinated ones; however complications may occur
and should be recognized for appropriate orientation and management. The total incidence of adverse reactions
to contrast agents in magnetic resonance imaging ranges between 2% and 4%. Cases of severe acute reactions
to gadolinium, such as laryngospasm and anaphylactic shock, are rare. Chronic complications secondary to
the use of gadolinium also can occur and, recently an association between its use and a rare dermatologic
disease occurring in patients with renal failure has been reported. Nephrogenic systemic fibrosis was the
subject of an official health notification issued by the American Food and Drug Administration. This progressive
disease is characterized by hardened skin with fibrotic nodules and plaques which may involve other parts
of the body. Patients who have been affected by this disorder presented chronic renal failure, with metabolic
acidosis and had been submitted to magnetic resonance angiography, probably involving exposure to large
amounts of intravenous paramagnetic contrast. This review is aimed at presenting a succinct description of
the gadolinium-based contrast agent types, possible secondary complications, their preventive measures and
management.
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Os agentes de contraste a base de gadolinio sdo muito mais seguros que o contraste iodado, no entanto,
existem complicac6es que devem ser reconhecidas, para orientacdo e tratamento adequados. A incidéncia
total de reacdes adversas aos meios de contraste em ressondncia magnética varia entre 2% e 4%. Casos de
reacOes adversas agudas maiores ao gadolinio, como laringoespasmo e choque anafilatico, séo raros. As
complicacdes crénicas com o uso do gadolinio também existem e, recentemente, foi descrita associacao
entre seu uso e uma doenca dermatolégica rara que ocorre em pacientes com insuficiéncia renal. A fibrose
nefrogénica sistémica foi tema de anuncio publico oficial pela agéncia americana de regulacdo de drogas, a
Food and Drug Administration. Esta doenca progressiva caracteriza-se pelo espessamento e endurecimento
da pele e fibrose, que podem acometer outras partes do corpo. Os pacientes que desenvolveram esta com-
plicacdo apresentavam insuficiéncia renal crénica, estavam em acidose metabélica e foram submetidos a
angiografia por ressonancia magnética, provavelmente com injecdo de grande volume de contraste para-
magnético. Esta revisdo tem o objetivo de apresentar uma descricdo sucinta dos tipos de meios de contraste
a base de gadolinio, possiveis complicacées e medidas para prevencédo e tratamento destas.
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INTRODUCTION

Most of contrast agents utilized in mag-
netic resonance imaging (MRI) are based
on paramagnetic gadolinium (Gd) chelates
which have been utilized since the late
eighties’™. Some unofficial estimates ac-
count for approximately 90 million doses
already delivered worldwide.

The types of Gd-based contrast agents
currently in the market may bedivided into
two categories. non-specific extracellular,
and specific intracellular contrast agents,
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whose main difference is represented by
the chelating molecule carrying the gado-
linium. Generally, it is considered that ga-
dolinium-based contrast agents are much
safer thaniodinated contrast agents utilized
in conventional radiology and computed
tomography (CT); however, there are com-
plications that should be recognized for an
appropriate management and pre- and
postprocedural guidance.

The present review isaimed at present-
ing asuccinct description of Gd-based con-
trast agent types, possible complications,
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their preventive measures and manage-
ment.

GENERAL CONSIDERATIONS
ABOUT USE OF INTRAVENOUS
CONTRAST AGENTSFOR MRI,
AND Gd-BASED CONTRAST
AGENTSTYPES

In the Nature, gadoliniumisfound as a
rare mineral, a chemical element difficult
to extract, and presentslike asilvery white
crystal. At room temperature, it is one of
few metals with ferromagnetic properties.
Gadolinium applications include micro-
wave ovens, TV sets and other electronic
components. In medicine, Gd is utilized
solely in the form of solution compounds
for radiological images enhancement.

The expected and, consequently, most
significant effect from Gd as a contrast
agent for MRl isthereductioninthe T1re-
laxation time in tissues where the com-
pound isfound. It isinteresting to observe
that MRI images do not demonstratethe Gd
itself, but its paramagnetic effect on the sur-
rounding tissues. Generally, most of Gd-
based contrast agents present adistribution
in the body similar to the one presented by
iodinated contrast agents. However, it has
been already evidenced that MRI sensitiv-
ity to gadoliniumishigher thanthe CT sen-
sitivity to iodinated contrast agents. Usu-
ally, the mean dose of intravenous contrast
delivered during MRI examinationsranges
between 10 ml and 20 ml. This dose is 5-
15-fold lower than the one utilized at iodi-
nated contrast-enhanced CT, and certainly
thisis one of the reasons for which the use
of Gd is safer.

Additionally to the factor related to the
injection dose, other factors are extremely
significant in the evaluation of a contrast
agent safety, and are associated with the
inherent compound toxicity, circulation
stability, and degree of clearance in the
human body. The Gd ion, while freein the
blood circulation, is quite toxic, with bio-
logical half-life of some weeks, i.e., much
longer than the one presented by Gd che-
late compounds, which corresponds to ap-
proximately 1.5 hour®®. The Gdion, when
chelated with a molecule, presents an al-
tered pharmacokinetics, accelerating its
clearanceand, therefore, remarkably reduc-
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ing its relative toxicity®. The chelation of
gadolinium allows an increase of up to 500
timesin therate of renal excretion. Itisthe
chelating agent that differentiates the sev-
eral Gd-based contras agents found in the
market.

Some other characteristics directly af-
fecting the safety of these agentsare: ionic
versus non-ionic molecular structure (the
non-ionic one is preferable); osmolality
(the lower the osmolarity, the higher the
safety) and viscosity (a low viscosity is
preferable, influencing the contrast injec-
tion rate). Chart 1 shows a summary of
these characteristics for some of the cur-
rently utilized gadolinium-based contrast
agents. One can say that molecular struc-
ture and osmolality are less significant as
far as safety is concerned in the compari-
son between gadolinium-based and iodi-
nated contrast agents, considering the
lower injection dose utilized at MRI.

Additionally, regarding paramagnetic
contrast agents safety, the most relevant
factor is stability, i.e., the resistance to the
contrast agent breakdown into its compo-
nents, releasing Gd ions into the blood cir-
culation. Currently, the most stable Gd
chelating agents are Magnevist and Multi-
Hance. Magnevist is the most extensively
utilized and therefore the most clinically
tested contrast agent. Former reports de-
scribe the safety of Magnevist in different
populations, including patients with
chronic renal failure™® and pediatric pa-
tients®. MultiHance presentstwo timesthe
T1l-relaxation time of other chelating
agents, meaning that half a dose of Multi-
Hance presents the same effect of other
contrast agents, and that this may represent
an alternative approach for reducing the
amount of contrast agent delivered, as nec-
essary. On the other hand, Primovist®
causes areduction in therelaxation timein
a much higher degree than MultiHance
does. However, Primovistisrelatively new
in the European market and is still to be
approved for usein the United States. Both
MultiHance and Primovist present mixed
clearance (renal/hepatic), the excretion via
hepatocytes affecting significantly the
characterization of hepatic lesions, al-
though its utilization is not excluded for
dynamic studies of other organs after rapid
injection.

Gd-BASED CONTRAST AGENTS
COMPLICATIONS

Acute adver se reactions

Adverse, acute reactions to gadolinium
may be classified into major or severe and
minor , and subdivided into local and gen-
eral. The total incidence of adverse reac-
tions to MRI contrast agents ranges ap-
proximately between 2% and 4%.

Most frequently, minor, general reac-
tions are nauseas, emesis, hives, headache,
while local reactions are: skin irritation,
itching and coolness.

A transitory increase may occur in the
bilirubin (Magnevist, 3% to 4% of patients)
and iron serum levels (with Magnevist and
Omniscan™, completely recedewithin 24—
48 hours). The passage of Gd-based con-
trast agents through the placenta and into
the milk during lactation has been already
demonstrated, so it is recommended that
these contrast agents are not utilized in
pregnant women.

Cases of major acute adverse reactions
to Gd, such as laryngospasm and anaphy-
laxis rarely occur®. A 0.01% incidence of
anaphylactoid reactions to Gd-based con-
trast agents is reported, while for ionic io-
dinated contrast agents the incidence
achieves0.17%. Adversereactionsfollow-
ing intravenous Gd-based contrast agent
injection are more frequent in patientswith
previous history of reaction to either Gd-
based or iodinated contrast agents®. Six-
teen of 75 (21%) patients who presented
alergic reaction to Gd presented a new
reaction following subsequent injections®.
Patientswith previousreactiontoiodinated
contrast agents have more than twice the
chance of presenting allergic reaction to
Gd, with 6.3% incidence in a study with
857 patients™”. Patients with asthma also
present a higher probability of developing
adversereaction to Gd. Generally, patients
with previous history of allergies, present
anincreased risk for adverse reactions, ap-
proximately 2-3.7 times higher than those
without a history of allergy.

Patients with a previous history of al-
lergy to any type of intravenous contrast or
with history of other allergies may benefit
from the adoption of a premedication
scheme with corticosteroids and anti-his-
tamines, and should be more closely fol-
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Complications from the use of intravenous gadolinium-based contrast agents

Chart 1 Physical-chemical features of commercially available MRI contrast agents.

Gd-DTPA — Gd-DOTA - Gd-HP-DO3A —  Gd-DTPA-BMA -  Gd-BOPTA' —  Gd-DO3A-butrol —  Gd-DTPA-BMEA -
Generic gadopentetate ~ gadoterate gadoteridol gadodiamide gadobenate gadobutrol gadoversetamide
names dimeglumine  meglumine (0.5 mol/) (0.5 mol/l) dimeglumine (1.0 mol/l) (0.5 mol/l)
Contrast (05 moI/I) (05 moI/I) (05 moI/I)
agents ; ® ; : ot® - ®
Trademarks* Magnevist Dotarem ProHance Omniscan MultiHance Gadovist OptiMARK
Magnograf® Artirem®
Viewgam®
Molecular Linear, Cyclic, Cyclic, Linear, Linear, Cyclic, Linear,
structure ionic ionic non-ionic non-ionic ibnica non-ionic non-ionic
Thermodynamic
stability 221 25.8 23.8 16.9 22.6 21.8 16.6
constant
(log Keq)
Conditional
stability 18.1 18.8 171 14.9 18.4 - 15.0
constant
pH 7.4
Osmolality
Features (osm/kg) 1.96 1.35 0.63 0.65 1.97 1.6 1.11
Viscosity
(mPas at 37 °C) 2.9 2.0 1.3 1.4 5.3 4.96 2.0
Relaxation T1
(/mmol/s) 0.47 T, 4.9 4.3 4.6 4.8 9.7 5.6 Not available
plasma
Metal chelate 469 278.3 279.3 287 334 604.7 330.9
(mg/ml)
Chelating
excess 0.4 - 0.23 12 - - 28.4
(mg/ml)

* Trademarks mentioned herein are for identification purposes only, not reflecting any preference or presentation of a definite list of the whole range of products currently
in the market. Also for this reason, the names of companies involved in their production and commercialization are not included herein. ' It is considered as an organ-
specific agent (but non-exclusive) because of the mixed renal/biliary clearance, with utilization especially during hepatic MRI studies.

lowed-up during the Gd injection, as well
as remaining in observation for a longer
period following the paramagnetic contrast
injection®. However, it isimportant to note
that the premedication validity is still con-
troversial, even in cases of iodinated con-
trast agents™.

Asregardstheincidence of minor com-
plications, also there is arelatively great
difference, quantitative and qualitatively
greater with iodinated contrast agents for
CT. However, complications from the use
of Gd can occur and, most recently, a pos-
sible association betweenitsuseand arare
dermatological disease has been described
in patients with renal failure®®*, Thisas-
sociation has been the subject of an official
Health Notification issued by theAmerican
Food and Drug Administration (FDA), rec-
ommending to the companies involved in
the production of Gd-based contrast agents
the addition of a warning on nephrogenic
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systemic fibrosis on the packages of these
products™. A problem that previously
seemed to be minor and restricted, increas-
ingly seemsto represent areal complication
that must change the conduct in the use of
these agents. This subject is furtherly dis-
cussed bellow.

Nephrogenic fibrosing der matopathy
(NFD)/nephrogenic systemic fibrosis
(NSF) and Gd-based contrast agents
in patients with severe renal disease

A recent study has reported that, in a
four-year period, 20 patients in Denmark
andfiveinAustriadevel oped araredisease
found exclusively in patients with a se-
verely decreased renal function. All of
these patients had received Omniscan for
MRI-angiography few weeks or months
before the disease onset. About 17500 pa-
tientsundergo examination with Omniscan
per year in Denmark. Since January 2002,

approximately 400 patients with renal fail-
ure have been examined, and 20 (5%) of
them have developed NFD.

NFD, mostly known as NSF, was first
diagnosed in 1997, and formally described
in 20009, This disease is associated with
increased collagen deposition, causing
thickening and hardening of the skin (pre-
dominantly involving distal extremities,
athough the trunk may be involved) and
fibrosisaffecting other regions of the body,
including diaphragm, heart, pulmonary
vasculature and thigh muscles. Thereisno
definite cure, despite scarce studies report-
ing a partia response to several therapies
such asplasmapheresis, extracorporeal and
thalidomine. Data in the literature suggest
delay, or even reversion of symptomswith
improvement in the renal function. The
disease is progressive, and may be fulmi-
nant in about 5% of cases, sometimes|ead-
ing the patient to death.
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A recent article published in thejournal
Nephrology Dialysis Transplantation de-
scribesthe devel opment of NSF associated
with the use of Omniscan in five patients
with renal failure™. Patientswith this pro-
gressiveand, asfar asitisconcerned, irre-
versibledisease, developfibrosisin severa
organs likely resulting in severe joint
contractures secondary to skinfibrosis. The
patients described in this article presented
chronicrenal failure, undergoing metabolic
acidosis, and had been submitted to MRI-
angiography, probably with injection of a
high dose of paramagnetic contrast agent.
Later, another article was published in
Europe, reporting the occurrence of daNSF
in a similar group with 13 patients, also
following the administration of Omnis-
can®. Clinical aspects highlighted in the
Health Notification issued by the FDA are
the presence of chronic renal failureand the
utilization of high doses of Gd. The FDA
informs that is currently evaluating the
whole spectrum of Gd-based contrast
agents and not only Omniscan®?, although
all reports are specifically regarding this
contrast agent. Up to thismoment, possible
interactions between other prescribed drugs
and Omniscan still remain unknown. Still
unpublished studies developed in severa
American institutions suggest that the de-
velopment of NSF secondary to Gd-chelat-
ing agentsis not rare and, as far it is con-
cerned, isrelated exclusively to Omniscan
injection. The onset of this condition typi-
cally occurs 16 days after the contrast agent
injection, and this prolonged period can
explain why this correlation has not been
previously described. Although these pa-
tients have been probably submitted to
MRI-angiography with high gadolinium
doses (a method lacking FDA approval),
the use of Omniscan should be prudently
avoided in patients with chronic renal fail-
ure until new data recommend otherwise.

MRI contrast agents usein patients
with renal failure

After intravenous Gd-based contrast
agent injection, intravascular copper and
zinc (typicaly found in minor amountsin
the blood), which present a chelate affin-
ity competitively displace part of Gd from
the chelating molecule as the diethyltri-
amine penta-acetic acid (DTPA), releasing
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thefree Gdion (Gd*®). Despitethe high Gd
toxicity, the total free Gd concentration is
very low andisvery rapidly eliminated, al-
lowing the maintenance of thefreeion con-
centration. As a matter of fact, in patients
with anormal renal function, the dissocia-
tion rate is lower than the clearance rate,
preventing the occurrence of any accumu-
|ation phenomenon. Also, it isbelieved that
macrocyclic Gd-chelates tend to be more
stable than the linear ones.

Asnew physiological sourcesof copper
and zinc ions migrate into the intravascu-
lar spacein an attempt to recover their con-
centration balance, they al so displacemore
Gd than chelate. This cycle proceeds until
all the Gd chelate is eliminated from the
body by the kidneys through glomerular
filtration. For this reason, there is a poten-
tial concern regarding the level of free Gd
ion in cases of renal failure, aswell asin
patients with a lower clearance rate. The
safety of Gd-based contrast agents for pa-
tients with renal function disorders or se-
vererena failureis still to be established.
Somestudiesintheliterature suggest area-
sonable tolerability to thistype of contrast
agents by these patients.

Magnevistisdialyzable, with morethan
95% of the delivered dose being removed
at the third dialysis session.

Other relevant adver se collater al effects

Pseudo-hypocalcemia has been re-
ported with the use of less stable contrast
agents like Omniscan and OptiMARK®,
but not with Magnevist and MultiHance,
although additional researchesare currently
in development about this subject®®. It is
important to understand the so called
“pseudo-hypocalcemia is observed exclu-
sively at laboratory (calolimetric) studies,
occurring only within 24 hours following
the contrast agent injection. The relevance
of understanding this problem resides in
the necessity of differentiation between
pseudo- and real hypocalcemia, avoiding
the inappropriate management with cal-
cium replacement, a therapy that has al-
ready been reported as causative factor for
death in at |east one case™™®.

Differently from iron, or even manga-
nese - another element al so utilized aspara-
magnetic contrast agent -, free gadolinium
isnot typically present in the human body,

and is extremely toxic. Free Gd is analo-
gous to calcium and can be deposited on
developing bones— inthis case, the great-
est deal of concern israised regarding de-
veloping fetuses and children. Although
long term outcomes from calcium deposi-
tion during gestation still remain unknown,
thisis something that should raise concern.
Omniscan instructionsinclude the descrip-
tion of skeletal malformationsinrat fetuses
at the second gestational trimester, most
probably because of maternal toxicity™®”.
Another question is what occurs with free
chelating. Thefree chelating can “chelate”
other cations besides calcium in a process
described as transmetallation™®. Trans-
metallation may |ead to the devel opment of
severe diseases in anima models, but the
effects on humans from relatively low
doses generally utilized are still to be
clearly defined®.

PRESENT PRECAUTIONARY
MEASURESIN THE PRESCRIPTION
Gd-BASED CONTRAST AGENTS
FOR INTERNAL USE

1 - Use in patients with renal failure
should be avoided, at least until the actual
role of these agents in the development of
NSF is established. For this purpose, it is
necessary to identify the patients under the
risk for NSF, according to FDA recommen-
dations: @) severe acute or chronic renal
failure (glomerular filtration rate < 30 ml/
min/1.73 m?); b) acute renal dysfunction
associated with hepato-rena syndrome or
during perioperative period of liver trans-
plantation. Contrast agents to be avoided
are: Omniscan, Magnevist and OptiMARK.
However, it would be prudent to consider
any Gd-based contrast agents until new
evidencesarefound. In case of necessity of
contrast-enhanced MRI in these patients,
the lowest dose possible should be consid-
ered, besides hemodialysis immediately
after the procedure (the ideal approach
would be three hemodialysis sessions in
consecutive days).

2 — Gadolinium should not be utilized
inreplacement of iodinated contrast agents,
except if absolutely necessary and after
monitoring of creatinine, with scheduling
of repeated hemodialysis sessions, as nec-
essary.
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Complications from

3 —Avoid the use in pregnant women
and children.

4—Consider the possibility of premedi-
cation with corticoid and anti-histaminein
patients with previous history of allergic
reaction to contrast agents of any type or
history of severe alergy.

Finaly, it is important to differentiate
gadolinium-based from iron-based and
manganese-based contrast agents which
present more restricted indications, with
other typesof complications, andwhich are
much less utilized in the daily routine of
MRI centers worldwide. In Brazil inclu-
sive, such contrast agents either have not
been introduced yet, or have a quite re-
stricted use because of their high cost.
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