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Abstract Sound evidence of gadolinium accumulation in
brain has been recently provided after repeated administra-
tions of linear gadolinium-based contrast agents (GBCAs),
especially at the cerebellum level. Although data regard-
ing brain accumulation of macrocyclic GBCAs are more
reassuring, there is now a genuine concern (“gadolinium-
phobia”) about possible long-term consequences of gado-
linium deposits, especially in terms of cerebellar sequelae.
We, therefore, questioned about the clinical impact of serial
administration of gadoterate meglumine, a macrocyclic
GBCA. In this retrospective study (2000-2016) of medical
files of patients who received more than 20 administrations
of gadoterate, we searched for cerebellar symptoms and
signs developing during the regular follow-up. We reviewed
medical files of ten patients (mean age 34.4 + 20.8 years; 4
males, 6 females) who received 28.2 + 5.3 doses of gadoter-
ate (average total dose of GBCA 518 + 226 ml; range 185—
785 ml). Patients were examined by at least two medical
specialists depending on initial diagnosis, and at least once
by a neurosurgeon. Mean follow-up time was 91 months
(range 49-168) and six out of ten patients experienced new
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symptoms or signs. No clinician reported the appearance of
arising cerebellar syndrome, nor newly appeared symptoms
or signs suggested cerebellar toxicity. This retrospective
clinical study shows no de novo clinical cerebellar syndrome
following repeated administrations of gadoterate. Our results
argue against a cerebellar toxicity of this macrocyclic agent.
Still, confirmation in a larger number of subjects is required,
as well as clinical studies concerning linear GBCAs whose
structure and in vivo stability are distinct.
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Introduction

Recent reports have highlighted that repeated administration
of gadolinium-based contrast agents (GBCAs) is associated
with an increased signal intensity (SI) in the dentate nucleus
(DN) and globus pallidus (GP) on unenhanced T1-weighted
magnetic resonance (MR) images [4, 13, 22]. In particular,
the dentate nucleus-to-pons SI ratio is significantly corre-
lated with the number of previous GBCAs administrations.
The same observation has been made for the globus pallidus-
to-thalamus SI ratio. Such deposits are not only reported in
adults but also in children undergoing multiple MR examina-
tions [10]. It is estimated that more than 10 million intrave-
nous doses of GBCAs are administered annually in the USA
[33] and, therefore, accumulation of gadolinium deposits in
the brain becomes a hot topic at a world level for the medi-
cal community.

Histological evidence of deposits in post-mortem speci-
men has been provided [19]. Nevertheless, the mechanism
of the accumulation of gadolinium in the human brain,
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especially in cerebellar nuclei and basal ganglia, and the
long-term fate of these deposits are currently unknown,
both from a radiological and from a neurological point
of view.

GBCAs are chelated compounds where the relatively
toxic Gd** ion is complexed in carrier molecules (aminop-
olycarboxylic acid ligands) to prevent dissociation in the
body. GBCAs are unique among pharmaceuticals, being
small water soluble entities with paramagnetic properties
which shorten the T1 relaxation time of tissue water [7].
These complexes were previously considered as highly
stable [28]; however, after the first reports of nephrogenic
systemic fibrosis (NSF) [6] this notion has been challenged
and concern is now rising again with the discovery of brain
deposits [13, 24].

A link between a possible toxicity of GBCAs and renal
failure was initially raised with the occurrence of NSF [9].
However, the accumulation of gadolinium in brain structures
has been described even without severe renal dysfunction
[12] and there is now a real fear about the in vivo stability
of GBCAs in subjects with unaltered renal function [19].

Although current studies have focused in particular on
the accumulation of gadolinium in dentate nuclei, there is a
possibility that gadolinium is also found at higher concen-
trations in the cerebellar cortex for several reasons: (a) the
existence of anatomical nucleo-cortical loops in the cerebel-
lum, (b) a direct neurotoxic effect on cerebellar cortex has
been observed following the intra-ventricular administration
in animals [25], and (c) latest experimental studies support
the notion that cerebellar cortex is a site of deposits [15].
The accumulation in cerebellar cortex is particularly relevant
given that, amongst all the cerebellar cells, the Purkinje neu-
rons are especially susceptible to intoxication and poisoning
[16].

While there is clear evidence that linear GBCAs are asso-
ciated with brain accumulation [4, 14], much less is known
about macrocyclic compounds. Indeed, only one study
reported increased signal intensity in dentate nucleus and
globus pallidus after repeated administration of gadobutrol,
a macrocyclic GBCA [31]. This study has been criticized
because no difference of SI was evident in the published
figures [1]. Retrospective studies showed no SI increase
even after over 20 doses of macrocyclic compounds [21],
although autopsy materials provide evidence of Gd** accu-
mulation in different brain structures after administration of
more stable GBCAs [20].

At this stage, it appears critical to establish whether
repeated administration of GBCAs are associated or not with
clinically relevant consequences. In this retrospective study,
we focused on patients who received serial administrations
of the macrocyclic agent gadoterate dimeglumine. We spe-
cifically looked for the onset of new neurological symp-
toms reported by clinicians in medical files. We wondered
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whether a toxic-induced cerebellar syndrome [16] could be
generated by potential gadolinium accumulation.

Methods

After approval by the local ethics committee (Comité
d’Ethique Hospitalo-Facultaire, Hopital Erasme-ULB, ref-
erence P2016/347), we identified in our database patients
who received at least four administrations of GBCAs from
January Ist, 2000 to December 31st, 2015. From this group,
we extracted the list of patients who received exclusively
more than 20 administrations of gadoterate meglumine
(Dotarem®) during the same period. The major endpoint
was to look for a possible report of a de novo cerebellar
syndrome that might have occurred unexpectedly. A com-
prehensive list of signs and symptoms related to a cerebellar
impairment was first established (see Tables 1 for details).
Subsequently, accessible medical files were reviewed in
depth to collect data concerning the principal diagnosis,
birth date, gender, successive dates of MR scans, doses of
GBCA, renal function (the estimated glomerular filtration
rate, eGFR, at the end of follow-up was computed according
to Cockroft [5] or Schwarz [29] depending on the age of the
subject), and every newly occurring cerebellar-related sign
or symptom as reported by the treating physicians.

As a minor and secondary endpoint, we also attempted
to assess brain MR images (results are shown in the Sup-
plementary File). Sequences of acquisition varied largely
between patients. For the brain MR analysis, images of
first and last available MR scan with an unenhanced 3D
T1-weighted sequence (gradient echo; repetition time 9 ms;
echo time 4 ms) were analyzed to compare SI in the brain
regions that have been described to be involved in gado-
linium accumulation [14]. Post-processing was performed
with Intellispace Portal, (Philips Medical System, The Neth-
erlands). Axial reconstruction was obtained with slice thick-
ness of 3 mm. Regions of interest (ROIs) were placed on
right and left DN, frontal white matter (WM), right and left
thalamus, DN, central pons, and middle cerebellar peduncle
(MCP). The average SI of the right and the left DN was cal-
culated and divided by the mean SI of the ROI of the central
pons, to compute the DN-to-pons ratio. We also computed
the DN-to-CSF ratio by considering the SI of a ROI located
in the 4th ventricle. The average SI of the right and left GP
and thalamus was calculated and the GP-to-thalamus ratio
was also determined.

Results

Of 2978 patients who received at least 4 injections of
GBCAs, 11 with exclusive administration of gadoterate
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Table 1 List of the cerebellar (a) symptoms that were specifically
searched in medical files and (b) signs that were searched in medical
files

(a) Cerebellar symptoms

Headache

Dizziness

Diplopia
Oscillopsia/blurred vision
Speech difficulties

Lack of coordination in limbs
Clumsiness in limbs
Tremor in limbs

Writing difficulties

Gait difficulties
Unsteadiness while standing
Falls

—_ O = O O O = = O W = b

(b) Cerebellar signs

Fixation deficits

Ocular misalignment

Disorder of pursuit

Deficits of saccades

Nystagmus

Abnormal vestibulo-ocular reflex
Abnormal optokinetic response
Dysarthria

Palatal tremor

Dysmetria

Tremor

Hypotonia

Extensor hypertonia; myoclonus
Asynergia

Adiodochokinesia
Dysrhythmokinesia

Abnormal Stewart-Holmes maneuver
Isometrataxia

Writing impairment

Ataxia of stance

Ataxic gait

Attention deficit

Emotion disorders

Aggressivity, irritability
Passivity

Psychosis

S O = = O W = = O O O O O O OO oo oo ocooc oo o -

Autism spectrum

Right column shows number of occurrences

(more than 20 doses) were extracted from the database.
Medical file of one patient was not accessible for research
purposes (refusal from the patient) and was thus excluded
from the analysis. The relevant data from medical files
of the remaining ten subjects are summarized in Table 2.

Timing of MR scans and onset of new symptoms and signs
are shown in Fig. 1.

In terms of main diagnosis, a primary brain tumor was
the reason of first consultation for four out of ten patients.
The six remaining patients had brain metastasis at the onset
or developed brain metastases during the follow-up period.
The localization of metastasis is described in Table 2. Five
patients died, one (Patient 5) moved abroad; the remaining
four patients are continuing the follow-up at the out-patient
clinic.

Patients were all followed by at least two specialists
depending on diagnosis, including pediatricians, neurope-
diatricians, dermatologists, oncologists, pneumologists,
gynecologists, and neurosurgeons. Of note, each patient was
examined at least once by a neurosurgeon. Renal function
was normal for all the patients during the observation period.
Values of eGFR at the end of follow-up are given in Table 2.

During a mean of 28.2 + 5.3 MR exams per patient,
an average dose of 23.3 + 9.7 ml of gadoterate per scan
was administered (average total dose of contrast agent
per patient: 517.7 + 226.2 ml). The average interval
between injected MR scans was 85 days. Review of medi-
cal files of Patient 9 showed that gadobenate dimeglumine
(Multihance®) was administered three times between MR
scan 1 and 5. These MR scans were performed before the
period used for database research and, for the following 31
MR scans, only gadoterate meglumine was used. For Patient
1 and Patient 10, records of an external MR scan realized
before the beginning of the follow-up were found. We can-
not exclude that other MR scans were performed in external
centers during the follow-up period. However, no documen-
tation was found in the medical files.

During a mean follow-up time of 91 months (range
49-168), six out of ten patients experienced new signs or
symptoms inventoried in Tables 1. Most of them were asso-
ciated with the main neurological or neurosurgical disorder
(see Table 3).

Headache and diplopia were described in Patient 1. This
patient had a brain astrocytoma. He developed intracranial
hypertension and 6th nerve palsy. Dizziness was described
in Patient 7 with multiple brain metastasis (sites: right
temporal, right fronto-temporal, frontal interhemispheric,
left occipito-parietal and right cerebellar) of a melanoma.
Diplopia and limb ataxia were observed in Patient 6 after
demonstration of tectal plate metastasis of lung cancer.
Speech difficulties in Patient 5 were associated with a left
temporal metastasis of melanoma. As for neuropsychologi-
cal and behavioral symptoms experienced by Patients 1,
3, and 10, they were all explained by the primary lesion.

In no medical file a report of an unexpected cerebel-
lar syndrome was found. In particular, no patient showed
evidence of a de novo cerebellar motor syndrome (CMS),
vestibulo-cerebellar syndrome (VCS) or Schmahmann’s
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Fig. 1 Temporal distribution of MR scans and newly appeared symptoms/signs during follow-up, as described in the medical files. Each hori-
zontal line corresponds to a patient. Blue diamonds represent MR scans; red dots represent new signs/symptoms. Time is expressed in months

syndrome [17]. No patient developed a cerebellar syn-
drome as observed after environmental chronic intoxica-
tion, in particular after chronic exposure to metals (such as
for mercury, lead, manganese, aluminium, thallium, ger-
manium, uranium or vanadium) [16]. No case was sugges-
tive of a subacute encephalopathy involving dentate nuclei
as observed after metronidazole administration [8, 32].
Furthermore, we did not observe dose-related symptoms
as commonly reported for drugs-induced ataxia [16].

In term of MR image analysis (see Supplementary File),
we found MR exams with unenhanced 3D-T1 weighted
sequences for six patients. For the only three patients with
more than one exam available (Supplementary Fig. 2—4), the
SI of ROIs were studied. No SI increase was identified in
globi pallidi (GP) nor dentate nuclei (DN) at visual inspec-
tion. SI ratios were calculated for GP over Thalamus for the
three patients and for DN over pons for only two patients
(Patient 2 and Patient 3) because of posterior fossa lesions
found in Patient 1 (see Supplementary Table 4). Other cal-
culated SI ratios did not provide additional information (DN-
to-MCP, GP-to-WM; data not shown). No signal increase
was identified on the available images for Patient 8 (7th MR
scan, Supplementary Fig. 5) and Patient 9 (15th MR scan,
Supplementary Fig. 6). For Patient 10, images of the 32nd
scan are shown in Supplementary Fig. 7. No evidence of
increase in SI in the basal ganglia nor in the cerebellum
could be demonstrated (provided that cerebellar lesion could
have hampered the image analysis).

Discussion

To our knowledge, this is the first retrospective study inves-
tigating specifically the clinical consequences of repeated
administration of a macrocyclic GBCAs in humans.

We reviewed the medical files of ten patients who
received a mean administration of 28 serial injections of

Table 3 Symptoms and signs reported by clinicians in the medical
files during the follow-up period

Symptoms and signs® Number of occur-  Patient
rences

Headache 1 1

Dizziness 1 7

Diplopia 2 1;6

Speech difficulties 1 5

Lack of coordination in limbs 1 6

Attention deficit 3 1;3; 10

Aggressiveness, irritability 1 1

Passivity 1 10

# In none of the patients, a genuine toxic-induced cerebellar syndrome
was reported in the medical files. Symptoms and signs which could
have been suggestive of a cerebellar dysfunction can be explained by
the primary tumor or the metastases in all the cases

GBCA. The 20 administrations cut-off were chosen based
on preclinical studies showing accumulation of gadolinium
in the brain of healthy rats after 20 injections of gadoterate
meglumine [15, 26]. Although Radbruch et al. recently con-
firmed that no signal intensity augmentation can be observed
on MR scans after 23 repeated administrations of gadoterate
meglumine [21], autopsies have revealed that gadolinium
can still accumulate without MR evidence [27]. Therefore,
this opens the question of possible clinical consequences for
neurologists,/neurosurgeons and even for psychiatrists, given
the key-role of the cerebellum in motor/cognitive/affective
skills [17].

From the clinical standpoint, the effects of gadolinium
accumulation on human brain functions and especially cer-
ebellar functions are nearly completely unknown. Two cases
of presumed gadolinium-induced encephalopathy have been
described [11, 18]; several publications report a gadolin-
ium deposition disease with several aspecific neurological
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symptoms including headaches, altered mentation, diffuse
pain and paresthesias [3, 23, 30]. The link with a genuine
cerebellar toxic disorder cannot be made on the basis of
these reports. An impaired glucose uptake has been reported
in deep brain nuclei and dentate nuclei after GBCA admin-
istration [2] but the clinical relevance is unknown.

In our study, on the basis of the current nosology of clini-
cal cerebellar syndromes [17] we did not find any evidence
of newly appearing cerebellar symptoms or signs which
would fit with an evolving gadolinium-related cerebellar
disease. Doubts could be raised about possible new neu-
ropsychological and behavioral symptoms, but there was
no temporal association with GBCA administration which
would argue for a cerebellar cognitive affective syndrome.
None of the patients developed the constellation of symp-
toms observed in Schmahmann’s syndrome [17].

This study has several important limitations. First, due
to retrospective nature of the study, clinical information
about patients was not reported uniformly. However, it can
be argued that each patient was examined by at least two
different specialists and medical files were reviewed system-
atically on the basis of an exhaustive list of symptoms and
signs observed in classical cerebellar disorders. Second, all
of the ten patients presented initially or developed subse-
quently intracranial neoplastic lesions. This impacts on the
interpretation of novel symptoms, as a result of anatomical
disruption of central pathways and raised intra-cranial pres-
sure. Third, MR analysis could not be performed properly:
(a) sequences of acquisition varied largely from one patient
to another or for successive MR scans in the same patient,
(b) 3D-T1 weighted sequences were only available for six
patients, (c) a comparison of successive scans was only pos-
sible for three patients, (d) intracranial lesions interfered
with the analysis of signal intensity of dentate nucleus in
Patients 1 and 10 and of right thalamus in Patient 2. Moreo-
ver, because of their principal diagnosis, patients underwent
chemotherapy, radiotherapy, gamma-knife and/or surgical
procedures which could have interfered with SI intensity
interpretation. Nevertheless, visual inspection of the inter-
pretable MR scans did not show any SI augmentation similar
to those reported previously with linear GBCAs [21].

In conclusion, the analysis of the medical files of 10
patients who received more than 20 repeated administration
of gadoterate meglumine did not show any de novo cerebel-
lar syndrome. A larger clinical retrospective study is manda-
tory. Prospective studies investigating extensively the cer-
ebellar functions of these patients should now be conducted.
The same comment applies to linear GBCAs, especially
given the recent report of high Gd>* concentrations not only
in the dentate nucleus but also in the granular layer the cer-
ebellar cortex following repeated administrations of gadodi-
amide and gadopentetate dimeglumine [15]. The combined

@ Springer

accumulation in these two key structures of the cerebellum
is a matter of concern and requires urgent clinical reports
as well as detailed prospective follow-up studies in patients
who have been exposed to repeated administrations.
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