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Objective: Patients with thyroid cancer may require detailed
anatomic imaging before 131I therapy. Imaging by contrast-
enhanced CT is contraindicated because it may result in
saturation of tissues with iodine, decreasing the avidity of
thyroid or thyroid cancer cells to subsequent radioiodine for
extended intervals. Gadolinium-enhanced MRI offers an alter-
native to CT for detailed anatomic imaging. However, it is not
known whether gadolinium contrast affects uptake of iodine
by the thyroid gland since lanthanides affect ion transport in a
variety of ways. The objective of this project was to determine
whether the gadolinium MRI contrast injection alters thyroid
uptake of radioiodine.
Methods: Radioiodine uptake by the thyroid gland was
measured at 6 h and 24 h after the oral administration of 100
µCi 123I-Na-I. Three to seven days later, a standard dose (20
mL) of Magnevist (gadolinium DTPA) was administered
intravenously. Another capsule of 100 µCi 123I Na-I immedi-
ately was given orally, and 6-h and 24-h radioiodine uptake by
the thyroid gland was again measured and compared to
baseline values.
Results: There was no statistically significant difference in
uptake of radioiodine uptake by the thyroid gland between
baseline values and those acquired immediately after the
administration of Magnevist.
Conclusion: Contrast-enhanced MRI may be safely per-
formed before contemplated determinations of thyroid uptake
of radioiodine, 131I therapy for hyperthyroidism, and postsurgi-
cal 131I imaging and therapy for well-differentiated thyroid
cancer.
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Well-differentiated thyroid carcinoma can be highly treatable,
with long-term survival rates well in excess of 90%. Prognosis
depends on patient age, gender, histology, stage of disease, and

appropriate surgical and medical management (1). The classic
therapeutic triad for managing well-differentiated thyroid can-
cer consists of surgical removal of the thyroid, ablation of
residual thyroid tissue with131I, and subsequent long-term
suppression of TSH levels with exogenous thyroxine.

Patients with well-differentiated thyroid cancer often require
detailed anatomic imaging for surgery planning, assessment of
recurrence, and definition of the spatial relationship of tumor-to-
critical structures. Imaging may be required in the weeks before
contemplated131I therapy. Imaging by contrast-enhanced CT is
contraindicated in these situations because it may result in
saturation of tissues with iodine, thereby decreasing the avidity
of thyroid or thyroid cancer cells to diagnostic or therapeutic
radioiodine for extended intervals (2,3).

Gadolinium-enhanced MRI offers an excellent alternative to
contrast-enhanced CT for detailed anatomic imaging in the
neck. It is particularly useful in evaluating the postsurgical
neck. However, lanthanides, such as gadolinium, are known to
alter the cellular transport of many other ions in a variety of
ways (4). The possibility exists that gadolinium contrast also
could compromise uptake of iodine by thyroid tissue. The
objective of this project was to determine whether the gadolin-
ium contrast medium alters the uptake of radioiodine by the
thyroid gland.

METHODS AND MATERIALS

Subjects and Screening Parameters

All examinations were performed with signed informed-
consent by the subjects. Study design and consent forms were
approved by the Human Use Subcommittee of the hospital
Investigational Review Board. The subjects were 10 healthy
adult male volunteers, ranging in age from 23–58 y. Thyroid
function in all was normal, established within 1 wk before the
procedures by serum TSH and free T4 levels. A careful history
precluded the administration of iodinated contrast media within
3 mo. No medications or dietary supplements that are known to
alter thyroid function were taken within the month before the
experimental procedures (2).
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Protocol

Baseline measurements of 6 h and 24 h uptake of123I by the
thyroid gland were obtained. Three to seven days later, subjects
intravenously received a standard adult dose of 20 mL Magne-
vist (gadolinium DTPA, Berlex Laboratories, Inc., Wayne, NJ).
Immediately (within 5 min) after administration of Magnevist,
subjects received a second dose of123I. Uptake of radioiodine
by the thyroid gland was again measured at 6 h and 24 h and
compared to the baseline values.

Radioiodine Uptake

Using a thyroid uptake probe (Atom Lab 950 Medical
Spectrometer; Biodex Medical, Shirley, NY), radioiodine up-
take in the thyroid gland was measured at 6 and 24 h according
to guidelines published by the Society of Nuclear Medicine (5).
For each determination of thyroid radioiodine uptake, 100 µCi
123I Na-I was given orally in capsule form to subjects fasted,
except for water, for at least 6 h. Before administration to the
subject, the capsule was placed in a neck phantom as a standard
for subsequent calculations.

Statistics

Comparisons between baseline and postgadolinium (values
obtained after gadolinium contrast administration) were com-
pared by a pairedt test, with 95% confidence intervals required
for significance.

RESULTS

Table 1 and Figures 1 and 2 illustrate the results of this study.
All 6-h and 24-h uptake measurements were accomplished in 9
patients. In 1 patient, the baseline 6-h value was not obtained.
There was no significant difference in uptake by the thyroid
gland between baseline values and those acquired after adminis-
tering the gadolinium-DTPA contrast medium (postgadolinium)
at either 6 h (P 5 0.37) or 24 h (P 5 0.4). For the 6-h uptake
values, the range of differences between baseline and postgado-
linium was 24.3%–6.5% (mean difference 0.99%). For the

24-h values, the range of differences was 0.1%–7.2% (mean
difference20.76%). These mean differences are well within the
coefficient of variation in the measurement of thyroid uptake in
the same patient by different technologists in our nuclear
medicine service (previously established by our lab in conjunc-
tion with quality control activities).

DISCUSSION

Uptake of iodine by the thyroid gland occurs by a Na-I
co-transporter that concentrates iodine against an electrochemi-
cal gradient. The co-transporter is an energy-dependent, carrier-
mediated mechanism driven by the Na1 gradients established

TABLE 1
Thyroid Uptake of Iodine-123 at Baseline and After

Gadolinium Contrast Media

Subject

% Thyroid uptake of radioiodine

Baseline
6 h

Baseline
24 h

Post-Gd
6 h

Post-Gd
24 h

1 6.6 16.3 10.5 17.3
2 14.7 28.6 16.0 27.1
3 8.0 19.4 5.6 20.1
4 9.2 24.1 9.6 20.5
5 10.5 19.8 6.2 12.6
6 8.6 14.1 10.2 13.8
7 6.2 17.1 12.7 19.0
8 — 28.8 12.6 28.7
9 11.4 18.2 12.6 18.9

10 8.6 19.4 9.3 20.2

Mean 9.31 20.58 10.53 19.82
SEM 0.87 1.58 0.99 1.59

FIGURE 1. Uptake of 123I by the thyroid gland was measured in 9
patients 6 h after the oral administration of 100 µCi 123I-NaI. The
baseline value for radioiodine uptake was compared with that
obtained 3–7 d later, after the intravenous administration of 20 mL
gadolinium contrast media (post-gadolinium).

FIGURE 2. Uptake of 123I by the thyroid gland was performed in 10
patients 24 h after the oral administration of 100 µCi 123I-NaI. The
baseline value for radioiodine uptake was compared with that
obtained 3–7 d later, after the intravenous administration of 20 mL
gadolinium contrast media (post-gadolinium).
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by the Na1/K1 ATPase pump (6,7). The gene for the
co-transporter has only recently been cloned (8). The complex
factors that drive expression of the gene and modulate activity
of the co-transporter are not yet fully defined (7).

Iodinated contrast media of all types (parenteral ionic and
nonionic, oral and intracavitary) are contaminated by variable
amounts of free (unbound) iodine (9). The iodinated com-
pounds in contrast media also can be further metabolized in
vivo to release additional free iodine. All forms of iodinated
contrast media, as well as superficially-applied iodine-
containing compounds such as Betadine, can increase the total
body pool of iodine. This can result in accumulation of excess
iodine by the thyroid gland, which alters thyroid function and
significantly decreases uptake of radioiodine by the thyroid for
extended intervals of 2–4 wk or longer (2,3,10–14). The
primary mechanism for this reduction in uptake is the dilution
of the radioiodine by the endogenous unlabeled iodine pool
(Wolff-Chaikoff effect).

The kinetics of uptake and clearance of iodine by well-
differentiated thyroid cancer are not known. Conceivably, the
effects of iodinated contrast on uptake of radioiodine could be
of longer duration in thyroid cancer cells than in the normal
thyroid. It cannot be assumed, in patients under TSH-
suppressive therapy, that it is safe to use iodinated contrast
without subsequently diminishing the efficacy of further therapy
with 131I. Thyrostatic treatment does not completely block the
effect of iodinated contrast on the thyroid gland in euthyroid
patients with thyroid autonomy (15). Cultured thyroid cells also
are known to continue to accumulate iodine even in the absence
of TSH (8). The overall best policy in imaging patients with
suspected or proven thyroid cancer (before or after surgery or
radioiodine therapy) is to avoid the use of iodinated contrast. It
also may be advisable to extend this policy to patients with new
extrathyroidal neck or mediastinal masses who are either
nonsmokers or who are under the age of 50 y. In these patients,
thyroid cancer is a distinct possibility.

Based on metal ion speciation calculations of the behavior of
Gd-DTPA in plasma, and the observation that excretion of
Gd-DTPA is only 91% of that observed for99mTc DTPA, it is
likely that gadolinium contrast media are contaminated by, or
release in vivo, small amounts of free gadolinium (16,17).
Gadolinium and other lanthanides are known to interact with
many cellular components, even in small concentrations (18).
They also modify, by a variety of selective and nonselective
ways, the activity of several ion transport channels. These
include mechano-gated and sodium channel currents (4,19),
calcium channels of the L and T types (20,21), K1 channels
(22,23), and Ca21-release endoplasmic reticulum channels
(24). Gadolinium also inhibits the action of ionophoric colicins,
resulting in an indirect blockade of Na/K1 ATPase activity
(25). Gadolinium potentiates GABA-induced chloride currents
(26). Gadolinium, and several other trivalent cations inhibit
ATP-gated channels at low concentrations (27). Because of the
diversity of ion transport mechanisms altered by lanthanides, it
is conceivable that free Gd31, even if present in very small
concentrations, could interfere with iodine transport.

Although we have not definitively proven that Gd does not

interact with the Na-I- co-transporter mechanism, either di-
rectly or indirectly, we have shown that the small amount of
Gd31 likely present in MRI contrast media does not statisti-
cally alter the uptake of radioiodine by the thyroid gland. Since
well-differentiated thyroid cancer is thought to accumulate
iodine by the same mechanism as does normal thyroid tissue,
our data suggest that the performance of MRI with gadolinium
contrast media can be done safely in patients, without fear of
confounding subsequent imaging or radiotherapy with radioac-
tive iodine.

CONCLUSION

Our data did not show a statistically significant difference in
uptake of iodine by the thyroid gland caused by gadolinium
contrast. The 95% confidence range was22.8 to 1.4% in our
group of 10 patients for 24 h. Uptake shows that the mean
difference in uptake caused by gadolinium contrast is less than
3%. This value is too small to have a clinically significant effect
on patient management. Anatomic imaging with gadolinium
contrast-enhanced MRI or MRA is unlikely to result in clini-
cally significant problems with determinations of uptake,
imaging or therapy with radioactive iodine.
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