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Abstract

Purpose We aimed to evaluate the power of 18F-fluorocholine (FCH) positron emission tomography/magnetic resonance
(PET/MR) imaging in unlocalized primary hyperparathyroidism.

Methods Thirty-four patients were included. In 17/34 patients, PET/MR was performed immediately after a negative 18F-
FCH PET/CT. Sensitivity, specificity, positive and negative predictive values were calculated for MR only (blinded to PET
data) and PET only (blinded to MR data) findings.

Results 18F-FCH PET/MR was positive in 26/34 (76%) patients. PET/MR was also positive in 12/17 (71%) patients with a
negative PET/CT. Among 11/34 (32%) patients where 18F-FCH PET-only and MR-only results were discordant, MR was
false positive in 7/11 patients (3/7 of the lesions were not 18F-FCH avid and in 4/7 of them PET and MRI pointed different
locations. Postoperative histopathology revealed that 18F-FCH-positive ones were true positives). Sensitivity, specificity,
PPV, NPV and accuracy of neck MR evaluated blinded to PET data were 80%, 50%, 70%, 64% and 68%, respectively, and
all were calculated as 100% for PET/MR.

Conclusion 18F-FCH PET/MR is very effective in preoperative localization of parathyroid adenomas even if 18F-FCH
PET/CT is negative. Neck MR alone is insufficient in detecting parathyroid adenomas but PET/MR combination helps in
precise localisation.
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Introduction

Primary hyperparathyroidism is a common endocrine dis-
order in routine clinical practice. Single adenoma is the
most common cause of primary hyperparathyroidism and
minimally invasive parathyroid surgery is now the preferred
therapeutic method [1]. Accurate preoperative localization
of the hyper functioning parathyroid gland is essential for
a successful selective regional approach in surgery. Neck
ultrasonography (USG) performed in experienced hands and
Tc-99 m MIBI dual-phase parathyroid SPECT and SPECT/
CT provide efficient preoperative anatomical localization
in a great majority of patients with a given high positive
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predictive value [2]. These relatively simple, cheap and
widely available conventional methods may be inconclusive
in some patients. 18F-choline PET/CT has emerged as an
alternative functional imaging method in primary hyperpar-
athyroidism with inconclusive USG and scintigraphy. There
exists an accumulated data on the efficacy of this new tracer
in this era. In a recent study, reported sensitivity, positive
predictive value (PPV) and overall diagnostic rate (DR) for
18F-FCH PET/CT in primary hyperparathyroidism was
95%, %97 and %91, respectively [3].

Being the preferred imaging method for local staging
of head and neck tumors, neck MRI was also proposed as
an alternative for parathyroid imaging. MRI provides ana-
tomical information very close to real anatomy confronted
during surgery. The exact number and localization of the
parathyroid lesions can be seen by MRI. Negligible radiation
exposure compared to CT or scintigraphy and easier dis-
crimination of adenomas from thyroid nodules are the other
advantages reported for neck MRI. However, the reported
sensitivity of 1.5 T neck MR in parathyroid localization
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ranges between 40 and 80% [4]. Special imaging protocols
have also been defined for 3 T imaging so that detection of
a parathyroid adenoma with a typical elongated morphol-
ogy and T2-hyperintensity could be possible, but efficacy
of 3 T MRI and superiority over other imaging methods in
parathyroid imaging is still uncertain [5].

PET/MR technology provides better anatomical data
from PET/CT due to the obvious superiority of MRI in
soft tissue imaging [6]. Quality of PET images obtained
by PET/MRI is also argued to be better than PET/CT [7].
Thus, 18F-choline PET/MR is hypothetically predicted to
be very effective as it combines the best anatomical and the
most sensitive functional imaging data with a more favora-
ble radiation dosimetry. However, there is no efficient data
about its specific role in parathyroid imaging. In this study,
we aimed to evaluate the power of 18F-FCH PET/MR imag-
ing in localization of hyperfunctioning parathyroid gland in
primary hyperparathyroidism.

Methods
Patients

Data of the patients (age > 18) who were referred to
Ankara University Medical Faculty Nuclear Medicine
Department for 18F-FCH PET imaging between Octo-
ber 2018 and March 2019 with clinically and/or bio-
chemically diagnosed primary hyperparathyroidism were
reviewed retrospectively. According to local regulations,
no institutional ethics committee approval is needed for
retrospectively designed studies. All patients included had
previously performed inconclusive neck USG and Tc-99 m
MIBI SPECT examinations. Contraindications for a PET/
MR study were (i) claustrophobia, (ii) implanted non-MR

safe devices, cerebral aneurysm clips or cochlear implants,
(iii) inability to cooperate with breath-hold instructions,
(iv) overweight, and (v) existence of serious other cardiac-
respiratory diseases with high risk of decompensation.
Criteria for exclusion from the study were (i) secondary
or tertiary hyperparathyroidism, (ii) existence of chronic
renal disease, and (iii) evidence of any other malignancy
including thyroid and parathyroid carcinoma. History
of previous thyroid/parathyroid surgery, osteoporosis or
nephrolithiasis, recent serum PTH, Ca, P levels, urinary
Ca excretion/24 h, neck ultrasonography and Tc-99 m
MIBI parathyroid SPECT/CT findings, clinical follow-up
results as well as results of histopathological examinations
in cases who underwent parathyroidectomy were recorded.

18F-FCH PET/MR protocol

PET/MR images of the neck and thorax were acquired
with a combined PET/MR scanner (Signa PET/MR, 3.0 T,
General Electric Company, USA) 45-60 min after intra-
venous injection of approximately 100 MBq 18F-FCH
in supine position. Simultaneous PET and MR images
of neck and thorax were acquired for a total of 20 min
(Fig. 1). MR imaging protocol parameters were as fol-
lows: coronal T2 turbo spin echo (TSE): FOV: 26 cm, slice
thickness/gap: 4 mm/1 mm, TR: 3000, TE: 85, flip angle
(FA): 140, NEX: 2; coronal T1 fast spin echo (FSE): FOV:
26 cm, slice thickness/gap: 4 mm/1 mm, TR: 680, TE: min
full, FA: 110, NEX: 2; axial T2 FSE: FOV: 26 cm, slice
thickness/gap: 5 mm/1 mm, TR: 3100, TE: 85, FA: 140,
NEX: 2; axial T1 FSE: FOV: 26 cm, slice thickness/gap:
5 mm/1 mm, TR: 469, TE: min full, FA: 110, NEX: 2 PET
images were reconstructed with MR images on Advance
Workstation Volume share 5 (GE Medical Systems).

: CA S

| Localizer MRAC CorT1 | Cor STIR AXT1 Ax STIR
----------- J : : : : (50400, PET
00:18 02008  Ho3:458 02:00 0345 2
- ADC
RS0

Fig. 1 Workflow scheme of 18F-FCH PET/MR study protocol

@ Springer



European Archives of Oto-Rhino-Laryngology (2022) 279:2583-2589

2585

Image and data interpretation

All PET/MR images were separately reevaluated by a
nuclear medicine specialist and a radiologist retrospectively.
A focal uptake higher than adjacent background activity
located in the neck or mediastinum with a corresponding
nodular lesion on MR was accepted as positive for parathy-
roid adenoma on PET images. A nodular lesion was defined
to be suspicious for a parathyroid adenoma on MRI in case
the lesion showed intermediate-low signal intensity on T1
images but high signal intensity on STIR images and had
elongated appearance. MR images alone were reevaluated
to seek for a parathyroid lesion, blinded to the PET data
and compatibility of the results of PET alone and MR alone
studies were investigated.

Statistical analysis

The descriptive statistics of the variables were performed
(mean, median and 25-75% range). Results of 18F-FCH
PET/MR results were confirmed by clinical follow-up and/
or histopathological examination results. Compatibility of
PET/MR and MR studies were statistically analyzed using
Pearson’s Chi-square test. Per patient sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and accuracy were calculated for 18F-FCH PET/MR
and MR alone without PET data. Values of p less than 0.05
were significant. Statistical analysis was performed using the
Statistical Package for Social Sciences—SPSS 17.0 (Chi-
cago, Illinois, USA).

Results

A total of 34 patients (12 M, 23F, mean age: 49.5 + 13.5 min:
18 max: 70) who met the inclusion criteria were enrolled in
the study. Among these patients, 17 patients who were eli-
gible to MRI study had directly undergone PET/MRI. In 17
patients; however, a PET/MR study was performed follow-
ing 18F-FCH PET/CT, due to inconclusive PET/CT results.

In 26/34 (76%) patients, 18F-FCH PET/MR was positive
for a parathyroid adenoma. Confirmation was made by his-
topathology in 18/26 (69%) patients and by parathormone
washout in 2/26 (8%) patients. Surgery was not performed
due to unavailability of patient’s consent or non-complicated
disease in 6/26 (23%) patients but were accepted as true pos-
itives by clinical follow-up. In 8/34 (24%) patients, 18F-FCH
PET/MR was normal. They were accepted as true negatives
and none of them underwent surgery. Thus, overall sensitiv-
ity, specificity, PPV, NPV and accuracy of 18F-FCH PET/
MR was 100%.

Separate head-to-head comparison results were as fol-
lows: In 23/34 (68%) of the patients, 18F-FCH PET only

(blinded to MR data) results were compatible with MR only
(blinded to PET data) evaluation results (K =0.31 p <0.05).
In this concordant group, 7/23 (30%) patients were clini-
cally accepted true negatives and 16/23 (70%) true positives.
Confirmation was done by histopathology in 12/16 (75%)
patients, by parathormone washout in 1/16 (6%) patients and
by clinical follow-up results in 3/16 (19%) patients.

In 11/34 (32%) patients, 18F-FCH PET only and MR
alone were discordant. MR was false positive in 7/11
patients. Among these, 3/11 of the lesions were not 18F-
FCH avid and patients were not directed to surgery, in 4/11
of them choline avid lesion and the lesion suggestive of an
adenoma on MRI were completely two different lesions.
Postoperative histopathology revealed that the choline-pos-
itive ones were adenomas and MRI was misdirecting, the
surgically removed choline avid lesion was not suggestive of
an adenoma on MRI (false negative for MR study). Sensitiv-
ity, specificity, PPV, NPV and accuracy of neck MR study
evaluated blinded to PET data were calculated as 80%, 50%,
70%, 64% and 68%, respectively. Together with descriptive
characteristics, detailed results of separate evaluation find-
ings are given in Table 1.

In 17/34 (50%) patients, PET/MR was performed imme-
diately after PET/CT study, due to inconclusive or negative
PET/CT results. In 12/17 (71%) patients, PET/MR was posi-
tive for a parathyroid adenoma (confirmed histopathologi-
cally in 7/12 (58%), with washout in 2/12 (17%) and clini-
cally in 3/12 (25%) patients (Fig. 2). In 5/17 of them, PET/
MR was also negative (true negatives).

Discussion

18F-choline has recently gained popularity in parathyroid
imaging by many studies published one after another, show-
ing its superiority over Tc-99 m MIBI and by PET/CT cam-
eras became available now worldwide. Some authors have
argued that 18F-choline is ready to replace Tc-99 m MIBI,
with high accuracy in localization of hyper functioning
parathyroid tissue [8—10]. MRI is frequently used in head
and neck tumors but its use in parathyroid tumors is still
unclear [11]. The leading anatomical imaging modality for
parathyroid is USG because it is a safe and a simple method
to scan the neck at a lower cost. However, in challenging
cases where scintigraphy and USG combination is insuf-
ficient, together with other tracers for functional imaging,
further radiological protocols have also been suggested to
be effective in unlocalized disease. The detectability of para-
thyroid glands has been reported to be increased by new
developments in MR technology. Additionally, negligible
radiation exposure is a very important advantage of MR over
4D CT, scintigraphy and PET/CT [12, 13]. Now that PET/
MR is also available in selected centers, investigations have
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changed direction to prove the hypothesis that PET/MR with
18F-choline is probably the most accurate method for para-
thyroid imaging, due to the reasons previously mentioned. In
this study, we also aimed to investigate overall accuracy of
18F-choline PET/MR in primary hyperparathyroidism. The
accuracy of 18F-choline PET alone and MR alone were also
compared and a head-to-head comparison of PET/CT and
PET/MR in the same subjects was also partially possible.

The results proved that 18F-choline PET/MR has a very
high accuracy rate in localization of parathyroid adenomas,
as expected. However, there exists an important limitation
of the study in this context, as histopathological confirma-
tion or PTH washout was not possible for all cases, although
imaging findings were strongly suggestive of a parathyroid
adenoma for cases rated as true positives and laboratory
findings were not typical for primary hyperparathyroidism
for cases clinically rated as true negatives. Neck exploration
for preoperatively unlocalized disease was not preferred for
uncomplicated disease.

3 T MRI provides a higher magnetic power than 1.5 T
machines and thus a much effective and homogenous fat
suppression. Parathyroid lesions, which are very poor in fat
content, were demonstrated to be visible on 3 T MR, even
in subcentimetric dimensions and neck MR with 3 T was
reported to be effectively used as a second step in parathy-
roid imaging. Hyperintensity on T2-weighted images and
elongated morphology were defined as common features of
a parathyroid adenoma on MR [5]. However, the authors
underlined that both two characteristics were not specific
enough to define a parathyroid adenoma, as other patholo-
gies of the same anatomic region like exophytic thyroid
nodules or lymph nodes may also appear the same [14-16].
Our findings support these previous data, as we calculated
a sensitivity of 80% and a specificity of 50% for MR only
evaluation of the neck, while the accuracy was 100% when
PET and MR data were combined. Compared to evaluation
according to 18F-choline avidity, these parameters fail to
distinguish some parathyroid adenomas from other patholo-
gies regarding to the false-positive lesions on MR. Thus, MR
imaging was mainly helpful in precise anatomic localization
rather than identifying the hyperfunctioning parathyroid.

Contrast-enhanced imaging protocols on MR were
also developed for parathyroid imaging. Faster and higher
enhancement was suggested to be helpful in defining a para-
thyroid adenoma [4, 17-19]. Intravenous contrast was not
administered in this study protocol. One may advocate that
it would be helpful in distinguishing parathyroid lesions
from other pathologies if contrast was injected and that
MR would reach a higher success rate, close to 18F-cho-
line-only interpretation. However, it has been reported that
lesions with typical contrast enhancement suggestive of a
parathyroid adenoma were already recognized on precontrast
T2-weighted images and contrast usage can be spared only

for crosscheck in borderline cases [5]. Thus, imaging proto-
col used in this study seems to be reliable enough for a head-
to-head comparison of detection abilities of blinded MR only
and blinded 18F-choline PET only images. 18F-choline is
more sensitive than neck MR alone in detecting parathyroid
adenomas. However, neck MR is highly informative in defin-
ing soft tissue lesions corresponding to the focal 18F-choline
uptake site and precise localization of parathyroid lesions by
demonstrating adjacent anatomical structures in the neck.

To the best of our knowledge, this study presents the
first data on head-to-head comparison of 18F-choline PET/
MR and PET/CT in the same patients. It is obvious that
PET/MR outperforms PET/CT in parathyroid imaging by
18F-choline. In this study, PET/MR was positive for a para-
thyroid adenoma in 12/17 (71%) patients with a negative
PET/CT. One reason for higher detectability of PET/MR
over PET/CT is the improved PET instrumentation adopted
in hybrid PET/MR devices. Higher sensitivity provided by
digital PET technology, more successful registration and
superior motion correction abilities, all contribute to much
better image quality [20].

Another thing is that PET/MR was performed immedi-
ately after PET/CT in this study. This sooner acquisition
of the second PET study may have led to higher target to
background ratio and thus better delineation of parathyroid
lesions. Similar dual time point imaging techniques have
been proven to be useful in some other tumors, although it
is not yet defined for parathyroid imaging with 18F-choline
[21]. Unlike the settled PET/CT protocol, where CT and
PET scans were performed one after another, PET and MR
acquisitions were performed simultaneously on PET/MR.
This provided a longer PET acquisition time with PET/MR
and higher count statistics compared to PET/CT which prob-
ably also has increased the detectability rate.

It was reported that absorbed radiation doses for 18F-cho-
line PET/CT were much less than Tc-99 m MIBI SPECT/
CT [22]. Hybrid PET/MR imaging instead of PET/CT of
course provides even better dosimetric results compared to
standard scintigraphic method in hyperparathyroidism. This
is another important advantage of PET/MR over PET/CT
and SPECT/CT.

Despite several advantages of PET/MR over PET/CT, it
also has some disadvantages. First of all, MR imaging is
relatively troublesome for the patients. Longer acquisition
time of MR imaging usually interrupts patient comfort, espe-
cially in claustrophobic patients. Second, the higher cost and
much less availability of PET/MR devices around the world
is probably the most important and limiting disadvantage
to mention.

This study presents the novel data on the head-to-head
comparison of detectability power of 18F-choline only and
MR only studies as well as 18F-choline PET/CT and PET/
MR in the same patients for preoperative localization in
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Fig.2 18F-FCH PET/CT and PET/MR images of a 54-year-old male
(Patient no.: 11). Blood biochemical tests were as follows: serum
PTH: 90.9 ng/L, Ca:11.0 mg/dL, P:2.2 mg/dL. The patient had no
coexisting thyroid disease. No pathological uptake suggestive of a
parathyroid adenoma was detectable by PET/CT but and intense focal

primary hyperparathyroidism, despite some limitations. The
patient group is relatively small for other primary hyperpar-
athyroidism series published, but still seems to be a good
representative of the interested population, as unlocalized
primary hyperparathyroidism cases referred to choline PET/
MR are relatively rare and that not all patients could undergo
surgery due to previously mentioned reasons. Some true-
positive and true-negative cases were regarded so according
to clinical follow-up.

Conclusion

18F-FCH PET/MR has an excellent performance for pre-
operative localization of parathyroid adenomas where neck
USG and Tc-99 m MIBI scintigraphy are negative. Neck
MR alone may not be efficient enough in the preoperative
assessment of primary hyperparathyroidism, but combined
18F-FCH PET/MR data is much superior in identification
of parathyroid adenoma. 18F-FCH PET/MR may be also
be considered as an effective second step in patients whom
18F-FCH PET/CT has failed.
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pathological uptake (SUVmax:6.1) was detected corresponding to
6X4mm nodular lesion visualized isointense on T1-weighed images
and hyperintense on T2-weighed images and located in the posterior
neighborhood of the inferior pole of the left lobe of the thyroid gland
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