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Abstract

Purpose Identification of pathologic parathyroid glands in primary hyperparathyroidism, traditionally based on neck ultra-
sound (US) and/or *™Tc-Sestamibi scintigraphy, can be challenging. PET/CT with ®F-Fluorocholine (!*F-FCH) might
improve the detection of pathologic parathyroid glands. We aimed at comparing the diagnostic performance of '*F-FCH-
PET/CT with that of dual-phase dual-isotope parathyroid scintigraphy and neck US.

Methods Thirty-four consecutive patients with primary hyperparathyroidism were prospectively enrolled, 7 had normocal-
cemic hyperparathyroidism, and 27 had classic hypercalcemic hyperparathyroidism. All patients underwent high-resolution
neck US, dual-phase dual-isotope **™Tc-Pertechnetate/* ™ Tc-Sestamibi scintigraphy, and '*F-FCH-PET/CT.

Results In the whole patients’ group, the detection rates of the abnormal parathyroid gland were 68% for neck US, 71%
for 18 F-FCH-PET/CT, and only 15% for *™Tc-Sestamibi scintigraphy. The corresponding figures in normocalcemic and
hypercalcemic hyperparathyroidism were 57 and 70% for neck US, 70 and 71% for 'F-FCH-PET/CT, and 0 and 18% for
99mTc_Sestamibi scintigraphy, respectively. In the 17 patients in whom the abnormal parathyroid gland was identified,
either at surgery or at fine needle aspiration cytology/biochemistry, the correct detection rate was 82% for neck US, 89% for
E_.FCH-PET/CT, and only 17% for *™Tc-Sestamibi scintigraphy.

Conclusions '8F-FCH-PET/CT can be considered a first-line imaging technique for the identification of pathologic para-
thyroid glands in patients with normocalcemic and hypercalcemic hyperparathyroidism, even when the parathyroid volume
is small.
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Primary hyperparathyroidism is diagnosed biochemi-

' Unit of Nuclear Medicine, ICS Maugeri, 27100 Pavia, Italy cally and further characterized with ultrasonographic,
2 Unit of Internal Medicine and Endocrinology, ICS Maugeri radiologic, and nuclear medicine techniques. Preopera-
LR.C.C.S, University of Pavia, Via S. Maugeri 10, tive detection of abnormal parathyroid glands is becoming
27100 Pavia, Ttaly more and more challenging, since primary hyperparathy-
?  Nuclear Medicine Research Department, lason, Graz, Austria roidism is increasingly being diagnosed in a subclinical or
4 Nuclear Medicine Department, Iason, Graz, Austria asymptomatic stage of the disease, i.e., with small size or
5 Faculty of Medicine and Dentistry, Palacky University, mildly hyperfunctioning gland(s). Indeed, normocalcemic
Olomouc, Czech Republic primary hyperparathyroidism (NPHPT) has been formally
6 Nuclear Medicine Department, Policlinico S. Orsola recognized in 2009 at the Third Interpatiopal Workshop
Malpighi, University of Bologna, Bologna, Italy on the Management of Asymptomatic Primary Hyper-
7 Inter-Universitary Research Center for Sustainable parathyroidism [1]. The prevalence of this entity in an
Development (CIRPS), Naples, Italy unselected population is difficult to assess, but is reported
8 Regional Center of Nuclear Medicine, University of Pisa, to range between 0.4 and 3% of the general population
Pisa, Italy [2]. NPHPT is now considered a milder form of primary
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hyperparathyroidism, that confers, however, a risk of com-
plications higher than in the general population [3, 4].

Ultrasonography of the neck is routinely performed in
patients with biochemical or clinical disease, but radio-
nuclide parathyroid imaging using *™Tc-Sestamibi also
plays a major role, mainly because of its capability to
detect multiple abnormal glands, even in ectopic loca-
tions. Nevertheless, parathyroid scintigraphy remains an
intriguing challenge both because of the small size/weight
of normal parathyroid glands and because they are fre-
quently embedded within the thyroid, which has a much
greater mass and a higher metabolic activity. Therefore,
in the large majority of cases, parathyroid scintigraphy is
diagnostically useful only when these glands are abnor-
mally enlarged and/or strongly hyperfunctioning, as it
mainly occurs in overt clinical hyperparathyroidism [5,
6] or in parathyroid carcinomas [7], which, however, con-
stitute < 1% of all cases of hyperparathyroidism.

The development of hybrid SPECT/CT gamma cameras,
which simultaneously exploit morphologic information
provided by CT, further improved radionuclide images,
both by providing anatomical correlates to functional
findings and by allowing accurate attenuation correction.
A further advantage of PET imaging over single-photon
imaging is the ability to detect mediastinal adenomas,
because high-energy gamma (511 keV) rays originating
from the annihilation reaction are less attenuated by the
sternum and chest cage than the 140 keV gamma rays
emitted by *™Tc.

Preoperative imaging of abnormally functioning para-
thyroid glands is particularly challenging in patients with
normocalcemic primary hyperparathyroidism, a milder form
of the disease. In a 2012 study involving a limited number of
patients, the sensitivity of both *™Tc-Sestamibi scintigraphy
and ultrasonography was lower in normocalcemic patients
(40 and 50%, respectively) than in hypercalcemic patients
(57 and 53%, respectively) [8]. In a recent study by §iprové
et al., *™Tc-Sestamibi scintigraphy localized abnormal para-
thyroid glands in only 6% of patients with the normocalce-
mic disease and in 14% of those who subsequently devel-
oped hypercalcemia [9]. Besides occasional case reports in
single patients, so far, only a few ad-hoc studies have been
published on preoperative imaging of pathologic parathyroid
glands with '8F-Fluorocholine (**F-FCH) PET/CT [10-12].
In a recent study, Thanseer et al. showed that 18p_FCH-PET/
CT performed better for preoperative localization of parathy-
roid glands than neck ultrasonography and **™Tc-Sestamibi
scintigraphy. However, the majority of patients included in
this study had overt hypercalcemic hyperparathyroidism
(mean PTH 171 pg/mL and mean calcium 11.9 mg/dL) [13],
therefore, leaving unsettled the issue about the diagnostic
performance of '*F-FCH-PET/CT in patients with the nor-
mocalcemic stage of the disease.
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To better evaluate the possible clinical role of '*F-FCH-
PET/CT in patients with primary hyperparathyroidism, we
hereby report our experience in a series of 34 consecutive
patients and 38% of whom had normocalcemic hyperparath-
yroidism. The results of '®F-FCH-PET/CT were compared
with those obtained with *™Tc-Sestamibi scintigraphy and
neck ultrasonography.

Materials and methods
Patients

Between February and October 2016, 34 consecutive
patients with primary hyperparathyroidism, 24 women and
10 men (mean age 63+ 12 SD years; range 26—82 years)
were prospectively enrolled by the Nuclear Medicine
Department of a multicenter hospital with five large inpa-
tients clinics located in different counties all over Lom-
bardia. All of them were affected by sporadic primary
hyperparathyroidism. Exclusion criteria were a history of
neoplastic disease or pregnancy, hydrochlorothiazide or
lithium medication, a diagnosis hypercalciuria, or gastro-
intestinal disorders associated with calcium malabsorp-
tion, moderate—severe renal failure (¢GFR < 60 mL/min).
The diagnosis of primary hyperparathyroidism was based
on clinical data and/or raised serum parathyroid hormone
(PTH) levels after successful correction of any vitamin D
deficiency (25-hydroxyvitamin D level greater than 30 ng/
mL). The study group included 7 patients (20% of the over-
all population) with the so-called normocalcemic hyper-
parathyroidism, and 28 patients with classic hypercalcemic
hyperparathyroidism. Normocalcemic hyperparathyroidism
was defined according to the stringent criteria of Bilezikian
and Silverberg [14], namely these patients had at least two
normal albumin-adjusted total serum calcium results, which
were confirmed by ionized calcium measurement.

The classic hypercalcemic hyperparathyroidism group
also included three patients with apparently normal serum
PTH levels, which, however, were inappropriate because of
concomitant, persistent hypercalcemia. The mean age of
these three patients did not differ from that of the whole-
study group. Ten out of thirty-four patients (29%) had a con-
comitant multinodular goiter and 7/34 patients (20%) had
chronic autoimmune thyroiditis.

All patients gave their written consent to be enrolled for
the study, which had been approved by the Institutional Ethi-
cal Committee of the Maugeri’s Foundation on 18.01.2016,
no. 2003-CEC.
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Methods
In vitro lab tests

Total serum calcium was measured using the COBAS Ana-
lyzer (Roche diagnostic GmbH Mannheim, Germany). The
reference range was 8.8—10.2 mg/dL. Serum intact PTH was
measured using a chemiluminescent double antibody immu-
nometric assay with intra-assay and inter-assay coefficients
of variation of 2.6 and 5.4%, respectively. Normal range for
serum PTH was 11.5-78.4 ng/mL.

Ionized calcium was measured in heparin-treated venous
blood using an electro-chemical method run by Radiom-
eter ABL 800 FLEX gas analyzer. The normal range was
1.15-1.29 mmol/L.

High-resolution neck ultrasonography (US)

Neck US was performed using a real-time US device
equipped with a linear transducer operating at 7.5 MHz
(ESAOTE, Mylab 70XVG). Neck lesions possibly related to
pathologic parathyroid gland/s were characterized according
to the following features: localization, structure (i.e., solid,
cystic, or mixed), size, and color-flow Doppler pattern. Vol-
ume was calculated by the elliptical shape formula (Iength x
width X depth X 0.52). All neck US scans were performed by
the same experienced operator (S.C.). Fine needle aspiration
cytology (FNAC) coupled with measurement of PTH in the
needle washout liquid was also performed.

Dual-phase dual-isotope
99MTc-Pertechnetate/**™c-Sestamibi scintigraphy

All patients underwent dual-phase dual-isotope **™Tc-
Pertechnetate/**™Tc-Sestamibi scintigraphy. Thyroid scin-
tigraphy (TS) was acquired 20 min after the intra-venous
administration of 74 MBq of **™Tc-pertechnetate (Tekcis,
IBA Molecular). Subsequently, early (20 min) and delayed
(2 h) scans were obtained after the i.v. injection of 8.8 MBq/
kg of ®™Tc-Sestamibi (Stamicis, IBA Molecular). Thyroid
and parathyroid images were acquired with an SPECT/CT
gamma camera (Infinia Hawkeye 4 GP3, GE Healthcare)
using an LEHR collimator, the FOV extending from the
salivary glands to the myocardium. Anterior views of the
patient in supine position with hyperextended neck were
acquired. In each patient, the same strictly controlled posi-
tion was used for both thyroid and parathyroid scintigraphy
(PS). At the end of the second *™Tc-Sestamibi acquisi-
tion, an SPECT/CT scan of the neck and upper thorax was
acquired (30 s/step, with a 3° rotation angle, and 360° rota-
tion), which was reconstructed using an OSEM algorithm
(2 iterations and 10 subset); attenuation correction was also
carried out using the CT transmission data. Visual image

interpretation of planar and SPECT/CT scans was followed
by analysis of the images obtained by subtracting TS from
PS (both early and delayed images). The results of *™Tc-
Pertechnetate/**™Tc-Sestamibi scintigraphy were evaluated
by two experienced nuclear medicine physicians (G.T. and
C.V.) blinded to each other. Images were defined as posi-
tive or negative, the former instance indicating a pathologic
parathyroid. When a scan was judged as positive, the number
and location of suspected parathyroid glands (right or left,
superior or inferior, and ectopic) were also defined.

'8F-Fluorocholine PET/CT

Patients underwent PET/CT using a Discovery 690 VCT
PET/CT scanner (GE Healthcare). First, a low-dose CT
(120 kV, 80 mA) was acquired. After CT acquisition, the
patient, still lying inside the gantry, was injected i.v. with
3-3.5 MBg/kg of '®F-FCH (IASOcholine®, IASON GmbH)
followed by 10 mL of saline solution. Static images were
acquired 9 and 60 min after tracer injection (3 min/bed),
and were reconstructed using an OSEM algorithm (3 itera-
tions, 18 subsets, and FWHM of the Gaussian filter 5 mm).
TOF and PSF corrections were also performed, as well as
attenuation and scatter correction. Two experienced nuclear
medicine physicians (M.H., 1.B.) interpreted the '®F-FCH-
PET/CT images by visually evaluating suspicious hyper-
functioning parathyroid glands. The same color scale as for
the **™Tc-Sestamibi scan was used. Physicians were blinded
to each other and to the results of the *™Tc-Sestamibi scan.
Disparities were resolved by consensus.

Statistical analysis

Mean values + SD were used for descriptive analysis. Com-
parison between percentages was performed by the Chi-
squared test. Comparison between means was performed by
T test. Sensitivity and specificity were calculated in patients
who underwent surgery or of FNAC/biochemistry (gold
standard). When these data were not available, clinical and
biochemical descriptive data were reported.

Results

None of the three patients who had inappropriately normal
serum PTH levels (with concomitant, persistent hypercalce-
mia) exhibited peculiarities regarding the imaging findings.
Therefore, to the purpose of the present study, these three
patients were included in the group of patients diagnosed as
having classic hypercalcemic hyperparathyroidism.

All patients submitted to surgical neck exploration were
found to have a single parathyroid adenoma derived from
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chief cells. Surgical cure of hyperparathyroidism was con-
firmed by biochemical tests at follow-up.

As shown in Table 1, the abnormal parathyroid gland
was detected in 68% of the whole patients’ group by neck
US, and in 71% by I8F_FCH-PET/CT. The detection rate
was much lower using *™Tc-Sestamibi scintigraphy (15%).
Stratification of patients according to normocalcemia or
hypercalcemia showed that, in the former group, '*F-FCH-
PET/CT had a higher detection rate (71%) than neck US
(57%), while *™Tc-Sestamibi scintigraphy was useless, hav-
ing a null detection rate. As shown in Table 2, comparison of
the three imaging techniques in the whole group of patients
indicated a good concordance rate between neck US and
BE_FCH-PET/CT (53%). On the contrary, the concordance
rate between **™Tc-Sestamibi scintigraphy and '*F-FCH-
PET/CT was low (6%).

Figure 1 shows an example of the imaging results with
the three techniques (Panel 1: neck US, Panel 2-3: 99m e
Sestamibi scintigraphy, Panel 4-5: '8F-FCH-PET/CT) in
a case of normocalcemic hyperparathyroidism which was
later confirmed with surgery. Neck US and '®F-FCH-PET/
CT showed concordant results, while *™Tc-Sestamibi failed
to show any abnormal parathyroid.

Results were also analyzed in the subgroup of patients
in whom the abnormal parathyroid gland was eventually
identified, either at surgery or by fine needle aspiration
cytology/biochemistry (Table 3). In these 17 patients, the

correct detection rate was high (82%) for neck US and
BE_FCH-PET/CT (89%), while it was poor for **™Tc-Ses-
tamibi scintigraphy (17%). Comparison of the three imag-
ing techniques in patients with definitely identified abnor-
mal parathyroid gland, as shown in Table 4, indicated a
good concordance rate between neck US and '®F-FCH-
PET/CT (67%), which did not decrease after stratification
according to normocalcemia or hypercalcemia. No patient
was simultaneously positive at ™ Tc-Sestamibi scintigra-
phy and '8F-FCH-PET/CT.

No significant difference was observed by comparing
the mean serum PTH levels in patients with positive or
negative imaging using any of the three techniques. Most
of the lesions in the neck identified as parathyroid-like
were small in size and their mean (+ SD) volume being
0.6 +0.5 mL (range 0.1-1.8 mL). No significant difference
was observed when comparing the mean parathyroid size,
as assessed by US, in patients with positive or negative
imaging using the three different techniques.

Considering histopathology and/or cytology/biochem-
istry as the gold standard, the following sensitivities were
calculated: *™Tc-Sestamibi scintigraphy = 17%, neck
US =82%, and '"*F-FCH-PET/CT = 88%. No false-positive
result was obtained with *™Tc-Sestamibi scintigraphy
or '8 F-FCH-PET/CT, while there was one false-positive
result with neck US.

Table 1 Demographic data and percent positivity using the three imaging techniques in patients with primary hyperparathyroidism

Patients with Age (years) Calcium (mg/dL) PTH (ng/mL) Ionized M/F  Positive neck US Positive " Tc- Positive
primary hyperpar- calcium Sestamibi scintig-  'F-FCH-
athyroidism (mmol/L) raphy PET/CT
Whole group 63.0+12.2 10/24 23/34 (68%) 5/34 (15%) 24/34 (71%)
(N=34)
Hypercalcemic 63.3+16.2 10.7+0.48 179.9+123.1 NA 10/17 19727 (70%) 5/27 (18%) 19/27 (70%)
hyperparathy-
roidism (N=27)
Normocalcemic 62.2+9.5 9.8+0.28 158.4+554 1.21+£0.03 0/7 4/7 (57%) 0/7 (0%) 517 (711%)
hyperparathy-

roidism (N="7)

Table 2 Comparison of the three imaging techniques in the whole group of patients with primary hyperparathyroidism and after stratification

according to normocalcemia or hypercalcemia

Neck US + + +
99mTe_Sestamibi + + -
8 FCH-PET/CT + - -

Whole group (N=34)

Hypercalcemic hyperparathyroidism
(N=27)

Normocalcemic hyperparathyroidism
WN=T)

3/34 (9%)

07 (0%)  0/7 (0%)

0/34 (0%) 2/34 (6%)
3/27 (11%) 0727 (0%) 2/27 (0.1%) 14/27 (51%) 2/27 (0.1%) 0/27 (0%) 0/27 (0%) 6/27 (22%)

0/7 (0%)

18/34 (53%) 2/34 (6%)  1/34 3%) 0/34 (0%) 8/34 (23%)

MT(5T%) 01T (0%)  1/7(14%) O/7 (0%)  2/7 (28%)
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Fig. 1 An example of the
imaging results with the

three techniques in a case of
normocalcemic hyperpar-
athyroidism which was later
confirmed with surgery. Panel
1: US imaging of the suspicious
hyperfunctioning parathyroid
gland of the inferior left group,
measuring 7 X 14 mm, in a
patient with normocalcemic
hyperparathyroidism. Panel 2:
dual-phase dual-isotope **™Tc-
Pertechnetate/**™Tc-Sestamibi
scans of the same patient: no
evidence of hyperfunctioning
parathyroid, even in the subtrac-
tion image (early subtraction
image shown in panel 3). Panels
4-5: early (panel 4) and delayed
(panel 5) '®F-FCH-PET/CT
images, showing a focal area of
increased tracer uptake in the
left inferior parathyroid group.
Histology confirmed the pres-
ence of a parathyroid adenoma

Panel 1

Panel 2

RIS B G 50%
XV 6
PRC 11/3/1 PRs 4

13
LAS23
l L]

Panel 3

Panel 4

Panel 5

Table 3 Demographic data and percent positivity using the three imaging techniques in patients with primary hyperparathyroidism in whom the
abnormal parathyroid gland was identified at neck surgery and/or at fine needle aspiration cytology

Patients with primary hyperparathyroidism Age (years) Men/women Positive neck US Positive ®™Tc-Sesta-  Positive
mibi scintigraphy 8F_FCH-
PET/CT
Whole group (N=17) 64.1+10.7 14/17 (82%) 3/17 (17%) 15/17 (89%)
Hypercalcemic hyperparathyroidism (N=14) 65.28+11.3 12/14 (85%) 3/14 (21%) 13/14 (92%)
Normocalcemic hyperparathyroidism (N=3) 58.29+4.3 2/3 (66%) 0/3 (0%) 2/3 (66%)
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Table 4 Comparison of the three imaging techniques in patients with hyperparathyroidism in whom the abnormal parathyroid gland was identi-

fied at neck surgery and/or at fine needle aspiration cytology

Neck US + +
99mTe_Sestamibi + +
18 FCH-PET/CT + -

Whole group (N=17)

2/17 (11%) 0/17 (0%) 0/17 (0%) 12/17 (67%) 0/17 (0%) 0/17 (0%) 0/17 (0%) 2/17 (11%)

Hypercalcemic hyperparathyroidism (N=14) 2/14 (14%) 0/14 (0%) 0/14 (0%) 10/14 (71%) 0/14 (0%) 0/14 (0%) 0/14 (0%) 1/14 (0.1%)

Normocalcemic hyperparathyroidism (N=3) 0/3 (0%) 0/3 (0%)

0/3 (0%)

2/3(66%)  0/3(0%) 0/3(0%) 0/3(0%) 1/3(33%)

Discussion

At present, the majority of patients with primary hyperpar-
athyroidism are diagnosed by biochemical tests when their
disease is still in a preclinical or subclinical stage. Thus, the
identification of the hyperfunctioning parathyroid gland(s)
is becoming more and more challenging. Neck US cur-
rently remains the first-line diagnostic imaging procedure
in patients with primary hyperparathyroidism, although its
accuracy is limited by the operator’s experience. Further
limitations of neck US stem from the coexistence of mul-
tinodular thyroid disease and from the possible occurrence
of multiple adenomas or parathyroid hyperplasia as a cause
of primary hyperparathyroidism. In a systematic review of
20,225 cases of primary hyperparathyroidism, the sensi-
tivity of neck US dropped from 78.5 to 34.9% in patients
with parathyroid hyperplasia, and to 16.2% in those with
double adenoma [15]. Using high-frequency US, sensitiv-
ity decreased from 89 to 84% in patients with concomitant
primary hyperparathyroidism and multinodular goiter [16].
The inability of neck US to detect most ectopic parathyroid
adenomas represents a further limitation. In this scenario,
dual-tracer *™Tc-Sestamibi scintigraphy is considered by
many authors as a first-line imaging procedure to identify
the hyperfunctioning parathyroid gland(s) in patients with
primary hyperparathyroidism. This imaging technique is
frequently associated with neck US, because the diagnos-
tic accuracy is increased using the two imaging procedures
combined [17]. However, the **™Tc-Sestamibi technique has
many limitations, mainly related to a low spatial resolution
and to the frequently unsatisfactory lesion/background ratio
in patients with an autonomously functioning or hyperfunc-
tioning thyroid gland. Detecting small mediastinal adenomas
may be also difficult due to the attenuation of the low-energy
9mTc gamma rays by the sternum and the rib cage. Con-
comitant thyroid or neck pathologic conditions (such as thy-
roiditis, metastatic lymph nodes, and follicular and Hurthle
cell carcinomas) may also cause equivocal results [18]. The
detection performance of *™Tc-Sestamibi scintigraphy is
particularly disappointing in patients with normocalcemic
primary hyperparathyroidism, probably, because, in these
patients, size and metabolic activity of the abnormal para-
thyroid are lower than in hypercalcemic patients [9]. In view
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of the above considerations, a great interest is kindled on the
PET technique [19], which allows significantly higher spatial
resolution, better lesion-to-noise ratio, and lower attenuation
by rib cage and sternum, because of the higher energy of
photons produced by annihilation. Due to these peculiarities,
PET can detect lesions with a maximum diameter smaller
than 1 cm. Thus, compared with *™Tc-Sestamibi scintig-
raphy, significant advantages are expected, in preclinical
conditions caused by small neoplasms, in the presence of a
high thyroid activity, and in ectopic adenomas. Among the
many investigated radio-fluorinated compounds, '*F-FCH
bears some advantages: first, it does not require an in-house
cyclotron to be produced and, second, '®F-FCH is already
available in many nuclear medicine departments because
of its widespread use in patients with prostate cancer. In a
systematic review and meta-analysis on the use of PET trac-
ers for parathyroid localization, Kluijfhout et al. concluded
that '8F-FCH-PET may produce more accurate results than
[''C] methionine PET [19]. Further support to the use of
BE_FCH-PET derives from the previous demonstrations of
its ability to detect not only parathyroid adenomas, but also
carcinomas [20] and multiple adenomas, and even gland
hyperplasia in patients with secondary hyperparathyroidism.

In the present study, we investigated the diagnostic per-
formance of '8F-FCH-PET/CT in a series of patients with
primary hyperparathyroidism, which also included a con-
sistent percentage of the normocalcemic ones. The high
frequency of the latter patients, as compared with what
reported in the general population, can be explained by the
fact that our series is a selected one. Indeed, our Nuclear
Medicine Department is the hub of a multicenter hospital
mainly devoted to the rehabilitation of patients with neuro-
motor diseases or with bone injuries resulting from traumas
and/or osteoporosis. As a consequence, both calcium and
parathyroid hormone measurements are routinely performed.
In line with the early stage of the disease, most identified
parathyroid-like neck lesions were small in size, their mean
(= SD) US volume being 0.6 +0.5 mL (range 0.1-1.8 mL).
This observation together with the high prevalence (nearly
50%) of concomitant multinodular goiter or chronic autoim-
mune thyroiditis justifies the poor diagnostic performance
of % ™Tc-Sestamibi scintigraphy, which was able to iden-
tify only a minority of hyperfunctioning parathyroid glands
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(15%). In this clinical setting, the detection rate of 8F_FCH-
PET/CT was impressively high (71%), even when compared
with that of neck US (68%). The diagnostic performance of
BE_.FCH-PET/CT was even more obvious in patients with
normocalcemic hyperparathyroidism, with a detection rate
of 69 versus 61% for neck US, and a complete failure of
99mTc-Sestamibi scintigraphy to detect any hyperfunction-
ing parathyroid gland. Similar results were obtained when
patients with a definitely identified parathyroid adenoma
either at surgery or at fine needle aspiration cytology/bio-
chemistry were considered. In this subgroup of patients
with primary hyperparathyroidism, the estimated sensitivi-
ties were 88, 82, and 17% for '®F-FCH-PET/CT, neck US,
and **™Tc-Sestamibi scintigraphy, respectively. Our study is
the first report about the effectiveness of '*F-FCH-PET/CT
in a cohort of patients with normocalcemic hyperparathy-
roidism, since the previous reports included mainly patients
with overt hyperparathyroidism and severe hypercalcemia
[13]. The results of this study support the use of this new
technique, especially in this subset of patients, since the tra-
ditional imaging with **™Tc-Sestamibi has proven ineffec-
tive also in previous studies [9]. These data are extremely
relevant, because, at present, primary hyperparathyroidism
is often diagnosed in an early stage of the disease. Cor-
rect identification of the pathologic parathyroid allows an
easier surgical approach, thus preventing the progression
of these milder cases to overt hyperparathyroidism with its
related complications. The row cost of ®F-FCH-PET/CT
is of course greater (about 400 euros per patient) compared
with that of *™Tc-Sestamibi (about 100 euros per patient).
However, indirect costs should also be considered, because
9mTc_Sestamibi requires a longer scanning time and a longer
utilization of the dedicated personnel. The cost/effective-
ness evaluation also favors '®F-FCH-PET/CT, because of its
higher diagnostic performance resulting in a more accurate
pre-surgical identification of the affected parathyroid gland.
Our study is the first report about the effectiveness of
18F-FCH-PET/CT in a cohort of patients, which included
a consistent number of those with normocalcemic or mild
primary hyperparathyroidism, since the previous reports
mainly investigated patients with overt hyperparathyroidism
and severe hypercalcemia. There are, however, two main
limitations: first, the limited number of evaluated patients
and, second, the relatively small percentage of those who
received surgical or cytological confirmation of the path-
ologic parathyroid gland. In conclusion, this study shows
that "*F-FCH-PET/CT can be considered the first-line inves-
tigation to identify pathologic parathyroid glands both in
patients with normocalcemic hyperparathyroidism and in
the hypercalcemic ones, when the disease is still in its initial
stage and size of the abnormal parathyroid gland is small.
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