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Abstract

Objective: Whole body I-131 scanning (WBS), as a standard method in the evaluation of
patients with differentiated thyroid carcinoma (DTC), has some limitations in distinguishing
between physiological and pathological tracer uptake and in defining exact anatomical
localization of pathological foci. The purpose of our study was to determine the additional
diagnostic value of the SPECT/CT in patients with DTC.

Methods: One hundred and forty-two patients with previous total thyroidectomy who
underwent diagnostic or post-therapeutic WB imaging were included in this retrospective
study. The distinction between physiological and pathological uptake could not be clearly
done and/or the localization of pathological uptake could not be clearly defined on WBS,
were considered as inconclusive finding and regional SPECT/CT images of these patients
were evaluated.

Results: The number of pathological foci detected by WBS and SPECT/CT was 64 and 59
respectively. Exact anatomical localization was determined in 85.9% of the lesions with
SPECT/CT. Benign accumulations (inflammatory / physiological) were determined in 12.5%
of inconclusive foci. In 14.1% of WBS detected foci, no significant tracer uptake was
observed on SPECT/CT images. Four additional foci were detected on SPECT/CT (3 thyroid
remnant, 1 bone).

Conclusion: SPECT/CT improves the specificity of I-131 scanning and contributes to the
management of DTC patients.
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Introduction
Differentiated thyroid carcinoma (DTC) is the most widely encountered malignant
endocrine disease and is related with a good prognosis depending on prognostic indicators such
as stage and age at diagnosis, histological subtype and sex (1,2). Primary treatment modality is
surgery; recently recommendations suggest only lobectomy in especially papillary
microcarcinoma without any additional risk factor (3). In patient’s with moderate-high risk,
procedure contains destroying remnant thyroid tissues, locoregional or distant foci with
radioiodine. American Thyroid Association Practice Guidelines for Thyroid Cancer
Management recommended 131-I ablation in: grossly invasive cancer, primary tumors > 4 cm,
presence of distant metastasis and in patients with 1 to 4 cm large tumors limited in the thyroid
who have documented node metastasis or other high-risk features (4).
Radionuclide planar whole-body scanning (WBS) with 131-I or 123-I is a commonly
performed modality with a high sensitivity in the follow-up of patients with DTC (5,6).
However, low image resolution, physiological uptake sites confused with pathological foci and
difficulties in determining the exact anatomical localization of foci limit the diagnostic capacity
of this technic. SPECT/CT provides morphological and functional data together and has been
reported to increases the sensitivity and specificity of 131-I WBS in patients with DTC (7). In
our study, we evaluated retrospectively the additional diagnostic value of the SPECT/CT in
patients with DTC.
Materials and Methods
One hundred and forty two (27M,115F) with previous total thyroidectomy were
evaluated retrospectively (20-79 yrs, mean age 48 ± 13). The study was approved by the ethic
committee of Ondokuz Mayıs University. Histopathological examination revealed with
papillary carcinoma in 92 patients, follicular carcinoma in 43 patients and mixed type
carcinoma (papillary and follicular) in 7 patient. Twenty-one patients were re-operated for
residual tissue or relapse. Of 142 patients, 47 underwent diagnostic WB imaging after the
administration of 185 MBq 131-I orally (all patients had previously been treated with
radioiodine). Other 95 patients underwent post-therapeutic WB imaging 6-7 day after oral
administration of 2775-7400 MBq 131-I. A double-head gamma camera and high energy
This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as: Uçak Semirgin
S. Usefulness of SPECT/CT imaging in the management of patients with differentiated thyroid
carcinoma. Erciyes Med J 2019; DOI: 10.14744/etd.2019.75010.
©Copyright 2019 by Erciyes University Faculty of Medicine - Available online at:
www.erciyesmedj.com

collimators were used for radionuclide imaging. Table speed was 5 cm/min for WB imaging.
Additional spot images were acquired for 10 minutes. SPECT parameters were: 128x128
matrix, 3° angular step and 40 seconds per frame. Immediately hereafter, a CT scan of the same
region was obtained. Tracer uptake in salivary glands, gastrointestinal system and bladder was
considered as physiologic on planar images. The distinction of physiological / pathological
uptake could not be clearly done and/or the localization of pathological uptake could not be
clearly defined on WBS, was considered as inconclusive finding and regional SPECT/CT
imaging was performed. In all patients, serum thyroid stimulating hormone (TSH) levels were
measured after at least 4 weeks of thyroid hormone withdrawal. At the time of imaging, all
patients presented with at least 50 µU/mL of TSH levels.
Results
In 47/142 patients, WBS detected 64 inconclusive tracer uptake (35 foci were in the
servical region, 19 foci in the thoracic region, 9 foci in the abdomen and 1 focus in the upper
extremity) and patients underwent regional SPECT/CT imaging. The total number of
pathological foci detected by SPECT/CT was 59, of which 33 were located in the cervical
region, 20 foci in the thoracic region, 5 foci in the abdomen and 1 focus in the upper extremity.
Twenty-four of 33 servical foci were compatible with remnant thyroid tissue, 5 with lymph
nodes, 1 with dental structures, 1 with nasal soft tissue and 2 were salivary activity. Of 20 foci
detected at thoracic region, 7 were localized in the lung, 5 in the mediastinal lymph nodes, 6 in
the bone structures and 2 in the breast tissue. There were 2 foci in pelvic soft tissue and 1 focus
in the upper extremity bone structure. Numbers of pathologic foci detected on WBS and
SPECT/CT images were given in table 1 and 2.
Of 35 servical inconclusive foci on WBS, 5 foci were not detected on SPECT/CT.
SPECT/CT images were revealed with residual tissue in 21 foci. Five were interpreted as lymph
nodes, 2 were identified as inflammatory accumulations located at dental and nasal structures,
2 foci were located at esophagus and considered as physiological salivary activity. SPECT/CT
detected 3 additional low intensity thyroid remnant foci.
In 19 thoracic foci on WBS, bone and soft tissue could not be safely differentiated. On
SPECT/CT images, these were described as: 5 mediastinal lymph nodes, 5 bone lesions, 7 lung
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lesions and 2 breast lesions. SPECT/CT detected 1 additional small sized radioiodine
accumulating lesion in the bone.
In abdominal and pelvic areas, a total of 9 inconclusive foci were detected on WBS.
SPECT/CT images were revealed with intestinal activity in 2 foci and reactive/inflammatory
findings associated with IM injections in 2 foci. One focus was located on the pelvic bone. Four
foci were no more seen by SPECT/CT. One upper extremity uptake was located at the bone on
SPECT/CT.
Overall, SPECT/CT determined exact anatomical localization in 55/64 lesions (85.9%)
described as inconclusive on WBS. Figure 1 and 2 represent I-131 WBS and SPECT/CT images
of two patients. WBS showed inconclusive tracer accumulations in the thoracic and pelvic
regions. SPECT/CT determined the location of pathological foci. Benign accumulations
(inflammatory / physiological) were determined in 8/64 (12.5%) inconclusive foci (4 servical
and 4 abdominopelvik). Nine of 64 (14.1%) detected foci on WBS (5 servical and 4 abdominal)
could not be redetected with SPECT/CT. Three additional thyroid remnant foci and 1 additional
bone lesion in the thoracic region were determined on SPECT/CT.
Discussion
Radionuclide whole body scanning with 131-I is known as a standard method with high
specificity in the evaluation of patients with DTC but has some limitations in distinguishing
between physiological and pathological tracer uptake and in defining exact anatomical
localization of uptake sites. These limitations and the possibility of overcoming problems with
SPECT/CT have accelerated further investigation on this subject (8,9,10,11). SPECT/CT
allows combining morphological and functional data, improves the accuracy of technique.
Menges et al. reported the sensitivity of both 131-I SPECT/CT and WBS as 62% in the
diagnosis of DTC, whereas the specificity was increased from 78% to 98% with SPECT/CT
(12).
Localization of pathological foci is important in the therapy management. Computed
tomography is probably the most important component of this technique, since it’s very difficult
to determine the location of pathological foci only with WBS or SPECT without any
morphological marker. Spanu et al. mentioned that SPECT/CT had better performance than
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WBS on both classification and location of lesions and changed the therapeutic management in
21.6% of the patients (13). Additional diagnostic value rates of SPECT/CT over planar imaging
has a wide variation in literature and changes between 34% and 74% (14,15,16). According to
Barwick et al, this wide variation was associated with the selection of patients. They mentioned,
if SPECT/CT is used routinely for every patient, incremental diagnostic value might be
expected. When SPECT/CT was performed in all patients from the neck and thoracic region,
reported diagnostic benefit was 34–42% (14). In our study, 85.9% of the WBS inconclusive
foci were localized with SPECT/CT and this rate was higher than the literature. The highest
ratio was in the cervical region. It’s thought that, differentiation of residual thyroid tissue and
lymph nodes was difficult because of lacking the evaluation of thyroid scintigraphy in the study
and this was caused the high ratio. Assessment of WBS findings with thyroid scintigraphy will
reduce the number of cervical inconclusive results on WBS.
SPECT/CT contributes to treatment approach in some patients. In a study including 365
patients, Zilioli and colleagues reported that TNM stage and treatment plan was modified in 13
patients because of exclusion of false positive accumulations with additional SPECT/CT
imaging (17). In our study, 12.5% of inconclusive foci on WBS were determined as benign and
pathology was ruled out in these patients. In a small number of patients, additional focus was
detected with SPECT/CT in the servical and thoracic region. Thyroid remnant compatible foci
were small-sized and accumulated low radioiodine. The advantage of having higher contrast
resolution with SPECT/CT may provided the detection of these foci. Focus in the bone stracture
of thoracic region was missed on WBS because of the location (the lateral costal area) and the
low intensity.
There are some studies highlighting the limitations of SPECT/CT in the evaluation of
patients with DTC. In areas that are not well delineated by CT, results may remain equivocal
on SPECT/CT findings in 7-8% of cases. (10,15). Wong et al. reported that particularly in
proven N1 disease, SPECT/CT is of limited value in revealing regional lymph node metastases
in the presence of post-operative thyroid remnants (18). By extending the duration of the
examination, SPECT/CT makes patient uncomfortable and this may cause patient movement.
In this case, possible misregistration of SPECT and CT information may lead to false positive
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or negative results (9). Also, because of extra time required for SPECT/CT, some physiological
activities may displace or disappear and become misleading in interpretation. In our study,
14,1% of WBS detected foci were no more detectable on SPECT/CT images. For this reason,
it is necessary to obtain SPECT/CT as soon as possible after WBS. Considering the patient
comfort and the risk of image misregistration, SPECT/CT should be performed in cases with
equivocal / inconclusive findings on WBS.
Conclusion
The possibility of overcoming the limitations of 131-I WBS with SPECT/CT increases
the routine usage of this modality. In the recent literature, some authors reported high specificity
and improved lesion location by SPECT/CT in DTC patients. Despite some minor limitations,
the method clearly improves the classification and localization of 131-I accumulation sites in
patients with DTC. Particularly in distinguishing lymph node metastases from thyroid
remnants, lung metastases from mediastinal uptake or thoracic bone metastases, SPECT/CT
has higher specificity than WBS. SPECT/CT has also value in detecting additional lesions
compared to conventional planar imaging.

References
1-

Vaisman F, Tuttle RM. Clinical Assessment and Risk Stratification in Differentiated

Thyroid Cancer. Endocrinol Metab Clin North Am. 2019; 48(1): 99-108.
2-

Medas F, Canu GL, Boi F, Lai ML, Erdas E, Calò PG. Predictive Factors of Recurrence

in Patients with Differentiated Thyroid Carcinoma: A Retrospective Analysis on 579 Patients.
Cancers. 2019; 11(9):1230.
3-

McDow AD, Pitt SC. Extent of Surgery for Low-Risk Differentiated Thyroid Cancer.

Surg Clin North Am. 2019; 99(4):599-610.
4-

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ, et al. Revised

American Thyroid Association management guidelines for patients with thyroid nodules and
differentiated thyroid cancer. Thyroid 2009; 19: 1167-214.

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as: Uçak Semirgin
S. Usefulness of SPECT/CT imaging in the management of patients with differentiated thyroid
carcinoma. Erciyes Med J 2019; DOI: 10.14744/etd.2019.75010.
©Copyright 2019 by Erciyes University Faculty of Medicine - Available online at:
www.erciyesmedj.com

5-

Luster M, Clarke SE, Dietlein M, Lassmann M, Lind P, Oyen WJ, et al. Guidelines for

radioiodine therapy of differentiated thyroid cancer. Eur J Nucl Med Mol Imaging 2008; 35:
1941-59.
6-

Xue YL, Qiu ZL, Song HJ, Luo QY. Value of 131-I SPECT/CT for the evaluation of

differentiated thyroid cancer: a systematic review of the literature. Eur J Nucl Med Mol Imaging
2013; 40: 768-78.
7-

Ahmed N, Niyaz K, Borakati A, Marafi F, Birk R, Usmani S. Hybrid SPECT/CT

Imaging in the Management of Differentiated Thyroid Carcinoma. Asian Pac J Cancer Prev
2018; 19(2): 303-8.
8-

Nostrand DV. Radioiodine Imaging for Differentiated Thyroid Cancer: Not All

Radioiodine Images Are Performed Equally. Thyroid. 2019 Jul 29(7). ahead of
printhttp://doi.org/10.1089/thy.2018.0690.
9-

Wong KK, Zarzhevsky N, Cahill JM, Frey KA, Avram AM. Incremental value of

diagnostic 131 I SPECT/CT fusion imaging in the evaluation of differentiated thyroid
carcinoma. AJR 2008; 191: 1785-94.
10-

Aide N, Heutte N, Rame JP, Rousseau E, Loiseau C, Henry-Amar M, et al. Clinical

relevance of single-photon emission computed tomography/computed tomography of the neck
and thorax in postablation 131 I scintigraphy for thyroid cancer. J Clin Endocrinol Metab 2009;
94: 2075-84.
11-

Schmidt D, Szikszai A, Linke R, Bautz W, Kuwert T. Impact of 131 I SPECT/spiral CT

on nodal staging of differentiated thyroid carcinoma at the first radioablation. J Nucl Med 2009;
50: 18-23.
12-

Menges M, Uder M, Kuwert T, Schmidt D. 131-I SPECT/CT in the follow-up of

patients with differentiated thyroid carcinoma. Clin Nucl Med 2012; 37: 555-60.
13-

Spanu A, Nuvoli S, Gelo I, Mele L, Piras B, Madeddu G. Role of Diagnostic 131-I

SPECT/CT in Long-Term Follow-up of Patients with Papillary Thyroid Microcarcinoma. J
Nucl Med. 2018; 59(10):1510-5.
14-

Barwick T, Murray I, Megadmi H, Drake WM, Plowman PN, Akker SA, et al. Single

photon emission computed tomography (SPECT)/computed tomography using iodine-123 in
This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as: Uçak Semirgin
S. Usefulness of SPECT/CT imaging in the management of patients with differentiated thyroid
carcinoma. Erciyes Med J 2019; DOI: 10.14744/etd.2019.75010.
©Copyright 2019 by Erciyes University Faculty of Medicine - Available online at:
www.erciyesmedj.com

patients with differentiated thyroid cancer: additional value over whole body planar imaging
and SPECT. Eur J Endocrinol 2010; 162: 1131-9.
15-

Chen L, Luo Q, Shen Y, Yu Y, Yuan Z, Lu H, et al. Incremental value of 131 I

SPECT/CT in the management of patients with differentiated thyroid carcinoma. J Nucl Med
2008; 49: 1952-7.
16-

Spanu A, Solinas ME, Chessa F, Sanna D, Nuvoli S, Madeddu G. 131-I SPECT/CT in

the follow-up of differentiated thyroid carcinoma: incremental value versus planar imaging. J
Nucl Med 2009; 50: 184-190.
17-

Zilioli V, Peli A, Panarotto MB, Magri G, Alkraisheh A, Wiefels C, et al. Differentiated

thyroid carcinoma: incremental diagnostic value of 131I SPECT/CT over planar whole body
scan after radioiodine therapy. Endocrine 2017; 56: 551-9.
18-

Wong KK, Sisson JC, Koral KF, Frey KA, Avram AM. Staging of differentiated thyroid

carcinoma using diagnostic 131 I SPECT/CT. Am J Roentgenol 2010; 195: 730-6.

Figure Legends
Figure 1: A 46-year-old female underwent total thyroidectomy with follicular thyroid
carcinoma (TSH: 100 μIU/mL and Tg:>300 ng/mL). I-131 whole body scan showed I-131
accumulation in the left shoulder, thoracic region and left posterior pelvic area (1A). On
SPECT/CT images, thoracic accumulations were localized in lytic lesions containing a soft
tissue component at the anterior portion of the left 2nd - right 6th ribs and humeral head and
one low intensity focus was at the posterior portion of left iliac bone (1B).
Figure 2: A 75-year-old male underwent total thyroidectomy with papillary thyroid carcinoma
(TSH: 100 μIU/mL and Tg: 1010 n/mL). In the I-131 whole-body scan (2A), I-131
accumulation was observed in the upper thorax at right of the medial line. On SPECT/CT
images, the accumulation was localized in the right high mediastinal-paratracheal lymph nodes
(2B).
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Tables
Table 1: Number of inconclusive foci detected on whole body scanning and foci detected on
SPECT/CT.
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33
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59

WBS: Whole Body Scanning

Table 2: Number of detected foci on SPECT/CT imaging according to the location.
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