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Abstract The purpose of this study is to evaluate the dis-
tribution of thyrotropin (TSH) values in patients with
autonomously functioning thyroid nodules and to set a TSH
threshold above which thyroid scintigraphy would be
obviated. Four hundred fifty one patients were included in
the present study. Inclusion criteria were age > 18 years,
TSH levels between 0.40 and 4.0 mIU/L, detection of a
single solid or predominantly solid thyroid nodule >10 mm
in the longest diameter. Thyroid ultrasound and thyroid
scintigraphy with *™Tc-pertechnetate were performed con-
currently in all patients. Among 451 enrolled patients, 173
(38 %) had an autonomously functioning thyroid nodules, of
which 137 (79 %) with a normal TSH level. Demographic
data and nodules’ volume were not significantly different in
patients with autonomously functioning thyroid nodules and
non-functioning nodules, respectively. However, TSH levels
were nonetheless significantly lower in patients with auton-
omously functioning thyroid nodules compared to those with
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non-functioning nodules (p < 0.001). Adopting a TSH cutoff
level at 2.38 mUI/L, all autonomously functioning thyroid
nodules were correctly identified (i.e., 100 % sensitivity) with
a 100 % negative predictive value. Our study showed a very
high prevalence of autonomously functioning thyroid
nodules in mildly iodine-deficient regions and confirmed that
serum TSH is not an effective screening test to diagnose an
autonomously functioning thyroid nodules. Our data add
arguments in favor of the first-line use of thyroid scintigraphy
to assess thyroid nodules, at least in iodine deficient areas. As
all scintigraphically detected autonomously functioning
thyroid nodules had a TSH level below 2.38 mUI/L, a thyr-
oid scintigraphy should be omitted when higher TSH values
are found in patients carrying a thyroid nodule.

Keywords Thyrotropin - Thyroid nodule - Scintigraphy -
Fine-needle aspiration

Introduction

Thyroid scintigraphy (ThyS) with either **™Tc-pertechnetate
or '"PLnatrium iodide is the only available tool to detect
autonomously functioning thyroid nodules (AFTNs) [1]. In
turn, AFTNs can be classified as benign with a very high
accuracy rate [2]. Therefore, current clinical guidelines suggest
refraining from fine needle aspiration cytology (FNA) of an
AFTN [3]. In recent years, however, the use of ThyS in the
management of thyroid nodules has been reduced due to the
assumption that ThyS would only be useful in patients with a
lowered or suppressed thyrotropin (TSH) level [4]. In contrast,
the relationship between thyroid autonomy and TSH levels
has not been established as there is a considerable influence of
the degree of iodine sufficiency, which varies widely between
different countries and regions. In geographic areas that
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formerly had or still show iodine deficiency, TSH may remain
normal even if an AFTN is present because the low synthesis
rate of thyroid hormones cannot suppress the TSH secretion,
especially early in the disease [5, 6]. Furthermore, literature
has shown that within 10 years more than 70 % of non-toxic
AFTN will convert to causing hyperthyroidism [7]. Con-
siderably, AFTNs are rarely if ever malignant and a large
number of unnecessary FNA procedures, with associated rates
of false positive or unclear findings necessitating surgery for
histological analysis of the lesion, could be spared if patients
with AFTNs are not subjected to FNA. The prevalence of
AFTNs with normal TSH is about 50 %[5, 6, 8, 9] with higher
rates reported in Europe where, although in several countries
iodine prophylaxis programs are already operating, mild to
moderate iodine deficiency still persist in many regions
including Southern Switzerland and Sicily (Italy) [10-13].
Accordingly, in our centers ThyS is used on a routine basis,
independently from TSH levels, to assess thyroid nodules. In
this context, however, it is unclear if ThyS is necessary across
all normal TSH values; then we undertook the present study
(1) to evaluate the distribution of TSH values among patients
with an AFTN and a TSH level within the normal reference
range and (2) to set, if possible, a TSH threshold above which
ThyS could be obviated.

Material and methods
Patients

Between 1 January 2014 and 1 May 2016 904 consecutive
outpatients (213 males, 691 females, age 35.8 (18-84) years)
affected by nodular goiter were referred to Bellinzona (n =

560) and Messina (n =344) nuclear medicine outpatients
services, respectively. These patients were visited by a board
certified nuclear medicine physician and first submitted to
thyroid ultrasound (ThyUS) and TSH measurement. ThyS
was not performed in pregnant females (n=35) and those
with a history of iodide contamination and treatment by
drugs interfering with thyroid function (e.g., antithyroid
drugs, thyroid hormones, amiodarone, lithium) (n=>54).
Among the remaining patients included in the present study
were those patients fulfilling the following criteria: age >18
years, TSH levels between <0.4 and 4.0 mIU/L, detection of
a single solid or predominantly solid thyroid nodule >10
mm in the main diameter. Excluded were those patients with
age <18 years, increased TSH level, a purely or pre-
dominantly cystic nodule and those with multiple nodules.

Laboratory

Thyrotropin (TSH) was measured with chemiluminescence
immunoassays (HYPERsensitive hTSH) on a UniCelDxI
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800 automated platform (Beckman Coulter SA, Nyon,
Switzerland). The HYPERsensitive hTSH assay is based on
the 3rd International Standard (WHO) for human TSH (IRP
81/565) with analytical sensitivity of 0.003 mIU/L, func-
tional sensitivity of 0.01 mIU/l and a range of linearity from
0.01 to 100 mIU/L, respectively. The TSH normal reference
range is 0.40 to 4.00 mIU/L.

Thyroid ultrasound (ThyUS)

All ultrasound examinations were performed using an
Acuson®S3000 sonograph equipped with a small-parts
multifrequency (5-13 MHz) probe (Siemens, Erlangen,
Germany). The longest diameter of the nodules was mea-
sured and expressed in mm; the volume of the nodules was
estimated according to the formula: height x width x depth
x 0.524 and expressed in mL. Patients with predominantly
cystic nodules (i.e., >50 % of the volume) were excluded
from the study.

9mTc-pertechnetate ThyS

99mTc-pertechnetate scintigraphy was performed using a
large-field-of-view y-camera (Symbia-T2; Siemens, Erlan-
gen, Germany) equipped with a ultra-high resolution
parallel-hole low-energy collimator. Fifteen minutes after
intravenous injection of 74 MBq of freshly eluted’”™Tc
pertechnetate (Mallinkrodt, Petten, The Netherlands), a
static image of the neck was acquired in the anterior view
with a 128 x 128 matrix, using a digital zoom of 2 (pixel
dimension, 2.4 mm). The acquisition time was set to 300 s
with a 15 % window centered at 140keV in all cases.
Nodules were scored as hyperfunctioning (i.e., uptake of the
nodule > normal thyroid tissue), isofunctioning (i.e., uptake
of the nodule =normal thyroid tissue) or hypofunctioning
(i.e., uptake of the nodule < normal thyroid tissue. The
scintigraphic criteria for AFTNs was a solid nodule > 10
mm on ultrasound and hyperfunctioning on ThyS. Nodules
with uptake < normal thyroid tissue were classified as non-
functioning ones (i.e., NFTNs).

Statistical evaluation

Statistical analysis was performed using GraphPad Prism,
version 4.0 (GraphPad Prism Software, San Diego, CA,
USA) and MedCalc Statistical Software version 16.4.3
(MedCalc Software, Ostend, Belgium). A p-value <0.05
was considered statistically significant. The normality of the
distribution was assessed using the Shapiro-Wilk test for
the results of TSH concentration and nodule
diameter/volume. Since values were not normally
distributed, data were reported as median and range
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(minimum-maximum). The degree of association between
TSH concentrations and the nodule volume was assessed
using Spearman’s rank correlation for non-normally dis-
tributed data. Mann—Whitney U-test was used to compare
two samples of observations. The diagnostic performance of
the TSH test to discriminate between AFTN and NFTN
patients was evaluated using Receiver Operating Char-
acteristic (ROC) curve analysis. Sensitivity/specificity pairs
were graphically defined and determined by Youdens’s J
index, respectively. Corresponding positive (+LR) and
negative (—LR) likelihood ratios and positive (+PV) and
negative (—PV) predictive values were also calculated.

Results

Among 845 patients who underwent ThyS, 394 patients
(47 %) were excluded from the study due to age <18 years
(19, 5 %), TSH levels exceeding 4 mUI/L (31, 8 %), purely
or predominantly cystic nodules (69, 17 %) and multiple
nodules (275, 70 %). Among 451(53 %) patients fulfilling
inclusion criteria, 22(5 %) had symptomatic hyperthyroid-
ism, 45(10 %) had incidentally detected reduced TSH and
384 (85 %) showed a clinically (95, 25 %) or incidentally
(289, 75 %) detected thyroid nodule. The TSH level was
subnormal (i.e., <0.40mIU/L) in 45/451 (10 %) patients
and between 0.40 and 4.00 mIU/L in the remaining 406/451
(90 %) patients. An AFTN was scintigraphically demon-
strated in 36 of 45 (80 %) patients with reduced TSH and
137 of 406 (34 %) patients with normal TSH (Chi-square
test, p < 0.0001). All in all, 173 of 451 (38 %) patients had a
scintigraphically detected AFTN and 137 of them (79 %)
had a normal TSH concentration. A weak relationship was
found between TSH levels and AFTNs diameter (p 0.045)
but not with the volume (Fig.1). Among patients with
AFTNs, those with reduced TSH were older and had larger
nodules than those with normal TSH levels (Table 1).
Among patients with normal TSH and either AFTN or
NFTN, neither demographic data nor nodules’ dimensions
differed significantly. However, TSH levels were none-
theless significantly lower in patients with an AFTN com-
pared to those with an NFTN (p <0.001) (Table 2). The

Table 1 Demographic and clinical data of 173 patients with AFTNs
and either reduced (i.e., <0.4 mUI/L) or normal (i.e., 0.4—4.0 mUI/L)
TSH levels

TSH Reduced (n =36) Normal (n=137) p
Female 25 (70 %) 98 (71 %) ns

Male 11 (30 %) 39 (29 %) ns

Age (years) 61 (22-83) 54 (25-76) 0.02
TSH (mUI/L) 0.02 [<0.01-0.40] 1.00 [0.40-2.38]  <0.0001
Diameter (mm) 29 (10-58) 18 (10-62) 0.003
Volume (mL) 5.40 (1.20-20.5) 2.20 (0.60-10.3)  <0.001

ns not significant

Table 2 Demographic and clinical data of 406 patients with either
autonomously functioning (AFTN) and non-functioning (NFTN)
thyroid nodules and normal TSH levels

AFTN (n=137) NFIN (n=269) p

Patients
Female 98 203 ns
Male 39 66 ns
Age (years) 54 (25-76) 51 (18-75) ns
Nodule
Diameter (mm) 22 (10-62) 23 (10-56) ns

Volume (mL)
TSH
Mean [range] (mUI/L) 1.00 [0.40-2.38]

4.30 (0.60-28.5) 4.90 (0.80-26.5) ns

1.60 [0.40—4.00] 0.007

ns not significant

ROC curve analysis showed a good overall accuracy of
TSH measurement [area under the ROC curve 0.804 (CI:
0.761-0.842)] (Fig.2). The best sensitivity/specificity pair
was obtained by a cutoff of 1.49 mIU/L (i.e., sensitivity,
specificity, 4PV, —PV of 83 % (CI 76-89 %), 65 % (CI
59-70 %), 55 % and 88 %]. Furthermore, when positivity
criterion was established farther right on the ROC curve to
maximize —PV, a TSH threshold at 2.38 mIU/L correctly
identified all AFTNs (i.e., sensitivity 100 %, specificity 21
% (CI 17-27 %), +PV 40 % and -PV 100 %). Finally,
positive and negative LRs were 2.38/0.26 and 1.27/0 for a
TSH threshold of 1.49 and 2.38 mUI/L, respectively.
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Fig. 2 TSH Receiver Operating Characteristic (ROC) curve analysis

Discussion

In our series of 451 patients carrying a thyroid nodule, 173
(38 %) had a scintigraphically detected AFTN challenging
previous data reporting AFTNs in 5-10 % of thyroid
nodules in dated reports [14,15]. The latters, however,
were based on thyroid nodules’ detection by palpation
while, combining high resolution ultrasound and sys-
tematic ThyS, we also detected non-palpable and non-
toxic AFTNs. In all, our present epidemiological data
further corroborate the systematic use of ThyS in patients
with nodular goitre. Indeed, 137 of 173 (79 %) patients
with an AFTN had a normal TSH concentration and
demonstrated normal TSH values in our series, which is
well in line with current literature [2, 5, 6, 8, 9]. In addi-
tion, 85% of AFTNs were discovered during thyroid
nodules work-up in our patients well conforming previous
data reported by Chami et al. [8]. In fact, they found an
increasing proportion of AFTNs with normal TSH in
patients evaluated during a thyroid nodule work-up (71 %)
compared to patients referred for any reason, including
thyroid dysfunctions (49 %). A significant but weak
inverse relationship was found between TSH levels and
diameter of AFTNs but not volume. This apparent paradox
is likely due to the wider variability in volume estimation
by ellipsoid model (i.e., intra-observer variability 14.4 %,
repeatability 84.8 %) than in diameter measurement (i.e.,
intra-observer variability 3.4 %, repeatability 96.5 %) [16].
Moreover, the wide dispersion of both AFTNs’ diameters
and volumes around any TSH level strata precludes their
role in predicting or excluding AFTNs in patients with
normal TSH values. This is likely due to the heterogeneous
cellular density from one nodule to another one, the
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difficulty of estimating the actual weight of the autono-
mous tissue within the nodule and the presence of an
impaired iodide organification in AFTNs [8]. All in all, the
diagnostic accuracy of TSH was likely unaffected by
nodules’ dimensions. The best pair of sensitivity/specifi-
city was found at a TSH cutoff of 1.49 mUI/L. Never-
theless, a threshold of 2.38 mIU/L correctly identified all
AFTNs optimizing the —PV of TSH as yard-stick for
ThyS. Our results are well in line with those obtained by
Gorges et al. [5]; in fact, only 1.6 % of their 514 patients
carrying an AFTN had TSH levels above 2.34 mUI/L.We
used the traditional TSH reference range (0.4—4 mIU/L) to
identify euthyroid patients. Interestingly, some authors
support the reduction of the upper reference limit (URL) to
2.5mIU/L in order to exclude patients with occult hypo-
thyroidism while others suggest to increase the URL,
especially in women and in old people [17]. Additionally,
sex, age, race, body mass index, iodine intake were iden-
tified as independent factors influencing TSH reference
intervals [18-20]. These factors unlikely affected our
results as patients with either AFTNs or NFTNs showed
similar demographic characteristics (Table 2). Briefly, the
mean age was 54 and 51 years, respectively, with a good
representation of all age classes and the proportion of
females and males was comparable in AFTN and NFTN
patients. Sometimes, however, a population-based refer-
ence range for TSH, even if well established, might fail to
detect thyroid disfunctions at individual level, due to intra-
and inter-individual variability [17].We attempted to limit
such influences by excluding pregnant females [21] and
hospitalized patients [22] and by standardizing the blood
sample timing [23]. Indeed, we selected our cutoff in well-
characterized patients using ThyS as benchmark [24]. As
already demonstrated in patients with differentiated thyr-
oid carcinoma, [25] a theranostic approach to radioiodine
molecular imaging and therapy should be also usefully
applied to patients with an AFTN. In fact, subjects with
lower TSH still within the euthyroid range had an almost
twofold increased risk of atrial fibrillation, compared with
those in the highest quartile. Then, adopting an optimized
TSH level as a yard-stick for ThyS may detect AFTNs
requiring radioiodine ablation despite formally “normal”
TSH values [26]. Finally, it should be noted that TSH
results are not identical when different assay methods are
employed and reference values may differ in different
subject and patient populations [27]. As a consequence,
caution is needed in translating our results when different
assays are employed and different populations are eval-
uated. Clinicians and laboratory specialists are strongly
advised to carefully evaluate the analytical and clinical
performance of their TSH assay and to derive analytical
cutoffs and clinical decision limits in their own patient
populations.
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Conclusions

Our present study confirms that serum TSH is not an
effective screening test to diagnose an AFTN adding
arguments in favor of the first-line use of ThyS in thyroid
nodules assessment, at least in iodine deficient areas.
Selecting patients with a thyroid nodule and a TSH level
below 2.38 mUI/L allows a correct detection of an AFTN
with a 100 % sensitivity while ThyS should be safely spared
for higher TSH values with a 100 % —PV.
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