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Abstract. Iodine-131 (I-131) therapy and post‑therapy I‑131 
scanning are essential in the management of differentiated 
thyroid cancer (DTC). However, pathological false positive 
I‑131 scans can lead to misdiagnosis and inappropriate I‑131 
treatment. This retrospective study aimed to investigate the 
best imaging modality for the diagnosis of pathological false 
positive I‑131 scans in a DTC patient cohort, and to determine 
its incidence. DTC patient data archived from January 2008 to 
January 2010 was retrieved. Post‑therapeutic I‑131 scans were 
conducted and interpreted. The imaging modalities of magnetic 
resonance imaging (MRI), computed tomography and ultraso-
nography were applied and compared to check all suspected 
lesions. Biopsy or needle aspiration was conducted for patients 
who consented to the acquisition of histopathological confir-
mation. Data for 156 DTC patients were retrieved. Only 6 cases 
of pathological false‑positives were found among these (inci-
dence, 3.85%), which included 3 cases of thymic hyperplasia 
in the mediastinum, 1 case of pleomorphic adenoma in the 
parapharyngeal space and 1 case of thyroglossal duct cyst in 
the neck. MRI was demonstrated as the best imaging modality 
for diagnosis due to its superior soft tissue resolution. However, 
no imaging modality was able to identify the abdominal false 
positive‑lesions observed in 2 cases, one of whom also had 
thymic hyperplasia. In conclusion, pathological false positive 
I-131 scans occurred with an incidence of 3.85%. MRI was 
the best imaging modality for diagnosing these pathological 
false‑positives.

Introduction

Iodine‑131 (I‑131) therapy and post‑therapy I‑131 scanning 
have been accepted as essential components of the overall 
management of patients with differentiated thyroid cancer 
(DTC) for over six decades (1,2). The finding of any posi-
tive lesion on an I‑131 scan is often a decisive indicator for 
the administration of subsequent I‑131 therapies. Generally, 
I‑131 scanning has a sensitivity of 60‑80% and specificity of 
>90% (3‑6). Despite this remarkable specificity, false positive 
uptakes on I‑131 scans do occur, which can be misdiagnosed as 
residual or metastatic DTC lesions, and lead to inappropriate 
I‑131 therapies. Since the risk of secondary malignancies in 
DTC survivors treated with I‑131 is slightly increased compared 
with that of DTC survivors not treated with I‑131 (7), and this 
risk is dose‑related (8), it is important to identify false positive 
I‑131 scans in order to avoid unnecessary exposure to radiation. 

In the literature, the causes of false positive results are 
reported to include contamination, physiological uptake 
and unrelated pathological uptake  (3,6,9‑13). Regarding 
saliva, perspiration and urine contamination, with adequate 
experience, the clinical practices responsible for this may be 
identified. It may be necessary to wash certain body parts or 
change contaminated clothes. Physiological uptake in salivary 
glands, gastrointestinal and urinary tracts has a characteristic 
appearance, and can often be recognized unequivocally. The 
true challenge is the diagnosis of pathological false positive 
I‑131 scans. Therefore, the main purpose of this retrospective 
investigation was to determine the best imaging modality for 
identifying the pathology in patients with pathological false 
positive I‑131 scans by the investigation of a DTC patient 
cohort, and to determine the incidence of pathological false 
positives.

Materials and methods

Patients. This study was conducted as a collaboration between 
the Nuclear Medicine Department and Radiology Department 
of Tianjin Medical University General Hospital (Tianjin, 
China). The data of patients with DTC archived from January 
2008 to January 2010 was retrieved. The study was approved 
by the Institutional Review Board and Ethics Committee of 
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Tianjin Medical University. Written informed consent was 
obtained from all patients. 

Treatment procedures. The 2006 guidelines (1) and then the 2009 
revised guidelines (2) from the American Thyroid Association 
(ATA) were used to treat and monitor these patients. Briefly, 
thyroid remnant ablation was performed with I‑131 activities of 
80‑100 mCi. If residual thyroid persisted further ablations were 
conducted. Then, empiric I‑131 therapy (100‑200 mCi) was 
administered if cervical, pulmonary or skeletal metastases were 
found. I‑131 therapy required thyrotropin stimulation for which 
the patients were prepared by thyroxine withdrawal for 2‑3 weeks 
along with a low‑iodine diet. Post‑therapy I‑131 whole body scans 
were typically conducted ~1 week after I‑131 therapies, using 
a dual‑detector single‑photon emission computed tomography 
(SPECT) instrument equipped with high‑energy parallel‑hole 
collimators (Discovery VH; GE Healthcare, Milwaukee, WI, 
USA). Serum thyroglobulin (Tg) and thyroglobulin antibody 
(TgAb) levels were measured by immunometric assays under 
thyrotropin‑stimulated status during I‑131 therapies (Immulite 
2000; Siemens Medical Solutions Diagnostics, Los Angeles, 
CA, USA). Simulated levels of Tg <2.0 ng/ml were considered 
as an indication of DTC lesion‑free status, and Tg ≥2.0 ng/ml 
as an indication of DTC lesion persistence; this cutoff value is 
advocated by ATA guidelines (1,2). A panel of eight nuclear 
medicine physicians took direct charge of the above procedures, 
and independently interpreted the post‑therapy I‑131 scans. Any 
persistent I‑131‑avid lesion after complete thyroid remnant abla-
tion was considered as a positive lesion. The protocol for any 
susceptive positive finding was as follows. When contamination 
was suspected, another I‑131 scan was applied after washing 
body parts or changing into new clothes to confirm the results. 
Physiological uptake in the salivary glands or in the gastrointes-
tinal or urinary tract was determined by consensus of the panel. 
When pathological positive lesions were identified, they were 
marked and later compared with the radiological findings with 
more attention.

Imaging procedures. All magnetic resonance imaging (MRI) 
examinations were performed with a Signa HDx scanner using 
a 3‑T superconducting magnet (GE Healthcare). The imaging 
sequences included T1-, T2‑weighted fast spin echo either with 
or without fat suppression. All computed tomography (CT) 
scans were performed using a 64‑slice spiral CT machine 
(LightSpeed VCT; GE Healthcare, Waukesha, WI, USA). 
Photographic images of scans were captured at windows appro-
priate for viewing the mediastinum and the lung. High‑resolution 
gray‑scale ultrasonography (US) was conducted with real‑time 
equipment (Vivid Five; GE Vingmed Ultrasound, Horten, 
Norway), using a 10‑MHz linear‑array transducer. Positron 
emission tomography (PET) was not included as an imaging 
modality. In addition to its prohibitive expense, the application 
of PET is most suitable for the localization of lesions in patients 
with DTC who are Tg‑positive and I‑131 scan false negative (1,2). 

Analysis of false positive scans. The aim of the study was to 
identify false positive I‑131 scans. A panel of three radiologists 
took charge of the radiological procedures, and independently 
interpreted the images. Consensus concerning the diagnosis 
of non‑DTC related lesions was reached by majority. Then 

radiological images and diagnoses were supplied to the Nuclear 
Medicine Panel for further assessments. Biopsy or needle aspi-
ration results were conducted for patients who consented to the 
acquisition of histopathological confirmation.

Finally, the characteristics of the DTC patients with 
pathological false positive I‑131 scans were summarized and 
compared in an attempt to determine the best imaging modality 
for diagnosis.

Results

Patient data. From the database, 156 patients with DTC [142 
papillary thyroid cancer (PTC) and 14 follicular thyroid cancer 
(FTC)] were retrieved. The mean age was 47.23±13.47 years. 
Altogether, there were 494 I‑131 therapies and the same number 
of subsequent post‑therapy I‑131 scans.

Pathological false positive cases. Among the patients, 6 cases 
were identified to have pathological false positive lesions. The 
incidence of pathological false positive I‑131 scans in the DTC 
patient cohort was 3.85% (6/156 cases). All 6 cases had PTC 
pathology.

Three PTC cases (cases 1‑3) had stimulated Tg levels 
<2.0 ng/ml, yet exhibited I‑131‑avid lesions in the anterior medi-
astinum on I‑131 scans, which were considered as false positive 
lesions (Figs. 1‑3). Case 1 also demonstrated a false positive 
I‑131‑avid lesion in the right lower abdomen (Fig. 1). Case 4, with 
a Tg level <2.0 ng/ml, also had a false positive lesion in the right 
lower abdomen. Case 5 had a stimulated Tg level of 10.7 ng/ml 
following complete thyroid remnant ablation during the second 
I‑131 therapy, when cervical lesions and a large oropharyngeal 
lesion were demonstrated on the I‑131 scan. Following three 
additional I‑131 therapies the cervical lesions almost disap-
peared yet the oropharyngeal lesion persisted without change 
in shape and uptake ability, and was considered as false posi-
tive (Fig. 4). Case 6 had a stimulated Tg level between 3.5 and 
4.1 ng/ml, yet a disproportionately intense I‑131‑avid cervical 
lesion was displayed without any change in two consecutive 
I‑131 therapies after thyroid remnant ablation (Fig. 5).

Evaluation of imaging modalities. Characteristics of the 
false positive I‑131 scan cases are listed in Table I. MRI was 
demonstrated as the best imaging modality for diagnosis due 
to superior soft tissue resolution. US was shown to be the least 
useful, because thymus hyperplasia and parapharyngeal pleo-
morphic adenoma were not accessible. No imaging modality 
was able to locate false positive sites in the abdomen. MRI, CT 
or US did not detect lesions in other DTC patients as non‑DTC 
lesions by the Radiology Panel, and no other pathological false 
positive I‑131 scans were identified by the Nuclear Medicine 
Panel. 

Discussion

The trapping of I‑131 by DTC lesions allows the acquisition of 
scans to identify local and distant metastases. The challenge to 
the clinicians is to tailor the treatment to be vigorous enough to 
eradicate DTC lesions but not to cause unnecessary morbidity. 
The correct interpretation of I‑131 scans is critical in the proper 
management of patients with DTC, which requires a thorough 
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knowledge and understanding of all potential confounding 
phenomena. False positive findings on I‑131 scans can be 
classified into contamination, physiological uptake and patho-
logical uptake (3,4,6,9‑13). Pathological false positive uptake 
of I‑131, ranging from non‑thyroidal neoplasm to inflamma-
tion or infection, epitomizes the diagnostic difficulties that 
clinicians could confront in this perspective when managing 
patients with DTC. Ideally, the identification of false‑positive 
results should be made through conservative means whenever 
possible (3,4,6,9‑13).

For patients with DTC, the finding of a mediastinal 
mass represents a diagnostic dilemma, and the distinction 

between thymic hyperplasia and DTC metastasis must be 
made correctly. Notably, Niendorf et al (14) once reported 
a high prevalence of 33% for thymic hyperplasia in patients 
with DTC on the basis of CT diagnostic criteria, which was 
more commonly found in the subgroup of patients with DTC 
who did not have metastasis. However, a study by Davidson 
and Davidson  (15) demonstrated that 6/175 DTC patients 
exhibited I‑131 uptake by the thymus, and they were found 
to be disease‑free during the follow‑up. These facts indi-
cated that only some DTC patients with thymic hyperplasia 
could actually result in a false‑positive conundrum in I‑131 
imaging. The mechanism in this respect may be explained by 

Figure 1. Case 1. A 22‑year‑old female PTC patient underwent three I‑131 therapies. A I‑131 false positive lesion was found in the right lower abdomen on the 
(A) second and (B) third post‑therapy I‑131 scans (arrowheads), however no imaging modality was able to detect and diagnose the lesion. (B) A large false 
positive lesion in the mediastinum was identified on the I‑131 scan after the third therapy. The patient had a Tg level of 1.1 ng/ml under TSH stimulation. 
(C and D) On T2‑weighted MRI images the signal intensity of the lesion was intermediate, which was lower than that of the adjacent fat tissue. (E and F) On 
CT images, the density of the lesion was higher than that of the adjacent fat tissue. MRI displayed the lesion with better contrast than that of CT, based on 
which bilaterally lobed thymic hyperplasia was diagnosed. Mediastinoscopy with biopsy confirmed the diagnosis. MRI and CT images were taken during the 
third I-131 therapy. PTC, papillary thyroid cancer; I-131, iodine‑131; Tg, thyroglobulin; TSH, thyroid‑stimulating hormone; MRI, magnetic resonance imaging; 
CT, computed tomography. 

Figure 2. Case 2. A 19‑year‑old female PTC patient received two I‑131 therapies. (A) The first post‑therapy I‑131 scan demonstrated a large thyroid remnant. 
(B) The second post‑therapy I‑131 scan indicated successful ablation of the thyroid remnant with a Tg level <0.9 ng/ml under TSH stimulation, yet a false 
positive mediastinum lesion was visible (arrow). (C and D) On T2‑weighted MRI images, a pyramidally shaped lesion with intermediate signal intensity 
(lower than that of adjacent fat tissue) was revealed. (E and F) CT images also exhibited the pyramidally shaped lesion with higher density than fat tissue. 
Since CT acquisition was finished during one suspended inspiration, the thoracic cavity was more extended than that in MRI images and the pyramidal 
shape of the lesion seemed more evident. MRI displayed better resolution of the lesion than CT, and consequently thymic hyperplasia was diagnosed. 
Mediastinoscopy biopsy also confirmed the diagnosis. MRI and CT images were taken during the second I-131 therapy. PTC, papillary thyroid cancer; 
I-131, iodine‑131; Tg, thyroglobulin; TSH, thyroid‑stimulating hormone; MRI, magnetic resonance imaging; CT, computed tomography.
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the presence of the sodium iodine symporter (16); however, 
compared with the thyroid gland, the capacity to transport 
and concentrate iodine has been found to be diminished 
in extrathyroidal tissues, and it appears that the absence of 
remnant thyroid or metastasis plus higher I‑131 activities 
could increase the probability of thymus visualization on 
post‑therapeutic I‑131 scans  (17,18). In the present study, 
3/156 patients demonstrated a positive uptake of I‑131 by 
the thymus while their Tg results were negative. All of the 
patients were young and DTC lesion‑free. Both MRI and CT 

displayed soft tissue prominences that affected the bilateral 
lobes (Fig. 1), were pyramidally shaped (Fig. 2) or deviated 
to the left of the anterior mediastinum (Fig. 3), indicating 
thymic hyperplasia. However, MRI was superior to CT 
because of its clearer soft tissue resolution (e.g., thymic tissue 
vs. fat tissue) and distinctive large blood vessel landmarks 
due to the flow void phenomenon. However, there is a limita-
tion for MRI, in that the acquisition time is much longer than 
that of 64‑slice CT, so misregistration artifacts from respira-
tion might obscure the lesion on MRI images. Since 64‑slice 

Figure 4. Case 5. A 43‑year‑old male PTC patient was given five I‑131 therapies. (A) Cervical lymph node metastases (arrowhead) and an oropharynx 
lesion (arrow) were revealed following complete thyroid remnant ablation on the second post‑therapy I‑131 scan while the TSH‑stimulated Tg level was 
10.7 ng/ml. (B) Another 3 I‑131 treatment virtually destroyed all cervical lymph node metastases reducing the Tg level to 2.8 ng/ml under stimulation, yet 
the oropharynx lesion remained the same in shape and I‑131 uptake ability. (C and D)  T2‑weighted MRI demonstrated a large oval‑shaped lesion with 
heterogeneous signal intensity almost obstructing the oropharynx. This lesion was in the pre‑styloid compartment of the parapharyngeal space, and a clear 
fatty plane was shown between the lesion and the parotid deep lobe (white arrows), indicating it was separated from the parotid gland. (E and F) CT images 
displayed focal calcifications in the mass and the position of styloid process, suggesting its location in the pre‑styloid space. Generally, MRI provided 
more information than CT about pleomorphic content, location, margins of the lesion and its relationships with surrounding structures; based on which 
pleomorphic adenoma was diagnosed. Biopsy histopathology confirmed this diagnosis. MRI and CT images were taken during the fifth I-131 therapy. 
PTC, papillary thyroid cancer; I-131, iodine‑131; Tg, thyroglobulin; TSH, thyroid‑stimulating hormone; MRI, magnetic resonance imaging; CT, computed 
tomography.

Figure 3. Case 3. A 23‑year‑old female PTC patient received three I‑131 therapies. (A) The second post‑therapy I‑131 scan demonstrated a small amount of 
thyroid remnant, yet a large mediastinum lesion was demonstrated (arrow), which was much clearer on (B) the third post‑therapy I‑131 scan when thyroid 
remnant was completely ablated (arrow). The TSH‑stimulated Tg levels were 1.2 and 1.0 ng/ml during these I‑131 scans. (C and D) On T2‑weighted MRI 
images, a soft tissue lesion with intermediate signal intensity tilted to the left side of the anterior superior mediastinum was shown. (E and F) Although 
CT images also showed the lesion, it was obscure compared with MRI and easily overlooked without careful reading. Thymic hyperplasia was diagnosed 
primarily on MRI images. Consent for biopsy was not given. MRI and CT images were taken during the third I-131 therapy. PTC, papillary thyroid cancer; 
I-131, iodine‑131; Tg, thyroglobulin; TSH, thyroid‑stimulating hormone; MRI, magnetic resonance imaging; CT, computed tomography. 
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CT data is acquired during one suspended inspiration, the 
thoracic cavity is more extended in CT images than on MRI 
images. As standard protocols for CT scanning of the thorax, 
patients are requested to cross their arms over the head, yet 
MRI acquisition requires patients to put their arms beside 
their body due to the narrowness of the gantry; this can often 
result in alterations in the relative positioning of the breasts 
and clavicles on CT images.

Tumors in the parapharyngeal space are very rare and 
account for only 0.5% of head and neck neoplasms; these 
usually present a formidable challenge for preoperative diag-
nosis as well as appropriate surgical treatment (19‑22). This 
space is divided into pre‑styloid and post‑styloid compart-
ments by a styloid diaphragm extending from the styloid 
process to the tensor‑vascular‑styloid fascia. In pre‑styloid 
space, pleomorphic adenoma is the most common benign 
neoplasm. Previous studies have demonstrated that MRI is 
better than CT in detecting anatomical complexity, tissue 
diversity, relation to the internal carotid artery and origin 
of pleomorphic adenoma, and is the choice of examina-
tion  (19‑22). Furthermore, if MRI shows a fatty plane 
between pleomorphic adenoma and the parotid deep lobe, 
as shown in the present case 5 (Fig. 4), it indicates that the 
tumor is separated from the parotid deep lobe and origi-
nates from a minor salivary gland. Although CT is slightly 
inferior to MRI in soft tissue evaluation, it can better depict 
the styloid process and focal calcified degeneration (Fig. 4), 
which is also often observed in pleomorphic adenoma (23). 
When imaging studies demonstrate a parapharyngeal lesion 
with no vascular nature, biopsy or fine needle aspiration can 
provide very accurate histopathological diagnosis (19,21‑22). 
In the present investigation, case 5 was firmly diagnosed 

as pleomorphic adenoma by MRI in the pre‑styloid space, 
and CT provided additional information of focal calcifica-
tion. Following complete ablation of the thyroid remnant, 
cervical lymph node metastases and a parapharyngeal 
pleomorphic adenoma were revealed. When I‑131 therapies 
destroyed almost all cervical metastases, the pleomorphic 
adenoma persisted without change in shape and uptake 
intensity, causing evident false positive I‑131 uptake. To the 
best of our knowledge, there are no previous reports of such 
a pathological false‑positive. Our hypothesis of the under-
lying mechanism is, as a benign tumor originating from the 
salivary gland, pleomorphic adenoma retains I‑131 uptake 
ability, which is mediated by the expression of sodium iodine 
symporter (16).

The concurrence of ectopic thyroid, thyroglossal duct 
remnant or thyroglossal duct cyst with DTC has previously 
been reported (24‑26). Any dormant ectopic thyroid tissue that 
is left along the thyroglossal duct during the embryological 
development and migration of the thyroid primordium to 
form the thyroid gland can be augmented by TSH stimulation 
under the hypothyroidism status during I‑131 therapy. They 
can be mistaken for DTC metastases and the false positive 
I‑131 scans could be significant diagnostic pitfalls (24‑26). 
Anatomical imaging modalities are very important for 
differential diagnoses, which were compared in case 6 in the 
present study. Due to high soft tissue resolution, MRI was able 
to clearly display the dumbbell‑shaped thyroglossal duct cyst 
with isthmus penetrating through the thyrohyoid membrane, 
particularly in the fat‑suppressed T2‑weighted sequence 
(Fig. 5). Fluid content rich in protein was diagnosed in the cyst 
by MRI, which was confirmed by needle aspiration pathology. 
US had the great advantage of detecting cervical lesions, and 

Figure 5. Case 6. A 44 year‑old male PTC patient was treated with a total of three I‑131 therapies. Consequent I‑131 scans after the (A) second and 
(B) third I‑131 treatments showed successful thyroid remnant ablation, yet an oval lesion in the midline of the neck was exhibited with its location, shape 
and intensity unchanged during the follow‑up (arrows). TSH‑stimulated Tg levels were 4.1, 3.5 and 3.8 ng/ml for the three therapies. (C) US demonstrated 
a dumbbell‑shaped cyst lesion with the upper part posterior to the hyoid bone and the lower part anterior to the thyroid cartilage and isthmus through 
thyrohyoid membrane (white arrow). Due to interference by hyoid bone and thyroid cartilage, the lesion margins were not so sharp and clear on US images. 
(D and E) T1- and T2-weighted MRI images with fat suppression exhibited the uniquely shaped lesion much more clearly, particularly the penetration 
of the lesion isthmus through thyrohyoid membrane (white arrows). The lesion demonstrated slightly high signal intensity and high signal intensity on 
fat‑suppressed T1- and T2-weighted images, respectively, with homogeneous distribution, reflecting the protein‑rich fluid content of the cyst. Thyroglossal 
duct cyst was diagnosed by MRI. (F) However, it was difficult to diagnose by CT alone, because the density of the lesion was almost identical to that of 
the adjacent soft tissue structures. Aspiration pathology confirmed MRI findings concerning the content of the lesion.MRI, CT and US images were taken 
during the third I-131 therapy.  PTC, papillary thyroid cancer; I-131, iodine‑131; Tg, thyroglobulin; TSH, thyroid‑stimulating hormone; US, ultrasound; MRI, 
magnetic resonance imaging; CT, computed tomography.
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also revealed the fluid‑content filled cyst in case 6. Although 
the focal margins of the lesion were not very sharp owing to 
interference by hyoid bone and thyroid cartilage, the diagnosis 
by US was quite conclusive. However, it would be relatively 
difficult to diagnose the thyroglossal duct cyst by CT alone in 
case 6, particularly if CT images were not carefully read or 
other imaging modality assistance was not consulted, since the 
density of the thyroglossal duct cyst was almost the same as 
that of the adjacent soft tissue structures (Fig. 5). However, if 
the diagnosis was established, CT would exhibit the advantage 
of presenting the complex relationship of the cyst with hyoid 
bone and thyroid cartilage.

US is, by far, the most frequently used imaging procedure 
in monitoring residual or recurrent thyroid cancer in the central 
and lateral neck. However, the diagnostic capabilities of US in 
the parapharyngeal, retropharyngeal and mediastinal areas are 
limited by interference from bone and air. MRI and CT are 
of particular interest since they provide excellent anatomical 
images for these areas. Compared with CT, MRI causes negli-
gible exposure to radiation and provides superior soft tissue 
resolution, and MRI avoids the limitation inherent to iodinated 
contrast agents of CT in the imaging of patients with DTC 
who are undertaking I‑131 therapies. In fact, MRI has been 
demonstrated to be a very efficient modality for the detection 
of persistent or recurrent DTC in cervical, mediastinal, para-
pharyngeal and retropharyngeal spaces (27‑29). In the current 
investigation, MRI exhibited superior capability compared with 
that of CT and US in the diagnosis of pathological false positive 
I‑131‑avid lesions, namely, thymic hyperplasia in the anterior 
mediastinum, pleomorphic adenoma in the parapharyngeal 
space and thyroglossal duct cyst in the neck. In addition, all 
imaging modalities were of limited usage in the identification 
of abdominal false positive I‑131 lesions in this cohort (case 1 
and 4), probably because the lesions were too small, although 
regional inflammation of the right lower abdomen, such as 
chronic appendicitis, colitis or oophoritis was suspected. 

A limitation of the present study is the comparatively small 
size of the cohort, which intrinsically could only encompass 
a restricted number of pathological I‑131 false positive cases. 
Although the retrospective analysis is very laborious, a further 
study over a much longer period is planned. 

In conclusion, pathological false positive I‑131 scans 
occurred with an incidence of 3.85% in the current DTC patient 
cohort, which included thymic hyperplasia in the mediastinum 
(3 cases), pleomorphic adenoma in the parapharyngeal space 
(1 case) and thyroglossal duct cyst in the neck (1 case). MRI was 
demonstrated to be the best imaging modality for diagnosing 
these pathological false‑positives. 
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