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Background: Gadolinium is the most widely used diagnostic
heavy metal contrast agent in the Military Health System and
Veterans Health Administration (VHA). Used for enhancing
magnetic resonance imaging (MRI), gadolinium can also have
toxic effects. From 1999 to 2025 use of contrast-enhanced
MRI in VHA facilities has risen to a mean (SD) 2.6 (2.8) MRlIs
with gadolinium each for 939,928 patients.

Case Presentation: A 65-year-old Air Force veteran and
retired mechanical technician sought nephrology consultation.
His medical history included posttraumatic stress disorder,
cervical spondylosis, ulnar nerve injury, bilateral sensorineural
hearing loss, dyslipidemia, and hypertension. Twenty-five
days before consultation, the patient started a contrast-
enhanced MRI for elevated prostate-specific antigens. During
the MRI, he experienced claustrophobia, sweating, shortness

of breath, a metallic taste, and hot sensations in the groin,
chest, “kidneys,” and lower back, and the MRI was halted.
Some symptoms reappeared days later, resulting in a 4-day
hospitalization. Serum gadolinium measured 0.1 ng/mL, and
24-hour urine gadolinium was 0.3 mcg. Back-extrapolation
of gadolinium elimination rates suggested exposure to 0.5%
to 8.0% of a standard contrast dose. At 107 days post-
MRI, serum and urine gadolinium were undetectable, but the
metallic taste persisted.

Conclusions: Our findings suggest that detectable gadolinium
in serum and urine may reflect subclinical exposure, even at
doses below standard prescriptions. Clinicians must consider
gadolinium as a potential cause of pleiotropic symptoms even
when, as in this case, symptoms persist despite undetectable
levels of gadolinium.

Author affiliations

can be found at

the end of this article.
Correspondence:
Brent Wagner
(brent.wagner@va.gov)

Fed Pract.
2025;42(11):e0631.

Published online November 25.
doi:10.12788/fp.0631

agnetic resonance image (MRI) con-

trast agents can induce profound

complications, including gadolinium
encephalopathy, kidney injury, gadolinium-
associated plaques, and progressive systemic
fibrosis, which can be fatal.""'° About 50% of
MRIs use gadolinium-based contrast (Gd**),
a toxic rare earth metal ion that enhances
imaging but requires binding with pharma-
ceutical ligands to reduce toxicity and pro-
mote renal elimination (Figure 1). Despite
these measures, Gd*>* can persist in the body,
including the brain.'"'? Wastewater treat-
ment fails to remove these agents, making
Gd* a growing pollutant in water and the
food chain.’!> Because Gd** is a rare earth
metal ion in the milieu intérieur, there is an
urgent need to study its biological and long-
term effects (Appendix 1).

CASE PRESENTATION

A 65-year-old Vietnam-era veteran pre-
sented to nephrology at the Raymond
G. Murphy Veterans Affairs Medical
Center (RGMVAMC) in Albuquerque,
New Mexico, for evaluation of gad-
olinium-induced symptoms. His medi-
cal history included metabolic syndrome,
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hypertension, hyperlipidemia, hypogonad-
ism, cervical spondylosis, and an elevated
prostate-specific antigen, previously assessed
with a contrast-enhanced MRI in 2019
(Gadobenic acid, 19 mL). Surgical history
included cervical fusion and ankle hardware.

The patient had a scheduled MRI 25
days earlier, following an elevated pros-
tate specific antigen test result, prompting
urologic surveillance and concern for ma-
lignancy. In preparation for the contrast-en-
hanced MRI, his right arm was cannulated
with a line primed with gadobenic acid con-
trast. Though the technician stated the infu-
sion had not started, the patient’s symptoms
began shortly after entry into the scanner,
before any programmed pulse sequences.
The patient experienced claustrophobia, di-
aphoresis, palpitations, xerostomia, dysgeu-
sia, shortness of breath, and a sensation of
heat in his groin, chest, “kidneys,” and lower
back. The MRI was terminated prematurely
in response to the patient’s acute symptom-
atology. The patient continued experienc-
ing new symptoms intermittently during the
following week, including lightheadedness,
headaches, right clavicular pain, raspy voice,
edema, and a sense of doom.
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FIGURE 1. Magnetic resonance imaging contrast
agents are polyaminocarboxylic acid ligands
engineered to tightly chelate gadolinium, a toxic rare
earth metal, and facilitate its elimination.

Source: Brent Wagner, reprinted with permission.

TABLE 1. Laboratory Results

Reference

Characteristics range, adults? Preconsultation At consultation
Sodium, mmol/L 137-145 143 141
Potassium, mmol/L 3.4-4.8 4.1 3.8
Chloride, mmol/L 98-107 106 112
Carbon dioxide, mmol/L 20-31 27 22
Urea nitrogen, mg/dL® 9-20 20 14
Creatinine, mg/dL® 0.66-1.25 1.22 1.14
Glucose, mg/dLP 74-99 93 88
Calcium, mg/dL 8.4-10.2 9.5 9.6
Magnesium, mg/dL 2.5-45 2.1 =
Bilirubin, direct, mg/dL 0.0-0.4 0.1 0.4

aReference range used at the Raymond G. Murphy Veterans Affairs Medical Center.

®Conversion: urea nitrogen units to mM x 0.357; creatinine units to pM x 88.4; glucose units

to mM x 0.056.
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The patient presented to the RGMVAMC
emergency department (ED) 8 days after the
MRI with worsening symptoms and was hos-
pitalized for 10 days. During this time, he
was referred to nephrology for outpatient
evaluation. While awaiting his nephrology
appointment, the patient presented to the
RGMVAMC ED 20 days after the initial ep-
isode with ongoing symptoms. “I thought I
was dying,” he said. Laboratory results and
a 12-lead electrocardiogram showed a finely
static background, wide P waves (> 80 ms)
with notching in lead II, sinusoidal P waves
in V1, R transition in V2, RR’ in V2, ST flat in
lead 111, and sinus bradycardia (Table 1 and
Appendix 2).

The patient’s medical and surgical histo-
ries were reviewed at the nephrology evalua-
tion 25 days following the MRI. He reported
that household water was sourced from a
well and that he filtered his drinking water
with a reverse osmosis system. He served
in the US Army for 10 years as an engineer
specializing in mechanical systems, power
generation, and vehicles. Following Army
retirement, the patient served in the US Air
Force Reserves for 15 years, working as a
crew chief in pneudraulics. The patient re-
ported stopping tobacco use 1 year before
and also reported regular use of a broad
array of prescription medications and dietary
supplements, including dexamethasone
(4 mg twice daily), fluticasone nasal spray
(50 mcg per nostril, twice daily), ibupro-
fen (400 mg twice daily, as needed), lorata-
dine (10 mg daily), aspirin (81 mg daily),
and metoprolol succinate (50 mg nightly).
In addition, he reported consistent use of
cholecalciferol (3000 IU daily), another
supplemental vitamin D preparation, che-
lated magnesium glycinate (3 tablets daily
for bone issues), turmeric (1 tablet daily),
a multivitamin (Living Green Liquid Gel,
daily), and a mega-B complex.

Physical examination revealed a well-
nourished, tall man with hypertension
(145/87 mmHg) and bilateral lower extrem-
ity edema. Oral examination showed poor
dentition, including missing molars (#1-3,
#14-16, #17-19, #30-31), with the anterior
teeth replaced by bridges supported by den-
tal implants. The review of systems was oth-
erwise unremarkable, with nocturia noted
before the consultation.
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TABLE 2. Cursory Urinary Laboratory Results 4 Months
After Gadolinium Exposure

Characteristic Reference range, adults?® Results
Osmolality, mOsm/kg 591
Volume, mL 1575
Creatinine, mg/24 h 800-2800 1939
Creatinine, mg/dL 123.1
Sodium, mmol/L 114
Potassium, mmol/L 52
Albumin, mg/dL 0-1.9 1.6
Albumin, pg/min 0-20 18
Citric acid, mg/24 h 60-660 694

aReference range used at the Raymond G. Murphy Veterans Affairs Medical Center;
determined by the patient population and the laboratory methods used.

Serum and urine gadolinium testing,
(Mayo Clinic Laboratories) revealed gado-
linium levels of 0.3 mcg/24 h in the urine
and 0.1 ng/mL in the serum. Nonzero values
indicated detectable gadolinium, suggest-
ing retention. The patient had a prior gado-
linium exposure during a 2019 MRI (about
1340 days before) and suspected a repeat ex-
posure on day 0, although the MRI techni-
cian stated that no contrast was administered.

Given his elevated vitamin D levels, the
patient was advised to minimize dietary sup-
plements, particularly vitamin D, to avoid
confounding symptoms. The plan included
monitoring symptoms and a follow-up evalu-
ation with repeat laboratory tests on day 116.

At the nephrology follow-up 4 months
postexposure, the patient's symptoms had pri-
marily abated, with a marked reduction in the
previously noted metallic dysgeusia. Physi-
cal examination remained consistent with
prior findings. He was afebrile (97.7 °F)
with a blood pressure of 111/72 mmHg, a
pulse of 63 beats per minute, and an oxygen
saturation of 98% on ambient air. Labora-
tory analysis revealed serum and urine gad-
olinium levels below detectable thresholds
(< 0.1 ng/mL and < 0.1 mcg/24 h).
A 24-hour creatinine clearance, cal-
culated from a urine volume of 1300
mL, measured at an optimal 106 mL/
min, indicating preserved renal
function (Tables 2 and 3). Of note, his 24-
hour oxalate was above the reference range,
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with a urine pH below the reference range
and a high supersaturation index for calcium
oxalate.

DISCUSSION

Use of enhanced MRI has increased in the
Veterans Health Administration (Figure
2). A growing range of indications for en-
hanced procedures (eg, cardiac MRI) has
contributed to this rise. The market has
grown with new gadolinium-based con-
trast agents, such as gadopiclenol. How-
ever, reliance on untested assumptions
about the safety of newer agents and need
for robust clinical trials pose potential
risks to patient safety.

Without prospective evidence, the
American College of Radiology (ACR)
classifies gadolinium-based contrast agents
into 3 groups: Group 1, associated with
the highest number of nephrogenic sys-
temic fibrosis cases; Group 2, linked to few,
if any, unconfounded cases; and Group 3,
where data on nephrogenic systemic fibrosis
risk have been limited. As of April 2024, the
ACR reclassified Group 3 agents (Ablavar/
Vasovist/Angiomark and Primovist/Eovist)
into Group 2. Curiously, Vueway and Eluci-
rem were approved in late 2022 and should
clearly be categorized as Group 3 (Table 4).

There were 19 cases of nephrogenic sys-
temic fibrosis or similar manifestations, 8 of
which were unconfounded by other factors.
These patients had been exposed to gado-
butrol, often combined with other agents.
Gadobutrol—like other Group 2 agents—
has been associated with nephrogenic sys-
temic fibrosis.'®!” Despite US Food and
Drug Administration (FDA) documentation
of rising reports, many clinicians remain
unaware that nephrogenic systemic fibro-
sis is increasingly linked to Group 2 agents
classified by the ACR.!® While declines in
reported cases of nephrogenic systemic fi-
brosis may suggest reduced incidence, this
trend may reflect diminished clinical vigi-
lance and underreporting, particularly given
emerging evidence implicating even Group
2 gadolinium-based contrast agents in de-
layed and underrecognized presentations.
This information has yet to permeate the
medical community, particularly among ne-
phrologists. Considering these cases, revis-
iting the ACR guidelines may be prudent.
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TABLE 3. Patient UroRisk Profile

Characteristic Reference range, adults?® Results
Calcium, mg/d 0-250 110
Oxalate, mg/d 10-45 51
Citrate, mg/d > 320 786
pH 5.5-7 5.2
Volume, L 2-4 1.07
Sodium, mEqg/d 0-200 99
Potassium, mEg/d 19-135 48
Magnesium, mg/d > 60 160
Calcium oxalate 0-2 2.59
Brushite 0-2 0.21
Sodium urate 0-2 1.45
Uric acid 0-2 5.80
Phosphate, mg/d <1100 537
Creatinine, mg/d 800-2000 1504
Sulfate, mmol/d 0-30 10

aReference range used at the Raymond G. Murphy Veterans Affairs

Medical Center; determined by the patient population and the laboratory

methods used.

To address this growing concern, clinicians
must adopt stricter vigilance and actively
pursue updated information to mitigate pa-
tient risks tied to these contrast agents.
There exists an illusion of knowledge in
disregarding the confounded exposures of
MRI contrast agents. Ten distinct brands of
contrast agents have been approved for clin-
ical use. With repeated imaging, patients are
often exposed to varying formulations of
gadolinium-based agents. Yet investigators
commonly discard these data points when as-
sessing risk. By doing so, they assume—with-
out evidence—that some formulations are
inherently less likely to provoke adverse ef-
fects (AEs) than others. This untested pre-
sumption becomes perilous, especially given
the limited understanding of the mechanisms
underlying gadolinium-induced pathologies.
As Aldous Huxley warned, “Facts do not
cease to exist because they are ignored.”'’

Gadolinium Persistence

Contrary to expectations, gadolinium per-
sists in the body far longer than initially
presumed. Symptoms associated with
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gadolinium exposure (SAGE) encapsulate
the chronic, often enigmatic maladies tied to
MRI contrast agents.”® The prolonged reten-
tion of this rare earth metal offers a compel-
ling hypothesis for the etiology of SAGE. It
has been hypothesized that Lewis base-rich
metabolites increase susceptibility to gadolin-
ium-based contrast agent complications.?!

The blood and urine concentration elim-
ination curves of gadolinium are exponen-
tial and categorized as fast, intermediate,
and long-term.! For urinary elimination, the
function of the curves is exponential. The
quantity of gadolinium in the urine at a time
(t) after exposure (D[Gd](t)) is equal to the
product of the amount of gadolinium in the
sample (urine or blood) at the end of the fast
elimination period (D[ c d](to)) and the expo-
nential decay with k being a rate constant.

To the authors’ knowledge, we are the
only research team currently investigating the
rate constant for the intermediate- and long-
term phase gadolinium elimination. The Re-
tention and Toxicity of Gadolinium-based
Contrast Agents study was approved by the
University of New Mexico Health Sciences
Center Institutional Review Board on May
27, 2020 (IRB ID 19-660). The data for the
patient in this case were compared with pre-
liminary results for patients with exposure-
to-measurement intervals < 100 days.

The patient in this case presented with
detectable gadolinium levels in urine and
serum shortly after an attempted contrast-
enhanced MRI procedure (Figure 3). The
presence of detectable gadolinium levels
in the patient’s urine and serum suggests
a likely exposure to a contrast agent about
27 days before his consultation. While the
technician reported that no contrast was
administered during the attempted MRI,
it remains possible that a small amount
was introduced during cannulation, po-
tentially triggering the patient’s symptoms.
Linear modeling of semilogarithmic plots
for participants exposed to contrast agents
within 100 days (urine: P = 1.8 x 1078, ad-
justed r? = 0.62; blood: P = .005, adjusted
r?=0.21) provided clearance rates (k val-
ues) for urine and blood. Extrapolating
from these models to the presumed expo-
sure date, the intercepts estimate that the
patient received between 0.5% and 8% of a
standard contrast dose.
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TABLE 4. ACR Reported MRI Adverse Events by Group

Group Generic Adverse events?®

| Gadodiamide 6982
Gadopentetate dimeglumine 7163
Gadoversetamide 4258

Il Gadobenate dimeglumine 3932
Gadobutrol 611
Gadoteric acid 497
Gadoteridol 3330
Gadoxetate disodium 424

Abbreviations: ACR, American College of Radiology; MRI, magnetic resonance imaging.
aUnique cases of nephrogenic systemic fibrosis, skin fibrosis, skin tightness, skin plaque, and
decreased joint range of motion listed on the US Food and Drug Administration Adverse Event
Reporting System as of June 30, 2024; gadopiclenol was not yet in wide use at the time of the
review and had no listed adverse events.

MRI contrast agents can cause skin dis-
ease. Systemic fibrosis is considered one of
the most severe AEs. Skin pathophysiol-
ogy involving myeloid cells is driven by el-
evated levels of monocyte chemoattractant
protein-1, which recruits circulating fibro-
blasts via the C-C chemokine receptor 2.2>?
This occurs alongside activation of NADPH
oxidase Nox4.*?*# Intracellular gadolin-
ium-rich nanoparticles likely serve as cat-
alysts for this reactive cascade.?!8:2226.27
These particles assemble around intracellu-
lar lipid droplets and ferrule them in spicu-
lated rare earth-rich shells that compromise
cellular architecture.>!821:222627 Frequently
sequestered within endosomal compart-
ments, they disrupt vesicular integrity and
threaten cellular homeostasis. Interference
with degradative systems such as the en-
dolysosomal axis perturbs energy-recycling
pathways—an insidious disturbance, par-
ticularly in cells with high metabolic de-
mand. Skin-related symptoms are among
the most frequently reported AEs, accord-
ing to the FDA AE reporting system.'®

Studies indicate repeated exposure to
MRI contrast agents can lead to permanent
gadolinium retention in the brain and other
vital organs. Intravenous (IV) contrast agents
cross the blood-brain barrier rapidly, while
intrathecal administration has been linked to
significant and lasting neurologic effects.'®

Gadolinium is chemically bound to phar-
maceutical ligands to enhance renal clearance
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and reduce toxicity. However, available data
from human samples suggest potential ligand
exchanges with undefined physiologic sub-
stances. This exchange may facilitate gadolin-
ium precipitation and accumulation within
cells into spiculated nanoparticles. Transmis-
sion electron microscopy reveals the forma-
tion of unilamellar bodies associated with
mitochondriopathy and cellular damage, par-
ticularly in renal proximal tubules.*!8:22:26-27
It is proposed that intracellular nanoparti-
cle formation represents a key mechanism
driving the systemic symptoms observed in
patients.l,ll& 22,26,27

Any hypothesis based on free soluble
gadolinium—or concept derived from it—
should be discarded. The high affinity of
pharmaceutical ligands for gadolinium sug-
gests that the cationic rare earth metal re-
mains predominantly in a ligand-bound,
soluble form. It is hypothesized that gad-
olinium undergoes ligand exchange with
physiologic substances, directly leading to
nanoparticle formation. Current data dem-
onstrate gadolinium precipitation according
to the Le Chatelier’s principle. Since pre-
cipitated gadolinium does not readily re-
equilibrate with pharmaceutical ligands,
repeated administration of different contrast
agent brands may contribute to nanoparti-
cle growth.”

Meanwhile, a growing number of pa-
tients are turning to chelation therapy, a
largely untested treatment. The premise of
chelation therapy is rooted in several un-
proven assumptions.'®2! First, it assumes
that clinically significant amounts of gado-
linium persist in compartments such as the
extracellular space, where they can be effec-
tively chelated and cleared. Second, it pre-
sumes that free gadolinium is the primary
driver of chronic symptoms, an assertion
that remains scientifically unsubstantiated.
Finally, chelation proponents overlook the
potential harm caused by depleting essen-
tial physiological metals during the process,
assuming without evidence that the scant
removal of gadolinium outweighs the risk
of physiological mineral depletion.

These assumptions underpin an un-
proven remedy that demands critical
scrutiny. Recent findings reveal that gad-
olinium deposits in the skin and kid-
ney often take the form of intracellular

mdedge.com/fedprac



Radiology

[ ——
Chrwiatve oo rma s

¥

E Em Tea & I MEl e
i e angmures ey

o T

FIGURE 2. Rising use of gadolinium-enhanced MRI in VA facilities.
A, a cohort of 939,928 unique VA patients, each undergoing > 1
contrast-enhanced MRI procedure. The mean (SD) number of
procedures per patient was 2.6 (2.8). Exposure to gadolinium after a
single procedure correlates with an increased likelihood of future
exposures. B, for 494,926 patients with > 2 contrast-enhanced
procedures, the mean (SD) number of exposures rises to 4.0 (3.3).
This pattern suggests that an initial exposure is a risk factor for
subsequent exposures, highlighting a form of conditional probability
that merits further analysis. C, cumulative count of individuals with
contrast-enhanced MRIs over time. The cohort (October 1, 1999,
to October 20, 2024) included 2,403,709 unique individuals.
Cumulative contrast agent exposures ranged from 0 to 87
(median, 2; mean, 3.34). D, cumulative count of individuals with
contrast-enhanced MRI procedures relative to days from first
exposure. Time from first to last exposure ranged from 0 days (for
single exposures) to 9143 days (median, 309; mean, 1212). Repeat-
ed gadolinium exposures are common.

Abbreviations: MRI, magnetic resonance imaging; VA, US Department of Veterans Affairs.
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nanoparticles, directly challenging the
foundation of chelation therapy. Chelation
advocates must demonstrate that these in-
tracellular gadolinium deposits neither trig-
ger cellular toxicity nor initiate a cytokine
cascade. Chelation supporters must prove
that the systemic response to these foreign
particles is unrelated to the symptoms re-
ported by patients. Until then, the valid-
ity of chelation therapy remains highly
questionable.

The causality of the symptoms, mainly
whether IV gadolinium was administered,
was examined. The null hypothesis stated
that the patient was not exposed to gadolin-
ium. However, this hypothesis was contra-
dicted by the detection of gadolinium in the
serum and urine 27 days after the potential
exposure.

Two plausible explanations exist for the
nonzero gadolinium levels detected in the
serum and urine. The first possibility is that
minute quantities of gadolinium were in-
troduced during cannulation, with the
amount being sufficient to persist in mea-
surable concentrations 27 days postex-
posure. The second possibility is that the
gadolinium originated from an MRI con-
trast agent administered 4 years earlier. In
this scenario, gadolinium stored in organ
reservoirs such as bone, liver, or kidneys
may have been mobilized into the extracel-
lular fluid compartment due to the admin-
istration of high-dose steroids 20 days after
the recent contrast-enhanced MRI proce-
dure attempt. Coyte et al reported elevated
gadolinium levels in the serum, cord blood,
breast milk, and placenta of pregnant women
with prior exposure to MRI contrast agents.”®
These findings suggest that gadolinium,
stored in organs such as bone may be remo-
bilized by variables affecting bone remodel-
ing (eg, high-dose steroids).

Significantly, the patient exhibited ele-
vated urinary oxalate levels. Previous research
has found that oxalic acid reacts rapidly with
MRI contrast agents, forming digadolin-
ium trioxalate. While the gadolinium-rich
nanoparticles identified in tissues such as
the skin and kidney (including the human
kidney) are amorphous, these in vitro find-
ings establish a proof-of-concept: the intra-
cellular environment facilitates gadolinium
dissociation from pharmaceutical chelates.
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FIGURE 3. Estimate gadolinium exposure using back-extrapolation based on serum (A) and
urine (B) gadolinium levels. This analysis derives from data collected under an institutional review
board-approved protocol (#19-660). By measuring gadolinium concentrations in blood and urine
27 days postexposure, we calculated rate constants (k) for first-order elimination using Equation
(1). Assuming standard, prescription label-recommended doses of gadolinium-based contrast
agents, the extrapolated x-intercept suggests the patient experienced exposure to 0.5% to 8.0%
of the standard magnetic resonance imaging contrast agent dose.

Furthermore, in vitro experiments show that
proteins and lysosomal pH promote this dis-
sociation, underscoring how human met-
abolic conditions—particularly oxalic acid
concentration—may drive intracellular gado-
linium deposition.

Patient Perspective

“They put something into my body that they
cannot get out.” This stark realization under-
pins the patient’s profound concern about
gadolinium-based contrast agents and their
potential long-term effects. Reflecting on his
experience, the patient expressed deep fears
about the unknown future impacts: “I'm
concerned about my kidneys, I'm concerned
about my heart, and I'm concerned about my
brain. I don’t know how this stuff is going to
affect me in the future.”

He drew an unsettling parallel between
gadolinium and heavy metals: “Heavy metal
is poison. The body does not produce this
kind of stuff on its own.” His reaction to the
procedure left a lasting impression, prompt-
ing him to question the logic of using a sub-
stance that cannot be purged: “Why would
you put something into someone’s body that
you cannot extract? Nobody—nobody—
should experience what I went through.”
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The patient emphasized the lack of clear
research on long-term outcomes, which com-
pounds his anxiety: “If there was research
that said, ‘Well, this is only going to affect
these organs for this long,” OK, I might be
able to accept that. But there is no research
like that. Nobody can tell me what’s going to
happen in 5 years.”

STRENGTHS AND LIMITATIONS

A significant strength of this approach is
the ability to track gadolinium elimination
and symptom resolution over time, sup-
ported by unique access to intermediate
and long-term clearance data from our on-
going research protocol. The investigators
were equipped to back-extrapolate the ex-
posure, which provided a rare opportunity
to correlate gadolinium levels with clini-
cal outcomes. The primary limitation is the
lack of a defined clinical case definition for
gadolinium toxicity and limited mechanis-
tic understanding of SAGE, which hinders
diagnosis and management.

Metabolites, proteins, and lipids rich in
Lewis bases could initiate this process as
substrates for intracellular gadolinium sedi-
mentation. Future studies should investigate
whether metabolic conditions such as oxalate
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burden or altered parathyroid hormone lev-
els modulate gadolinium compartmentaliza-
tion and tissue retention. If gadolinium-rich
nanoparticle formation and accumulation
disrupt cellular equilibrium, it underscores
an urgent need to understand the implica-
tions of long-term gadolinium retention. The
research team continues to gather evidence
that the gadolinium cation remains chelated
from the moment MRI contrast agents are
administered through to the formation of
intracellular nanoparticles. Retained gadolin-
ium nanoparticles may act as a nidus, trig-
gering cellular signaling cascades that lead
to multisymptomatic illnesses. Intracellular
and insoluble retained gadolinium challenges
proponents of untested chelation therapies.

CONCLUSIONS

This case highlights emerging clinical and
ethical concerns surrounding gadolinium-
based contrast agent use. Clinicians may
benefit from considering gadolinium reten-
tion as a contributor to persistent, unex-
plained symptoms—particularly in patients
with recent imaging exposure. As contrast
use continues to rise within federal health
systems, regulatory and administrative stake-
holders would do well to re-examine current
safety frameworks. Informed consent should
reflect what is known: gadolinium can re-
main in the body long after administration,
potentially indefinitely. The long-term con-
sequences of cumulative exposure remain
poorly defined, but the presence of a lan-
thanide element in human tissue warrants
greater attention from researchers and reg-
ulators alike. Interest in alternative imaging
modalities and long-term safety monitoring
would mark progress toward more transpar-
ent, accountable care.
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at the New Mexico VA Health Care System. These data are
in Figure 4.
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Physiologic Elements in the Periodic Table

“4 “-HHHEEM & b : '
-

0 5 10 15
Group

APPENDIX 2. Electrocardiogram showing a finely static
background consistent with the electric hospital stretcher
artifact. Key findings include sinus bradycardia, wide P waves
(> 80 ms) with notching in lead Il, sinusoidal P waves in lead
V1, an R transition in lead V2, an RR’ pattern in lead V2, and
flat ST segments in lead Il

APPENDIX 1. The periodic table of physiologic elements excludes rare
earth metals, such as gadolinium. The f-block elements, including gado-
linium, are named for their partially filled f-electron orbitals. The electronic
configuration of cationic gadolinium (Gd®) is 1s2 2s2 2p°® 3s? 3p°® 452 3d'° 4p6
5s2 4d'° 5p6 4f7, while the configuration of anionic iodine (I*), the physiologic
element with the highest atomic number, is 1s2 2s2 2p® 3s2 3p® 3d'° 452 4p"
4d' 5s2 5p®. The unpaired electrons in the f-orbitals of gadolinium confer its
distinct chemical, electromagnetic, and optical properties. These properties
arise from the electron orbital configuration, which governs the behavior of
all elements. Mammals do not naturally incorporate rare earth metals,
including gadolinium, into the usual physiologic milieu.
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