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Abstract

Objectives Currently, neck ultrasound is the preferred preoperative imaging in patients with secondary/tertiary hyperparathy-
roidism, and the use of Tc-99m sestamibi scan is limited in these patients. We conducted this study to compare the diagnostic
utilities of F-18 fluorocholine PET/CT, Tc-99m sestamibi scintigraphy, and neck ultrasound for localizing hyperfunctioning
parathyroid glands in secondary/tertiary hyperparathyroidism.

Methods We prospectively enrolled 30 dialysis patients with a diagnosis of secondary/tertiary hyperparathyroidism; of these,
27 participants underwent all three imaging modalities, including dual-phase F-18 fluorocholine PET/CT (PET acquired 5
and 60 min after tracer injection), dual-phase Tc-99 m sestamibi SPECT/CT, and neck ultrasound. All patients underwent
parathyroidectomy after imaging. We compared the lesion-based sensitivity, specificity, and accuracy of the three image
tools using histopathology as the reference.

Results A total of 27 patients (107 lesions) underwent all three imaging modalities and entered the final analysis. The lesion-
based sensitivities of F-18 fluorocholine PET/CT, Tc-99m sestamibi, and ultrasound were 86%, 55%, and 62%, respectively
(both p <0.001, when comparing F-18 fluorocholine PET/CT to Tc-99 m sestamibi scan and to ultrasound). F-18 fluorocho-
line PET/CT, Tc-99m sestamibi, and ultrasound had similar specificities of 93%, 80%, and 87%, respectively. The accuracy
of F-18 fluorocholine PET/CT (87%) was significantly higher than that of Tc-99m sestamibi (59%) and ultrasound (65%)
(both p<0.001). F-18 fluorocholine PET/CT identified more hyperplastic glands than ultrasound in 52% (14/27) patients.
The sensitivity of F-18 fluorocholine PET/CT reached 95% for hyperplastic parathyroid masses as low as 200 mg.
Conclusions F-18 fluorocholine PET/CT shows superior accuracy over the conventional imaging modalities in patients with
secondary or tertiary hyperparathyroidism. The combination of F-18 fluorocholine PET/CT and neck ultrasound may enable
better surgical planning in these patients.

Registration identification number NCT04316845.

Keywords F-18 fluorocholine - Positron emission tomography - Tc-99m sestamibi - Ultrasound - Secondary
hyperparathyroidism
Introduction

Hyperparathyroidism is the third most common endocrine
disorder in which an elevated serum intact parathyroid hor-
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mone (iPTH) is detected [1]. It can result from an autono-
mous hyperfunctioning parathyroid adenoma or secondary
due to chronic kidney dysfunction. End-stage renal disease is
a major cause of secondary or tertiary hyperparathyroidism.
Among patients with end-stage renal disease, 12-54% have
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hyperparathyroidism [2]. Secondary/tertiary hyperparathy-
roidism is especially prevalent in regions with a high dialysis
prevalence, for example, in Asian countries such as Taiwan
[3, 4]. Uncontrolled hyperparathyroidism can lead to lethal
cardiovascular and neuropsychiatric complications [5, 6].
The initial management of secondary or tertiary hyperpar-
athyroidism is medical [7]. However, parathyroidectomies
are needed for patients with iPTH values over 1000 pg/mL
or symptoms such as pruritus [8, 9]. Because parathyroid
glands are relatively small and located near-critical neu-
rovascular structures, accurate preoperative localization is
important.

Although Tc-99m sestamibi scintigraphy or neck ultra-
sound is often used for detecting hyperfunctioning glands
in primary hyperparathyroidism, their accuracies were sub-
optimal in secondary or tertiary hyperparathyroidism. Tc-
99m sestamibi images have low sensitivity in patients with
multiglandular disease or hyperplasia, which are common in
secondary or tertiary hyperparathyroidism [10-17]. Ultra-
sonography of the neck depends heavily on operator skills
and demonstrates widely variable sensitivity (ranging from
30 to 80%) in individuals with secondary or tertiary hyper-
parathyroidism [18]. Therefore, a more reliable imaging tool
for preoperative localization of hyperfunctioning glands in
patients with secondary or tertiary hyperparathyroidism is
needed.

Recently, studies using positron emission tomogra-
phy (PET) with radioactive choline such as C-11 choline
or F-18 fluorocholine have shown promising results for
detecting parathyroid adenomas in patients with primary
hyperparathyroidism [19-24]. However, those studies
were done in patients with primary hyperparathyroidism or
mixed cohorts. Unlike patients with primary hyperparathy-
roidism, those with secondary hyperparathyroidism exhibit
more multiglandular diseases and supernumerary or ectopic
glands [25], which have been associated with deteriorated
diagnostic performance of the nuclear medicine test. For
example, the sensitivities of Tc-99m sestamibi scintigraphy
for primary and secondary hyperparathyroidism have been
reported to be 88% and 44 %, respectively [16, 17, 26, 27].
Thus, further investigation of the diagnostic performance of
choline PET in patients with secondary hyperparathyroidism
is necessary.

This prospective study aims to investigate the perfor-
mance of F-18 fluorocholine PET for the preoperative locali-
zation of hyperplastic parathyroid glands in secondary/ter-
tiary hyperparathyroidism due to chronic renal dysfunction.
We also compared the performance with those of Tc-99m
sestamibi scintigraphy and neck ultrasound.
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Materials and methods
Study population

The local institutional review board and ethics committee
approved the protocol used in our prospective study. We
obtained written informed consents from all study partici-
pants. We performed the study between January 2018 and
December 2019. The inclusion criteria were as follows:
(a) patients receiving dialysis for chronic renal dysfunc-
tion and diagnosed as having hyperparathyroidism (serum
iPTH exceeded 80 pg/mL) and (b) patients scheduled to
receive parathyroidectomy due to iPTH values over 1000
pg/mL or presence of symptoms such as pruritus despite
medical treatment. We established a diagnosis of tertiary
hyperparathyroidism in patients with serum calcium
concentration exceeding 2.65 mmol/L [7]. We excluded
patients with primary hyperparathyroidism and those
who were not able to tolerate the F-18 fluorocholine PET/
CT procedures. A total of 30 patients with secondary or
tertiary hyperparathyroidism were included in this study.
Table 1 summarizes the general characteristics of these
patients. The enrolled patients were scheduled to receive
F-18 fluorocholine PET/CT, Tc-99m sestamibi scan, and
neck ultrasound before parathyroidectomy.

F-18 fluorocholine PET/CT imaging protocol

No fasting was required before F-18 fluorocholine PET
imaging. We administered 185 + 10% MBq of intravenous
F-18 fluorocholine. Patients were positioned supine with
their arms placed on their sides. Images were acquired
5 (early image) and 60 min (delayed image) after the
radiotracer injection [28-31]. The field of view covered
at least from the skull base to the liver. The scans were
performed using a GE Discovery ST PET/CT unit (Dis-
covery ST16; GE Healthcare, Milwaukee, WI, USA). The
PET/CT system was equipped with a 16-detector row (912
detectors/row) transmission CT unit and a PET compo-
nent with 10,080 bismuth germanate crystals in 24 rings.
A transmission CT scan was obtained first using a tube
voltage and tube current of 120 kV and 120 mA, respec-
tively. The pitch was 1.75. Image sampling was conducted
using the helical mode with a 3.75-mm helical thickness.
The image reconstruction matrices were 512 x512. We
acquired all transmission CT images without the admin-
istration of any iodinated contrast material. We obtained
PET emission images with 3.0 min of scanning time per
table position (15 cm per table position with a 3-cm over-
lap for every contiguous frame). The PET images were
reconstructed with CT for attenuation correction, and we
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Table 1 Distribution of baseline patient characteristics (n=30)

Variable Value
Age (years), mean=+ SD 49.5+14.11
Gender, n (%)
Male 19 (63.3)
Female 11 (36.7)
Diagnosis, n (%)

Secondary hyperparathyroidism 23 (76.7)
Tertiary hyperparathyroidism 7(23.3)
Preoperative serum phosphate (mg/dL), mean+SD 5.6+ 1.62

Preoperative serum calcium (mmol/L), mean+SD
Secondary hyperparathyroidism 24+0.22
Tertiary hyperparathyroidism 2.8+0.13
Method of renal replacement therapy, n (%)
Hemodialysis 25 (83.3)
Peritoneal dialysis 5(16.7)
Previous parathyroidectomy, n (%)
Presence 4(13.3)
Absence 26 (86.7)
Time from imaging to surgery (day), median IQR) 6.5 (18)
Surgical procedure, n (%)
Total parathyroidectomy 19 (63.4)
Subtotal parathyroidectomy 9 (30.0)
Resection of mediastinal ectopic gland 1(3.3)
Resection of graft gland® 1(3.3)

iPTH level (pg/mL), mean +SD
Preoperative value 1655.2+742.23

Postoperative value 249.4+188.82

Reduction ratio of iPTH at 15 min, median (IQR) 0.88 (0.09)
Number of patients with multiglandular disease 27 (90%)
Weight of parathyroid gland (mg), median (IQR)® 577 (836.75)

SD standard deviation, iPTH intact parathyroid hormone, /QR inter-
quartile range

Graft gland in the left brachialis muscle pouch

"Data were not available in two glands because of ruptures during
parathyroidectomy

used an ordered subset expectation maximization iterative
reconstruction algorithm (two iterations and 21 subsets;
matrix size, 128 X 128).

PET image interpretation and analysis

The F-18 fluorocholine PET image data were visually evalu-
ated in consensus by two nuclear medicine physicians. The
readers were aware of the study protocol, but were blinded
to the results of the other imaging modalities. Focal radi-
otracer uptakes in the anterior neck or mediastinum were
determined to be positive for hyperfunctioning parathyroid
tissue. The interpreters reported the number of abnormal
glands and the location of each abnormal parathyroid gland

(right upper thyroid bed, right lower thyroid bed, left upper
thyroid bed, left lower thyroid bed, ectopic, or graft site). We
also analyzed the F-18 fluorocholine PET semiquantitatively
using the PMOD 4.0 software package (PMOD Technolo-
gies, Zurich, Switzerland). An experienced nuclear medicine
physician drew the volumes-of-interest (VOI) to calculate
the standardized uptake values (SUV). The SUV was cal-
culated based on the following formula: SUV = (decay-
corrected activity [kBq] per milliliter of tissue volume)/
(injected F-18 fluorocholine activity [kBq]/body weight in
g). The VOIs were placed on the parathyroid lesions. We
also drew VOI for the whole thyroid lobe on the PET image
to obtain the mean SUV of the thyroid background. We first
selected the transaxial slide that showed the largest thyroid
section and then manually drew the VOI to include the entire
thyroid section. We drew a total of three thyroid slides to
create the thyroid VOI. We calculated the parathyroid-to-
thyroid uptake ratio (P/T) according to the following for-
mula: (SUVmax of the parathyroid lesion)/(mean SUV of
the thyroid gland).

Single-isotope dual-phase Tc-99 m sestamibi scan
and image interpretation

We administered 925+ 10% MB(q of intravenous Tc-99m
sestamibi to all the patients. Early and delayed anterior
planar images with 1 million counts were acquired 15 min
and 2—4 h after the radiotracer injection. The image fields
included the neck and mediastinum. We also obtained a
focal magnified image of the neck with a zoom factor of
3. We acquired a SPECT/CT with the field of view that
included the neck and the mediastinum after the delayed
planar images were done. The Tc-99m sestamibi scans were
done on a GE Infinia Hawkeye SPECT/CT system (Infinia
Hawkeye 4; GE Healthcare, Milwaukee, WI, USA) equipped
with a low-energy high-resolution parallel holed collimator.
The SPECT/CT protocol was the following: we obtained a
transmission CT scan first with the tube voltage and current
set at 140 kV and 2.5 mA, respectively. The image sampling
was conducted using the axial mode with a slice thickness of
5 mm. No iodinated contrast material was administered. The
emission scan with 90 projections (4-degree interval) of 16 s
each was obtained after the transmission scan. The SPECT
images were reconstructed by an ordered subset expectation
maximization algorithm with ten subsets and two iterations.
The reconstruction matrices were 128 X 128. We used a But-
terworth post-reconstruction filter with a critical frequency
and a power of 0.5 and 10, respectively. We did not apply
scatter correction for any SPECT images, nor did we attempt
to correct the partial volume effect. The planar images and
SPECT/CT scan were displayed using the manufacturer soft-
ware on the Xeleris 2.1753 Workstation (GE Healthcare,
Milwaukee, Wisconsin, USA). The interpretation of Tc-99m
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sestamibi images was made in consensus by two nuclear
medicine physicians. The readers were blinded to the results
of the other imaging modalities. We considered focal radi-
otracer uptakes that became more discernible with a better
contrast to thyroid bed background in delayed images as
positive. Focal radiotracer uptakes in the delayed planar scan
or in the SPECT were also determined to be positive. The
interpreters recorded the number and location of abnormal
parathyroid glands.

Ultrasound of the neck

An experienced surgeon performed the neck ultrasound
in the outpatient clinic. The ultrasound was performed
with a Flex Focus 400 ultrasound system (BK Medical,
Herlev, Denmark) using a linear transducer (frequency of
5-12 MHz, Linear Array 8811, BK Medical, Herlev, Den-
mark). Each patient was placed in the supine position with
neck hyperextension. The longitudinal and axial ultrasono-
graphic images were obtained from bilateral mandibular
angles to the sternal notch, and laterally to include the jugu-
lar veins. The surgeon searched for the parathyroid glands in
relation to the upper and lower poles of the bilateral thyroid
lobes, and recorded the number of parathyroid gland(s) and
their location (right upper thyroid bed, right lower thyroid
bed, left upper thyroid bed, and left lower thyroid bed).

Parathyroidectomy

Surgeons performed parathyroidectomies under general
anesthesia. Both sides of the neck including the bilateral
paratracheal, tracheoesophageal groove, and upper anterior
mediastinal spaces were thoroughly explored. All the iden-
tified abnormal parathyroid glands were removed in either
subtotal or total parathyroidectomies. In cases in which
subtotal parathyroidectomy was selected, half of the small-
est parathyroid gland was left in situ. The weight of all the
resected parathyroid glands was recorded. Hyperplastic par-
athyroid tissues were removed under ultrasound guidance
from the graft site in patients with suspected graft parathy-
roid tissue hyperplasia (in the subcutaneous pouch or muscle
pouch of the forearm). In a patient with suspected ectopic
parathyroid hyperplasia in the mediastinum, an experienced
thoracic surgeon performed the surgery. The ectopic gland
was explored and resected using a video-assisted thoraco-
scopic procedure through the third left intercostal space.
Serum iPTH levels were checked 15 min after completion
of the parathyroidectomies. We considered decrease ratios of
0.8 or more from the baseline serum iPTH levels at 15 min
as indicating successful parathyroidectomies [32, 33]. His-
topathological examination of the resected specimens was
used to confirm the presence of parathyroid tissue.
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Statistical analysis

We presented patients’ demographic data as frequencies,
proportions, medians, or means depending on each varia-
ble’s characteristics. We performed lesion-based instead of
patient-based analyses for each imaging tool, because most
patients with secondary or tertiary hyperparathyroidism had
more than one hyperfunctioning parathyroid glands. For
each image modality, we reported sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and accuracy using the histopathological exami-
nation as the reference standard. We considered glands as
positive in cases with parathyroid hyperplasia on definitive
histopathological exam. We performed McNemar’s test to
examine whether the performance (sensitivity, specificity,
and accuracy) of F-18 fluorocholine PET/CT was differ-
ent from those of the other two modalities. We examined
whether the PPV and NPV differed between these three
image tools using the Chi-square test. Also, we used the
Mann—Whitney U test to compare the hyperplastic parathy-
roid gland weights between different imaging modalities.
We examined the correlation between the semiquantitative
PET values and the weight of parathyroid lesions by Spear-
man’s correlation analysis. We compared semiquantitative
values derived from early and delayed F-18 fluorocholine
PET scans by paired 7 tests. We performed all statistical
analyses using the SPSS software (version 20.0; SPSS Inc.,
Chicago, IL, USA). All the tests were two-sided and a p
value of <0.05 was considered statistically significant.

Results
Patients

All participants underwent parathyroidectomies after imag-
ing. The median interval from F-18 fluorocholine PET/CT
to parathyroidectomy was 6.5 days with an interquartile
range (IQR) of 18 days. One patient’s surgery was delayed
(71 days after imaging) because of peritonitis. The median
iPTH reduction ratio at 15 min after parathyroidectomy was
0.88 with an IQR of 0.09. All study participants underwent
both F-18 fluorocholine PET/CT and Tc-99m sestamibi
imaging. However, three patients refused to undergo the
neck ultrasound examination; therefore, 27 patients under-
went all three imaging modalities and were included in the
final analysis.

Comparison of the diagnostic performance
of the three imaging modalities

F-18 fluorocholine PET/CT, Tc-99m sestamibi, and ultra-
sound images revealed 80, 54, and 59 lesions, respectively.
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We obtained 107 surgical specimens during the operations
for the 27 participants, and 92 lesions were confirmed to
be parathyroid hyperplasia. Table 2 summarizes the lesion-
based diagnostic performances of the three imaging modali-
ties. The sensitivity, specificity, PPV, NPV, and accuracy of
F-18 fluorocholine PET/CT were 86%, 93%, 99%, 52%, and
87%, respectively. F-18 fluorocholine PET/CT has signifi-
cantly higher sensitivity, NPV, and accuracy than Tc-99m
sestamibi scan and neck ultrasound (Table 2 and Fig. 1).
The sensitivities, specificities, PPVs, NPVs, and accuracies
between Tc-99m sestamibi scans and neck ultrasounds were
similar.

F-18 fluorocholine PET/CT, Tc-99m sestamibi scans,
and neck ultrasounds identified 79, 51, and 57 true-positive
hyperplastic glands, respectively. When comparing Tc-99m
sestamibi scan with neck ultrasound (Electronic supplemen-
tary material 1), of the 57 hyperplastic glands detected by
the neck ultrasound, 19 were not detected by the Tc-99m
sestamibi scan. Conversely, of the 51 hyperplastic glands
detected by the Tc-99m sestamibi scan, 13 were not detected
by the neck ultrasound. The combination of Tc-99m ses-
tamibi scan and neck ultrasound detected 70 hyperplastic
glands. All parathyroid hyperplastic lesions detected on Tc-
99m sestamibi scans were also positive on the F-18 fluo-
rocholine PET/CT. All but four parathyroid lesions identi-
fied on the neck ultrasound were also positive on the F-18
fluorocholine PET/CT. In all, 83 hyperplastic parathyroid
glands were detected by the combination of F-18 fluorocho-
line PET/CT and neck ultrasound. An ectopic gland in the
superior mediastinum was detected by both F-18 fluorocho-
line PET/CT and Tc-99m sestamibi scan.

On the individual level, the F-18 fluorocholine PET/CT
revealed more hyperplastic parathyroid glands than the Tc-
99m sestamibi scans or neck ultrasounds in 59% (16/27) and
52% (14/27) of patients, respectively. All 27 patients had a
successful operation with the iPTH reduction ratio exceeding
0.8, except for one patient (patient No. 3, a reoperated case
with tertiary hyperparathyroidism). Figure 2 demonstrates
a case that benefited from the additional PET/CT findings.

Association between diagnostic capacities
of the imaging modalities and the clinical variables

The median and IQR of the weight of hyperplastic para-
thyroid glands in all patients were 577 mg and 836.75 mg
(range 46-6646 mg). The median values (IQR) of the
hyperplastic parathyroid lesions undetected on F-18 fluo-
rocholine PET/CT, Tc-99m sestamibi scan and neck ultra-
sound were 150 mg (214.5 mg), 279 mg (459.5 mg), and
423 mg (723 mg), respectively. The weight of these unde-
tected lesions in F-18 fluorocholine PET/CT was signifi-
cantly lower than those in the other two image modalities
(p=0.027, Fig. 3). The sensitivity of F-18 fluorocholine
PET/CT reached 95% in hyperplastic parathyroid glands
as low as 200 mg.

The sensitivities of early and delayed F-18 fluorocho-
line PET/CT images were 80% and 83%, respectively
(p=0.248). The specificities, PPVs, NPVs, and the diag-
nostic accuracies were similar between early and delayed
images (Electronic supplementary material 2). The diag-
nostic performances were similar between patients with
secondary and tertiary hyperparathyroidism (Electronic
supplementary material 3).

Semiquantitative parameters of F-18 fluorocholine
PET

In the early images, the mean + standard deviation (SD) of
SUVmax and P/T in all parathyroid lesions was 3.4 +1.50
and 2.5 +0.91, respectively. The mean + SD of lesion
SUVmax and P/T in the delayed scans was 3.3 +1.70
and 2.7+ 1.11, respectively. We found that the early and
delayed SUVmax of the parathyroid lesions were similar.
Nevertheless, the P/T increased significantly in the delayed
images (p < 0.001). The correlation with diseased glandu-
lar weight was better using the P/T than the SUVmax of
lesions (Electronic supplementary material 4).

Table 2 Lesion-based analysis of three imaging modalities (107 lesions in 27 patients)

Imaging tool TP FP TN FN Sensi- p?* Speci- p* PPV (%) p* NPV (%) p* Accuracy (%) p°
tivity ficity
(%)
F-18 fluorocholine PET/CT 79 1 14 13 86 NA NA 99 NA 52 NA 87 NA
Tc-99m sestamibi SPECT/CT 51 3 12 41 55 <0.001 80 NS 94 NS 23 0.008 59 <0.001
Neck ultrasound 57 2 13 35 62 <0.001 87 NS 97 NS 27 0.032 65 <0.001

Excluding three patients who did not have available neck ultrasound data for analysis

PET positron emission tomography, SPECT single-photon emission tomography, TP true-positive, FP false positive, TN true negative, FN false
negative, PPV positive predictive value, NPV negative predictive value, NA not applicable, NS not statistically significant

4Compared to F-18 fluorocholine PET/CT
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Fig.1 A 20-year-old man on peritoneal dialysis for 4 years was
referred to us due to a serum iPTH level of 2281 pg/mL. The early
(15 min after radiotracer injection, a, b) and delayed (2 h 10 min after
the radiotracer injection, ¢, d) Tc-99 m sestamibi scans revealed focal
tracer retention in the upper pole of the left thyroid lobe in the pla-
nar (d, red arrow) and SPECT/CT images (e, f), suggesting parathy-
roid hyperplasia. Neck ultrasound revealed the presence of enlarged
lesions in the lower pole of the right thyroid lobe (g, 1.3 cm) and in
the upper pole of the left thyroid lobe (h, 2 cm). The maximum inten-

Discussion

Management of secondary or tertiary hyperparathyroidism is
becoming a challenge along with the increasing prevalence
of the chronic renal disease [2-4]. Because Tc-99m sesta-
mibi scan has low sensitivity and adds limited information

@ Springer

sity projection of F-18 fluorocholine PET revealed four well-discerni-
ble choline avid foci in the neck (i, red arrows). The transaxial images
of PET/CT revealed that these lesions were located in the upper (j,
k, white arrows) and lower (I, m, white arrows) poles of the bilateral
thyroid lobes. The patient received subtotal parathyroidectomy and
the postoperative iPTH level was 377 pg/mL (reduction ratio 83%).
All four lesions showed parathyroid hyperplasia on pathological
examination. iPTH intact parathyroid hormone

to neck ultrasound in this disease entity, it is not consid-
ered a clinical routine before parathyroidectomy [18, 26].
Our results showed that the F-18 fluorocholine PET/CT
had a significantly higher sensitivity than that of Tc-99m
sestamibi scan or neck ultrasound (p <0.001) for detecting
hyperplastic glands in patients with secondary or tertiary
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Fig.2 F-18 fluorocholine PET/CT helps the surgeon to localize a
small parathyroid lesion during parathyroidectomy. Representative
imaging of a 74-year-old man on hemodialysis for 6 years and with a
serum iPTH level of 1137 pg/mL. The early (15 min after radiotracer
injection, a) and delayed (2 h after radiotracer injection, b) Tc-99 m
sestamibi scan, and the MIP image of SPECT/CT (c) identified two
suspected lesions in the lower pole of the right thyroid lobe and the
upper pole of the left thyroid lobe (red arrows), suggesting parathy-
roid hyperplasia. Neck ultrasound only found a hypoechoic nodular
lesion situated in the lower pole of right thyroid lobe (d), suggest-
ing hyperplastic parathyroid gland. During the parathyroidectomy,
the surgeon identified and removed a right lower parathyroid gland

(630 mg), and two left parathyroid glands (335 mg and 105 mg)
first. However, the right upper parathyroid gland (RUG) could not
be identified during the surgical exploration of the right thyroid bed.
The surgeon then reviewed the preoperative F-18 fluorocholine PET/
CT, which revealed four suspected hyperplastic parathyroid glands
on the MIP image (e, green and red arrows) and suggested that the
RUG was located in the right trachea-esophageal groove (f-h, green
arrows). The RUG was then identified and removed (122 mg). After
the removal of the four parathyroid lesions, the iPTH level decreased
to 87 pg/mL. iPTH intact parathyroid hormone, MIP maximum inten-
sity projection

Fig.3 Boxplot showing the
weight of hyperplastic glands
in false-negative lesions. The 10000.0
weight of false-negative glands
on F-18 fluorocholine PET/CT
was significantly lower than that
on the Tc-99 m sestamibi scan
and neck ultrasound (p =0.027)
1000.0
E
3
c
B
g 100.0
10.0

I8F-fluorocholine

hyperparathyroidism. In addition, F-18 fluorocholine PET/
CT revealed more hyperplastic parathyroid lesions than neck
ultrasound in approximately 50% patients. To the best of our
knowledge, this is the first study investigating the diagnos-
tic performance and clinical utility of F-18 fluorocholine

T

T T
99mTe sestamibi Neck ultrasound

PET/CT in a uniform cohort with secondary or tertiary
hyperparathyroidism.

Compared with primary hyperparathyroidism, secondary
and tertiary hyperparathyroidism exhibit different disease
features, including a higher prevalence of multiglandular
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disease, higher frequency of glandular hyperplasia rather
than adenoma, and smaller diseased parathyroid glands [19,
25,27, 34, 35]. Primary hyperparathyroidism presents with
a single, enlarged parathyroid adenoma in approximately
85% of cases [16, 17, 25, 27]. Owing to these differences,
the diagnostic performance of Tc-99m sestamibi scan var-
ies between cases of primary and secondary/tertiary hyper-
parathyroidism in the literature. The sensitivity of Tc-99m
sestamibi scan for primary hyperparathyroidism can reach
70-80%, while its sensitivity in patients with secondary
or tertiary hyperparathyroidism is lower and is reported
around 40-60% [15-17, 26]. Studies have shown that the
detection rate of F-18 fluorocholine PET/CT for primary
hyperparathyroidism is between 94 and 100%, which is sig-
nificantly superior to that of the traditional imaging modali-
ties (Table 3) [19-24, 30, 31, 34, 36-38]. However, whether
F-18 fluorocholine PET/CT maintains a high sensitivity for
the detection of small and multiglandular hyperparathy-
roid lesions in secondary or tertiary hyperparathyroidism
is unknown. In our study, the majority of our patients had
multiglandular disease, and the median weight of the lesions
(557 mg) was smaller than that in primary hyperparathy-
roidism (1000 mg, Table 3). Although Tc-99m sestamibi
scan has a low sensitivity of 55%, F-18 fluorocholine PET/
CT still demonstrated a high sensitivity of 86%, which is
comparable with the results in primary hyperparathyroidism
[19, 25, 27, 35]. Based on the findings from our study and
present literature, we suggest that the diagnostic perfor-
mance of F-18 fluorocholine PET/CT is not influenced by

different disease features between primary and secondary/
tertiary hyperparathyroidism. F-18 fluorocholine PET/CT
shows a consistently higher sensitivity than Tc-99m sesta-
mibi scan in the detection of hyperfunctioning parathyroid
glands.

In secondary or tertiary hyperparathyroidism, early sur-
gical failure with persistent disease may occur in 5-10% of
patients, and the recurrence rate reaches 20-30% at 5 years
[39, 40]. The surgical procedure for secondary/tertiary
hyperparathyroidism is more extensive and more likely
to dissect near-critical neurovascular structures than the
focused parathyroidectomy of primary hyperparathyroidism
[2, 5, 41]. Therefore, a preoperative image accurately illus-
trating the location and number of abnormal glands is help-
ful. Tc-99m sestamibi scans show low sensitivity for second-
ary/tertiary hyperparathyroidism lesions and usually fail to
provide additional information if neck ultrasound has been
done [14, 16-18, 26, 42—44]. Instead, our data suggest that
F-18 fluorocholine PET/CT identifies more hyperplastic
parathyroid lesions than neck ultrasound and that approxi-
mately 50% of the patients who have undergone neck ultra-
sounds would benefit from additional F-18 fluorocholine
PET/CT, for a more accurate and sophisticated surgical
planning. In secondary or tertiary hyperparathyroidism, a
missed parathyroid gland may be the cause of a difficult
and extensive reoperation. Extensive surgical dissection
would increase operative time and also increase the risk of
morbidity (recurrent laryngeal nerve injury, hematoma, or
hypoparathyroidism). In our study, the surgeon did report a

Table 3 Studies using radioactive choline PET for patients with hyperparathyroidism

Source Design Diagnosis Radiotracer Case, no Lesion, no Glandular Sensitivity (%)
weight (mg), - -
median Choline PET T9—99m sesta-  Ultrasound
mibi
Araz et al. Pro Primary F-18 choline 35 NA NA 96 (p) 78 (p) NA
(2018) [32]
Becheshti et al. Pro Primary F-18 choline 100 277 1000 94 (1) 61 (1) NA
(2018)* [19]
Rep et al. Pro Primary F-18 choline 36 41 NA 97 (1) 64 (1) NA
(2018) [36]
Hocevaretal. Retro Primary F-18 choline 151 NA NA 99 (p) NA NA
(2017) [35]
Thanseer et al.  Pro Primary F-18 choline 54 56 1000 100 (1)/100 (p) 76 (1)/81 (p) 69 (1)/69 (p)
(2017) [30]
Rep et al. Pro Primary F-18 choline 43 NA NA 95> NA NA
(2015) [34]
Our study Pro Secondary/ F-18 choline 30 116 577 86 (1)° 55 ()¢ 62 (1)°
tertiary

PET positron emission tomography, Pro prospective, Retro retrospective, (p) patient-based analysis, (/) lesion-based analysis, NA not available

*Thirty-three patients received Tc-99m tetrofosmin scintigraphy instead of Tc-99m sestamibi scans

®No report of patient-based or lesion-based sensitivities

“Diagnostic performance based on 27 patients
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reduced surgical time or an increased confidence for lesion
localization with the aid of F-18 fluorocholine PET/CT. Fig-
ure 2 shows a case that benefited from the F-18 fluorocholine
PET/CT because of the identification of a right upper hyper-
plastic parathyroid gland. The upper or superior glands are
usually localized at the level of the thyrolaryngeal groove, a
site explorable by ultrasonography with some difficulty. In
addition, upper glands are just behind the thyroid lobes and
closed to the thick thyroid tissue, which makes identification
by the traditional scintigraphy difficult.

The improved sensitivity of F-18 fluorocholine PET/CT
when compared with that of Tc-99m sestamibi scans in sec-
ondary/tertiary hyperparathyroidism is partially attributed
to a better image contrast and spatial resolution of the PET
machine [45]. The spatial resolution of the PET machine
is approximately 5 mm [46]; in contrast, that of SPECT is
considerably larger, reported to be approximately 15 mm
[47]. Another reason is that F-18 fluorocholine and Tc-
99m sestamibi exhibit different radiotracer uptake mecha-
nisms [17, 48]. Tc-99m sestamibi mainly concentrates on
the mitochondria-rich oxyphil cells, which are abundant in
the adenoma of primary hyperparathyroidism. The Tc-99m
sestamibi scan has a lower detection rate in secondary or
tertiary hyperparathyroidism, because the diseased parathy-
roid gland is characterized by chief cell hyperplasia instead
of oxyphil proliferation [16, 17, 25]. The increased uptake
of F-18 fluorocholine in the lesion of hyperparathyroidism
is due to the upregulation of the phospholipid-dependent
choline kinase pathway [23].

In our study, the NPVs of Tc-99m sestamibi scan and
PET/CT were suboptimal. The NPV of Tc-99m sestamibi
scan was 23%, which is similar to the previous reports
(0-35%) [15]. F-18 fluorocholine PET/CT had a higher NPV
of 52%. Nevertheless, the low NPV may not affect the extent
of bilateral neck dissection of parathyroidectomy. Further
study is required to confirm this finding.

Traditionally, Tc-99m sestamibi scintigraphy has a sen-
sitivity approximating 90% when the parathyroid lesion is
>300 mg [27]. The sensitivity of F-18 fluorocholine PET/CT
in our study exceeded 90% for parathyroid lesions > 175 mg,
and reached 95% for those > 200 mg.

We further analyzed the semiquantitative parameters of
F-18 fluorocholine PET. The SUVmax of the lesion in the
early and delayed images showed no significant difference.
Nevertheless, the P/T values were significantly higher in the
delayed images than in the early images. Our findings are
in line with the data reported by Broos et al. [29], suggest-
ing that the delayed image allows better thyroid background
washout and may achieve a better lesion contrast. However,
our data only showed a slightly increased sensitivity for the
delayed image without statistical significance.

We are aware of the limitations of our study. First, our
study population was relatively small, and may have caused

biases to the statistical analysis. Second, this was a single-
center study. A multicenter study may improve the gener-
alizability. Finally, the analysis of the correlation between
semiquantitative F-18 fluorocholine PET parameters and
lesion weight in our study is preliminary. Further research
is required to examine the clinical benefit of semiquantitative
F-18 fluorocholine PET parameters.

Conclusion

Currently, neck ultrasound is the preferred preoperative
imaging in patients with secondary/tertiary hyperparathy-
roidism, and the use of Tc-99m sestamibi scan is limited
in these patients. Our data indicate that F-18 fluorocholine
PET/CT shows a high diagnostic power and can supersede
Tc-99m sestamibi scan for preoperative evaluation. F-18
fluorocholine PET/CT identified more hyperplastic parathy-
roid lesions in approximately 50% patients who had received
neck ultrasounds. Therefore, it may complement neck ultra-
sound in preoperative assessment and enable a better surgi-
cal planning in secondary or tertiary hyperparathyroidism.
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