Annals of Nuclear Medicine (2020) 34:601-619
https://doi.org/10.1007/5s12149-020-01507-1

REVIEW ARTICLE q

Check for
updates

'8E-choline PET/CT and PET/MRI in primary and recurrent
hyperparathyroidism: a systematic review of the literature

Laura Evangelista’© - llaria Ravelli’ - Fabio Magnani' - Maurizio lacobone? - Chiara Giraudo? - Valentina Camozzi* -
Alessandro Spimpolo'%3#> . Diego Cecchin’

Received: 22 June 2020 / Accepted: 26 July 2020 / Published online: 7 August 2020
© The Author(s) 2020

Abstract

The aims of the present systematic review were to: (1) assess the role of 8F_fluorocholine (FCH) positron emission tomog-
raphy (PET) with computed tomography (CT) and PET with magnetic resonance imaging (MRI) in patients with biochemi-
cally known hyperparathyroidism; (2) compare the diagnostic performance of FCH PET/CT or PET/MRI with conventional
morphological and functional imaging. A literature search until December 2019 was performed in the PubMed, Scopus and
Web of Science databases, using the terms “choline” AND “PET” AND “hyperparathyroidism”. The search was conducted
with and without the addition of filters (e.g., language: English only; type of article: original article; subjects: humans only)
and selecting only articles published in the last 5 years. Twenty-three articles and 1112 patients were considered. Different
FCH PET/CT acquisition protocols were adopted across the studies, using dynamic, early or delayed scans. FCH PET/CT
proved more accurate than ultrasonography (US) or 99mTc-sestamibi single-photon emission tomography (SPET). PET/
MRI also seemed to be more accurate than MRI alone in detecting benign parathyroid lesions. FCH PET/CT is more accurate
than conventional morphological and functional imaging modalities (US or SPET) for the detection of benign parathyroid
lesions. It could, therefore, be a reliable tool in both primary and recurrent hyperparathyroidism.
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Introduction

Primary hyperparathyroidism (PHPT) is a rather common
endocrinological disorder, the third most common endocrine
disease after diabetes mellitus and thyroid disorders. It is
characterized by one or more hyperfunctioning parathyroid
glands [1], due to parathyroid adenoma (in > 80% of cases),
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multiple adenomas, parathyroid hyperplasia (about 15%) or
parathyroid carcinoma (less than 1%) [2], [3]. People with
mild PHPT are at increased risk of various comorbidities,
such as nephrolithiasis, osteoporosis and fragility fractures.
Surgical excision is usually a definitive treatment, though
repeat surgery may be required in cases of recurrent or per-
sistent hyperparathyroidism (fewer than 5% of patients) [4].

PHPT may also be associated with a higher risk of cardio-
vascular disease and mortality [5, 6]. The related mortality
risk seems to be lower in patients who undergo surgery than
in those treated conservatively [6]. A recent cost-effective-
ness analysis on patients with non-localized PHPT showed
that use of advanced imaging methods is more cost-effective
than routine bilateral neck exploration [6]. Based on this evi-
dence, it becomes essential to employ appropriate methods
capable of revealing which parathyroid glands are causing
PHPT. This is also important to avoid unnecessary surgery
and to identify ectopic parathyroid glands.

Benign parathyroid lesions can be identified and located
using morphological or functional imaging. Neck ultra-
sonography (US), computed tomography (CT) and magnetic

@ Springer


http://orcid.org/0000-0002-5955-9488
http://crossmark.crossref.org/dialog/?doi=10.1007/s12149-020-01507-1&domain=pdf

602

Annals of Nuclear Medicine (2020) 34:601-619

resonance imaging (MRI) have been extensively used in this
setting. Dual-tracer subtraction, mainly using 99mTc-sesta-
mibi (MIBI)/99mTc-pertechnetate scans, and/or dual-phase
scintigraphy with planar acquisitions, have been widely
employed in cases of hyperparathyroidism, frequently com-
bined with US. For diagnostic purposes, single-photon emis-
sion tomography (SPET)/CT has proved the best imaging
modality for identifying the site of hyperfunctioning para-
thyroid glands, better than either SPET alone or planar scin-
tigraphy. That said, even SPET/CT fails to identify the gland
in up 30% of cases [7].

When a combination of US and SPET/CT fails, a more
effective imaging technique is needed. Radiolabeled cho-
line PET/CT has been widely used in patients with recur-
rent prostate cancer [8], and it was in this context that a
study published in 2013 reported incidentally detecting an
18F-fluorocholine (FCH) hotspot in a patient’s neck, which
turned out to be a parathyroid adenoma [9]. In the ensuing
6 years, a number of published studies reported on the role
of FCH PET/CT in identifying benign parathyroid lesions.

The aims of the present systematic review are to: (1)
assess the role of FCH PET/CT and PET/MRI in patients
with known PHPT; and (2) compare the diagnostic perfor-
mance of FCH PET/CT or PET/MRI with other morphologi-
cal and/or functional imaging modalities.

Materials and methods
Search strategy and study selection

A literature search until December 2019 was performed in
the PubMed, Scopus and Web of Science databases. The
terms used were: “choline” AND “PET” AND “hyperpar-
athyroidism”. The search was run with and without the addi-
tion of filters, such as language (English only), type of article
(original article), subjects (humans only), and only consider-
ing articles published in the last 5 years. Two reviewers (I.R.,
F.M.) conducted the literature search, and two independent
physicians (L.E., D.C.) selected studies for inclusion, and
data extraction. Any discrepancy was resolved by consensus.
Independently identified records were combined, then the
full texts were retrieved and examined by three reviewers
(I.R., EM., L.E.). The reference lists of the selected studies
were carefully checked to identify any additional relevant
literature.

A systematic review was conducted using established
methods [10], and the results are presented according to the
PRISMA guidelines [11].

Only studies that met the following inclusion criteria
were considered eligible for the systematic review: (a) a
sample size of more than 10 patients; and (b) FCH PET/CT
as the index test. Clinical reports, conference abstracts, and
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editors’ comments were excluded. Systematic reviews, with
or without meta-analyses, were considered for the purpose
of enriching the bibliographic references.

Data extraction

For each study considered, the general information retrieved
included: basic data (authors, year of publication, country,
and study design); population characteristics (number of
patients, type of hyperparathyroidism, PTH levels); the diag-
nostic reference standard; and the comparison of FCH PET/
CT with other imaging modalities (i.e., US, 99mTc-MIBI
SPET, or SPET/CT).

Statistical analysis

Continuous variables were expressed as median (range) and
categorical as number (percentage). Data about diagnostic
accuracies were obtained from each study to prepare a 2 X 2
contingency table and thus calculating the pooled sensitivity,
by a patient-based and lesion-based analysis. Comprehen-
sive meta-analysis (CMA) software version 3.3.070 (Biostat,
Englewood, NJ, USA) was used for the assessment of pooled
diagnostic performances.

Results

The systematic literature search generated 23 articles (see
Fig. 1) concerning a total of 1112 patients investigated
with FCH PET/CT for the detection of benign parathy-
roid lesions. Most of the studies were prospective (n=15,
65%; 488 patients). Interestingly, 67 patients underwent
FCH PET/MRI. As shown in Table 1 [12-33], FCH PET/
CT was compared in many cases with US or 9mTc-MIBI
scanning, the main endpoint being to assess the accuracy
of FCH PET/CT in detecting benign parathyroid lesions in
cases of doubtful or negative conventional imaging. In all
studies, histopathological examination was the diagnostic
reference standard.

A careful analysis of the selected literature showed that
a dynamic FCH PET/CT protocol was used in 4/23 studies.
In particular, Michaud et al. [13] and Kluijhout et al. [14]
ran a single dynamic acquisition lasting 10 min and 40 min,
respectively; and Michaud et al. and Prabhu et al. [12, 15]
performed a dynamic acquisition for 10-15 min followed by
a static image 10 or 45 min after the injection. Static acqui-
sitions were obtained in the other studies at a single point
ranging from 10 to 60 min after the intravenous administra-
tion of FCH in 9/23 studies [4, 16, 17, 19-23, 34]; and twice,
first after 2—60 min and then after 60—120 min, in 10/23
studies. Only Rep et al. [25] reported scanning patients 3
times, at 5, 60 and 120 min after FCH injection. The FCH
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FCH PET/CT was compared with US by Amadou et al.
[4], Bossert et al. [30], Hocevar et al. [26], Michaud et al.
[13], and Thanseer et al. [32]. FCH PET/CT proved to be
superior to US in detecting benign parathyroid lesions, with
a sensitivity in the range of 85.2-100% and 50-82%, respec-
tively, on patient-based and lesion-based analysis.

Comparisons between FCH PET/CT and 99mTc-MIBI
SPET/CT with a dual-phase and/or subtraction protocol were
reported in numerous studies (Table 2; [4, 12—17, 19-34]).

Quak et al. [17], Araz et al. [20], Kluijhout et al. [16],
Hocevar et al. [26], and Thanseer et al. [32] found FCH
PET/CT more sensitive than dual-phase SPET/CT (100% vs.
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80.7%, and 100% vs. 76.4%, respectively, for patient-based
and lesion-based analyses).

Michaud et al. [12, 13], Lezaic et al. [24], Zajickova et al.
[22], Rep et al. [27], Amadou et al. [4], Beheshti et al. [29],
Bossert et al. [30], Grimaldi et al. [34], and Huber et al.
[19] compared FCH PET/CT with 99mTc-MIBI/99mTc-
tetrofosmin SPET/CT performed with both subtraction and
dual-phase protocols. They found FCH PET/CT superior to
SPET/CT with the subtraction and dual-phase protocols for
the detection of adenoma and/or hyperplastic parathyroid,
with a diagnostic accuracy of 97.4% and 87.7% for PET/CT
and SPET/CT, respectively, on lesion-based analyses.

In the study by Kluijhout et al. [14], 10 patients were
studied with FCH PET and MRI, and compared with the
same patients examined using US and a dual-phase 99mTc-
MIBI SPET/CT. While for PET/MRI the sensitivity was
90% and the positive predictive value (PPV) was 100%, MRI
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Table 2 (continued)

Comparative imaging

FCH PET/CT

Stand. of ref.

Authors, ref

PPV NPV ACC.

S SPEC.

SPEC. PPV NPV ACC. SENS.

SENS.

MIBI SPECT/

SPECT/CT CT 79.6% (PP)

MIBI

MIBI SPECT/ MIBI

96.3% (per ~ MIBI SPECT/CT

96.3% (PP)

Histology 100% (PP)

Thanseer

SPECT/

CT 100%

(PP)
75% (PL)

80.7% (PP)

76.4% (PL)

pts)
92.8% (PL)

92.8% (PL)

100% (PL)

et al. [32]

80.4% (PL)

9% (PP)
23% (PL)

usS

CT97.7%

(PP)
97.7% (PL)
US 87.1%

US 62.9% (PP)
64.3% (PL)

US 69.3% (PP)
69.3% (PL)

US 29% (PL)

12% (PL)

(PP)
87.1% (PL)

96% (PP)

100%

Histology 96% (PP)

Broos et al.

90% (PL)

90% (PL)

[33]

SENS. sensitivity, SPEC. specificity, ACC. accuracy, PP per patient, PL per lesion

alone showed a sensitivity of 55.6% and a PPV of 83.3%. In
Fig. 2 is reported a 65-year-old patient with persistent hyper-
parathyroidism after surgery who underwent FCH PET/MRI
in our Department.

True positive, false positive, true negative and false posi-
tive were available in 18 studies, at patient-based analysis
and in 14 studies at lesion-based analysis (Table 3). Totally,
true positive findings were reported in 686 patients and
530 lesions, respectively. Conversely, the number of false
negative results were 35 and 23 on patient-based and lesion-
based analysis. Pooled sensitivities were 93.7% and 91.3%,
on patient-based and lesion-based analysis, respectively, as
illustrated in Fig. 3.

Discussion

The present systematic review showed that, in a population
with negative/doubtful imaging findings, FCH PET/CT is
more accurate than 99mTc-MIBI scintigraphy (whatever the
protocol used) and US in patients with primary or recurrent
hyperparathyroidism (all 23 studies considered in the review
had included patients with primary hyperparathyroidism,
and two (Amadou et al. [4] and Christakis et al. [31]) also
included cases of recurrent hyperparathyroidism.

It is important to bear in mind that acquisition proto-
cols for FCH PET/CT vary considerably. This can have an
important impact on how images are interpreted and could
bias their reported accuracy. FCH PET/CT was nonethe-
less superior to conventional scintigraphic or radiological
approaches in most cases, regardless of the protocol used.
In the majority of the studies considered, a single static
acquisition was obtained at any time between 2 and 60 min
after injecting the tracer. In 6/8 studies involving single
static acquisitions, this interval ranged between 30 and
60 min. Full dynamic analysis could clarify the best timing
of a static acquisition more precisely. This aspect does not
seem to have been addressed in the literature to date and
could be an interesting topic for future research. Only the
paper by Prabhu et al. [15] reported the time active curves
for parathyroid adenoma, thyroid gland and lymph node,
demonstrating a higher uptake in parathyroid adenoma in
the first 5 min after tracer injection. Michaud et al. [13]
demonstrated that abnormal foci at a parathyroid gland
were visible on early images, although the significant
uptake in blood vessels imposed a more careful analysis
of the cross-sectional images. Rep et al. [25] reported a
slightly higher accuracy and sensitivity on scans obtained
after 60 min than on those obtained after 5 min (94.1 vs.
96.5% and 90.5 vs. 93.6%, respectively). They conse-
quently suggested that, for the preoperative localization
of parathyroid gland, image acquisition was optimal 1 h
after administering FCH.

@ Springer
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Fig.2 Example of positive 18F-FCH PET/MRI (Biograph mMR,
Siemens Germany) and negative 9MTc-MIBI SPECT/CT (Infinia
Hawkeye, GE Healthcare) performed at the University Hospital of
Padova, Department of Medicine, Unit of Nuclear Medicine in a
patient with hyperparathyroidism after left thyroidectomy (during a
surgical procedure of left parathyroidectomy). MR axial Caipirinha
in-phase (1) and MR axial Caipirinha out of-phase (2) demonstrat-
ing an ovoidal mass (red arrows) partially liquid at axial T2-Haste (3)

Eight studies reported false positive results and 17
obtained false negative findings at 18F-Choline PET/CT
(see Table 3), in accordance with the patient-based analysis.
False-positive and false-negative results were frequently due
to misinterpretation of thyroid anomalies, or due to a high
uptake in normal or hyperplastic parathyroid glands, or in
case of ectopic glands or adenomas with no specific charac-
teristics or in case of very small adenomas with a fairly low
number of oxyphilic cells.

As in the case of 99mTc-MIBI SPET/CT, some authors
preferred to use a dual-phase FCH PET protocol (PET/CT
or PET/MRI). It should be noted, however, that the kinetic
characteristics of radiolabeled choline are very different
from those of 9mTc-MIBI, and so the proper timing of the
former cannot be deduced directly from the latter. 9mTc-
MIBI accumulates more intensely in malignant cells because
of their higher mitochondrial density and transmembrane
electrical potential. Non-specific mechanisms lead to the
uptake in nontumor cells with a greater metabolic activity or

@ Springer

with a very high posterior, paratracheal uptake of 18F-FCH PET/MR
(4, red arrow). 9MTc-MIBI early after injection (5) and late after
injection (6) phases of the same patient demonstrating no significant
late retention of MIBI in the area revealed by 18F-FCH PET/MRI.
SPET/CT of the same patient revealed only faint uptake (7: red cross)
of MIBI in the paratracheal area revealed by 18F-FCH PET compara-
ble to the background

higher density of mitochondria—a situation encountered in
atypical hyperplasia or particularly active tumor-like granu-
lation. 99mTc-MIBI uptake in parathyroid foci was found to
depend not on the cell type, but rather on either the size or
the functional state of a lesion (Fukumoto et al. [35]). On
the other hand, tumor cells with a high proliferation rate
will have a high uptake of FCH to keep up with an increased
demand for the synthesis of phospholipids (Vallabhajosula
et al. [36]). A possible explanation for FCH uptake in benign
parathyroid adenomas seems to be the increase in phospho-
lipid-dependent choline kinase activity arising from PTH
hypersecretion (Ishizuka et al. [37]).

A number of systematic reviews and meta-analyses
on FCH PET/CT have been published in the last 2 years
(Table 4) (Kim et al. [38]; Treglia et al. [39]; Boccalatte
et al. [40]; Broos et al. [33]). In all cases, FCH PET/CT had
an optimal performance in identifying benign parathyroid
lesions. To the best of our knowledge, however, our system-
atic review is the first to include a large number of studies
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Table 3 Diagnostic data of FCH

Authors, ref Year Patient-based analysis Lesion-based analysis

PET/CT or PET/MRI., based on publ.

patient-based and lesion-based N TP TN FP FN N TP TN FP FN

analysis
Michaud et al. [12] 2014 12 11 0 o0 1 20 17 0 1 2
Lezaic et al. [24] 2014 24 23 0 o0 1 39 36 0 0 3
Michaud et al. [13] 2015 16 15 0 0 1 25 23 0 1 1
Klujfhout et al. [16] 2016 33 30 0 1 2 35 33 1 1 0
Kluijhout et al. [[14] 2017 10 9 0 0 1 - - - - -
Fischli et al. [23] 2017 23 21 0 1 1 29 21 4 1 3
Hocevar et al. [26] 2017 151 144 1 4 2 - — - - -
Thanseer et al. [32] 2017 54 52 0o 2 0 58 54 0 4 0
Quak et al. [17] 2018 24 19 0o 3 2 26 21 0 3 2
Grimaldi et al. [18] 2018 21 17 0 1 3 76 22 43 4 7
Huber et al. [19] 2018 26 25 0o 0 1 28 27 0 0 1
Zajickova et al. [22] 2018 13 11 0 1 1 - - - - -
Rep et al. [25] 2018 144 39 103 1 1 - - - - -
Beheshti et al. [29] 2018 82 76 30 3 277 74 190 8 5
Piccardo et al. [21] 2019 31 25 0 0 6 31 31 0 0 0
Amadou et al. [4] 2019 25 23 1 0 1 32 23 1 7 1
Bossert et al. [30] 2019 17 15 0o 0 2 17 15 0 0 2
Broos et al. [33] 2019 137 131 0 0 6 148 133 0 0 15

TP true positive, TN true negative, FP false positive, FN false negative

(n=23), and to compare FCH PET/CT with conventional
imaging (US and 99mTc-MIBI scanning), based on per-
patient and per-lesion analyses. The present review also paid
attention to the timing of image acquisition. In clinical prac-
tice, it seems that FCH PET/CT could be used for localizing
and identifying benign parathyroid lesions, irrespective of
the severity of PHPT (Beheshti et al. [29]), and particularly
in patients with equivocal or negative conventional imaging.

CT and MRI have always had a marginal role in para-
thyroid imaging, and been applied mainly when the results
of US and 99mTc-MIBI are difficult to interpret, or when
parathyroidectomy fails due to ectopic glands (Johnson
et al. [41]). Recent technical advances enabling high-res-
olution MRI of the neck have increased the applicability
of such techniques, however. Even small lesions can be
reliably detected and characterized nowadays on conven-
tional sequences or with methods like diffusion weighted
imaging (DWI) (Yildiz et al. [42]). 4DCeCT combines
standard multiplanar CT scanning (non-contrast, arterial
and venous phases) with the fourth dimension of changes
in contrast attenuation over time, providing both functional
and anatomical information about the abnormal parathy-
roid gland. Some recent studies have reported the role of
4DCeCT in patients with persistent or recurrent parathy-
roid hyperfunction, showing a sensitivity until to 86%
[43-46]. Piccardo et al. [21], showed that in 31 patients,
the association of 18F-Choline PET with 4DCeCT could

enhance the sensitivity to 100% in patients with persistent
or recurrent hyperfunctioning parathyroid.

Argiro’ et al. [47], for instance, found MRI more sensi-
tive (97.8%) than US or 99mTc-MIBI, either alone (89.1%
and 83.6%, respectively) or combined (93.4%), for the pre-
surgical detection of benign parathyroid lesions, as well
as for the diagnosis of multiglandular disease and ectopic
parathyroid adenomas.

Yildiz et al. [48] demonstrated that DWI enables
solid parathyroid lesions to be distinguished from sur-
rounding structures, and can also detect different types
of lesions with peculiar MRI characteristics on T1w and
T2w sequences. They found that parathyroid adenoma
and hyperplasia usually appear as small lesions with well-
defined margins and contrast enhancement, while parathy-
roid carcinomas are larger and less homogeneous.

Finally, in a recent study, Ozturk et al. [44] correctly
localized 38 parathyroid lesions using 4D MRI, reporting
a sensitivity of 90.5% and a PPV of 95%.

The advantages and disadvantages of all imaging tech-
niques that can be used in the definition of parathyroid
benign lesions are listed in Table 5.

In the light of the above, an approach combining FCH
PET with MRI (using PET/MRI scanners or PET/CT with
MRI) represents an optimal choice, improving on the accu-
racy of either method. Unfortunately, the paucity of data on
PET/MRI in this field prevents us from drawing any further
conclusions about the diagnostic potential of this technique.
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Fig. 3 Forest plots for pooled

sensitivities of FCH PET/CT or Study name Statistics for each study Event rate and 95% CI
PET/MRI per patient-based and
. X Event Lower Upper
lesion-based analysis rate  limit limit Z-Value p-Value
Michaud et al 2014 0,917 0,587 0,988 2,296 0,022
Michaud et al 2015 0,938 0,665 0,991 2,622 0,009
g Kluijhout et al 2017 0,900 0,533 0,986 2,084 0,037
> Kluijhout et al 2016 0,938 0,782 0,984 3,708 0,000
© Quak et al 0,905 0,689 0,976 3,028 0,002 —i
% Grimaldi et al 0,850 0,624 0,951 2,770 0,006 —
oS Huber et al 0,962 0,772 0,995 3,156 0,002
O] Piccardo et al 0,806 0,631 0910 3,139 0,002 -
% Zajickova et al 0,917 0,587 0,988 2,296 0,022
_(Il Fischli et al 0,955 0,739 0,994 2975 0,003
€ Amadou et al 0,958 0,756 0,994 3,069 0,002
) Lezaic et al 0,958 0,756 0,994 3,069 0,002
"% Rep et al 0,975 0,843 0,996 3,617 0,000
o Hocevar et al 0,986 0,947 0,997 6,007 0,000
5 Beheshti et al 0,962 0,889 0,988 5491 0,000
o Bossert et al 0,882 0,632 0970 2677 0,007 —i
Thanseer et al 0,991 0866 0,999 3,275 0,001
Broos et al 0,956 0,906 0980 7,386 0,000
0,937 0,908 0,957 12,933 0,000 )
-1,00 -0,50 0,00 0,50 1,00
Favours A Favours B
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z-Value p-Value
0 Michaud et al 2014 0,895 0,663 0,974 2,863 0,004 —
U>>, Michaud et al 2015 0,958 0,756 0,994 3,069 0,002
© Kluijhout et al 2016 0,985 0,804 0,999 2,951 0,003
% Quak et al 0,913 0,711 0,978 3,177 0,001 |
o) Grimaldi et al 0,759 0,573 0,880 2,639 0,008 -
G‘DJ Huber et al 0,964 0,786 0,995 3,236 0,001
© Piccardo et al 0,984 0,794 0,999 2,907 0,004
{ Fischli et al 0,875 0,676 0,959 3,153 0,002 B
S Amadou et al 0,958 0,756 0,994 3,069 0,002
‘® Lezaic et al 0,923 0,787 0,975 4,135 0,000
2 Beheshti et al 0,937 0,857 0,973 5,832 0,000
S Bossert et al 0,882 0,632 0,970 2,677 0,007 —B
o Thanseer et al 0,991 0,871 0,999 3,302 0,001
Broos et al 0,899 0,839 0,938 8,012 0,000 [ |
0,913 0,875 0,940 11,335 0,000 ¢
-1,00 -0,50 0,00 0,50 1,00
Favours A Favours B
Table 4 Summary of the published English systematic reviews about 18F-Choline PET/CT in hyperparathyroidism
Authors, ref Year of pub Meta-analysis N of Comparison Outcome
included  with other
studies imaging
Kim et al. [38] 2018 Yes 8 No 18F-Choline PET has a pooled sensitivity of 90% and a
pooled specificity of 94% for the identification of HPT
Treglia et al. [39] 2019 Yes 18 No Radiolabeled Choline PET has a pooled sensitivity of 95%
and a pooled PPV of 91% for the identification of HPT
Boccalatte et al. [40] 2019 No 15 No 18F-Choline PET provides a high accuracy, sensitivity and
specificity for the identification of HPT
Broos et al. [33] 2019 No 11 No High detection rate of choline PET/CT in preoperative

localization of hyperfunctioning parathyroid glands in
patients with primary HPT
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Table 5 Pros and Cons of different imaging techniques used for parathyroid benign lesions

Imaging technique

Pros

Cons

us

MIBI SPECT

4D-ceCT

MRI

No radiation exposure

Widely available, cost effective

Doppler can assist in distinguishing parathyroid lesions from
other surrounding structures: identification of polar arter-
ies of parathyroid glands vs. hilar blood supply of lymph
nodes

Concurrent assessment of the thyroid and possibility of
performing percutaneous biopsies

Widely available, cost effective

Consolidated protocols described, including single-tracer
double phase and dual-tracer single phase imaging

Possibility of detecting ectopic lesions, particularly if in
mediastinum

Characterization of lesion enhancement could offer insights
into the benign/malignant nature of the parathyroid lesion/s

Excellent anatomic detail and possibility of detecting ectopic
lesions

Characterization of lesion enhancement could offer insights

into the benign/malignant nature of the parathyroid lesion/s
Excellent anatomic detail and possibility of detecting ectopic

Operator dependent

Accuracy can be limited in patients with elevated body mass
index

Visualization of low inferior glands can be particularly dif-
ficult in patients unable to extend their neck

Difficult detection of ectopic glands located in the mediasti-
num

Thyroid nodules, thyroiditis and enlarged cervical lymph
nodes may have delayed tracer washout and give the
appearance of a thyroid adenoma

Long acquisition time, compliance of patients is required

Intermediate radiation dose (7-11 mSv)

High radiation dose (10-27 mSv)

Long acquisition time, compliance of patients is required
High costs and limited availability

lesions
No radiation exposure

18F-Choline PET/

Greater spatial resolution than MIBI SPECT and shorter

Lack of protocol standardization (optimal imaging timing,

CT and PET/MR  image acquisition time dynamic acquisition, administered activity etc.)
Currently not clinically approved
High costs and limited availability
Conclusions Open Access This article is licensed under a Creative Commons Attri-

FCH PET is more accurate than conventional imaging
modalities (US and 99mTc-MIBI SPET/CT, whatever the
protocol used) in detecting benign parathyroid lesions. It
has a potential role in both primary and recurrent hyperpar-
athyroidism. Although it would be necessary to conduct a
cost-effective analysis before adopting this imaging modality
in clinical practice, it seems important to emphasize that, in
selected cases, when the outcome of conventional US and
scintigraphy is hard to interpret, FCH PET is an appropriate
choice. PET/MRI is a very promising technique in this field,
but further research is needed to fully assess its role.
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