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Abstract 
To asses the value of qualitative and quantitative analysis of the radioisotopes 99mTc tetrofosmin (Myoview) and 99mTc (V) 
DMSA in the evaluation of malignant solitary thyroid cold nodule pre-operatively and to verify their exact value in 
diagnosis of differentiated thyroid carcinoma. In general there is a 5%-10% chance of malignancy in all thyroid nodules 
for the total population with higher incidence in single cold nodule than in multinodular goiter. The main role of 99mTc (V) 
DMSA as a tumor imaging agent is in the diagnosis and follow-up of patients with medullary cancer thyroid. This work 
included 103 patients, 88 females and 15 males with a mean age of (37.86±13.59 years). All studied were subjected to 
history taking, proper clinical examination, thyroid function test profile, thyroid radioisotope imaging (99mTc 
pertechnetate, 99mTc tetrofosmin and 99mTc (V) DMSA thyroid scans) and cytologic assessment of thyroid nodule proved 
to be cold on conventional thyroid scan. The current study combined both 99mTc tetrofosmin and 99mTc (V) DMSA to 
evaluate thyroid cold nodules and to verify possibility to differentiate between benign and malignant lesions preoper- 
atively and as confirmed on cytology of lesions obtained by fine needle aspiration cytology (FNAC) modality. Our results 
showed that 99mTc pertechnetate scan alone is not a reliable diagnostic tool to differentiate between benign and malignant 
thyroid nodules and that high early myoview uptake in the cold nodule is not specific for malignancy, it is also concluded 
that both 99mTc tetrofosmin and 99mTc (V) DMSA thyroid scans are valuable diagnostic tools when combined together. 
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1 Introduction 
The role of thyroid scintigraphy in the initial evaluation of the thyroid nodule has been questioned by several investigators. 
However, thyroid scanning remains critical for the determination of autonomously functioning thyroid tissue [1]. On the 
other hand, most benign and virtually all malignant neoplastic or nodular goitrous thyroid tissue concentrate 99mTc 
pertechnetate, or radioactive iodine less avidly than adjacent normal thyroid tissue. This results in a “cold” appearance on 
the scintigram [2]. Many attempts have been made to find reliable, non-invasive tests to differentiate malignant from benign 
lesions. 
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Eligibility criteria for inclusion in the study were: 

A single palpable thyroid nodule, absence of toxicosis manifestations clinically with normal thyroid hormonal profile, the 
palpable nodule proved to be cold on conventional 99mTc scan, and lastly with normal scintigraphic appearance of the 
contralateral thyroid lobe. 

In addition to conventional 99mTc pertechnetate thyroid scan, and thyroid ultrasound all patients were subjected to: Proper 
history taking with special concern on thyroid symptomatology, Full clinical examination with special emphasis on 
clinical examination of thyroid and cervical lymph nodes, 99mTc-Tetrofosmin (Myoview) thyroid scan, 99mTc(V)DMSA 
thyroid scan, and histopathologic assessment of single thyroid nodule proved to be cold on conventional thyroid scan. 

99mTc pertechnetate: 

Patients were injected intravenously with 185 MBq (Mega Bequerel) of free 99mTc pertechnetate. Fifteen to twenty 
minutes later they were imaged on dual head Siemens gamma camera (e-cam), using single detector fitted with a large 
field, low energy, high resolution collimator. After adjusting the energy peak at 140 KeV with a window 20%, images 
were acquired in anterior position for 300 sec. A mark was placed on suprasternal notch to assess retrosternal extension. 

99mTc-Tetrofosmin (Myoview): 

Forty-eight hours after conventional 99mTc pertechnetate thyroid scan 99mTc Tetrofosmin scan was done. 

 Kit preparation: 99mTc-Tetrofosmin was prepared by adding 2000 MBq of free 99mTc to the already available vial 
of Tetrofosmin powder followed by gentle shaking of the vial for seconds. Doses were withdrawn 5-10 minutes 
after preparation. 

 Patients were injected 555-740 MBq intravenously. Images were acquired 5 mm. and 1 hour post injection on the 
same dual head Siemens gamma camera (e-cam) using the anterior detector, equipped with low energy, high 
resolution collimator. Each image was acquired for 300 sec. 

 Image processing: A region of interest (ROI) around the imaged cold nodule by free 99mTc and another (ROI) 
around the contralateral thyroid tissue are drawn. The count of each (ROI) was calculated to get the following 
ratios: 

ܴܧ ൌ ݋݅ݐܽݎ	ݕ݈ݎܽܧ	 ൌ
݊݋݅ݏ݈݁	݄݁ݐ	݊݅	ܫܱܴ	݂݋	ݏݐ݊ݑ݋ܥ

ܾ݁݋݈	ݎ݄݁ݐ݋	݄݁ݐ	݊݅	ܫܱܴ	݂݋	ݏݐ݊ݑ݋ܥ
	ሺ݅݊	݁ܽݕ݈ݎ	݅݉ܽ݃݁ሻ	

ܴܦ ൌ ݋݅ݐܽݎ	݀݁ݕ݈ܽ݁ܦ ൌ
݊݋݅ݏ݈݁	݄݁ݐ	݊݅	ܫܱܴ	݂݋	ݏݐ݊ݑ݋ܥ

ܾ݁݋݈	ݎ݄݁ݐ݋	݄݁ݐ	݊݅	ܫܱܴ	݂݋	ݏݐ݊ݑ݋ܥ
ሺ݅݊	݈݀݁ܽ݀݁ݕ	݅݉ܽ݃݁ሻ	

ܫܴ ൌ ݔ݁݀݊ܫ	݊݋݅ݐ݊݁ݐܴ݁	 ൌ
ܴܦ െ ܴܧ

ܴܧ
ൈ 	100	

				

99mTc (V) DMSA: 

 Preparation of 99mTc (V) DMSA: 7% sodium bicarbonate is initially prepared by mixing of 8.4% sodium 
bicarbonate with 5% sodium bicarbonate in a ratio of 7:5 respectively. 99mTc (V) DMSA is then prepared by the 
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addition of 0.2 ml of 7% sodium bicarbonate to a vial containing DMSA powder and following mixing of the vial 
components; 99mTc pertechnetate is then added with the indicated activity and volume. 

 Each patient was injected 555-740 MBq intravenously, early image was acquired 5-mm. post injection and late 
image was acquired 1 hour later on the same dual-head ADAC gamma camera. Study was performed 48 hrs 
following the 99mTc-Tetrofosmin scan. A 300 sec. Acquisition time was used. 

 Imaging processing: A ROI was drawn around each lobe and differential counts were calculated to get ER, DR 
and RI. 

2.1 Image interpretation 
Images were interpreted by 2 independent observers and were classified in early images for (V)DMSA only and early and 
late images for Tetrofosmin as: 

A = activity less than the surrounding normal thyroid tissue. 

B = activity same as the surrounding normal tissues. 

C = more active (hot) than the surrounding thyroid tissue with either wash-out in the late image, retention or partial 
wash-out. 

Fine needle nspiration cytology 
Conventional smears fine needle nspiration cytologys (FNACs) were performed with 23 to 27 G needle under sonographic 
or manual guidance. The material was immediately fixed in 95% ethyl alcohol and stained with Papanicolaou stain.  

 The cytological diagnoses were classified according to the British Thyroid Associations “Guidelines for Management of 
Thyroid Cancer” into five cytological groups of classification for nodular lesions [7]: THY1, inadequate; Thy2, benign, 
including colloid nodule (CN), thyrocytic hyperplasia without nuclear atypia (THWNA) and thyroiditis (TH); Thy3 or 
follicular proliferation (FP) with follicular neoplasm not otherwise specified (FN) and oxyphilic follicular neoplasm 
(OFN); Thy4, suspicious including follicular lesion with nuclear pleomorphism (FLWNP) including the three scenarios 
mentioned by Rossi et al., (2012) [8]; Thy5, malignant including papillary carcinoma (PC) and medullary carcinoma 
(MTC).THY1 was excluded from the study. 

2.2 Surgical management 
Surgery was performed in cases of malignant or suspicious neoplasms diagnosed on the basis of the preoperative FNAC or 
to remove a nodular goiter for cosmetic or functional reasons. Regarding the surgical management, the operative strategy 
included a total thyroidectomy (TT) and in all patients with multinodular goiters and in all patients with cytological 
diagnosis of malignancy. Central neck dissection and lateral neck dissection were performed only in patients proven 
positive for lymph node metastasis or in those with poor prognostic factors. Lobectomy plus isthmusectomy, diagnostic 
lobectomy [9] was advised as the first step in patients with a single lesion showing either a clinical picture and/or a 
cytological diagnosis of Thy3 and Thy4 lesion. If the final histology yielded a diagnosis of malignant neoplasm, 
subsequent completion was carried out. 

2.3 Statistical method 
Data were statistically described in terms of mean +standard deviation (SD), median and range, or frequencies (number of 
cases) and percentages when appropriate. Comparison of numerical variables between the study groups was done using 
unpaired Student t test. For comparing categorical data, Chi square (χ2) test was performed. Exact test was used instead 
when the expected frequency is less than 5. Multivariate analyses were done using two steps first correlation matrix 
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Table 2. Multivariate analysis to predict presence of malignancy 

 Slope (B) SEE P r2 

Myoview image quality 0.2627 0.0703 <.001 36.8% 

Myoview RI 0.0042 0.0023 =.05 11.86% 

DMSA (V) 0.007 0.004 >.05 11.23% 

Note. With intercept =-.03272, SEE=0.2964, Multiple r= 0.7943, r2= 63.1%, P<.01 

4 Discussion 
The current study revealed that absence of intense tracer uptake in single thyroid cold nodule in 99mTc pertechnetate and 
both early and late 99mTc tetrofosmin and 99mTc (V) DMSA is highly sensitive and predictive but moderately specific in 
exclusion of malignant lesions. In addition, high early uptake of myoview together with high retention index increase the 
probability of malignancy using a cut-off >14% but still not enough to differentiate between malignant lesions and some 
benign adenomas. High early Myoview uptake together with high retention index of myoview and high early (V) DMSA 
uptake are strongly positive for high grade malignancy 

The initial medical evaluation of patients with thyroid nodules should effectively select patients who would likely to 
benefit from surgery (who are likely to have malignancy) versus patients who should be medically managed conserve- 
atively and put under observation and regular check-up visits in endocrinology (or thyroid) clinic. 

Three main modalities of investigation are available, namely isotope thyroid scanning, ultrasound scanning and fine 
needle aspiration cytology. While all these tests have appropriate indications, utility and limitations, no single test can 
provide alone a practical approach to the evaluation of the thyroid nodule [10, 11]. 

Various radiopharmaceuticals have been employed to image tumors. Tl201 had been reported to accurately differentiate 
benign from malignant thyroid nodules, although some authors have questioned the value of the procedure [1]. 

On the other hand, 99mTc MIBI and 99mTc tetrofosmin (Myoview) have shown better uptake than Tl201 in certain 
neoplasms. Biochemical and cellular pharmaceutical studies had suggested that these lipophilic cations were sequestered 
in mitochondria in response to the plasma and mitochondrial membrane potential [2-4]. 

Therefore, it can be assumed that malignant thyroid nodules have an increased ability to accumulate and retain 99mTc 
Myoview and 99mTc MIBI because of an altered membrane potential and increased metabolic demands [3, 4]. 

Hirano et al, (1995) [5] have postulated that (V) DMSA resembles the phosphate ion, and suggested that this is the 
mechanism by which 99mTc (V) DMSA accumulates in tumor as it is taken by the tumor cells in a similar manner to 
phosphate molecule with increased protein metabolism.  Others postulated its affinity to high blood supply to the tumors, 
but nothing was proved to accumulate (V) DMSA except medullary carcinoma of the thyroid so it is used in its diagnosis 
and follow up [11-13]. 

Inter-relationship between the available data of the current study: 

If this is applied to 99mTc (V) DMSA, it is revealed that absence of intense tracer accumulation is highly sensitive in 
diagnosis of benign lesions (92%), yet, it evidently lacks specificity. While the intense tracer accumulation of this tracer 
(quality C) in solitary thyroid nodule lacks sensitivity and specificity in diagnosis of malignant thyroid nodules (61.5% and 
62% respectively). 
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If the present study adds these data together, the absence of intense tracer accumulation in both 99mTc tetrofosmin and 
99mTc (V) DMSA scans can combine both high sensitivity and specificity (92% and 95.8% respectively). 

So a nodule that does not accumulate both tracers is most likely benign. On the other hand, the active tracer uptake in this 
nodule (quality C) lacks both sensitivity and specificity in diagnosis of malignancy, attributed to avidity of follicular 
adenoma to both tracers. 

Again Mezosi el al, (1999) [2], reported that Myoview scan is more useful in differentiating degenerative disease from 
neoplastic thyroid disease, rather than differentiating benign from malignant nodule. They attributed this by the finding of 
high uptake of Myoview in adenomas, a finding similar to the current study, which showed the same. The two studies 
concluded lower specificity and positive predictive value for differentiation between benign and malignant nodule. This is 
why the current study proceeds to use the regression analysis, in a trial to separate between malignant and benign nodules. 
This logistic regression concluded the necessity of presence of quality C scan in both Myoview and (V) DMSA early 
imaging together with high retention index (>14%) to separate between both with higher sensitivity (75%) and high 
specificity (100%). Quality C scan in (V) DMSA means high vascularity in the nodule while quality C Myoview scan 
means high metabolic activity in addition to this high retention index which means dense mitotic activity in this nodule as 
stated by Schomacker and Schicha (2000) [14]. 

On the other hand, the current study revealed high uptake (C) in high grade malignancy with lower degree of uptake in low 
grade malignancy which is attributed to the dense mitochondrial activity in higher Na+/Ca++ exchange channels in the cell 
membrane as stated by Arab et al (1998 and 1999) [15, 16]. This is why the current study revealed low sensitivity to detect 
malignancy and in addition the use of the suitable cut-off of retention index mean + 1.5 SD (14%). 

5 Conclusion  
From this, the current study concluded that Myoview uptake in cold nodule is suitable in assessment of grading of 
malignant tumors rather than differentiation between malignant and benign lesion. To do the later it requires both 
Myoview and (V) DMSA and use of the regression equation.  
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