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Abstract
Introduction Gadolinium-based contrast agents (GBCA) have been used to enhance magnetic resonance imaging (MRI) since
1985. Recently, the media and online groups have voiced concerns about gadolinium deposition in patients with normal renal
function based on Belevated^ urinary gadolinium levels. The determination of increased urinary gadolinium levels is based on
reference ranges developed in individuals with normal renal function who were never exposed to GBCA. Studies suggest an
elevated gadolinium urinary elimination greater than 72 h post GBCA scan.We evaluated urine gadolinium concentrations over a
30-day period in patients administered GBCA.
Methods In this prospective, observational pilot study, we enrolled subjects between 18 and 65 years of age with normal renal
function who received GBCA for the first time. Urinary gadolinium was measured at days zero (prior to GBCA exposure), 3, 10,
and 30 after GBCA exposure. We compared urinary gadolinium levels after GBCA exposure to the current reference range and
calculated an estimated duration of Belevated^ gadolinium urine levels in the average patient.
Results All 13 subjects had 24-h urinary gadolinium levels higher than 0.7 μg/24 h with means of 1944 (± 1432) μg/24 h on day
3, 301 (± 218) μg/24 h on day 10, and 34 (± 33) μg/24 h on day 30. Based on calculated urinary gadolinium elimination kinetics,
we estimate urinary gadolinium levels will often remain above the current reference range for > 50 days.
Conclusion The current reference range of 0.7μg/24 h for 24 h urinary gadolinium is not applicable to patients for at least 30 days
following GBCA exposure.
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Introduction

Gadolinium-based contrast agents (GBCA) have been used to
enhance magnetic resonance imaging (MRI) since 1985 [1].
In 2006, GBCAwere implicated in causing nephrogenic sys-
temic fibrosis in patients with renal impairment [2, 3] leading
to a US Food and Drug Administration (FDA) ordered black

box warning for several of these agents in 2007. In 2014,
gadolinium deposits were found in the basal ganglia of pa-
tients with normal renal function after GBCA enhanced MRI
scans [4]. Although there was no disease associated with these
deposits, a new FDA warning was published [5]. Recently,
laypeople with normal renal function began attributing vari-
ous symptoms to Bgadolinium toxicity^ based on Belevated^
urinary gadolinium levels months after undergoing MRI with
GBCA [6–9]. However, the current reference range for 24-h
(24hr) urinary gadolinium is derived from levels found in
healthy individuals without a history of exposure to GBCA.

Early pharmacokinetic studies estimated that up to
100% of the GDCA dose given intravenously is excreted
in the urine within 72-h [10, 11]. However, Lancelot re-
cently suggested a second, delayed phase of elimination
[12] leading us to hypothesize that gadolinium may be
present in the urine for a prolonged period. With
prolonged elimination, the applicability of the current
24-h urinary gadolinium reference range in patients with
a history of GBCA exposure would be questionable.
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Our primary objective was to determine the presence of
gadolinium in the urine of healthy patients with normal renal
function at 3, 10, and 30 days after first GBCA exposure. Our
secondary objectives were to compare urinary gadolinium
levels after GBCA exposure to the reference range, determine
an estimated gadolinium urinary elimination half-life, and es-
timate the time needed for urinary gadolinium levels to fall
below the current reference range value.

Methods

This is a prospective, observational pilot study designed using
the STROBE checklist [13]. The study was reviewed and
approved by the host institutional review board (IRB) and
conducted at an 875-bed tertiary care facility. Recruitment
occurred between September 2017 and January 2018; subjects
were recruited through Radiology and Emergency
Departments using scheduling lists and electronic medical re-
cords under an IRB-approved partial waiver of authorization
for screening purposes. All patients between the ages of 18
and 65 years with normal kidney function, able to give in-
formed consent, and receiving GBCA for the first time were
considered eligible. Normal kidney function was defined as a
creatinine level equal or below 1.5 mg/dL and a glomerular
filtration rate (GFR) equal or above 59 mL/min/1.73 m2.
Patients under 60 years of age without a history of diabetes,
hypertension, or renal dysfunction were assumed to have nor-
mal renal function and did not require additional screening
prior to GBCA administration in accordance with American
College of Radiology recommendations [14]. In all other
cases, a creatinine assessment was performed if there was
not one in the preceding 6 months. The IRB did not permit
serum creatinine determinations on patients who did not re-
quire them. Patients with a history of bipolar disorder, person-
ality disorder, depression, schizoaffective disorder, schizo-
phrenia, fibromyalgia, peripheral neuropathy, strokes, tran-
sient ischemic attacks, chronic pain, cerebral palsy, migraines,
dermatitis, rheumatoid arthritis, systemic lupus erythemato-
sus, Raynaud’s phenomenon, scleroderma, or dermatomyosi-
tis were also excluded

Urinary gadolinium and creatinine testing were performed at
Mayo Medical Laboratories: a Clinical Laboratory
Improvement Amendments (CLIA) accredited lab in
Rochester, MN. Gadolinium analysis was performed using in-
ductively coupled mass spectrometry (ICP-MS). Total gadolin-
ium (free and chelated) was reported inμg/24 h. Creatinine was
measured by an enzymatic colorimetric assay based on the
conversion of creatinine to sarcosine. The gadolinium to creat-
inine ratio was reported on baseline (spot) and 24-h urine sam-
ples in μg gadolinium per gram of creatinine (μg Gd/g Cr).
Total elemental urinary elimination is best estimated with a full
24-h collection rather than a spot sample [15].

Upon enrollment and before MRI with GBCA administra-
tion, spot urine samples were obtained and tested for gadolin-
ium and creatinine. Any subjects with initial spot urinary
creatinine-adjusted gadolinium levels that were more than
two times the comparable reference 24-h creatinine-adjusted
normal gadolinium level (0.8 μg Gd/g Cr) were to be exclud-
ed, but no enrolled subjects met or were excluded by these
criteria. Full 24-h urine collections were performed on days 3,
10, and 30 after GBCA exposure. Samples were shipped from
the subjects’ residences to the primary institution using a cou-
rier service. All samples were stored at 4 °C until processing
and then frozen at − 20 °C until testing was performed.

The primary study outcome was to determine the mean and
standard deviation of 24-h urinary gadolinium elimination
both absolute (μg/24 h) and adjusted for creatinine (μg Gd/g
Cr) at days 3, 10, and 30 after GBCA enhanced MRI. Our
secondary outcomes were to compare 24-h urinary gadolini-
um elimination at days 3, 10, and 30 to the creatinine adjusted
reference range of < 0.8 μg Gd/g Cr, determine an estimate of
urinary gadolinium elimination half-life, and calculate an es-
timated time for urinary gadolinium levels to fall below the
creatinine adjusted 24 h reference range value. Since subjects
would receive different GBCA agents due to differing diag-
noses and radiologists, we expected variable urinary gadolin-
ium levels based on clearance of specific agents [1].

Determination of the mean elimination kinetics of gadolin-
ium was planned to use all three data/time points (3, 10, and
30 days) using standard pharmacokinetic linear fit of the nat-
ural logarithm of each subject’s levels. However, due to pub-
lished evidence of the biphasic elimination of gadolinium and
concerns about bone persistence [12], a secondary analysis
was planned to determine values for the elimination constant
(Ke) for days 3 to 10, and 10 to 30 days and compare them to
determine if these differed (paired sample t test, p < 0.05 sig-
nificant). This analysis was performed because if there was
biphasic elimination, this would provide a better estimation of
the total time for a gadolinium level to return to the Bnormal^
range by employing the terminal phase constant and not a
mixture of two phases. The average extrapolated expected
time until urinary clearance of gadolinium below the normal
level was determined based on the mean concentrations at
10 days (minus outliers) and the average Ke elimination be-
tween 10 and 30 days in order to estimate the time expected
for a urinary gadolinium level to return to the Bnormal^ range.

The single sample with collection delayed by 1 day
(i.e., 24-h collection completed on day four rather than
day three) was included in half-life calculations with the
true collection time (i.e., day four) but grouped with the
closest set (i.e., days three) for the average concentration
determinations at each time point.

Due to lack of pre-existing data for a power calcula-
tion, the target sample size (n = 12) was based on Bthe rule
of 12^ for pilot studies measuring continuous variables

122 J. Med. Toxicol. (2019) 15:121–127



[16]. Data was recorded in Research Electronic Data
Capture (REDCap) tools [17] hosted at the study site
and statistical analyses was performed using a blinded,
encrypted secure spreadsheet (Microsoft® Excel version
15.35, 2017) with the Real Statistics Resource Pack soft-
ware (www.real-statistics.com). Values in parenthesis (±)
represent one standard deviation.

Results

A total of 902 patients were screened between September
2017 and January 2018, 68 met inclusion criteria, and 13
subjects were enrolled without any drop-outs (see Fig. 1
and Table 1). All but one subject had a GFR of > 59 mL/
min/1.73 m2 reported within 1 year of the MRI contrast
study with the remaining subject (< 60 years of age) hav-
ing a GFR > 59 mL/min/1.73 m2 determined within
16 months of the study. Eight (62%) subjects received
gadobutrol (Gadavist®) with an average dose volume of
9.4 mL (1470 mg gadolinium), range 7–12 mL. Four
(31%) subjects received gadopentetate dimeglumine
(Magnevist®) with an average dose volume of 18.5 mL
(1450 mg gadolinium), range 14–20 mL. One subject re-
ceived 10 mL (390 mg gadolinium) of gadoxetate
disodium (Eovist®). All subjects completed baseline spot

urine and 24-h urinary collections at days 3, 10, and 30
after receiving GBCA; one subject collected the 3-day
sample 1 day late, on day four.

The average gadolinium to creatinine ratio was 0.3 μg (±
0.3) μg Gd/g at baseline (spot), 1225 (± 796) μg Gd/g Cr at
day 3, 214 (± 120) μg Gd/g Cr at day 10, and 22 (± 15) μg Gd/
g Cr at day 30; see Fig. 2 for the 3-, 10-, and 30-day values.
The average 24 h gadolinium was 1944 (± 1432) μg/24 h on
day 3, 301 (± 218) μg/24 h on day 10, and 34 (± 33) μg/24 h
on day 30. See Table 2 for the individual subject’s urinary
volume, creatinine, and gadolinium measurements. For sub-
jects who received gadobutrol, their average dose was
18.3 mg Gd/kg [range 16.3–23.7]; their gadolinium to creati-
nine ratios were 1549 (± 828) μg Gd/g Cr at day 3, 257 (±
121) μg Gd/g Cr at day 10, and 27 (± 16) μg Gd/g Cr at day
30. For subjects who received gadopentetate dimeglumine,
their average dose was 21.0 mg Gd/kg [range 16.7–23.8];
their gadolinium to creatinine ratios were 837 (± 301) μg
Gd/g Cr at day three, 177 (± 55) μg Gd/g Cr at day 10, and
16 (± 7) μg Gd/g Cr at day 30.

The average elimination constant (Ke) for urinary gadolin-
ium from three to 10 days was 0.255 (±0.056) and for 10 to
30 days was 0.121 (± 0.018); this difference was significant
(p < 0.0001). This corresponds to a half-life of 2.7 days and
5.7 days respectively. Figure 3 demonstrates the urinary gad-
olinium elimination kinetics between days 3 and 10 and days
10 and 30 for the 13 subjects. The estimated time for urinary
gadolinium levels to become undetectable (i.e., less than
0.8 μg Gd/g Cr), based on the half-life between days 10 and
30 and using the 10-daymean was 57 days with an upper limit
estimated at 84 days. This upper limit calculation utilized the
means plus 1.96 standard deviations for the 10-day average
and Ke; it excluded the one outlier subject that received
gadoxetate disodium for the day 10 mean.Fig. 1 Summary of subject numbers during screening and enrollment

Table 1 Subjects’ baseline characteristics

Age, (range) 44 years, (24–64 years)

Sex Female n = 7 (54%)
Male n = 6 (46%)

BMI, (range) 28.7 kg/m2, (21.2–44.8 kg/m2)

Race Caucasian n = 8 (62%)
Black or African American n = 4 (31%)
Unknown n = 1 (8%)

Reason for MRI Musculoskeletal n = 3 (23%)
Gastrointestinal/Genitourinary n = 6 (46%)
Cancer n = 3 (23%)
Other n = 1 (8%)

Concurrent
medications

NSAIDS n = 6 (46%)
Proton Pump Inhibitor n = 3 (23%)
Selective serotonin uptake inhibitor n = 2 (15%)
Gabapentin n = 2 (15%)
Benzodiazepine n = 2 (15%)
Opioid n = 1 (8%)
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Discussion

After exposure to GBCA, all subjects had total urine gado-
linium levels above the current reference range of 0.7 μg/
24 h at days 3, 10, and 30, and all subjects had gadolinium to
creatinine ratios above 0.8 μg Gd/g Cr at days 3 and 10 with
only one having a gadolinium to creatinine ratio below

0.8 μg Gd/g Cr at 30 days. In fact, at day 30 all but one
subject had a 24-h Gd/Cr ratio that was at least 10 times
the normal Gd/Cr ratio of 0.8 μg Gd/g Cr.

Our kinetic findings of two statistically different elimi-
nation constants also support Lancelot’s previous observa-
tions that GBCA have at least a two-phase urinary elimina-
tion process; a rapid early phase and a delayed, slower

Fig.2 a Urinary gadolinium
levels (μg Gd/g Cr) at day 3; b
Urine gadolinium levels (μg Gd/g
Cr) day 10 and 30. Box plot with
means indicated by x, median and
interquartile range (IQR) depicted
as the box, whiskers indicating
data within 1.5 the IQR, and
outlier data points with dots

Table 2 Individual subjects’ gadolinium samples. *Day 3 collection was on day 4

Baseline (spot) Day 3 Day 10 Day 30

Subject Creatinine
(mg/dL)

Gd (μg/g
Cr)

Volume
(mL)

Creatinine
(mg/dL)

Gd
(μg)

Volume
(mL)

Creatinine
(mg/dL)

Gd
(μg)

Volume
(mL)

Creatinine
(mg/dL)

Gd
(μg)

1 219 0.1 2000 123 5693 2000 84 429 1230 118 46

2 255 < 0.1 1660 105 1927 1719 87 331 2200 69 30

3 203 < 0.1 730 140 188 994 144 18 1275 161 0.9

4 117 < 0.1 1822 86 1671 1326 143 329 700 226 40

5 30 0.7 1314 124 1726 1833 94 337 1875 92 28

6 17 1.2 1786 91 2298 1975 51 210 1100 53 12

7 186 < 0.1 777 136 452 772 184 148 900 138 10

8 58 < 0.1 2454 75 1397 3546 52 304 3025 96 38

9 198 < 0.1 1200* 111* 1429* 475 180 146 751 179 25

10 134 < 0.1 2075 83 2068 950 102 280 895 76 16

11 31 0.4 2119 43 1145 1720 61 218 1371 77 24

12 185 < 0.1 1763 104 1458 586 163 226 1841 107 31

13 108 < 0.1 2054 57 3824 1772 98 937 2999 70 136
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elimination phase [12]. In our study, we calculated an esti-
mated average of 57 days for the urinary gadolinium to
creatinine ratio to reach below the current reference range
following GBCA exposure and possibly much longer (i.e.,
80+ days). The identification that all subjects in this study
had total urinary gadolinium levels above the current refer-
ence range and that the estimated clearance of gadolinium is
greater than 50 days calls into question the applicability of
the current reference range for patients with a history of
GBCA exposure. To interpret urinary gadolinium levels fol-
lowing GBCA MRI, researchers need to develop a new ref-
erence range applicable to this population.

Limitations

Our limitations include a small sample size of a relatively
healthy population, which was appropriate for a pilot study
but prevents development of a comprehensive reference
range. Another limitation includes the possibility of unrec-
ognized renal disease in subjects, as all but two of themwere

less than 60 years old and thus may not have had a recent
serum creatinine performed if they had undiagnosed co-
morbidities such as diabetes or hypertension. However, all
subjects were evaluated by a health care provider prior to the
GBCA-enhanced MRI being ordered and screening to iden-
tify patients with renal impairment followed American
College of Radiology recommendations [14].

Our study conclusively demonstrated that current refer-
ence ranges are inappropriate for patients administered
GBCAwithin 10 days of an MRI as 100% of subjects dem-
onstrated a μg Gd/g Cr of at least 15 times the upper limit of
the current reference range of 0.8 μg Gd/g Cr. Even at
30 days post GBCA 93% of subjects demonstrated a μg
Gd/g Cr of at least 10 times the upper limit. Our kinetic
calculations are limited by the infrequent urinary gadolini-
um measurements. With the dramatic change in the elimi-
nation constant between days 3–10 and days 10–30, addi-
tional urinary measurement would make elimination deter-
minations more accurate and improve our understanding of
exactly when the two-phase elimination changes. Also,
since none of our subjects had urinary gadolinium levels

Fig. 3 Natural log urinary
gadolinium (μg Gd/g Cr) vs.
number of days since GBCA
administration for all subjects
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below the 0.7 μg/24 h reference range at day 30, additional
measurements after day 30 may have been beneficial to
directly measure at what point urinary gadolinium levels
returns to Bnormal^ in the majority of patients. The selection
of patients without renal disease limits the generalizability
to a larger heterogeneous population; however since gado-
linium is, in part, renally eliminated, we would expect de-
creased gadolinium elimination in patients with renal dys-
function, not increased elimination. Regarding the exclu-
sion of psychologic, neurologic, and rheumatologic disease
states, our intention was to evaluate the gadolinium elimi-
nation in a healthy population, as a pilot study, and compare
it to the existing reference range. We have no reason to
believe the patients excluded due to these pre-existing con-
ditions had altered elimination of gadolinium but felt this
was appropriate for answering the primary and secondary
objectives of this study.

Another limitation was the administration of different
GBCA at different doses to the study subjects. With rates
of dissociation and elimination differing between linear,
macrocyclic, ionic, and non-ionic contrast agents, kinetic
calculations should be done separately for each GBCA.
Specifically, no conclusions can be made about the elimina-
tion of gadoxetate sodium as 50% is hepatically eliminated
(n = 1 in this study). In addition, our study is limited by our
measurement of total gadolinium rather than speciation of
free and chelated gadolinium. Since transmetallation is
thought to be the pathophysiology behind gadolinium de-
position [6, 18], speciation of free and chelated urinary gad-
olinium may be of clinical utility.

Finally, the clinical utility of measuring urinary gado-
linium levels is yet to be established. There have been no
peer-reviewed publications linking urinary gadolinium
levels to disease and no publications that indicate urinary
gadolinium levels are representative of total body burden.
The authors could find no studies in patients with
nephrogenic systemic fibrosis corelating urine gadolinium
levels with disease severity. With increasing concerns of
the safety of GBCA in patients with normal renal func-
tion, it is important for clinicians to understand the clini-
cal utility of urinary gadolinium testing and interpretation
of these results. Our study shows that gadolinium levels
remain elevated for greater than 1 month after GBCA
MRI. Treatment (i.e., chelation) of elevated urinary gado-
linium in patients with normal renal function, is not war-
ranted based on elevated levels alone due to limited evi-
dence of gadolinium deposition causing disease in pa-
tients with normal renal function and the lack of evidence
supporting the efficacy of chelation in reducing body bur-
den or symptoms [6, 19, 20].

Conclusion

In summary, our study provides information onmedium- to long-
term kinetics of gadolinium excretion in patients with normal
renal function following GBCA administration. The current ref-
erence range for urinary gadolinium levels does not apply to
patients who have received a GBCA MRI for at least a month.
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