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Abstract
Purpose Primary hyperparathyroidism is a common endo-
crine disorder which is diagnosed biochemically and for
which therapy is surgical. A prerequisite for minimally inva-
sive surgery, which minimizes morbidity and cost, is accurate
localization of the involved gland(s). The aim of this study
was to evaluate the usefulness of 18F-fluorocholine PET/CT
for preoperative localization of hyperfunctioning parathyroid
tissue.
Methods 18F-Fluorocholine PET/CT and conventional para-
thyroid scintigraphic imaging consisting of 99mTc-sestaMIBI
SPECT/CT, 99mTc-sestaMIBI dual-phase imaging and 99mTc-
sestaMIBI/pertechnetate subtraction imaging were performed
in 24 patients. The diagnostic performance of the imaging
methods was compared against histology as the gold standard
and postoperative serum Ca2+ and iPTH values.
Results The sensitivity and specificity of 18F-fluorocholine
PET/CT were 92 % and 100 %, respectively, in contrast to
49 % and 100 %, 46 % and 100 %, and 44 % and 100 % for
99mTc-sestaMIBI SPECT/CT, 99mTc-sestaMIBI/pertechnetate
subtraction imaging and 99mTc-sestaMIBI dual-phase imag-
ing, respectively. Combined conventional scintigraphic imag-
ing had a sensitivity and specificity of 64 % and 100 %,
respectively. The performance of 18F-fluorocholine PET/CT

was superior particularly in patients with multiple lesions or
hyperplasia.
Conclusion 18F-Fluorocholine PET/CT appears to be a prom-
ising, effective imaging method for localization of hyperfunc-
tioning parathyroid tissue.
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Introduction

Primary hyperparathyroidism is a common endocrine disorder
which is diagnosed biochemically and for which therapy is
surgical in the vast majority of patients. The previously used
surgical approach of bilateral neck exploration is being re-
placed by minimally invasive procedures, which have the
advantages of shorter duration of surgery and general anaes-
thesia, lower morbidity and fewer complications with compa-
rable success rates [1]. A prerequisite for minimally invasive
surgery is successful preoperative localization of the involved
parathyroid tissue. The most commonly used imaging modal-
ity for this purpose is parathyroid scintigraphy with 99mTc-
sestaMIBI, usually supplemented by ultrasonography of the
neck [2]. Overall, parathyroid scintigraphy is a sensitive meth-
od for localization of hyperfunctioning parathyroid tissue;
however, its diagnostic performance is significantly lower in
patients with multiple parathyroid lesions [3].

In contrast to conventional nuclear medicine imaging ap-
proaches for localization of the involved parathyroid tissue,
hybrid imaging (PET/CT and SPECT/CT) offers the possibil-
ity of attenuation correction and coregistration of functional
and anatomical information [4]; an additional advantage of
PET/CTover SPECT/CT is its superior spatial resolution. 18F-
Fluorocholine is a PET tracer that is commonly used for
prostate cancer imaging. In contrast to 18F-FDG, it is also
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taken up by well-differentiated neoplasms in which 18F-FDG
uptake is unreliable [5]. We hypothesized that 18F-
fluorocholine might be efficiently taken up by parathyroid
adenomata and/or hyperplasia.

The aim of this study was to investigate the efficien-
cy of localization of hyperfunctioning parathyroid tissue
with 18F-fluorocholine PET/CT in patients with primary
hyperparathyroidism and to compare its performance
with that of conventional scintigraphic imaging methods
for this purpose.

Materials and methods

A group of 24 consecutive patients (20 women, 4 men; age
range 42 – 77 years) with biochemically proven primary
hyperparathyroidism with serum Ca2+ 2.41 – 2.83 mmol/L
(median 2.68 mmol/L) and iPTH 7.1 – 37.6 pmol/L (median
8.8 pmol/L; 67.4 – 357.0 pg/mL, median 83.5 pg/mL) were
referred for preoperative scintigraphic imaging in addition to
ultrasonography of the neck to localize the hyperfunctioning
parathyroid tissue. No prior surgery for hyperparathyroidism
or other cervical pathology had been performed. There was no
medical history of neoplastic or inflammatory/infectious dis-
ease in the area of head and neck and no medical history of
diseases of the thyroid or potential iodine overload.
Ultrasonography of the neck was performed in all patients
prior to surgery.

18F-Fluorocholine PET/CT imaging and interpretation

Patients were injected with 100 MBq of 18F-fluorocholine,
and 5 min after injection, low-dose CT imaging of the neck
and upper mediastinum (25 mAs, CARE Dose 4D, 120 kV)
was performed, immediately followed by PET imaging of the
same area (one bed position, 4 min per bed position; Siemens
mCT 128-slice CT scanner). Images were reconstructed using
proprietary Siemens HD PET software with the iterative
TrueX + TOF OSEM method (two iterations, 21 subsets).
PET/CT imaging of neck and upper mediastinum was repeat-
ed 60 min after injection. Regional 18F-fluorocholine uptake
not associated with thyroid tissue was considered to represent
hyperfunctioning parathyroid tissue.

Conventional scintigraphic imaging, image processing
and interpretation

Patients were injected with 600 MBq of 99mTc-sestaMIBI,
and after 10 min, a planar image of the neck and upper
mediastinum was acquired (“early” sestaMIBI planar im-
age: matrix 128×128, zoom level 2.5, 10 min; Siemens
BASICAM planar gamma camera), immediately followed
by SPECT/CT imaging of the same area (matrix 128×

128, zoom level 1.78, 32 projections, 20 s/frame; Siemens
Symbia T2 dual-head gamma camera; low-dose CT at
25 mAs and 130 kV). Images were reconstructed using
Siemens Flash3D proprietary software with the iterative
OSEM method (four iterations, 16 subsets), and attenua-
tion and scatter correction. After SPECT/CT imaging,
99mTc-sestaMIBI planar imaging was repeated 90 min
after injection using identical parameters (“delayed”
99mTc-sestaMIBI planar image). Immediately after acqui-
sition of the second 99mTc-sestaMIBI planar image and
without a change in position, patients were injected with
150 MBq of pertechnetate (TcO4

−), and 15 min after
injection, planar imaging of the neck and upper mediasti-
num was again performed using identical parameters.

For SPECT/CT imaging, regional 99mTc-sestaMIBI uptake
not associated with thyroid tissue was considered to represent
hyperfunctioning parathyroid tissue. For subtraction imaging,
the pertechnetate planar image was subtracted from the early
99mTc-sestaMIBI planar image after normalization; the region-
al uptake remaining after subtraction was considered to rep-
resent hyperfunctioning parathyroid tissue. For dual-phase
imaging, early and delayed 99mTc-sestaMIBI planar images
were compared; regional uptake of 99mTc-sestaMIBI with
slower washout than from thyroid tissue was considered to
represent hyperfunctioning parathyroid tissue.

Surgical procedure, intraoperative iPTH measurements
and histological confirmation

A minimally invasive focused approach parathyroidecto-
my was performed in patients with a single identified
lesion. In patients with multiple lesions, nonlocalization
or discrepancy among imaging methods, a more extensive
bilateral neck exploration was chosen with intraoperative
iPTH measurements at induction of general anaesthesia
and 10 min after removal of the last enlarged parathyroid
gland; the procedure was deemed successful if there was a
decrease in the serum iPTH value by 50 % or more from
the baseline value 10 min after removal of the lesion. For
determination of iPTH, blood samples were collected into
K2-EDTA Vacutainer™ tubes (Becton-Dickinson,
Plymouth, UK). After collection, tubes were immediately
transported to the laboratory, centrifuged (2,500 g,
10 min, room temperature) and analysed using a commer-
cially available kit (cobas PTH STAT) and analyser (cobas
e 411; both Roche Diagnostics, Mannheim, Germany).

The removed parathyroid glands were submitted to histo-
pathological analysis and served as the gold standard for
comparison with the noninvasive imaging results. The pathol-
ogy report included gland size, weight and predominant cell
type (clear, chief or oxyphil cells), if present. In all patients
serum Ca2+ and iPTH values were obtained on the morning
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1 day after surgery, and normalization of both values was
considered to represent successful surgery.

Image processing and analysis

Images were read in five sessions: (1) 18F-fluorocholine
PET/CT imaging, (2) 99mTc-sestaMIBI SPECT/CT imag-
ing, (3) 99mTc-sestaMIBI/pertechnetate subtraction imag-
ing, (4) 99mTc-sestaMIBI dual-phase imaging, (5) com-
bined assessment of above-mentioned conventional scin-
tigraphic imaging methods. Studies were anonymized and
the patient list was randomized using a random list gen-
erator for each occasion. Reading sessions were held
approximately 14 days apart. In each patient, five loca-
tions were evaluated for the presence/absence of regional
tracer uptake considered to represent hyperfunctioning
parathyroid tissue: upper left, lower left, upper right,
lower right and ectopic. Surgical/histological findings
were classified using the same five-location scheme.

The imaging findings were classified as follows: true-
positive location with regional tracer uptake with histo-
logical confirmation of parathyroid adenoma/hyperplasia;
false-positive location with regional tracer uptake with
histology findings other than parathyroid adenoma/
hyperplasia; false-negative location without regional
tracer uptake but with histology findings of parathyroid
adenoma/hyperplasia; true-negative location without re-
gional tracer uptake and histology findings of normal
parathyroid tissue; and locations without regional tracer
uptake and without histological confirmation in patients
whose serum Ca2+ and PTH values were normal at
follow-up (i.e. presumably no remnant hyperfunctioning
parathyroid tissue). For conventional scintigraphic imag-
ing methods, a combined assessment was derived with
either method (or combination of methods) classifying a
lesion as positive.

Reading sessions were performed separately by two expe-
rienced observers. On review and comparison of results, dis-
parities were resolved by consensus.

Statistical analysis

Numerical values are reported as range (median).
Sensitivity, specificity, accuracy, and positive and nega-
tive predictive values of the four imaging modalities
were calculated using histology analysis as the gold
standard. McNemar’s test was used to compare the
sensitivity and specificity of the modalities with
p<0.05 indicating a significant difference in diagnostic
performance. The Kolmogorov-Smirnov test was used to
assess the normality of data distributions. The Wilcoxon
rank-sum test was used for continuous data as appropri-
ate. R software package (R Foundation for Statistical

Computing, Vienna, Austria) was used for statistical
analysis.

Ethical considerations

The study was approved by the National Committee for
Medical Ethics (no. 77/11/12). Each participant gave a written
informed consent upon entering the study.

Results

Surgery, histological confirmation and follow-up

Of 39 lesions removed at surgery, histology revealed 21
adenomata (17 solitary lesions and two patients with 2 lesions)
and 18 lesions with parathyroid hyperplasia (two patients with
3 and three patients with 4 hyperplastic glands); none of the
histology reports indicated significant cell-type predomi-
nance. The volumes and weights of removed hyperfunction-
ing glands are shown in Table 1; neither of the parameters was
significantly different between adenomata and hyperplastic
lesions (Wilcoxon rank-sum test). On follow-up, all patients
had normal serum iPTH and Ca2+ levels.

Diagnostic performance of 18F-fluorocholine PET/CT

18F-Fluorocholine PET/CT correctly localized 36 lesions. All
lesions were visible at both imaging times with visually better
lesion-to-background and lesion-to-thyroid contrast on de-
layed imaging. One lower right adenoma on imaging was
classified as upper right at surgery. The surgeon designated
it as upper parathyroid gland adenoma because of its position
posterior to the recurrent laryngeal nerve and not because of
its position relative to the thyroid gland (posteriorly located
upper gland adenomata are descended upper parathyroid
glands located in the tracheooesophageal groove or in a
retrooesophageal location which can lie very low in the neck).
The volume and weight of the three nonlocalized glands did
not differ significantly from those of the localized glands
(Wilcoxon rank-sum test).

Table 1 Volumes and weights of removed hyperfunctioning parathyroid
glands

All (N=39) Adenoma
(N=21)

Hyperplasia
(N=18)

Volume (cm3) 0.3 – 71.6 (1.7) 0.5 – 25.1 (3.6) 0.3 – 71.6 (1.6)

Weight (g) 0.1 – 9.7 (0.3) 0.1 – 3.0 (0.4) 0.1 – 9.7 (0.2)

Values shown are range (median)
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Diagnostic performance of conventional scintigraphic
imaging

99mTc-SestaMIBI SPECT/CT correctly localized 19 lesions.
The same lesion classif ied as lower right 18F-
fluorocholine PET/CT was identically classified on
99mTc-sestaMIBI SPECT/CT, yet surgically classified as
upper right adenoma. 99mTc-sestaMIBI/pertechnetate sub-
traction imaging correctly localized 18 lesions. Again, one
lower right lesion was classified as upper right at surgery.
The performance of 99mTc-sestaMIBI dual-phase imaging
was inferior to that of other conventional scintigraphic
imaging methods: 17 lesions were correctly localized.
With conventional imaging methods combined (i.e. either
one classifying the lesion as positive on combined read-
ing) sensitivity was improved, with 25 lesions correctly
localized while maintaining perfect specificity. The com-
bination of conventional imaging methods was signifi-
cantly more sensitive than either method alone.

The sensitivity of 18F-fluorocholine PET/CT was sig-
nificantly higher than that of any of the conventional
imaging methods separately or combined, with no differ-
ence in specificity. The volume and weight of the
nonlocalized glands was not significantly different from
those of the localized glands for all conventional imaging
modalities (separately and combined; Wilcoxon rank-sum
test). Discordant findings (i.e. true-positive on 18F-
fluorocholine PET/CT and false-negative with conven-
tional modalities) were then compared to true-positive
findings with conventional imaging modali t ies .
Differences in gland volume were significant comparing
discordant findings for 99mTc-sestaMIBI SPECT/CT
(p=0.04) and borderline significant for 99mTc-sestaMIBI/
pertechnetate subtraction imaging (p=0.05). Details are
shown in Table 2.

Diagnostic performance of imaging modalities in patients
with solitary parathyroid adenoma, multiple parathyroid
adenomata and parathyroid hyperplasia

In 17 patients with solitary adenomata, 18F-fluorocholine
PET/CT had a sensitivity of 94 % and specificity of 100 %
for lesion localization. Again, one lesion surgically classified
as upper right adenoma was placed in the lower right position
on imaging. 99mTc-SestaMIBI SPECT/CT had a lower sensi-
tivity (70 %), followed by 99mTc-sestaMIBI/pertechnetate
subtraction imaging and 99mTc-sestaMIBI dual-phase imag-
ing. Combined conventional imaging had a sensitivity of 82%
and specificity of 100% for lesion localization. The diagnostic
performance of PET was not significantly better than that of

Table 2 Comparison of discordant findings (true-positive on 18F-fluorocholine PET/CT and false-negative with conventional modalities) with true-
positive findings with conventional modalities

Discordant True-positive p value

SPECT/CT (N=17) Volume (cm3) 0.3 – 13.3 (1.5) 0.5 – 71.6 (3.0) 0.04

Weight (g) 0.1 – 1.5 (0.2) 0.1 – 9.7 (0.3) NS

Subtraction (N=18) Volume (cm3) 0.3 – 13.3 (1.6) 0.5 – 71.6 (3.6) 0.05

Weight (g) 0.1 – 1.5 (0.2) 0.1 – 9.7 (0.3) NS

Dual-phase (N=19) Volume (cm3) 0.3 – 71.6 (1.8) 0.5 – 37.6 (1.8) NS

Weight (g) 0.1 – 9.7 (0.3) 0.1 – 3.9 (0.2) NS

Combined (N=10) Volume (cm3) 0.3 – 13.3 (1.6) 0.5 – 71.6 (3.0) NS

Weight (g) 0.1 – 1.5 (0.2) 0.1 – 9.7 (0.3) NS

Discordant true-positive finding on 18 F-fluorocholine PET/CT and false-negative finding with the respective conventional modality, True-positive true-
positive finding with the respective conventional modality, SPECT/CT 99mTc-sestaMIBI SPECT/CT, Subtraction 99mTc-sestaMIBI/pertechnetate
subtraction imaging, Dual-phase 99m Tc-sestaMIBI dual-phase imaging, Combined conventional nuclear medicine imaging methods (SPECT/CT,
subtraction, dual-phase) combined

Values are range (median)

Fig. 1 A solitary adenoma with slightly ectopic (upper right posterior
paraoesophageal) localization. The lesion is well delineated on the axial
18F-fluorocholine PET image (a) and the axial PET/CT fusion image (c),
while only very faint uptake is present on the axial 99mTc-sestaMIBI
SPECT image (b) and the axial SPECT/CT fusion image (d)

2086 Eur J Nucl Med Mol Imaging (2014) 41:2083–2089



conventional imaging methods separately or combined in
solitary adenomata, apart from a lower sensitivity of dual-
phase imaging. An example of a solitary adenoma localized
on 18F-fluorocholine PET/CT and with poor uptake on 99mTc-
sestaMIBI SPECT/CT is shown in Fig. 1.

In seven patients with multiple parathyroid lesions (two
patients with two adenomata each, and two patients with three
and three patients with four hyperplastic glands), by correctly
localizing 20 out of 22 lesions, 18F-fluorocholine PET/CT had
a sensitivity of 91 % and specificity of 100 %. Conventional
nuclear medicine imaging modalities all performed identically
by correctly localizing 7 of 22 lesions. Conventional imaging

methods combined had a sensitivity of 50 % and specificity of
100 %. Again, the sensitivity of PET was significantly better
than that of conventional imaging methods separately or com-
bined, with no difference in specificity. An example of four-
gland hyperplasia demonstrated on 18F-fluorocholine PET/CT
with only one lesion visible on SPECT/CT is shown in Fig. 2.

Diagnostic performance of the imaging modalities is sum-
marized in Table 3.

Discussion

To the best of our knowledge, this is the first study to evaluate
the diagnostic performance of 18F-fluorocholine PET/CT for
localization of parathyroid adenomata or hyperplasia in pa-
tients with primary hyperparathyroidism. In this small patient
group 18F-fluorocholine PET/CT demonstrated very good
diagnostic performance, equalling or surpassing those of other
imaging modalities as reported in the literature. In particular,
the diagnostic performance of 18F-fluorocholine was most
impressive in patients with multiple parathyroid adenomata
and hyperplasia, where other imaging modalities frequently
fail to localize all hyperfunctioning lesions [3]. The failure of
nuclear medicine imaging to localize multiple hyperfunction-
ing lesions is largely attributed to the decreased volume of

Fig. 2 Hyperplasia of four glands is seen on the coronal 18F-
fluorocholine PET series of images (a arrows). Only one lesion (lower
right gland) is seen on the coronal 99mTc-sestaMIBI SPECT series of
images (b arrow)

Table 3 Diagnostic performance of 18F-fluorocholine PET/CT and conventional scintigraphic imaging methods

PET/CT SPECT/CT Subtraction Dual-phase Combined

All patients (24 patients, 39 lesions)

Sensitivity (%) 92 49*,*** 46*,*** 44*,*** 64***

Specificity (%) 100 100 100 100 100

Accuracy (%) 98 83 82 82 88

PPV (%) 100 100 100 100 100

NPV (%) 96 80 79 79 85

Solitary parathyroid adenoma (17 patients)

Sensitivity (%) 94 70 65 59* 82

Specificity (%) 100 100 100 100 100

Accuracy (%) 99 94 93 92 96

PPV (%) 100 100 100 100 100

NPV (%) 99 93 92 91 96

Multiple parathyroid adenomata and parathyroid hyperplasia (7 patients, 22 lesions)

Sensitivity (%) 91 32*** 32*** 32*** 50***

Specificity (%) 100 100 100 100 100

Accuracy (%) 94 57 57 57 57

PPV (%) 100 100 100 100 100

NPV (%) 87 46 46 46 46

PET/CT 18 F-fluorocholine PET/CT; SPECT/CT 99mTc-sestaMIBI SPECT/CT; Subtraction 99mTc-sestaMIBI/pertechnetate subtraction imaging; Dual-
phase 99m Tc-sestaMIBI dual-phase imaging; Combined conventional nuclear medicine imaging methods (SPECT/CT, Subtraction, Dual-phase)
combined; PPVand NPV positive and negative predictive value, respectively

*p<0.05 vs. Combined, **p<0.001 vs. PET/CT. ***p<0.0001 vs. PET/CT
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individual glands [2], that is more common with parathyroid
hyperplasia than with multiple adenomata. No significant
differences in volume or size between adenomata and hyper-
plastic lesions were found in our small patient group, which
can be partly attributed to several large hyperplastic lesions
found. However, comparison of discordant and true-positive
findings between 18F-fluorocholine PET/CTand conventional
modalities, with smaller lesions being identified on PET/CT,
suggests that lesion size is probably an important factor con-
tributing the good diagnostic performance of PET/CT that can
be attributed to its superior spatial resolution.

18F-Fluorocholine is mainly used for imaging prostate
cancer. As a phospholipid analogue it is integrated into
newly synthesized membranes of proliferating cells and
its uptake in neoplastic cells is increased by upregula-
tion of choline kinase [6]. In parathyroid adenomata,
upregulation of phospholipid-dependent choline kinase
has been shown to be related to PTH secretion [7]. It
is plausible that both mechanisms may be responsible
for uptake of 18F-fluorocholine in hyperfunctioning
parathyroid tissue. PET is already used for localization
of hyperfunctioning parathyroid tissue. However, none
of the tested tracers have been used in clinical routine.
18F-FDG, the most common routinely used and widely
available PET tracer, has been evaluated in patients with
primary hyperparathyroidism with conflicting results: the
sensitivity for parathyroid adenoma localization was
found to be very high (94 % and 86 % [8, 9]) and
disappointingly low (0 % and 22 % [10, 11]).
Somewhat more consistent results have been obtained
with 11C-methionine with overall sensitivities ranging
from 50 % [12] to 92 % [13], and a recent review
suggests the utility of 11C-methionine PET/CT in pa-
tients with nondiagnostic conventional scintigraphic im-
aging [4]. According to a single study, 18F-DOPA PET/
CT does not have a role in parathyroid imaging [14].

Parathyroid scintigraphy is the most commonly used test
to localize hyperfunctioning parathyroid tissue and 99mTc-
sestaMIBI/pertechnetate subtraction imaging is the most
commonly used and suggested technique among scintigraph-
ic approaches due to its proven diagnostic accuracy [3].
Surprisingly, in our patient group we did not find the per-
formance of subtraction scintigraphy to be comparable to
that of 18F-fluorocholine PET/CT or to its performance
reported in the literature. The probable reason was the
extraordinarily high percentage of multiple parathyroid ade-
nomata and hyperplasia in our patient cohort (seven patients,
22 lesions out of 39), significantly exceeding their usually
reported prevalence of up to 15 % in patients with primary
hyperparathyroidism [1]. In these patients, the sensitivity of
conventional scintigraphic methods has been reported to be
low (16 % to 35 %) [2]. In patients with solitary adenomata,
the performance of subtraction scintigraphy was similar to

that reported in concise reviews [3], but was again not
significantly better than those of the other two conventional
scintigraphic techniques.

Limitations

It must be noted that the protocol used was not optimal for
subtraction imaging. Ideally, pertechnetate imaging is per-
formed first and no patient movement is allowed between
pertechnetate and 99mTc-sestaMIBI injection in order to opti-
mize subtraction of the thyroid image from the combined
parathyroid/thyroid image [15]. However, the used a “hybrid”
protocol allows three recommended approaches (subtraction,
dual-phase and SPECT or SPECT/CT) to be combined and
compared; in particular, the approach is advised in areas where
goitre is endemic [15]. In our analysis, the combined reading
of conventional scintigraphic imaging methods outperformed
either method alone and the sensitivity of combined reading in
patients with solitary lesions was comparable that reported in
the literature. A very similar imaging approach was used in a
recent comprehensive retrospective single-centre analysis of
the diagnostic performance of conventional scintigraphic im-
aging methods [16], with similar conclusions: the authors
found that the combination of methods resulted in improved
sensitivity of parathyroid lesion detection. Finally, the number
of patients in this pilot study was small, which would probably
have affected the performance of conventional scintigraphic
diagnostic modalities and was also the most likely reason for
the observed discrepancy in diagnostic performance between
our study and the previously reported study. Confirmation of
these results in a larger sample is needed.

Conclusion

This pilot study suggested that 18F-fluorocholine PET/CT is
an accurate, efficient imaging modality for localization of
hyperfunctioning parathyroid tissue, particularly in patients
with multiple lesions or hyperplasia, in which the diagnostic
performance of conventional scintigraphic imaging methods
is often unsatisfactory.

Conflicts of interest None.
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