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Background

The diagnosis of thyroid nodular diseases requires an integrated approach that has been widely established over the
past years. This strategy includes: ultrasonography (US) with; implemented Color-Power-Doppler, conventional scintig-
raphy also with positive indicators, specific pathological studies targeted by immunohistochemically-assays, and the fine
needle; aspiration biopsy (FNAB), which, usually, in case of “Follicular Lesions” (10-20%) findings is; unable to dis-
tinguish carcinoma from follicular adenoma, then indicating the necessity of surgery to; obtain a correct diagnosis. The
aim of this study was to evaluate the role of the scintigraphy with; positive indicators, both preoperatively in diagnostic
approach of the thyroid nodules and; intraoperatively as a guide to the extension of the surgical excision.
Methods

On 4482 Thyroidectomy performed, we selected 360 cases of follicular neoplasms (192; females and 168 males). In
the preoperative phase, these patients underwent 99 m Tc-sestaMIBI; scintigraphy with both early (10 min) and late (2 h)
image acquisition, which were later; compared to the ones obtained by image subtraction of means 99 m Tc-pertechne-
tate. Following the; sestamibi administration before intervention, we selected the most up-taking nodularity with the; as-
sistance of a specific surgical probe (Neoprobe), quantifying uptake with relation to the surgical pathology, for an amount
of 324 total thyroidectomies and 36 hemi thyroidectomies.
Results

In all cases of multinodular goiter the benign nodules showed an intraoperative low sestamibi uptake whereas follicu-
lar carcinomas showed both a high preoperative uptake and, as a; percentage, the highest values of intraoperative uptake;
on the other hand, follicular adenomas had; both pre-and intraoperative mean values of uptake. On the contrary, papillary
carcinomas only; showed a mild uptake.
Conclusions

Preoperative sestamibi scintigraphy confirmed its importance in improving the information obtained through differ-
ent diagnostic investigations. Also intraoperatively, it pointed; out high-risk nodules more accurately. Therefore, radio
(Sestamibi) guided surgery could have an; interesting rule in the thyroid follicular lesion treatment.

© 2016 Published by Elsevier Ltd.
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1. Introduction

Nowadays, the characterization of the surgical pathology of the
thyroid, both in benign (85-90% of cases) and malignant (10-15%
of cases) diseases, employs traditional biochemical tests together with
standardized ultrasound and scintigraphy examinations, which can
give their assistance in obtaining a better cytology by guided needle
aspiration, according to well established diagnostic and therapeutic
criteria. On the other hand, the therapeutic setting of thyroid nodules
defined by cytology as “follicular proliferation” or “follicular neo-
plasm”, that represent between 10 and 20% of needle aspirations, still
requires a diagnostic aimed surgery [1-3]. Even if liquid-based-cytol-
ogy LBC-processed biopsies are a valid alternative to conventional cy-
tology [4], the possibility of applying additional techniques to enhance
the efficacy of the cytological diagnosis of thyroid nodules still can-
not definitively solve the problem. In fact, in such situations, surgi-
cal strategy is influenced by the lack of suitable cytological criteria to
distinguish follicular carcinomas from adenomas, requiring surgery to
fully assess pathology. Here we report our experience in managing fol-
licular neoplasms utilizing, in addition to the traditional surveys, both
scintigraphy tracers and radio guided surgery.

1.1. Objectives

To evaluate the possible role of scintigraphy with positive indica-
tors in thyroid nodular disease, both in preoperative diagnosis and in
leading intraoperative surgical excision.

2. Materials and methods

From January 2006 to December 2013, we collected 4482 patients
surgically treated for thyroid disease. Of these, 360 reported follicu-
lar neoplasms, to which we applied the following diagnostic flowchart
[Table 1]:

In this flowchart we suggest using scintigraphy with sestamibi in
the diagnostic pathway, with a procedural protocol described here-
inafter.

2.1. Scintigraphy procedure

In patients previously undergone scintigraphy with pertechnetate,
scintigraphy Whole-body scan images are acquired in supine position,
both in front and at the back, and focused on the cervicothoracic re-
gion, at 10" and 120’ (early and late acquisitions) after the intravenous
administration of 555 MBq of 99 m Tc-MIBI. A wide field gamma
camera is used, provided with a low energy parallel-hole collimator,
interfaced by a dedicated workstation.

Sestamibi images are evaluated for each patient and directly com-
pared to those with pertechnetate. In each patient, the number and
the location of the nodules were also established on the basis of
the clinical examination and of the ultrasound findings, besides
Eco-Color-Doppler.

2.2. Findings

The 99 m Tc-MIBI scintigraphy shows a radiopharmaceutical up-
take of both single nodules and in the context of multinodular goi-
ters, colloid and neoplastic, benign or malignant; however, the latter
acquisition (two hours after administrating the tracer) shows how the
different tracer washout by both of the labeled drugs allows to bet-
ter define the two morbid conditions. Also, over several experiments
we noticed that colloid nodules had a late washout, whereas solid nod-

ules, either benign (follicular adenoma) or malignant (carcinoma)
[5-7], had an early washout.

According to our diagnostic algorithm, we enrolled our patients,
192 F and 168 M, mean age 44.5 years, suffering from thyroid nodu-
lar disease, and “follicular neoplasm” carriers at the FNAB. Of these
patients, 156 patients had a single nodule, “cold” on scintigraphy with
99mTc-pertechnetate and Eco-Color-Doppler intranodular vascular-
ization (Pattern III sec. Lagalla), while the remaining 204 patients
had a multinodular disease, although FNAB was carried out on the
most suspicious nodules according to the findings on ultrasonography
and scintigraphy. All patients underwent a preoperative 99 m Tc-MIBI
scintigraphy (iv administration of 555MBq 99 m Tc-MIBI), and early
(10 min) and late (2 h) images were acquired; sestaMIBI images were
obtained for each patient and directly compared to those obtained by
99mTc-pertechnetate. Then, immediately before surgery, following
the iv administration of a tracer dose (37mBq) of sestamibi, we used a
probe for radio guided surgery (Neoprobe) in order to perform a more
rigorous selection of the most uptaking nodules. This probe is com-
posed of a stylus-like detector and of a digital console showing the
tracer uptake as percentage [Fig. 1].

The intraoperative pathological examination was not performed,
because of the limitations above mentioned. Once removed, and al-
ways using the same radio guided probe, the excised sample was im-
mediately examined by a pathologist, who accurately examined it by
practicing serial slices of the most up-taking lesions [Fig. 2].

We undertook 324 total thyroidectomies and 36 hemi thyroidec-
tomies, in patients with one single node and a macroscopically intact
contralateral lobe [Table 2].

3. Results

By means of preoperative scintigraphy, we distinguished:

- 120 low up-take nodules (of which only 6 as single nodes) with an
uptake until 12 Gy;

- 144 medium up-take nodules with an uptake until 24 Gy;

- 96 high up-take nodules (including 72as single nodes) with an up-
take over 24 Gy.

Intraoperative survey confirmed, as percentage, the preoperative
findings, and the high uptake in the reported 96 nodules; particularly,
in one case, the high concentration of the tracer was related to the pres-
ence of a small nodule (<1 cm diameter), not revealed at preoperative
examinations, and placed behind a bigger nodule with a mean uptake.
Pathology examination reported the following conditions (Graphic no

1):

* 60 cases of benign nodules in colloid goiter;

¢ 96 cases of micro-follicular adenoma in one nodule;

* 120 cases of micro-follicular adenoma in a multinodular goiter;

* 60 cases of follicular carcinoma (6 of which T1);

* 24 cases of papillary carcinoma (3 of which as “micro-carcinoma”).

From a comparative analysis, between preoperative and intraoper-
ative findings, together with histological reports, we concluded that
(Graphic no 2):

- Scintigraphy findings and washout ratios were significantly differ-
ent in patients with thyroid neoplasms (follicular adenoma or follic-
ular carcinoma) than in those with colloid goiter, which confirms a
low intraoperative uptake in all of the 60 cases clinically defined as
lumps in a colloid goiter; this reveals and confirms also the higher
specificity of sestamibi in relation to Ecocolordoppler in the differ-
ential diagnosis between follicular neoplasms and goiter;
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Table 1
Diagnostic flowchart of thyroid nodules.
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Table 1 Diagnostic flowchart of Thyroid Nodules

[ In the flowchart it's red stressed the points where our methodology is suggested [

- The 60 follicular carcinomas, appearing as nodules, had a high pre-
operative uptake and the highest values, as percentage of intraoper-
ative uptake, in 48 cases, with a mean value (37.2 Gy) about 4 times
greater than colloid parenchyma (9,7 Gy) p < 0.01; this suggested a
possible and effective role as “positive indicator” of 99 m Tc-MIBI
for malignant follicular neoplasms;

- The nodules reported as “micro-follicular adenomas” had interme-
diate values due to the mean up-take both in preoperative and intra-

operative phases (however, in 36 cases, an high up-take was present)
with mean values of uptake (24.8 Gy) at least double compared to
colloid parenchyma (9.7 Gy) p < 0.01;

Certainly, we cannot draw proper conclusions about the present
role of sestamibi for this lumps category, therefore, the value so
unique and essential of microscopic examination for differential diag-
nosis still remains unchanged.
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Fig. 2. Uptake determination on a surgical sample.

Table 2
Demographic and clinical characteristics of cohort. Single cold nodule (SCN), Multin-
odular disease (MD), Total thyroidectomy (TT), Hemi-Thyroidectomy (HT).

Mean
M F age SCN MD TT HT
168 192 445 156 204 324 (144 SCN + 180 36 (12 SCN +24

years MD) MD)

mfollicular carcinoma

Ofellicular adenoma on one single nodule
mgoiter follicular adenoma

Bgoiter

opapillary carcinoma

Graph no 1. Pathologic subsets of the examined cases.

However, it is useful to remark some highlighted evidences:

In 3 of the above mentioned cases, the intraoperative radio guided
search revealed a highly up-taking lump (uptake index of 42),
missed at the preoperative diagnosis, as it was partly hided by an
adjacent larger nodule, with a mean uptake instead; in this patient,
who also presented a normal contralateral lobe, we chose, on the

basis of these considerations, to undertake a total thyroidectomys;
eventually, the definitive pathological examination showed an
“atypical follicular adenoma” (>1 cm), inside a micro/macro-follic-
ular goiter (classified as a true follicular carcinoma T1 by various
Authors). This suggests and confirms the usefulness of our tech-
nique also as a guide to the most appropriate surgical strategy.

- The proved 24 cases of “papillary carcinoma” had only a mild up-
take (13.3 mean value) in the preoperative survey, and the follow-
ing intraoperative investigation revealed no higher rates of uptake as
well; this suggests and confirms the role of sestamibi as a cellular
tracer, with follicular structures electively accumulating the tracer.

All the 144 patients having only one node and choosing hemi-thy-
roidectomies surgical option reported a low uptake in 24 cases (16 av-
erage), and a high uptake in 12 cases (22); all 36 suffered from mi-
cro-follicular adenoma, that is why it was not necessary to further ex-
tend the surgical removal.

4. Discussion

Even if all authors agree on the necessity of the surgical removal
of suspicious lumps, however not everyone agree that total thyroidec-
tomy is required. Moreover, according to most studies, a definitive
diagnosis cannot be established by an intraoperative pathologic ex-
amination, since it does not seem to offer greater diagnostic possi-
bilities than cytology (lacking samples on all the sections, lacking a
proper study of capsule and of vascular invasion) [8,9]. Therefore,
this creates the conditions for a difficult choice, suggested by sev-
eral evaluations, which lead some surgeons to prefer total thyroidec-
tomy for all histological-types of follicular proliferation, regardless
of the contralateral lobe conditions, while others restrict the interven-
tion to the removal of lumps affectedlobe, supported by recent expe-
riences with minimally invasive surgical approaches [10], obviously
given that contralateral lobe exploration and intraoperative ultrasound
are normal, and leaving the radicalization to a second surgical inter-
vention in case of malignancy from definitive pathological examina-
tion. Both of the choices are obviously questionable. Given the low
probability that “follicular proliferation” is the term for a pathologi-
cally documented cancer (less than 15-20%), it appears excessive, ac-
cording to some authors, to prefer total thyroidectomy in case of a
single nodule [11,12]. On the other hand, even if in many studies it
does not demonstrate morbidity increase, the two-stage operation, de-
sirable in the short time, is experienced by the patient as a stressful
condition, and it increases the costs for the hospital permanence. Ob-
viously, in case of “follicular neoplasm”, found in a multinodular goi-
ter, the question is less important, since the current surgical option for
the multinodular pathology is still the total thyroidectomy, considered
as the “gold standard” for the treatment of benign multinodular dis-
ease, euthyroid or thyrotoxic, as well as for tumors [13—15]. Support-
ers of the “two times” strategy include, among the reasons for their
choice, the increased risk of complications (laryngeal injuries, perma-
nent hypoparathyroidism), higher than in case of unilateral interven-
tion. Nonetheless, there are a lot of contributions in the surgical liter-
ature about the incidence of complications after total thyroidectomy,
in practice similar, in experienced hands, to unilateral surgery. More-
over, about cancers, there is no doubt about the therapeutic superi-
ority of total thyroidectomy, especially due to some types of cancer
features (multifocality and bilaterality, especially for papillary carci-
noma), to the possibility of a proper follow-up in absence of up-tak-
ing thyroid tissue (possibility of performing total-body scintigraphy,
role of thyroglobulin as a tissue marker), to the therapeutic chances
offered by ablative radioiodotherapy with lower doses of 131-I and to
adequate treatment in case of metastases, and finally because to non-
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Graph no 2. Mean uptake subsets.

negligible risks, in many law suits, related to re-operation [16,17]. All
of these reasons would result in a better long-term prognosis. There-
fore, total thyroidectomy should be considered as the eligible surgi-
cal treatment and, moreover, it should be desirable to “centralize” the
treatment of these neoplasms in surgical centers, which can hold per-
manent complication rates under the percentage of 1-2%. Actually,
particularly in Anglo-Saxon countries there is a discussion on the pos-
sibility of less extensive excisions (hemi thyroidectomy), less bur-
dened by postoperative consequences for what concerns T1 tumors in
follicular phase (well differentiated tumors of size equal to or smaller
than 1 centimeter without capsular invasion). This option should be
weighted for those patients previously surgically treated for benign
disease, and for the ones whose definitive pathological examination
reported a follicular thyroid cancer, following an appropriate assess-
ment of the prognostic criteria: smaller than one centimeter, female
gender, age <45 years, absence of capsular invasion [18].

The main limitation of this study were the retrospective method of
analysis and the absence of the control group.

5. Conclusions

Actually, the large amount of patients with thyroid nodular dis-
ease requires an accurate diagnostic definition for a successful thera-
peutic strategy. After clinical diagnosis and medical history, we agree
on the undisputed role and utility of both ultrasound and FNAB in
selecting, among the patients with nodular disease, those to be ad-
dressed to surgery, in order to reduce the number of unnecessary in-
terventions [19,20]. On the other hand, the planned therapy for nod-
ules recognized as “follicular neoplasm” after FNAB is doubtful. In
particular, about the lesions, the criteria for a differential diagnosis be-
tween follicular adenoma and well differentiated carcinoma are not
cytological but histological, and consequently the surgical excision for
a definitive diagnosis is absolutely necessary. Given the diagnosis of
follicular neoplasms by cytology, the main problem is the thyroidec-
tomy extent, because the information achieved by intraoperative ex-
amination is poor, which is not useful to solve all doubts. The pre-
sent study evaluated the role of scintigraphy with positive indicators
(99 m Tc-MIBI) during both preoperative differential diagnosis and
intraoperatively as a guide to surgical strategy. The preoperative phase
has confirmed the usefulness of such a qualitative and semi-quantita-
tive assessment technique in differentiating colloid goiters from thy-
roid neoplasms, thereby improving the information already obtained
by ultrasound techniques, and allowing a more conservative surgical
approach, where possible (single nodule with not nodular contralateral

lobe), while, in both benign and obviously malignant multinodular dis-
eases, total thyroidectomy is the “gold standard” technique. In per-
spective, also preoperatively, this method can be proposed in multin-
odular diseases and in other selected cases, in order to allow a more
accurate differentiation of clinical and sonographic suspected nodu-
larity requiring a cytological examination, and to improve the FNAB
specificity and accuracy. In our experience, the use of a tracer dose of
preoperative sestamibi, and of a probe for intraoperative radio guided
surgery, together with the values provided by uptake rates, empha-
sized the level of suspected carcinomas in nodules that turned out to
be malignant after histology, thus contributing to a better definition of
the surgical strategy. In the context of benign neoplastic disease (mi-
cro-follicular adenomas), instead, the method confirmed its acknowl-
edged limits, and the consequent necessity of a definitive diagnosis
given by pathology. In such cases, the likely surgical overtreatment
will be surely limited to one neoplastic lump, since the use of total thy-
roidectomy is widely accepted in multinodular forms [18]. Therefore,
we hope to achieve, through other studies, especially through molec-
ular biology and genetics [21], the possibility of identifying new bio-
chemical and genetic instrumental parameters (our described method
seems to offer interesting perspectives) able to preoperatively iden-
tify those patients at high risk of cancer who can be effectively treated
through surgery, thus avoiding overtreatments, and the law suits which
these are related to, as well. In our experience, we are developing
the same methodology to identify lymph nodal follicular metastases
by assessing the intraoperative uptake of MIBI tracer [22,23]. In the
meanwhile, the most reliable diagnosis for these patients is achieved
through the surgical pathology, especially when the diagnosis of mi-
cro-carcinoma seems a more reliable objective [24].
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