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Iodine concentration calculated by dual-
energy computed tomography (DECT) as
a functional parameter to evaluate
thyroid metabolism in patients with
hyperthyroidism
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Abstract

Background: Thyroid function in patients with Grave’s disease is usually evaluated by thyroid scintigraphy with
radioactive iodine. Recently, dual-energy computed tomography (DECT) with two different energy X-rays can
calculate iodine concentrations and can be applied for iodine measurements in thyroid glands. This study aimed
to assess the potential use of DECT for the functional assessment of the thyroid gland.

Methods: Thirteen patients with Grave’s disease treated at our hospital from May to September 2015 were included
in this retrospective study. Before treatments, all subjects had undergone both iodine scintigraphy [three and 24 h
after oral administration of 123I (20 μCi)] and non-enhanced DECT. The region of interests (ROIs) were placed in both
lobes of the thyroid glands, and CT values (HU: Hounsfield unit) and iodine concentrations (mg/mL) calculated from
DECT images were measured. The correlation between CT values and iodine concentrations from DECT in the thyroid
gland was evaluated and then the iodine concentrations were compared with radioactive iodine uptake ratios by
thyroid scintigraphy.

Results: Mean (±SD) 123I uptake increased from 46.3 (±22.2) % (range, 11.1–80.1) at 3 h, to 66.5 (±15.2) % (range,
40.0–86.1) at 24 h (p < 0.01). CT values ranged from 34.5 to 98.7 HU [mean: 67.8 (±18.6)], while the iodine concentrations
calculated with DECT ranged from 0.0 to 1.3 mg/mL [mean: 0.5 (±0.4)]. A moderate positive correlation between CT
values and the calculated iodine concentrations in the thyroid gland was seen (R = 0.429, p < 0.05). A significant
negative correlation between 123I uptake at 3 h and iodine concentration by DECT were seen (R = −0.680, p < 0.05),
although no correlation was observed between 123I uptake at 3 h and CT values (p = 0.087). No correlation was
observed between 123I uptake at 24 h and CT values (p = 0.153) or that between 123I uptake at 24 h and iodine
concentration by DECT (p = 0.073).

Conclusion: The negative correlation of 123I uptake at 3 h with iodine concentration evaluated by DECT was better
than that observed with simple CT value. DECT may have a potential role in the evaluation of iodine turnover in
hyperthyroid patients.

Keywords: Dual energy, Computed tomography, Hyperthyroidism, Graves’ disease, Thyroid function, Scintigraphy,
Iodine concentration

* Correspondence: sojin@gunma-u.ac.jp
Department of Diagnostic Radiology and Nuclear Medicine, Gunma
University Graduate School of Medicine, Faculty of Medicine, 3-39-22, Showa,
Maebashi, Gunma 371-8511, Japan

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Binh et al. BMC Medical Imaging  (2017) 17:43 
DOI 10.1186/s12880-017-0216-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12880-017-0216-6&domain=pdf
mailto:sojin@gunma-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Hyperthyroidism refers to a clinical state that results
from excessive thyroid hormone levels. Typical symp-
toms include palpitations, tachycardia, fatigue, weight
loss, and atrial fibrillation. The function of thyroid gland
is regulated by thyroid stimulating hormone (TSH).
Graves’ disease is the most common cause of hyperthy-
roidism, in which overstimulation of the thyroid gland
by TSH receptor antibodies (TRAb) result in excessive
production and release of thyroid hormones [1, 2].
Radioactive iodine (131I) is commonly used for treat-

ment of hyperthyroidism [3–5]. Thyroid scintigraphy
with 123I isotope is usually performed prior to 131I treat-
ment to evaluate the functional status of the thyroid
gland. For this purpose, patients are prescribed low-
iodine diet for over 2 weeks, following which oral 123I is
administered and its uptake at the thyroid gland assessed
at 3 and 24 h (h). Patients with Graves’ disease typically
show high iodine turnover and reduced iodine storage in
the thyroid tissues, which results in decreased CT values
of the thyroid glands [5]. Nygaard et al. reported a 50%
decrease in 131I uptake 1 week after intravenous injec-
tion of 100 mL of iodine contrast agent, which suggests
that iodine storage in the thyroid gland would be much
affected by its uptake of radioactive iodine [6, 7]. These
findings suggest that measurement of iodine concentra-
tion in the thyroid glands may be useful for the evalu-
ation of iodine turnover, which is a key element of the
metabolic pathway of thyroid hormone.
A previous study compared the use of CT and 99 mTc-

pertechnetate scintigraphy for evaluation of thyroid
function in a feline model. The results showed that CT
was a less sensitive modality than scintigraphy for func-
tional characterization of thyroid gland [7]. Recent ad-
vances in CT technology allow for evaluation of iodine
concentration with use of two images of the same slice
acquired by dual energy CT (DECT) at different energy
levels [8–12]. The use of two different energy levels
allows the spectral decomposition of more than one
element with a high atomic number [13, 14]. DECT in-
corporates various mechanisms to acquire two different
energy images; these include dual-source, rapid-kV
switching, and energy-sensitive detectors. The use of
two different energy X-rays enables the estimation of
effective atomic numbers, and to calculate concentra-
tions of specific compounds [12–14]. Koonce, et al.
reported an excellent correlation between iodine
concentration measured by DECT and the true iodine
concentration in a phantom study (mean measurement
error < 3%) [15].
In the present study, we employed DECT with two

different energy levels of 100 and 140 kVp for assess-
ment of patients with Graves’ disease prior to 131I abla-
tion therapy. We investigated the correlations between

123I uptake at the thyroid glands assessed with scintig-
raphy and the iodine concentration and CT values for
thyroid glands acquired by DECT. The objective was to
assess the potential use of DECT for functional assess-
ment of the thyroid gland.

Methods
Patients
This retrospective study was approved by the institu-
tional review board at the Gunma University Hospital.
Thirteen consecutive female patients (mean age,
53.7 ± 13.2 years) underwent both iodine scintigraphy
and DECT before radioactive iodine (131I) ablation
therapy in the period between May 13th and September
8th, 2015. Inclusion criteria were: (a) Graves’ disease or
hyperthyroid patients with a strong suspicion of Graves’
disease, and (b) iodine restricted diet for more than 2
weeks before iodine ablation therapy.
The diagnosis of Graves’ disease was based on clinical

(signs of thyrotoxicosis such as tachycardia, weight loss,
finger tremor, and excessive sweating; diffuse thyroid
enlargement; and exophthalmos and/or specific ophthal-
mopathy) and laboratory [elevation in serum free thy-
roxine (FT4: mean, 1.70 ± 1.15 ng/mL; range, 0.67–
5.38 ng/mL) and/or free triiodothyronine (FT3: mean,
5.90 ± 7.09 pg/mL; range, 2.28–30 pg/mL) levels, sup-
pression of serum TSH (mean, 0.66 ± 1.29 μU/mL;
range, 0.05–4.22 μU/mL); positive TRAb; or thyroid
stimulating antibody (TSAb)] examinations.

Image acquisition protocol
Thyroid scintigraphy was performed according to the
institutional protocol. Oral 123I [dose: 20 μCi (7 MBq)]
was administered. Scintigraphic planar images were
obtained at 3 h and 24 h after administration with a
conventional gamma camera system (E.CAM; Toshiba
Medical Systems, Tokyo, Japan). A low-medium energy
general purpose collimator was used (matrix size:
256 × 256; zoom, 2.0). The energy for 123I was set at
159 ± 7.5% keV. The scattered radiation estimate win-
dow was set to both sides of the photon peak window
with a 7% window width. For scanning, thyroid phantom
capsule with 3.7 MBq (0.1 mCi) was used; scanning time
was 60 s for phantom, 10 s for background and 300 s for
patient. For processing, square region of interest (ROI)
was used. Background was also measured (longitudinal
diameter: 1.2 cm).
Before radioactive iodine ablation therapy, basal thy-

roid gland volumetry was performed with dual energy
technique with a dual source CT scanner (SOMATOM
Definition flash; Siemens Healthcare, Forchheim,
Germany). Scan parameters were: tube voltage, 140 kV
and 100 kV; rotation time, 0.5 s; collimation,
14 × 1.2 mm; pitch, 0.9; effective tube current, 200/200
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Quality ref. mAs; kernel, Q30 (SAFIRE strength 1);
and slice thickness/interval, 3/1.5 mm.

Measurement and data analysis
For thyroid scintigraphy, ROIs were drawn around the
borders of thyroid gland. 123I uptake was calculated as
the sum of uptake at both lobes (Fig. 1). Total 13 thyroid
uptakes were compared with DECT parameters.
For measurement of CT values and iodine concentra-

tion of the thyroid glands, CT data was transferred to a
standard post-processing workstation (Syngo MMWP,
VA 40 A, Siemens Healthcare, Forchheim, Germany).
The data sets of CT images at different voltages for the
same slices were analyzed to measure the iodine concen-
tration with use of “brain hemorrhage” algorithm of the
Syngo dual energy software. The iodine map image and
the conventional 120 kVp images were generated from
the low and high voltage CT data sets with slice thick-
ness of 5 mm. The iodine concentrations and the CT
values were measured from those images, respectively.
The slices for the ROI setting were carefully selected

with use of the following criteria: (a) minimal beam
hardening artifacts; (b) homogenous area; and (c) no
nodular lesions. We manually marked the ROIs on the

right and left lobes of the thyroid gland. A largest pos-
sible ROI (round or oval-shaped) was marked taking
care not to include the margins of the thyroid tissue. A
total of 26 ROIs were included in the analysis (one each
for the left and right lobes of the 13 patients; Fig. 2).
For assessment of the correlation between the CT

value and the iodine concentration, each lobe was con-
sidered as a separate unit (n = 26). To assess the correl-
ation of iodine concentration or CT value with 123I
uptake at 3 h and 24 h, each patient was considered as
a separate unit (n = 13).

Statistical analysis
Statistical analysis was done using SPSS software (ver-
sion 23; IBM-SPSS, Inc., IL, USA). The Spearman rank
correlation coefficient was employed for linear correl-
ation analyses. Wilcoxon signed-rank test was used to
compare mean 123I uptake at 3 h and 24 h. P < 0.05
was considered statistically significant.

Results
123I uptake ratios in thyroid glands were increased in all
but one patient. Mean 123I uptake increased from
46.3 ± 22.2% (range, 11.1–80.1) at 3 h to 66.5 ± 15.2%
(range, 40.0–86.1) at 24 h (p < 0.01; Fig. 3). Mean in-
crease in 123I uptake ratio from 3 h to 24 h was 143.6%.
A moderate positive correlation between the CT values

and the calculated iodine concentrations in the right and
left lobes of the thyroid gland was seen (R = 0.429,
p < 0.05, n = 26) (Fig. 4). The CT values ranged from

Fig. 1 Thyroid scintigraphy showing measurements of 123I uptake:
Square regions of interest (ROI) were used

Fig. 2 Fusion of two images of the same slice of the thyroid gland:
iodine map and the composited 120 kVp image on DECT. ROIs are
marked on both right and left lobes with minimal artifacts
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34.5 to 98.7 H.U. (mean ± SD: 67.8 ± 18.6), while the
iodine concentrations calculated by DECT ranged from
0.0 to 1.3 mg/mL (0.5 ± 0.4). There was no correlation
between 123I uptake at 3 h and CT values (p = 0.087;
Fig. 5a), while a significant negative correlation between
123I uptakes at 3 h and iodine concentration assessed
with DECT was observed (R = −0.680, p < 0.05; Fig.
5b). There was no correlation between 123I uptake at
24 h and CT values (p = 0.153; Fig. 5c) or that between
123I uptake at 24 h and iodine concentration (p = 0.073;
Fig. 5d).

Discussion
123I uptake at 3 h reflects the speed of uptake of iodine
at the thyroid gland [16]. In our study, strong negative
correlation was observed between 123I uptake at 3 h and

iodine concentration on DCET. This result may reflect
the higher capacity for both uptake and elimination of
iodine by the thyroid glands, reflecting hyper metabol-
ism of the thyroid glands. Particularly after iodine re-
stricted diet, the elimination of iodine from the thyroid
gland would be emphasized, resulting in low iodine
concentration of thyroid glands by DECT. In other
words, the iodine concentration may possibly reflect
iodine turnover at the thyroid glands.
The correlation between 123I uptake and CT values of

thyroid gland has not been investigated prior to the
present study. Theoretically, a strong correlation be-
tween CT values and iodine concentration is plausible
because iodine is the most important determinant of the
CT values of the thyroid glands [17]. An experimental
study that used polypropylene phantoms filled with dif-
ferent concentrations of iodine solutions [18] showed a
strong correlation between CT value and actual iodine
concentration. In our study, however, only a moderate
linear correlation was observed between 123I uptake at
3 h and CT values of the thyroid gland in vivo, while the
iodine concentration, as evaluated by DECT, showed a
better correlation with 123I uptake. The reasons for these
results are not entirely clear; however, there may be
some possible explanations. First, hyperactive thyroid
glands are usually hypervascular. These physiological
changes are reflected in Doppler ultrasound studies. The
increase in the vascular beds may have attenuated the
CT values of the thyroid glands. Second, other patho-
logical changes, such as edematous change may also
contribute to the attenuation of CT values, although this
aspect was not assessed in our study. We suspect that
these factors may partially explain the stronger correl-
ation between iodine uptake and iodine concentration
assessed with DECT, rather than that with simple CT.
Iodine concentration measurement by DECT may have
a potential role in the evaluation of iodine turnover in
hyperthyroid patients. Further investigation is necessary
to elucidate the feasibility of this new technique.
The current DECT technique has an unavoidable

drawback. The thyroid glands are located in the region
of lower neck and upper mediastinum. The surround-
ing bones such as clavicle, sternum, and vertebrae may
induce a beam hardening effect, which results in cup-
ping and streaks artifacts [19]. It is highly likely that
both CT value and iodine concentration measurement
are affected by these artifacts. Ginat, et al. reported that
DECT could reduce artifacts derived from metals and
arteriosclerotic calcification in head and neck areas,
and could potentially improve imaging quality [20]. In
this study, the least affected CT slice was selected for
measurement by visual inspection. However, the effect
of inadequate image quality on our results cannot be
ruled out.

Fig. 3 123I uptake at 3 h and 24 h after oral administration of 20 μCi:
A significant increase in 123I uptake from 3 h to 24 h (p < 0.01)

Fig. 4 Correlation between CT values and iodine concentrations
measured by DECT: A moderate positive correlation was noted
(R = 0.429, p < 0.05). (HU: Hounsfield unit)
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There were some limitations of this study. Firstly, we
had only 13 patients (26 ROIs). The correlation study
showed much variability in each comparison. Secondly,
we did not evaluate patient compliance to dietary re-
striction of iodine and relied on patients’ self-reported
compliance. Furthermore, this study did not include
other patients with euthyroid status, to evaluate the de-
crease in the ratio of iodine concentration on DECT
scan. According to our hypothesis, the decrease in iod-
ine concentration is liable to differ between patients with
or without hyperthyroidism, when assessed with DECT
before and after iodine restriction for 2 weeks. Thirdly,
we did not compare the measured iodine concentration
in the thyroid glands of our patients with true iodine
concentration. The patients in our study were all can-
didates for radioactive iodine (131I) ablation therapy,
thus no histopathological specimens were obtained.
The iodine concentration may not be homogeneous, so
the limited scope of the ROI may not have accurately
reflected the iodine concentration.

Conclusion
A significant negative linear correlation between 123I up-
take at 3 h and iodine concentration calculated by DECT
was observed. This result suggests that iodine concen-
tration could predict thyroid function, similar to thyroid
scintigraphy. Iodine concentration measurement by DECT
may have a potential role in the evaluation of iodine turn-
over in the thyroid gland. Further studies with larger num-
ber of patients are required to confirm these results.

Abbreviations
CT: Computed tomography; DECT: Dual energy computed tomography;
FT3: Free triiodothyronine; FT4: Serum free thyroxine; HU: Hounsfield unit;
ROI: Region of interest; TRAb: TSH receptor antibodies; TSAb: Thyroid
stimulating antibody; TSH: Thyroid stimulating hormone

Acknowledgements
This research was supported by Asian Nuclear Medicine Graduate (ANMEG)
Program in Gunma graduate school of medicine. We thank our teachers and
colleagues from the ANMEG program as well as those from the radiology
department in Gunma university hospital for the valuable insights and
expertise that greatly assisted the research.

Funding
This work was supported by Grant-in-Aid for Scientific Research (KAKENHI:
15 K15450). Asian Nuclear Medicine Graduate (ANMEG) Program in Gunma
graduate school of medicine did not provide any financial support for
this research.

Availability of data and materials
Data of this study are available and can be shared on request, contacting
to the corresponding author.

Authors’ contributions
DDB and TN conceived the study and participated in its design, data collection,
statistical analysis and drafting of the manuscript. HO participated in data
collection, the review of the images, statistical analysis. TH and YT participated
in the study design, review of the images and statistical analysis. All authors
read and approved the final version of the manuscript.

Ethics approval and consent to participate
This retrospective study was approved by the institutional review board
at the Gunma university hospital (UMIN000023327) and written informed
consent was waived. Both thyroid scintigraphy and volumetric CT were
performed for the purpose of the assessment before radioactive iodine
ablation therapy.

Consent for publication
Not applicable.

Fig. 5 Correlation between a 123I uptake at 3 h and CT values; b 123I uptake at 3 h and iodine concentration on DECT; c 123I uptake at 24 h and
CT values; and d 123I uptake at 24 h and iodine concentration on DECT

Binh et al. BMC Medical Imaging  (2017) 17:43 Page 5 of 6



Competing interests
The authors declare that they have no competing interests. TN is an editorial
board member of BMC Medical Imaging.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 13 March 2017 Accepted: 12 July 2017

References
1. Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, Kaplan MM, Segal RL,

Garber JR, Hamilton CR Jr, Handelsman Y, et al. American Association of
Clinical Endocrinologists Medical Guidelines for clinical practice for the
evaluation and treatment of hyperthyroidism and hypothyroidism.
Endocr Pract. 2002;8(6):457–69.

2. Bahn Chair RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, Klein I,
Laurberg P, McDougall IR, Montori VM, Rivkees SA, et al. Hyperthyroidism
and other causes of thyrotoxicosis: management guidelines of the
American Thyroid Association and American Association of Clinical
Endocrinologists. Thyroid. 2011;21(6):593–646.

3. Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, Pessah-
Pollack R, Singer PA, Woeber KA. American Association of Clinical E et al:
clinical practice guidelines for hypothyroidism in adults: cosponsored by
the American Association of Clinical Endocrinologists and the American
Thyroid Association. Endocr Pract. 2012;18(6):988–1028.

4. Kita T, Yokoyama K, Kinuya S, Taki J, Michigishi T, Tonami N. Single dose
planning for radioiodine-131 therapy of Graves’ disease. Ann Nucl Med.
2004;18(2):151–5.

5. Silberstein EB, Alavi A, Balon HR, Clarke SE, Divgi C, Gelfand MJ, Goldsmith SJ,
Jadvar H, Marcus CS, Martin WH, et al. The SNMMI practice guideline for
therapy of thyroid disease with 131I 3.0. J Nucl Med. 2012;53(10):1633–51.

6. Nygaard B, Nygaard T, Jensen LI, Court-Payen M, Soe-Jensen P, Nielsen KG,
Fugl M, Hansen JM. Iohexol: effects on uptake of radioactive iodine in the
thyroid and on thyroid function. Acad Radiol. 1998;5(6):409–14.

7. Lautenschlaeger IE, Hartmann A, Sicken J, Mohrs S, Scholz VB, Neiger R,
Kramer M. Comparison between computed tomography and 99mTc-
pertechnetate scintigraphy characteristics of the thyroid gland in cats
with hyperthyroidism. Vet Radiol Ultrasound. 2013;54(6):666–73.

8. Brown CL, Hartman RP, Dzyubak OP, Takahashi N, Kawashima A, McCollough
CH, Bruesewitz MR, Primak AM, Fletcher JG. Dual-energy CT iodine overlay
technique for characterization of renal masses as cyst or solid: a phantom
feasibility study. Eur Radiol. 2009;19(5):1289–95.

9. Chandarana H, Megibow AJ, Cohen BA, Srinivasan R, Kim D, Leidecker C,
Macari M. Iodine quantification with dual-energy CT: phantom study
and preliminary experience with renal masses. Am J Roentgenol. 2011;
196(6):693–700.

10. Graser A, Johnson TR, Chandarana H, Macari M. Dual energy CT: preliminary
observations and potential clinical applications in the abdomen. Eur Radiol.
2009;19(1):13–23.

11. Johnson TR. Dual-energy CT: general principles. Am J Roentgenol. 2012;
199(5 Suppl):S3–8.

12. Hansmann J, Apfaltrer P, Zoellner FG, Henzler T, Meyer M, Weisser G,
Schoenberg SO, Attenberger UI. Correlation analysis of dual-energy CT
iodine maps with quantitative pulmonary perfusion MRI. World J Radiol.
2013;5(5):202–7.

13. Kaza RK, Platt JF, Cohan RH, Caoili EM, Al-Hawary MM, Wasnik A. Dual-energy
CT with single- and dual-source scanners: current applications in evaluating
the genitourinary tract. Radiographics. 2012;32(2):353–69.

14. McCollough CH, Leng S, Yu L, Fletcher JG. Dual- and multi-energy CT:
principles, technical approaches, and clinical applications. Radiology.
2015;276(3):637–53.

15. Koonce JD, Vliegenthart R, Schoepf UJ, Schmidt B, Wahlquist AE, Nietert PJ,
Bastarrika G, Flohr TG, Meinel FG. Accuracy of dual-energy computed
tomography for the measurement of iodine concentration using cardiac
CT protocols: validation in a phantom model. Eur Radiol. 2014;24(2):512–8.

16. Cherniack RM. Evaluation of respiratory function in health and disease.
Dis Mon. 1992;38(7):505–76.

17. Li Z, Clarke JA, Ketcham RA, Colbert MW, Yan F. An investigation of the
efficacy and mechanism of contrast-enhanced X-ray computed tomography

utilizing iodine for large specimens through experimental and simulation
approaches. BMC Physiol. 2015;15:5.

18. Wang L, Liu B, Wu XW, Wang J, Zhou Y, Wang WQ, Zhu XH, Yu YQ, Li XH,
Zhang S, et al. Correlation between CT attenuation value and iodine
concentration in vitro: discrepancy between gemstone spectral imaging
on single-source dual-energy CT and traditional polychromatic X-ray imaging.
J Med Imaging Radiat Oncol. 2012;56(4):379–83.

19. Barrett JF, Keat N. Artifacts in CT: recognition and avoidance. Radiographics.
2004;24(6):1679–91.

20. Ginat DT, Mayich M, Daftari-Besheli L, Gupta R. Clinical applications of
dual-energy CT in head and neck imaging. Eur Arch Otorhinolaryngol.
2016;273(3):547–53.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Binh et al. BMC Medical Imaging  (2017) 17:43 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Image acquisition protocol
	Measurement and data analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

