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Introduction
Benign thyroid nodules are frequent in the general population, 

however, thyroid cancer, the most common endocrine malignancy, 
has been increasing in incidence over the last few decades throughout 
the Western World [1-4]. Imaging has assessed noninvasively the 
malignant risk of thyroid nodules either be solitary nodules or part 
of a multinodular goiter. If they exhibit suspicious characteristics on 
ultrasound, or appear “cold” i.e. non-functioning (without uptake) on 
a thyroid nuclear scan, they have been associated with a higher risk of 
malignancy [5,6]. Suspicious nodules traditionally undergo fine needle 
aspiration for cytology review and/or surgical resection. A hemi or 
total thyroidectomy will then be performed [7]. On the other hand, 
autonomous hyperfunctioning nodules i.e. that show uptake and 
appear “hot” on a nuclear thyroid scan have been regarded as having a 
very low but undefined malignant risk [8]. However, there have been 
a few recent reports describing a possible malignant association with 
hot nodules on a thyroid scan [9-13]. We conducted a retrospective 
analysis in order to better ascertain the potential malignant risk of a 
hot nodule. 

Methods
The archives of the Yale Department of Diagnostic Radiology 

were reviewed and all thyroid nuclear medicine scans performed over 
the past nine years (January 2003 to December 2012) were extracted 
and reanalyzed. A total of 137 thyroid nodules were identified for 
which cytopathology FNA correlation existed. 137 scans were then 
retrospectively re-analyzed by an experienced nuclear medicine 
physician. Final cytopathology diagnoses were then reviewed and 
correlated to the nodules identified on the thyroid scan. Procedure 
dates, biopsy sites, cytologic FNA findings and/or surgical specimen 
histology were additionally recorded and correlated with the thyroid 
nuclear scan findings. 

Thyroid scans were performed as per a routine protocol. A 
100-microcurie dose of 123I was used for 24 hour uptake measurements. 

Immediately following the iodine uptake measurement, a thyroid 
scan was performed 20 minutes after the injection of 10 mCi of 
99mTc-pertechnetate. This protocol offering the best image quality, 
most accurate uptake measurement and lowest radiation dosimetry 
compared to a higher dose iodine only uptake and scan protocol.

Fine-needle aspiration biopsies were performed almost entirely via 
ultrasound. Each sample was evaluated via smears stained with either 
the Diff-Quik stain or via the Papanicolau method. Needle washes were 
performed and evaluated via ThinPrep processing. 

Surgical histologic samples were processed via conventional 
buffered formalin preservation and Hematoxylin/Eosin staining.

Results
Our patient population was overwhelmingly female (61:4). Mean 

age was 50.9 ± 16.7. Table 1 describes the results. 65 of the 137 nodules 
(47%) were hyper-functioning “hot” nodules. Of our 65 scans with hot 
nodules, 14 (21%) of them additionally had a cold nodule usually in the 
contralateral lobe. 

53 (81%) of patients additionally showed evidence of definite 
suppression of the remainder of their thyroid gland. The average 
uptake value was 25% (± 13%). 

25% (16/63) of the patients had abnormal uptake values defined as 
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≥ 30%. While 3% (2/65) of the patients had no uptake measurement 
performed. 

Only 25% (16/65) of the cohort underwent surgical resection, 
usually for a Goiter. All except 4 patients had an FNA performed who 
instead underwent a surgical resection as the initial diagnostic step. 
3% (2/65) of cases were malignant. However, in one case, we found 
that a papillary micro carcinoma involved a lobe contralateral to the 
hot nodule on the nuclear scan, so the cancer did not correlate to a 
hot nodule. It should be noted however that a second nodule, this 
one “cold” (nonfunctioning), had been identified in this same patient 
corresponding to the microcarcinoma as shown in Figure 1. The second 
patient found to have a malignancy had a surgical resection revealing 
Hürthle cell carcinoma corresponding to the hot nodule as seen in 
Figure 2. The tumor was large, at least 3 cm in size on postoperative 
histologic evaluation. Furthermore, the patient was found to be 
hyperthyroid with a low TSH, with abnormal values ranging between 

Sex Age Cold 
nodule

Hot 
nodule

Gland 
suppression

Uptake 
value%

FNA results: 
P/N

Surgery

Female 67 no yes yes 10.2 NONE MNG
Female 46 no yes yes 11.3 Negative NONE
Female 38 no yes yes 20.7 Atypical NONE
Female 52 no yes 0 33.8 Negative Negative
Female 70 no yes 0 28 Negative NONE
Female 43 no yes yes 23.9 Negative NONE
Female 48 no yes 0 39.7 Negative NONE
Female 69 no yes yes 29.6 Negative NONE
Female 48 yes yes yes 31.6 Negative NONE
Female 20 no yes yes 42 NONE MNG
Female 51 no yes yes 28.5 Negative NONE
Female 77 no yes yes 13 Negative NONE
Female 65 no yes yes 7.2 Negative NONE
Female 38 yes yes yes 32.8 Suspicious 

PTCΤ
PTCΤ

Female 15 no yes yes NONE Negative NONE
Female 59 no yes yes 24.8 Negative NONE
Female 45 yes yes yes 28 Follicular 

neoplasm
Follicular 
adenoma

Female 55 no yes yes 17 Negative NONE
Male 86 no yes no 14.5 Negative NONE
Female 23 no yes yes 19.4 Negative NONE
Female 18 no yes yes 21.3 Negative NONE
Female 59 no yes no 13.6 Negative NONE
Female 63 yes yes no 13 Indeterminate MNG
Male 79 no yes yes 24 Negative NONE
Female 63 no yes yes 14.8 Negative NONE
Female 36 yes yes yes 37.7 NONE MNG
Female 58 yes yes no 8.2 Suspicious 

Follicular 
neoplasm

NONE

Female 70 yes yes yes 13.6 Hurthle cell 
nodule

Hurthle 
cell nodule

Female 59 yes yes no 37.2 Negative NONE
Female 77 no yes yes 30 Negative NONE
Female 55 no yes no 27.6 Negative NONE
Female 54 yes yes no NONE Negative NONE
Female 39 no yes yes 16.3 Negative NONE
Female 68 no yes yes 25.2 Negative NONE
Female 53 no yes yes 34 Negative NONE
Female 46 yes yes yes 26.7 Negative NONE
Female 34 no yes yes 36.3 Negative NONE
Female 72 no yes yes 85.5 Negative NONE
Male 22 no yes yes 35 NONE Follicular 

adenoma
Female 46 yes yes yes 16.5 Negative NONE
Female 42 yes yes yes 19 Follicular 

neoplasm
Follicular 
adenoma

Female 55 yes yes yes 25.4 Negative NONE
Female 63 no yes yes 20 Follicular 

neoplasm
Follicular 
adenoma

Female 55 no yes yes 27.6 Negative NONE
Female 79 no yes yes 6.6 Negative NONE
Female 57 no yes yes 50.1 Negative NONE
Female 37 no yes yes 28.6 Negative NONE
Female 37 no yes yes 28.6 Negative NONE
Male 73 yes yes yes 26 Negative NONE
Female 45 no yes yes 33.5 Hurthle cell 

neoplasia
Hurthle 
cell 
cancer

Female 61 no yes yes 37.9 Negative NONE

Female 49 no yes yes 28.6 Negative Goiter-TT
Female 41 no yes yes 28.2 Negative NONE
Female 42 no yes yes 27.9 Negative NONE
Female 47 no yes yes 15 Negative Goiter-TT
Female 49 no yes no 28.1 Negative NONE
Female 74 no yes yes 22.9 Negative NONE
Female 21 no yes yes 40.3 Negative Goiter-Rt
Female 50 no yes yes 39.5 Negative NONE
Female 49 no yes yes 15.3 Negative NONE
Female 43 no yes yes 47.4 Negative NONE
Female 21 no yes yes 16.7 Negative Goiter-Lt
Female 32 no yes no 6 Negative NONE
Female 34 no yes yes 28.3 Negative NONE
Female 67 no yes yes 22.4 Negative NONE

Τ PTC: Papillary Thyroid Cancer
Table 1: Summary of cytopathology correlation with thyroid scan results.

Figure 1: A. Thyroid uptake scan showing a large right sided hot nodule (thick 
arrow: found to be benign) and left sided cold nodule (thin arrow: found to 
be malignant). B. Gross pathology showing the corresponding 0.5-cm well-
circumscribed encapsulated tan-white nodule located in the left lobe of the 
thyroid (arrow). C. Fine needle aspiration shows clusters of follicular cells with 
oval nuclei, nuclear grooves and rare intranuclear pseudo-inclusions (C1. Diff-
Quik stain, X400; C2. Papanicolaou stain, X400). D. Microscopically the surgical 
histopathological specimen shows that the tumor is composed of follicles of 
variable sizes with focal papillary architecture (D1. Hematoxylin-eosin stain, X40 
D2. X400). The tumor cells have oval nuclei, nuclear grooves, clear chromatin 
and small nucleoli. Cytologic and histopathologic features are consistent with 
papillary thyroid carcinoma.
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0.005-0.0010 mIU/l (Normal: 0.5-4.5 mIU/l).

Discussion
Hot nodules are believed to possess a low risk of malignancy 

and ATA guidelines do not recommend an aggressive approach 
to management. Additionally patients with a low TSH (similar to 
our patient) are felt to also be of low risk [7]. Our data supports the 
hot nodule expectation as only 1 patient (1.5%) had a malignancy 
corresponding to a hot nodule in our cohort. This patient surprisingly 
also had a low TSH. The malignant potential of a hot nodule in our 
limited population (n=65) is therefore low. However, this low rate is 
not negligible, and a few authors have reported a possible malignant 
association of hot nodules [9-13]. Polyzos et al. also had found an 
incidental thyroid carcinoma in the contralateral lobe as in our series 
[11]. The ATA guidelines state that a hyperfunctioning or hot nodule 
on scintigraphy may be treated non-surgically if the patient is clinically 
hyperthyroid or euthyroid. Our single Hürthle cell cancer patient was 
hyperthyroid. The size of the nodule however was clinically concerning. 
Our patient’s nodule was larger than 3 cm. This is noteworthy as this 
was also the case of several malignant hot nodules reported in the 
literature. The size of a hot nodule may be a satisfactory criterion to 
decide of its malignant potential. TSH status is not supported in our 
limited study.

Clinicians are frequently faced with the dilemma of thyroid 
nodule characterization and the estimation of a malignant risk. This 
risk can then be conveyed to the patient and translated into a medical 
management decision. Our data and the hot nodule literature support a 
low malignant risk. However, this risk may be altered in larger nodules. 

Conclusion
A hot nodule on a thyroid scan may overall confer a low risk 

for malignancy (1.5%). Evaluation of size (>3 cm) may improve the 
diagnosis of malignancy in hot nodules in selected cases. Further studies 
on larger datasets pooled from various centers would be valuable.
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Figure 2: A. Gross pathology showing a 3-cm well-circumscribed encapsulated 
tan-brown nodule located in the right lobe of the thyroid (arrow: found to be 
malignant). B. Thyroid uptake scan showing a large right sided hot nodule. 
(thick arrow) C. Fine needle aspiration showing single and clusters of follicular 
cells with a granular cytoplasm, round nuclei and prominent nucleoli (C1. Diff-
Quik stain, X400; C2. Papanicolaou stain, X400) D. Microscopically, the tumor 
is composed of follicles of variable sizes focally invading into the capsule (D1. 
Hematoxylin-eosin stain, X40).  The tumor cells have granular cytoplasm, round 
nuclei and prominent nucleoli (D2. Hematoxylin-eosin stain, X400). Cytologic and 
histopathologic features consistent with Hurthle cell carcinoma.
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