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Background: There is a concern regarding the use of iodinated contrast agents (ICA) for chest and neck com-
puted tomography (CT) to localize metastatases in patients with differentiated thyroid cancer (DTC). This is
because the iodine in ICA can compete with 131I and interfere with subsequent whole scans or radioactive iodine
treatment. The required period for patients to eliminate the excess iodine is not clear. Therefore, knowing the
period for iodine levels to return to baseline after the injection of ICA would permit a more reliable indication of
CT for DTC patients. The most widely used marker to assess the plasmatic iodine pool is the urinary iodine (UI)
concentration, which can be collected over a period of 24 hours (24U) or as a single-spot urinary sample (sU). As
24U collections are more difficult to perform, sU samples are preferable. It has not been established, however, if
the measurement of iodine in sU is accurate for situations of excess iodine.
Methods:We evaluated 25 patients with DTC who received ICA to perform chest or neck CT. They collected 24U
and sU urinary samples before the CT scan and 1 week and 1, 2, and 3 months after the test. UI was quantified
by a semiautomated colorimetric method.
Results: Baseline median UI levels were 21.8 lg/dL for 24U and 26 lg/dL for sU. One week after ICA, UI
median levels were very high for all patients, 800 lg/dL. One month after ICA, however, UI median levels
returned to baseline in all patients, 19.0 lg/dL for 24U and 20 lg/dL for sU. Although the values of median UI
obtained from sU and 24U samples were signicantly different, we observed a significant correlation between
samples collected in 24U and sU in all evaluated periods.
Conclusion: One month is required for UI to return to its baseline value after the use of ICA and for patients
(after total thyroidectomy and radioiodine therapy) to eliminate the excess of iodine. In addition, sU samples,
although not statistically similar to 24U values, can be used as a good marker to evaluate patients suspected of
contamination with iodine.

Introduction

T
hyroid carcinoma is the most common malignancy of
the endocrine system and differentiated thyroid cancer

(DTC), which includes both papillary and follicular cancer,
comprises the vast majority (90%) of all thyroid cancers (1,2).
Although the prognosis of DTC is frequently quite favorable,
sometimes the disease can behave more aggressively, and
loco-regional recurrences or distant metastases are present in

20% of cases (3). Radioactive iodine can be used for diagnostic
tests or therapeutic purposes in DTC patients. 131I uptake in
remnant thyroid tissue and focal metastases is related to a
number of factors, which include thyroid-stimulating hor-
mone (TSH) elevation through the withdrawal of levothy-
roxine or the use of recombinant TSH and depletion of
inorganic plasma iodine before 131I administration that, the-
oretically, could increase the expression of the Na +/I - sym-
porter (4).
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DTC, particularly papillary thyroid carcinoma (PTC), in-
volves cervical lymph nodes in 20%–50% of patients, which
may be present even when the primary tumor is small and
intrathyroidal (5,6). For a cervical lymph node investigation,
the combination of ultrasound (US) and computed tomogra-
phy (CT) may be superior to US alone (7). The lung is another
common site of DTC metastases, and the rate of lung meta-
stases ranges from 2% to 20% (8). These metastases usually
appear as micronodules ( < 1 cm), which are undetectable in
50% of chest X-ray examinations (9). Therefore, CT can also be
used for patients with high-risk DTC orwhen lungmetastases
are suspected.

Most of the CT protocols that are used in daily radiological
routines include contrast-enhanced images based on the ad-
ministration of oral or intravenous iodinated contrast agents
(ICA) to improve the delineation of anatomic structures (2,8).
Furthermore, ICA can have additional value when charac-
terizing 18F-fluorodeoxyglucose (FDG) positron-emission
tomography (PET)–negative tumors (10). However, there is a
concern regarding the use of ICA in patients with DTC be-
cause the enormous amount of iodine in these agents can
compete with 131I and interfere with subsequent diagnostic
tests, such as whole-body scans (WBS), and treatments with
radioactive iodine (11,12). The available data suggest that ICA
increase the total body iodine stores for at least 3 months
following contrast exposure and, in some situations, for as
long as 2 years (13). However, these data concern patients
with an intact thyroid gland, a situation where the iodine
stored in the thyroid might adversely influence the radio-
iodine uptake. None of these data evaluated patients after
thyroidectomy, where the elimination of iodine should be
different, due to the absence of the thyroid gland.

To assess the plasma iodine pool, the most widely used
marker is the urinary iodine (UI) concentration (14–17). Fur-
thermore, Follis et al. (18,19) showed that the percentage of 131I
captured by the thyroid gland is inversely proportional to UI
levels. Hence, a finding of low UI indicates increased uptake
of radioiodine by the thyroid.

Comparative population studies evaluating areas with io-
dine deficiency have revealed a strong correlation between
the values obtained by randomly collecting urine samples
(sU) versus collecting urine samples over 24 hours (24U)
(14,16,17,20). Whether or not the UI collection should be done
using 24U or sU in a situation of iodine excess, as after ICA
administration, remains to be determined. Therefore, this
study was designed to evaluate the period required for UI
levels to return to baseline values and to compare UI samples
collected by 24U or sU in the follow-up of DTC patients
(treated with total thyroidectomy and radioiodine) who have
employed CT using ICA for evaluation of metastases.

Methods

Subjects and procedures

We evaluated 25 patients between 17 and 63 years of age
who were followed by a single team of physicians at the as-
sociated Thyroid Diseases Centers at the Division of En-
docrinology, Department of Medicine, Escola Paulista de
Medicina, Universidade Federal de São Paulo, and the In-
stituto Israelita de Ensino e Pesquisa Albert Einstein (both in
São Paulo, Brazil) (Table 1). All of the diagnostic procedures
were performed in accordance with the regulations of the
local Ethics Committee. Written informed consent was ob-
tained from each patient.

Table 1. Characteristics of Patients Included in the Study

Gender Age Variant TNM staging Presentation of metastatic lesions Imaging tests performed

M 56 Diffuse sclerosis T3N1M0 Mediastinum Cervical/chest CT
M 20 Follicular T3mN1bM1 Lung Chest CT
F 51 Follicular T3N1M0 Mediastinal lymphonode Cervical CT
F 35 Follicular T1N1M1 Mediastinal lymphonode Cervical CT
F 34 Classic T4bN1bM0 Mediastinal lymphonode Cervical CT
F 37 Trabecular T2mN1M0 Cervical lymphonode Cervical CT
F 17 Classic T3mN1M0 Cervical lymphonode Cervical CT
F 32 Classic T3mN1Mx Cervical lymphonode Cervical CT
F 57 Classic T2N1bM1 Lung Chest CT
F 26 Follicular T1mN1bM0 Cervical lymphonode Cervical CT
F 28 Follicular T3N1M0 Lung Chest CT
F 42 Classic T1mN1M1 Cervical lymphonode Cervical CT
M 50 Follicular T2N1M0 Cervical lymphonode Cervical CT
F 25 Classic T2N1bM0 Cervical lymphonode Cervical CT
F 22 Follicular T2mN1bM1 Lung Chest CT
F 28 Classic T3N1M0 Cervical lymphonode Cervical CT
M 47 Classic T3N1bM1 Cervical/mediastinal lymphonode Cervical/chest CT
F 34 Classic T3N1M0 Cervical lymphonode Cervical CT
M 25 Classic T4N1M1 Lung Cervical/chest CT
M 38 Classic T1N1bMx Cervical lymphonode Cervical CT
F 63 Follicular T2N1M1 Lung Chest CT
F 57 Classic T2N1bM1 Lung Chest CT
F 28 Classic T3N1M0 Lung Chest CT
F 24 Follicular T3N1bM1 Lung Chest CT
F 55 Classic T3N1bM1 Lung and bone Cervical/spine/chest CT

Variant, papillary thyroid carcinoma variant on surgical pathology diagnosis; CT, computed tomography.
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The selected patients had a history of PTC, which was
treated with total thyroidectomy and radioiodine therapy,
and they all were advised to receive chest and/or neck CT
using ICA to investigate the possibility of metastases during
their follow-up. The exclusion criteria were: renal failure, any
patients who were on an iodine-rich medication, and the
presence of elevated basal UI levels, in values ‡ 100 lg/dL,
which was considered to be related to previous iodine
contamination.

To perform theCT, all patients received the nonionic, water-
soluble, iodinated, low-osmolarity contrast agent Henetix 300,
which has an iodine concentration of 658mg/mL iobitridol
(equivalent to 300mg iodine/mL contrast agent). The contrast
dose received by the patients ranged from 50 to 100mL (1mL/
kg), with the amount of iodine received by each patient
ranging from 15,000 to 30,000mg per test performed.

All of the selected patients were instructed to collect 24U
and sU samples (between 8 and 11 am) before the CT scan and
1 week and 1, 2, and 3 months after receiving the iodine
contrast agent.

UI was quantified by a semiautomated colorimetric method
developed and validated in our laboratory in extensive surveys
(17). The method follows recommendations from the Inter-
national Council for Control of Iodine Deficiency Disorders
(ICCIDD) and is based on the indirect iodine detection through
the reduction of cerium (17,21,22). This method has a sensitivity
of 1lg/dL, and coefficient of variation of 12.6% for a sample of
8.9lg/dL, 2.3% for a sample of 27.7lg/dL, and 10.5% for a
sample of 262lg/dL.

Statistical analysis

We used nonparametric methods based on ranks. The
correlation analysis was done by the Spearman rank correla-
tion test and the group analysis by the Kruskal–Wallis

statistic. All the data were described as median and by 95%
confidence interval (23). All data were analyzed using the
PRISM software (Version X). A p-value of 0.05was considered
significant.

Results

The results are shown in Figure 1 and Table 2. Figure 1
shows the individual UI results of all patients, demonstrating
remarkable similarity in their return to baseline values one
month or perhaps earlier after contrast agent administration.
The median UI level at baseline was 21.8 lg/dL for the 24U
samples and 26 lg/dL for sU samples. As expected, one week
after the examination, the median UI level was very high,
having a median of 800 lg/dL for both the 24U samples and
sU samples and demonstrating a significant increase after the
injection of the ICA (Fig. 1 and Table 2). In contrast, the UI
levels were similar to baseline by 4 weeks and perhaps earlier
after ICA administration, and the median values of the 24U
and sU sampleswere 19.0 and 20lg/dL, respectively (Table 2).
There were no significant differences between the UI results
found at baseline versus those obtained 1, 2, and 3 months
after ICA administration. There was a significant difference
between the UI results at the baseline and those found at the
first week ( p< 0.01). The medians of the UI results from both
samples (24U and sU) in the first month are similar to those
found in the second and third months (Fig. 1 and Table 2).

Although the UI values in the 24U and sUwere in the same
direction, showing significant correlation (q{) in all evaluated
periods (Table 2), they were significantly different at all time
points.

Discussion

The lymph nodes and lungs are common sites of DTC
metastases and CT examinations of the neck and lung are

FIG. 1. (A) The results of
urinary iodide in all 25
patients collected in 24 hours
(24U) at the baseline, first
week, and first, second, and
third month after iodinated
contrast agents (ICA) (in
logarithmic scale). (B) The
results of urinary iodide in all
25 patients collected in spot
sample (sU) at the baseline,
first week, and first, second,
and third month after ICA (in
logarithmic scale).

Table 2. Median and Ranges of 24-Hour and Spot Urinary Iodide Samples

After Use of Iodinated Contrast Agents

Baseline First week First month Second month Third month

24U [median (range)] 21.8 (7.6–58) 800 (112–1000) 19 (7.4–49.5) 17.5 (7.8–51) 19.2 (7.0–50)
sU [median (range)] 26 (6.9–40.5) 800 (61–1000) 20 (5.7–35) 21.7 (13.5–56.5) 21 (10–44)
q{ ( p value) 0.70 ( p: 0.0005) 0.50 ( p: 0.01) 0.73 ( p: 0.0003) 0.74 ( p: 0.0003) 0.42 ( p: 0.03)

24U and sU values are in lg/dL. q{ (Spearman’s rho) represents the correlation coefficient between 24U and sU results.
24U, 24-hour urinary iodide sample; sU, spot urinary iodide sample.
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important tests for investigating them (2,8,24,25). On some
occasions, the use of an iodine contrast agent can be advan-
tageous, and, according to the literature, there are some ad-
vantages that justify the use of these agents. They can improve
the delineation of anatomic structures, increase the sensitivity
for detecting pathological lesions, and improve the charac-
terization of lesions (2,8). Furthermore, CT contrast agents can
have additional value when characterizing 18F-FDG PET–
negative tumors (10). For example, in cases of confirmed lung
metastases and normal chest X-rays, CT tests can provide
images of diffuse micronodules in 50%–70% of patients
(24,25). Moreover, in patients with high thyroglobulin levels
and a negative diagnostic WBS, CT is considered to be the
most sensitive method for detecting lung micrometastases,
being even superior to a PET scan (2).

The problem with using contrast agents in patients with
DTC is that it exposes them to high levels of free iodine as
the amount of iodine administered by a contrast CT is very
high (0.01%–0.15% of the amount of organically bound
iodine administered) (11,15,26). Although most of the io-
dine from the contrast agent is strongly bound to organic
compounds and, therefore is not accessible for uptake by
the thyroid, the resulting amount of free iodide is much
higher than the quantity of iodine ingested in a standard
or regular diet (11,15). For example, a 200-mL dose of a
contrast medium containing 35 lg/mL iodine, provides
7000 lg of free iodide, which is equivalent to 45 · the re-
commended daily intake (11).

Furthermore, after exposure to an iodine contrast agent,
the plasma concentrations of free iodine remains elevated
for a long period (26,27), since the body’s iodine stores are
expanded in the interstitial fluids, in the colloid within the
thyroid, and in virtually every organ in the body (13). The
available data in the literature suggest that, in a individual
with an intact thyroid gland, contrast agents increase the
body’s total iodine stores for at least 3 months, and in some
situations for as long as 2 years (13). Currently, however,
water-soluble iodinated contrast materials are usually used
for CT. These are quickly excreted by the kidneys in contrast
to fat-soluble contrast material that was used previously to
image the hepatobiliary tract; in addition, it is well known
that agents excreted by the hepatobiliary route take a longer
time to be excreted and therefore a longer time for the io-
dine stores of the body to be depleted (11). Furthermore, all
these studies of iodine contrast agents were conducted in
patients with an intact thyroid gland. In contrast, our pa-
tients were studied after total thyroidectomy and radio-
iodine therapy.

The mechanism by which ICA inhibits RI uptake has not
been clearly demonstrated, but it is thought that the excess of
free inorganic iodides have primary importance (26). Re-
search conducted by Follis et al. showed that the percentage of
131I uptake by the thyroid gland is inversely proportional to
the UI excretion (16,17), indicating that the UI level is one of
the predictors of thyroid iodine uptake.

In our studies, we observed that the required period for
the UI values to return to baseline after patients had been
exposed to water-soluble ICA was no more than 4 weeks,
and perhaps earlier. Certainly, in patients with a thyroid
gland, the period could be longer because of the presence of
colloid and more iodine retention due to the existence of
more tissue uptake.

Considering that the UI is a goodmarker for evaluating the
plasma pool of iodine (renal excretion accounts for more than
90% of the losses and is equivalent to the nutritional intake)
(2,13,28), and that 24U collection is difficult and inconvenient
for patients, some researchers have evaluated the value of sU
samples for this analysis. However, most of these studieswere
performed in populations with iodine deficiency. Therefore,
an important contribution of our study is the confirmation of a
significant correlation between UI measurements using 24U
and sU samples in situations where the iodine plasma pool is
high and thus, contamination must be excluded. In addition,
these data showed the possibility of evaluating patients sus-
pected of iodine contamination (e.g., by medications con-
taining iodine) through sU samples. In particular, it is
valuable for thyroid cancer patients because it allows them to
be assessed by sU collection before performing a WBS or
radioiodine treatment. The advantage of sU collection is that it
is simpler, and, therefore, the risk for errors during collection
is smaller.

In conclusion, this study showed that 4 weeks and perhaps
earlier is the required time for UI to return to its baseline value
after the use of water soluable ICA and for patients to elimi-
nate the excess iodine. In addition, we found a good correla-
tion between the results of 24U and sU samples, indicating
that spot urine samples can be used instead of 24U to evaluate
patients suspected of contamination with iodine.
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