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Abstract

Objectives To assess the additional diagnostic value of '*F-fluorocholine PET imaging in preoperative localization of pathologic
parathyroid glands in clinically manifest hyperparathyroidism in case of negative or conflicting ultrasound and scintigraphy
results.

Methods A retrospective, single-institution study of 26 patients diagnosed with hyperparathyroidism. In cases where ultrasound
and scintigraphy failed to detect the location of an adenoma in order to allow a focused surgical approach, an additional '*F-
fluorocholine PET scan was performed and its results were compared with the intraoperative findings.

Results A total of 26 patients underwent '*F-fluorocholine PET/CT (n = 11) or PET/MRI (n = 15). Adenomas were detected in
25 patients (96.2%). All patients underwent surgery, and the location predicted by PET hybrid imaging was confirmed intraop-
eratively by frozen section and adequate parathyroid hormone drop after removal. None of the patients needed revision surgery
during follow-up.

Conclusions These results demonstrate that '*F-fluorocholine PET imaging is a highly accurate method to detect parathyroid

adenomas even in case of previous localization failure by other imaging examinations.

Key Points

« With '®F-fluorocholine PET imaging, parathyroid adenomas could be detected in 96.2%.
« 8F_fluorocholine imaging is a highly accurate method to detect parathyroid adenomas.

* We encourage its use, where ultrasound fails to detect an adenoma.
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Introduction

Hyperparathyroidism is a common endocrine disorder, but
still occasionally missed, owing to few and/or unspecific
symptoms. Once the diagnosis is established, the only ef-
ficient and definite therapy is the removal of the affected
parathyroid gland(s). Before it was possible to identify the
culprit gland by adequate localization aids (e.g. ultrasound,
CT, MR imaging, scintigraphy or combinations thereof
[1]), surgical exploration of all parathyroid glands used to
be the gold standard. This approach had the major disad-
vantage that the surgical field was much larger and the
operating time considerably longer. Furthermore, ectopic
and supernumerary glands, occurring in approximately 5
to 12% in anatomical series [2], prevented surgical success
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in some cases (e.g. the famous mariner, Captain Charles
Martell [3]). With the improvement of high-quality neck
ultrasound, scintigraphy [including different single photon
emission computed tomography (SPECT) techniques such
as dual-isotope subtraction SPECT, dual-time point
SPECT and SPECT/CT] and, more recently, dynamic
contrast-enhanced (so-called “4D”) CT [4] or MRI, the
surgical procedure became site-directed to the gland of
interest (focused surgery). By predicting the location of
the affected gland at least to the correct side, minimally
invasive incisions and minimally invasive video-assisted
parathyroid (MIVAP) surgery became possible (Fig. 1).
Despite various combinations of different methods, the
sensitivity for detecting pathologic glands remains variable
[5]. In up to 20% of cases, a pathological parathyroid gland
can be detected neither by ultrasound nor scintigraphy [6].
Our standard algorithm would then require a perfusion
MRI scan to detect the culprit gland by its typical blood
flow characteristics, which is, however, limited in small
parathyroid adenomas [7, 8]. A further improvement of
the detection accuracy of pathologic parathyroid glands
with cross-sectional or functional imaging is therefore
quite desirable.

Recently, 8F_fluorocholine PET/CT and ''C-choline
PET/CT, otherwise used for diagnosing recurrent prostate
carcinoma, were found able to identify pathologic para-
thyroid glands using [9-13]. Choline tracers used in PET
are agents which have been found to accumulate not only
in prostate cancer metastases, but also in many other tu-
mors as well as in inflammatory tissue. Choline is a phys-
iological component of cell membranes. Choline expres-
sion is increased in neoplasms with high membrane turn-
over, such as parathyroid adenomas. As a result, and to
further improve focused parathyroid surgery, we intro-
duced this imaging technique into clinical routine in our
institution in November 2013. Here we report on our re-
sults with '®F-fluorocholine hybrid PET to localize path-
ologic parathyroid glands in patients with negative, weak
or conflicting location diagnostics by ultrasound and
scintigraphy.

Fig. 1 Minimally invasive
surgery: Sufficient incision width
of a 2-cm diameter (left); swift
adenoma detection and
mobilization using a 30° optic,
called minimally invasive video-
assisted parathyroidectomy
(MIVAP)

Materials and methods
Inclusion criteria

1. Patients diagnosed with hyperparathyroidism by special-
ists in endocrinology and nephrology, according to cur-
rent clinical guidelines [14].

2. Patients with negative, discordant or equivocal results of
ultrasonography (US) and scintigraphy (dual-isotope sub-
traction SPECT using 1123 and Tc-99m-tetrofosmin), in
whom it therefore was not possible to unambiguously*
locate the pathologic parathyroid gland(s).

*We regarded a result as “ambiguous” when either a
negative SPECT was paired with a negative or question-
able ultrasound finding (intrathyroid, small lesion or non-
hypoechogenic ultrasound image) or when the ultrasound
showed an adenoma on the opposite side of the SPECT.

Dual-isotope subtraction SPECT was regarded doubt-
ful when the subtraction showed only faint uptake that
could not be clearly interpreted as adenomacs).

Exclusion criteria

1. Patients with previous surgery for hyperparathyroidism.

2. Patients in whom the location of the pathologic gland
discerned by ultrasound and/or scintigraphy was very
likely to be accurate.

3. Patients with documented refusal of general consent to
participate in retrospective studies.

Methods

— Dual-isotope scintigraphy was performed as SPECT
using 25 MBq of 1123 and 525 MBq of Tc-99m
tetrofosmin. Subtraction of datasets was performed man-
ually using PMOD 3.5 (PMOD technologies GmbH,
Zurich, Switzerland).
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— Al PET scans were acquired on time-of-flight scanners
(Discovery PET/CT 690 VCT, or Signa PET/MR, GE
Healthcare, Waukesha, WI, USA). The PET protocol
was almost identical on both systems. The total PET ac-
quisition time was 12—16 min. No fasting and no uptake
period were required. The administered standardized dose
was 150 MBq of FCh (mean: 151 MBq +/- 16 MBq). The
PET scan covered 2—4 bed positions, reaching from the
vertex of the skull to the upper abdomen (Z axis scanning
length of 60 cm). Further detail on image acquisition is
given in Tables 1 and 2.

While PET/CT was used in the initial 11 patients, we
started using PET/MR with the availability of this technol-
ogy at our institution. No attempt is made in this study to
analyze advantages of one of these hybrid techniques over
the other. The interest in the analysis presented is on the
PET detection rate. The change from PET/CT to PET/MR
has been motivated by the fact that MRI has been preferred
over CT in benign head and neck pathology since the
1980s [1].

The primary goal of our study was to determine the
methods’ success rate in identifying the pathologic
gland(s) in patients where the two conventional methods
failed to do so. The reference standard for the correct lo-
cation of an adenoma was based on the results of surgical
exploration, confirmed by frozen section and intraopera-
tive drop in parathyroid hormone [PTH] serum concentra-
tion by at least 50% 10 min after adenoma removal.
Incidental findings of FCh-PET and postoperative success
rates were also assessed. Neither the accuracy of ultra-
sound and scintigraphy were calculated, as the patient co-
hort was a negative selection, owing to the study design.
Sensitivities, specificities and positive predictive values for
dual-isotope Tc-99m—tetrofosmin/Tc-99m-sestamibi and I-
123 sodium iodide SPECT have been reported before (also
by our group) [5, 6, 15].

Results

Between November 2013 and February 2017 (40 months), 26
patients met the inclusion criteria mentioned above (20 fe-
males, 76.9%, and 6 males, 23.1%, ratio: 3.3:1) and were
included in the study. Median age was 60 years (range 24—
83). Twenty-four patients (92.3%) had been diagnosed with
primary hyperparathyroidism (PHPT), one (3.85%) with sec-
ondary hyperparathyroidism (SHPT) and one (3.85%) with
HPT in the context of MENI. In all patients, the serum PTH
was measured preoperatively, with a median of 110.8 ng/l
(range: 54.9-257.6 ng/l, reference range: 15-65 ng/l). The
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Table 1 Acquisition parameters for PET/CT imaging

Acquisition parameters for PET/CT imaging

Parameter
CT
Tube voltage 120 kV (peak)
Reference tube current 12.35 mA/slice

Automated dose modulation 15-80 mAs/slice

range
Collimation 64 % 0.625 mm
Pitch 0.948:1

Rotation time 0.5s

Rotation speed 39.37 mm/rotation
Coverage speed 78.75 mm/s

FOV 50 cm

Noise index 20

Iterative (ASIR, GE Healthcare)

Soft-tissue images (non-overlapping)

Reconstruction algorithm

Kernel Medium smooth convolution
Window center/width 40/400 HU

Slice thickness 1.25 mm

Isotropic pixel size 0.625 mm

Matrix 512 x 512 pixels

FOV 50 cm

Lung window images (non-overlapping)

Kernel Sharp convolution

Window center/width -600/1200 HU

Slice thickness 1.25 mm

Isotropic pixel size 0.625 mm

Matrix 512 x 512 pixels

FOV 30-35 cm, depending on chest size
PET (3D mode)

Scan duration 3 min/bed position

Bed positions 3—4, depending on patient size
Axial FOV

Emission data correction

153 mm

Randoms, dead time, scatter,
attenuation

Attenuation-corrected images

Reconstruction algorithm  Iterative (3D TOF OSEM, GE

Healthcare)
Reconstruction parameters 3 iterations, 18 subsets
Matrix size 256 x 256 pixels

Notes: AsIR: Adaptive statistical iterative reconstruction, FOV: field of
view, HU: Hounsfield unit, OSEM: ordered subset estimation maximiza-
tion, PET/CT: positron emission tomography/computed tomography,
TOF: time of flight

corrected preoperative serum calcium concentration ranged
from 2.51 to 3.03 mmol/l (median: 2.66 mmol/l).

Ultrasound In eight patients (30.8%), no adenoma could be
found. In 18 (69.2%), a lesion suspicious for an adenoma was
described; nine of them predicted the correct side (50%).
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Table2  Acquisition parameters for PET/MR imaging

Table 2 (continued)

Acquisition parameters for PET/MR imaging

Acquisition parameters for PET/MR imaging

Parameter

T1-weighted LAVA-Flex (axial)

TR/TE [ms] 4.3/1.3 (OP), 2.6 (IP)
Flip angle 12°

Partial Fourier 0.9%

TI [ms] N/A

Parallel imaging acceleration 2
factor

Slice thickness [mm] 4.0

FOV [cm] 50

Acquisition matrix 288 x 224 pixels
Receiver bandwidth [kHz]  142.86
Acquisition time per body 18

section [s]

Body sections per patient 4

Total acquisition time [min] ca. 2

Coverage Vertex to upper abdomen
T2-weighted (coronal)

TR/TE [ms] 6647/120

Flip angle 111°

Partial Fourier N/A

TI [ms] N/A

Parallel imaging acceleration 1
factor

Slice thickness [mm] 5

FOV [cm] 48

Acquisition matrix 288 x 224 pixels
Receiver bandwidth [kHz]  90.91
Acquisition time per body 60

section [s]

Body sections per patient 2

Total acquisition time [min] ca. 2

Coverage Vertex to upper abdomen
T1-weighted FSE (axial)

TR/TE [ms] 8.1/2.1

Flip angle 15°

Partial Fourier N/A

TI [ms] N/A

Parallel imaging acceleration 2Phase/lslice
factor

Slice thickness [mm] 4.0

FOV [cm] 24

Acquisition matrix 320 x 256 pixels
Receiver bandwidth [kHz]  83.33
Acquisition time per body ~ N/A

section [s]

Body sections per patient ~ N/A

Total acquisition time [min] 0:56

Coverage Neck

T2-weighted IDEAL fat sat (axial)

TR/TE [ms] 5414/80
Flip angle 142°
Partial Fourier N/A

TI [ms] N/A
Parallel imaging acceleration 2
factor

Slice thickness [mm] 4.0
FOV [cm] 24
Acquisition matrix 320 x 256 pixels
Receiver bandwidth [kHz]  83.33
Acquisition time per body ~ N/A

section [s]
Body sections per patient ~ N/A

Total acquisition time [min] 3:48

Coverage Neck
T2-weighted STIR (coronal)

TR/TE [ms] 12387/45
Flip angle 142°
Partial Fourier N/A

TI [ms] 175
Parallel imaging acceleration 2
factor

Slice thickness [mm] 3.5

FOV [cm] 26

Acquisition matrix 256 x 192 pixels
Receiver bandwidth [kHz]  50.0

Acquisition time per body ~ N/A
section [s]
Body sections per patient ~ N/A

Total acquisition time [min] 4:57
Coverage Neck
PET (3D mode)

Scan duration 3 min/bed position

Bed positions 24, depending on patient size

Axial FOV 246 mm

Emission data correction Randoms, dead time, scatter,
attenuation

Attenuation-corrected images

Reconstruction algorithm Iterative (3D TOF OSEM, GE

Healthcare)
Reconstruction parameters 2 iterations, 28 subsets
Matrix size 256 x 256 pixels

Notes: FOV: field of view, FSE: fast spin echo, IDEAL.: iterative decom-
position of water and fat with echo asymmetry and least-squares estima-
tion, IP: in phase, LAVA: liver acquisition with volume acquisition, N/A:
not applicable, OP: opposed phase, OSEM: ordered subset estimation
maximization, PET/MR: positron emission tomography/magnetic reso-
nance, STIR: short TI inversion recovery, TE: time to echo, TI: inversion
time, TOF: time of flight, TR: time of repetition
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Scintigraphy In 24 patients (92.3%), no adenoma was detected
or was equivocal. In two (7.7%), a location was described but
conflicted with ultrasonographic findings (opposite side).

All patients underwent a FCh-PET/CT (n=11) or FCh-
PET/MRI (n = 15) scan. FCh-PET was negative in one patient
(3.85%) only. In 23 patients, a single location was identified
(Fig. 2), and in 2 patients, 2 locations (Fig. 3) were identified.
In 12 patients (46.2%), FCh uptake was located at the left-
sided lower pole of the thyroid gland, adjacent to the trachea,
representing the most common location. Other locations in-
cluded the right lower pole (z = 11) and two separate locations
(n=2). In 7 patients (26.9%), an adenoma could be localized
by ultrasound, scintigraphy and FCh-PET. However, there
was either a discrepancy between the two first exams or there
was reasonable doubt whether the location predicted by scin-
tigraphy and ultrasound was correct, meaning that the lesion
seen on ultrasound was very small (<5 mm), isoechogenic

Fig. 3 Patient with bilateral adenomas: right upper mediastinum (arrow)
and left paratracheal space (arrowhead)

Fig. 2 Negative dual-isotope 0.0

subtraction SPECT, but positive lod 123 |
localization of a culprit gland on
FCh-PET/CT. The upper row
(1123 SPECT) and middle row
(1123/Tc-99m SPECT :
subtraction) show a conventional f
scan that is negative for a

parathyroid adenoma. The lower AL | "W
row (FCh-PET/CT) shows a FCh-
positive adenoma (red arrow) at
the left lower thyroid pole
(coronal view lefi, axial view
right) (0 .0 :
Subtraktion Y )

o

n 5000.001
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compared with thyroid tissue, ill-defined on ultrasound or not
clearly localizable by scintigraphy. In five of those, the loca-
tion predicted by FCh-PET was identical with both ultrasound
and scintigraphy. The two cases identified on scintigraphy,
which had conflicting ultrasound findings, were correct on
FCh-PET.

All patients were operated upon at our institution. In 12
patients (46.2%), the operation was minimally invasive and
video-assisted (MIVAP); in the rest (53.8%); the operation
was minimally invasive or open (Kocher incision). Open sur-
gery was planned from the outset if the normal anatomy was
distorted by previous surgery (n=4; e.g. after previous thy-
roidectomy) or if a patient was under platelet aggregation
inhibition. An intraoperative conversion to open surgery was
done if the intraoperative blood loss was higher than expected
(n=4). No complications were documented (permanent re-
current laryngeal nerve palsy, postoperative bleeding, wound
infection). Treatment effectiveness was documented by con-
sidering frozen section results (confirmed hyperplastic para-
thyroid tissue) and at least 50% PTH drop 10 min after exci-
sion compared to the preoperative value.

In two patients, the intraoperative PTH drop was initially
less than the expected 50%, and further exploration revealed a
more posteriorly located adenoma (the location predicted by
FCh-PET was still correct, the adenoma was just somewhat
more posterior than usual; e.g. descended upper adenoma pos-
terior to the recurrent laryngeal nerve). In another 2 patients,
the PTH drop was less than 50% 10 min after removal of the
pathologic gland, but in the frozen section, there was no doubt
that the parathyroid adenoma had been identified and removed
completely. In both patients, Ca** levels and PTH levels were
within the physiologic range postoperatively. In 19 of 26 pa-
tients (73.1%), a follow up of at least 6 months was document-
ed, and in all of them, the serum concentration of PTH and
Ca™ maintained normal levels. No patient has needed revi-
sion surgery so far (median follow-up 17 months; range: 1—
37).

By FCh-PET, only in 1 out of 26 patients (3.9%), no para-
thyroid adenoma was found (sensitivity of 96.2%). The loca-
tion predicted by FCh-PET was confirmed intraoperatively in
all cases where FCh-PET was positive, reverting to a positive
predictive value of 100%.

Discussion

Parathyroid surgery used to be a time-consuming procedure
where the position of all parathyroid glands had to be explored
(four-gland exploration). The experience of the surgeon was
and is the main indicator for success. Intraoperative frozen
sections and PTH measurement were crucial steps to increase
the surgical success rate. With the development of high-
resolution ultrasound and other cross-sectional imaging

modalities, the success rates further increased to a point where
focused approaches became possible and a wide exploration
to identify the potential whereabouts of pathological glands
was no longer necessary. However, even by a combination of
ultrasound and scintigraphy, it is not always possible to locate
the gland of interest. In our cohort, ultrasound was falsely
positive more often than dual-isotope scintigraphy, which
was falsely negative in most patients. False positive results
are less commonly achieved with scintigraphy than with ul-
trasound, because structures that might mimic parathyroid ad-
enomas on ultrasound (e.g. lymph nodes) are consistently
negative on scintigraphy [6, 16].

Although FCh-PET has been described for location diag-
nostics of parathyroid adenomas before [9-13, 17-19], our
study represents the first meticulously documented applica-
tion where only a regionalized PET scan was performed.
The axial FOV (Z axis) of 51-82 cm was sufficient to cover
all potential parathyroid adenoma locations from the skull
base to the diaphragm (actual Z axis coverage depending on
patient size; 2—4 bed positions per patient, 15/25 cm axial
coverage per bed position with an overlap of 24%).

Compared with the studies of Michaud et al. [20, 21],
where a sensitivity of 89% was reported for the detection of
parathyroid adenomas, our results were slightly higher
(96.2%). However, this may be due to our highly selected
cohort and comparably lower number of patients with second-
ary hyperparathyroidism. Kluijthout et al. [22] also investigat-
ed the benefit of 18F-fluorocholine PET/CT in patients where
ultrasound and Tc-99m-sestamibi SPECT/CT failed to detect
an abnormal gland. In 4 of 5 patients (80%), the method en-
abled minimally invasive parathyroidectomy. In the study of
Orevi et al. [23], the detection rate of parathyroid adenoma by
11C-choline PET/CT was higher as with Tc-99m sestamibi
scintigraphy, but sensitivity was not calculated due to lack of
complete surgical validation. A similar sensitivity of 18F-
fluorocholine PET as in our study was reported by Lezaic
et al. [24] (92%).

Since our study analyzed the diagnostic performance of
FCh-PET in patients where SPECT failed to detect a culprit
lesion, the diagnostic accuracy of other scintigraphic methods
reported in the literature is not directly comparable with the
results of our study, owing to a different selection of patients.
A prospective direct comparison of different scintigraphic
methods, including FCh-PET, in a larger general population
of patients with pHPT is desired. To date, mainly retrospective
studies or studies with mixed populations of pHPT and sHPT
exist [21-23]. One prospective study in pHPT patients, in-
cluding 24 patients, reported higher sensitivity and equal spec-
ificity of FCh-PET compared to different SPECT/CT tech-
niques [24]. We acknowledge that our study used SPECT
and not SPECT/CT. SPECT/CT might have helped in some
of the ambiguous cases. While most studies on this topic re-
port SPECT/CT to be somewhat superior to SPECT for
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localizing parathyroid adenomas, other authors could not
show an advantage of SPECT/CT over SPECT and suggested
to refrain from the additional radiation exposure. However,
SPECT/CT is currently considered the standard of care
[25-27].

In our study, we had no false positive results. Potential false
positives on FCh-PET would include, but are not limited to,
thyroid nodules, inflammatory lymph nodes, and nodal me-
tastases. Due to the high positive predictive value of FCh-
PET, we could demonstrate that even in unclear cases, focused
surgery with a swift detection of the pathologic gland is fea-
sible. Even though costs for FCh-PET are still reasonably
high, the achieved saving of operative time justifies its appli-
cation, not only if ultrasound and scintigraphy fail to detect the
pathologic gland.

Radiation exposure Patients with hyperparathyroidism are of-
ten young and they are suffering from a benign disease.
Therefore, they have a comparably high life expectancy.
Reducing the effective radiation dose in these patients is even
more appreciable than in oncologic patients. Compared to
dual-isotope scintigraphy with 10 to 15 mSv and dual-phase
scintigraphy with 3 to 8 mSv [28], FCh-PET/MR using
150 MBq yields an estimated effective dose of approximately
2.5 mSv [29]. This aspect has already been discussed by van
Raalte et al. [30] in their case series.

Cost-effectiveness The expenses in Switzerland for scintigra-
phy are approximately 1700 CHF (Swiss Francs; ~1660 USS$).
In case of negative or conflicting results, we would opt for an
MRI (800 CHF; ~781 US$). Taken together, the costs are
2500 CHF (~2440 USS$). The costs for an FCh-PET are ap-
proximately 2600 US$ which is insignificantly more expen-
sive. Moreover, the additional costs are well spent, given the
high sensitivity and positive predictive value, allowing a time-
saving focused operating technique. One drawback of FCh-
PET in HPT patients is still the unavailable reimbursement by
most health insurances for this indication.

Summary

FCh-PET was found able to accurately detect parathyroid ad-
enoma(s) in patients with hyperparathyroidism in whom lo-
calization by ultrasound and scintigraphy failed, thereby facil-
itating a swift intraoperative detection by minimally invasive
(and video-assisted) techniques. We therefore encourage its
use not only in cases where ultrasound and/or scintigraphy
are not successful in detecting the location of the adenoma
or have led to conflicting results, but also in cases where no
gland can be detected by ultrasound. This recommendation is
also supported by considerably less radiation exposure from
FCh-PET/MR than from conventional scintigraphy used for
parathyroid adenoma localization. FCh-PET might become

@ Springer

the new standard of care in location diagnostics for parathy-
roid adenomas, at least if other imaging modalities failed to
detect a culprit parathyroid gland.
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