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Abstract

Background: Gadolinium-based contrast agents (GBCA) are commonly used in MRI. GBCA have
been linked to signal changes in dentate nucleus and globus pallidus.

Purpose: To assess the degree of gadolinium accumulation in brain structures among patients with
GBCA administrations.

Materials and methods: Retrospective study included 224 patients: 197 patients who underwent
more than two MRI with linear-type GBCA and 27 patients from control group who underwent at
least two MRI without GBCA.

Results: Statistical analysis of the main group revealed positive correlation between difference in
signal intensity of GP/thalamus ratio to the number of previous MRI with GBCA (r=0.145,
p=0.042), with a time interval between first and last MRI (r=0,221, p=0,002), as well as to patients
age (r=0.145, p=0.042). For difference in ND/ pons ratio positive correlation was found only with
the number of previous studies with GBCA (r=0.172, p=0.016).

Statistical analysis of patients who received GBCA of the same type (gadodiamide or gadopentetic
acid) revealed the following correlations: in patients who were administered gadodiamide, a
positive correlation was found between ND/pons ratio and the number of previous studies with
GBCA (r=0,280, p<0,5). In patients who were administered gadopentetic acid, no correlation was
found between the difference in GP/thalamus ratio, in ND/pons ratio and the number of studies with
GBCA.

Conclusions: Increased signal intensity at the pale globes and the dentate nuclei on pre-contrast
images may be related to the number of studies performed with linear-type GBCA.
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Key Results. Increased signal intensity at the pale globes and the dentate nuclei on pre-contrast
images may be related to the number of studies performed with linear-type GBCA. Among the
patients who were administered gadopentetic acid, no correlation was found between the number of
studies (MRI scans) and Sl increase at ROI.

Summary Statement. The proposed model of SI dependence on time may correspond to the
possible gadolinium washout effect.

1. Introduction

Gadolinium-based contrast agents (GBCA) are widely used in clinical practice for contrast
enhanced MRI (CE-MRI). First they were employed in 1988[1]; since then, numerous studies have
looked into the potential of GBCA in diagnosing various body systems. The current value of this
method is far beyond original expectations, and is one of the most important tools for diagnosis
worldwide.

GBCA on are tolerated well by patients when used in accordance with the instructions;
however, like any other agents used in clinical practice, they have potential risks and adverse effects.
According to various sources, mild allergic reactions occur with a frequency of 0.004-0.7%;
life-threatening anaphylactic shock is observed in range of 0.001-0.01% [2].

Gadolinium safety is a highly debated issue. Toxicity of gadolinium ions is leveled by their
binding to chelate complexes.

Differences in GBCA structure are reflected in difference in physicochemical properties.
GBCA can be divided into two groups: linear or open type and macrocyclic type in which Gd3+ ion
is enclosed in a ligand ring. Different types of contrast agents have different stability, i.e. ability to
hold toxic Gd3+ ion within the complex. Despite the fact that linear-type GBCA cause more
significant changes in signal intensity (SI) at basal nuclei (due to lower thermodynamic and kinetic
stability) than substances of macrocyclic type, gadolinium deposition is observed in both occasions
[31 [4].

In 2006, studies conducted by Grobner demonstrated a correlation between GBCA
administration and nephrogenic systemic fibrosis in patients with renal dysfunction [5], [6]. In 2014,
Kanda revealed a correlation between gadolinium administrations and high SI on T1 at the dentate
nuclei (ND) and the pale globes (GP) regardless of renal function [19]. This consistent pattern was
revealed by other authors [7] - [18]. All these studies drew attention to GBCA safety; however,
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possible effects of gadolinium deposition on humans are still unknown [2]. It was also found that
gadolinium deposition at ND, pons, GP and thalamus occurs irrespective of pathological changes in
the brain which could lead to the disruption of blood-brain barrier integrity. In 2016, a study assessed
the parkinsonism rate among patients who underwent MRI with and without GBCA: the authors
found no significant difference in these groups [21]. Taking into account the rationale of the issue, the
purpose of the research is to assess the presence and the degree of gadolinium deposition in brain
among patients with multiple injections of GBCA, to identify any differences in the degree of
gadolinium accumulation depending on the type of contrast agent, and to assess the dynamics of Sl

changes as an indirect feature of the possible washout effect.

2. Materials and Methods

The study included 224 patients. The first group consisted of patients (197) who underwent 2-
16 scans (3.6 on average) with GBCA (gadodiamide or gadopentetic acid, 0.2 ml/kg body weight).
The average age was 47.9 years (5-81), 74 males and 123 females. The second group included 27
patients who underwent 2-3 scans (2.1 on average) without GBCA. The average age was 23.8 years
(10-45), 14 males and 13 females. All the MRI of the second group (without GBCA) were performed
due to epilepsy. In group 1, 52 patients were administered gadodiamide, 59 patients were
administered gadopentetic acid, the rest (86) were administered various GBCA.

Inclusion Criteria

patients without GBCA administration;

patients who underwent more than two MRI scans with GBCA (gadodiamide or gadopentetic
acid);

patients who had undergone more than two MRI scans without GBCA,

normal renal function (GFR> 60 ml/min);

normal liver function (reference range of blood biochemical analysis);

MRI scans were performed on the same scanner using the same pulse sequences.

Exclusion Criteria

Contraindications for GBCA.
Abnormal liver function.
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Studies conducted with GBCA in the previous history.

Gender and age, number of scans with GBCA, and the time interval between the first and the
last scans were taken into account.

All the MRI imaging was performed on Siemens Magnetom Verio 3T scanner. All the
patients underwent the same pulse sequence: pre-contrast T1 in sagittal plane and subsequent
reformation in in the axial and the frontal planes. Pre-contrast T1 were obtained using following
parameters: TR — 1780, TE — 2.78, slice — 0.8 mm, matrix — 320x320, FOV — 256x256mm. The
parameters were identical in all the patients. The measurements were carried out on reformations in
the axial plane, 0.8mm slice.

Quantitative analysis (SI assessment) was carried out independently by two radiologists (with
4 and 20 years of work experience).

The study is based on retrospective Sl assessment on T1 in GP and ND on the right of control
areas by highlighting the corresponding regions of interest (ROI) (Fig.1). The control areas are the
right thalamus (T) and the central parts of pons (P). If SI measurement on the right was not possible
(due to a tumor, edema, cystic transformation, etc.), the measurement was conducted on the
corresponding ROI on the left. The Sl ratio was assessed by dividing the Sl value of ND by the Sl
from central parts of pons, by dividing the SI from GP by the SI from the central parts of thalamus in
the first (1) and the last (2) scans. Estimating the Sl ratio correlations of the corresponding points
(GP2/T2 — GP1/T1, ND2/P2 — ND1/P1) is the purpose of the statistical analysis.

Figure 1- An Example of Measuring the Intensity of the MR Signal on Pre-contrast Images. On the right,
Measurements are Carried out in the Region of the Pale Globe and the Thalamus, On the Left,
in the Region of the Dentate Nucleus and the Central Parts of the Pons
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Statistical analysis was performed using the statistical software package STATISTICA 10
(USA) to identify correlations between the ratio of ND/pons and GP/thalamus and following factors:
gender, age, number of previous GBCA MRI scans, and the time interval between the first and the
last GBCA MRI scan.

3. Results

The statistical analysis among the first group of patients revealed a positive correlation
between the difference in the ratio of GP/thalamus with the number of MRI scans with GBCA
(r=0.145, p=0.042), with a time interval between the first and the last MRI scans (r=0.221, p=0.002),
as well as with the patients' age (r=0.145, p=0.042) (Fig.2). For the difference in ND/pons ratio, a
positive correlation was only noted with the number of previous scans with GBCA (r=0.172,
p=0.016) (Fig.3).

Figure 2- Distribution of differences in the GP/thalamus Ratio among Patients in Group 1 Depending on the
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Figure 3- Distribution of differences in the ND/pons Ratio among Patients in Group 1 Depending on the Number of Scans
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When dividing patients of Group 1 into 3 subgroups (Fig. 4) depending on age (under 39,
40-60, 61 and older), the following correlations were found (Table 1):

Figure 4 - Distribution of Patients in Group 1 into 3 Subgroups Depending on Age

1 group

n=197

Group 2a
(40-60)

Group l1a

Group 3a
(under 39)
n=57

(over61)
n=44

n=96

Table 1- Localization of SI changes depending on the observation period and the number of studies with
GBCA among the patients of different age groups
Under 39 years 40-60 years old Over 61 years

Globus pallidus
- (GP2/T2 - GP1/T1) |-

Nuclei dentati Globus pallidus
(ND2/P2-ND1/P1) | (GP2/T2 - GP1/T1) |-

Observation period

Number of MRI
examination with IV
contrasting

e among the patients of Group la, no positive correlation between the difference in the
GP/thalamus ratio and the dependencies of interest was revealed. A positive correlation
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was revealed between the difference in ND/pons ratio and the number of scans (r=0.264,
p=0.047).

e among the patients of Group 2a (40-60 years), a positive correlation was found between
the difference in the GP/thalamus ratio and the number of scans (r=0.303, p=0.003) and
the observation period (r=0.317, p=0.002). No positive correlation was found between
ND/pons and the dependencies of interest.

e among the patients of Group 3a (61 and older), no significant correlations were found.

Among the patients of the second group (without GBCA), no significant correlation between
the difference in Sl ratios of corresponding ROI and the dependencies described above was found.

When comparing the ratios of Sl indicators, the average values in the first and last studies
with GBCA changed at the level of GP by 1.817%, and at the level of ND by 0.772%.

Average data for all the parameters are presented in Table 2.

Table 2- Sl-signal Intensity on T1, GP—pale Globe, T-thalamus, ND-dentate Nucleus, P—pons,
1-values for First Study, 2—values for Last Study.
*Data are Presented as Average

Parameters 1 group (with GBCA) | 2 group (without GBCA)

Age* 47,9 (5-81) 23,8 (10-45)

Gender men - 74 men - 3

women - 123 women - 4

Number of studies (MRI scans)* | 3,6 (2-16) 2,1 (2-3)

Observation period (months)* 19,1 (0-57) 10,1 (3-21)

SI1 pale globe* 463,3 457,7

SI1 thalamus* 455,7 451,3

SI1 dentate nucleus* 456,1 465

SI1 pons* 464,1 474,5

SI2 pale globe* 465,9 4542

SI2 thalamus* 450 454.5

SI2 dentate nucleus* 460,4 455,2

SI2 pons* 464,7 469,7

GP1/T1* 1,018 1,014

GG2/T2* 1,036 0,999

ND1/P1* 0,983 0,979

ND2/P2* 0,991 0,97

GP2/T2-GP1/T1* 0,018 -0,015

ND2/P2-ND1/P1* 0,007 -0,009
ISSN: 2237-0722 155

Vol. 11 No. 2 (2021)
Received: 24.02.2021 — Accepted: 02.04.2021



When dividing the patients of Group 1 depending on GBCA type (Fig.5), the following
correlations were found: if gadodiamide was administered, a positive correlation was found between
the ND/pons ratio and the number of previous studies with GBCA (r=0.280, p<0.5). If gadopentetic
acid was administered, a positive correlation was found between the difference in the GP/thalamus
ratio and age (r=0.324, p<0.5).

Figure 5- Distribution of Patients in Group 1 Depending on GBCA

Gadodiamide Gadopentetic acid Gadodiamide

+ Gadopentetic acid
n=52 n=59 n=86

To assess the SI dynamics, the authors of the present study used an ordinary differential

equation %: —kI, where I is SI, and K is the coefficient of SI changes. The solution is I(t) = I,e ™ ¢,

where Io is the initial signal intensity (Fig.6). The values of the k coefficient for the studied

structures are given in Table 3.

Figure 6 - Sl decline Curve
signal intensity decline curve
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Table 3- *Mean Absolute Error (Average Absolute Error) - Model Quality Rating

Locus coefficient K | MAE*

GP 0.00668 48.0539
Thalamus | 0.00711 51.1068
ND 0.00632 53.2144
Pons 0.00658 45.2909

4. Discussion

As already mentioned, GBCA safety is a highly debated issue. It was revealed that an
increased Sl at GP and ND is associated with the number of previous studies with linear-type GBCA.
This consistent pattern can be traced in the present research; however, the correlation coefficient
value is between 0.145-0.172, which indicates an extremely weak correlation. When comparing the
Sl ratios, the mean values in the first and the last studies with GBCA increased at the level of GP by
1.817%, and at the level of ND by 0.772%. If only gadodiamide was administered, a correlation was
found between the number of previous studies with GBCA and the increased Sl at the level of ND. If
gadopentetic acid was administered, no correlation was found between the number of studies and the
Sl increase at ROI, which contradicts the published data; correlations are observed only with age.
This is probably due to the small number of samples and a relatively small number of studies per
patient as relating to the main group and the group of patients who were administered gadodiamide:
2-14 studies were conducted among patients with gadodiamide, 2-16 in the general group of patients,
and 2-7 in the group with gadopentetic acid. Obviously, the absence of any correlations in the control

group indicates the absence of gadolinium deposition; this may also be due to the small sample.

5. Conclusion

Possible effects of gadolinium deposition on the human body have not yet been established. It
was shown that SI at T1 and T2 at basal nuclei among healthy volunteers positively correlate with
age. This is due to the deposition of iron at the level of brain corresponding areas (primarily pale
globes, red nuclei, reticular formation, to a lesser extent, dentate nuclei [22]. The present study
revealed that signs of gadolinium deposition are only observed in 1a and 1b age groups (up to 39 and
40-60 years). In the third age group (over 61 years), the above described consistent pattern was not
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observed. However, this may also be due to the accumulation of iron ions at the basal nuclei among
older patients. The increased Sl on T1 from GP is also observed with various toxic (CO2 poisoning,
methanol poisoning), metabolic (liver disease accompanied by the accumulation of iron, copper or
ammonium), degenerative (Gallewarden-Spatz disease) or neoplastic processes (neurofibromatosis I
type) [23].

In several papers, gadolinium deposition at the basal nuclei was confirmed according to
autopsy data. The presence or absence of iron ions or other metabolites was not evaluated. In one of
these studies, gadolinium ions were found in the brain of patients without GBCA administration [7],
[24]. The source of gadolinium in this case may be the environment, for instance, wastewater [25].

It should be taken into account that an increase in Sl at the basal nuclei is also observed when
using contrast agents of the macrocyclic type [24]; however, this consistent pattern is not traced in all
the studies [26].

The model of SI dependence on time is of undoubted interest. Theoretically, this consistent
pattern can speak in favor of gadolinium washout effect. The trend was first demonstrated in 2015 by
Adin et al. [27]; later, this hypothesis was confirmed in experiments on rats [28].

These inconsistencies may indicate that earlier observation demonstrated no washout, while
follow-ups revealed it. The authors of the present research believe this part to be most significant and

promising on the subject.
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