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18F-fluorocholine ('8F-FCH) PET/CT is a promising and increasingly
used scan technique in the preoperative imaging of parathyroid
adenoma. Several acquisition methods have been evaluated in the
literature, but the optimal image acquisition time point after admin-
istration of the tracer is still under debate. Methods: Patients who
had hyperparathyroidism, underwent dual-time-point '8F-FCH PET/
CT (image acquisition, 5 min; 60 min after injection), and had histo-
logically proven pathologic parathyroid glands were retrospectively
included in the study. Early and late images were compared both
visually and quantitatively. Results: Sixty-four patients were in-
cluded, and a total of 71 parathyroid glands were surgically re-
moved. Visually, there were no differences between early and late
images of hyperfunctioning parathyroid glands in 44 patients (69%);
in 13 patients (20%), visualization on early images was better; in 6
patients (9%), visualization of hyperfunctioning glands was best on
late images; and in 1 patient (2%), the lesion was exclusively visu-
alized on late images. For the total cohort, there was a significant
decrease in '8F-FCH uptake in the glands on late versus early time
points (P = 0.001), but there was a significant increase in the ratio of
parathyroid uptake to thyroid uptake (P = 0.037). The group of
patients with better visualization on early images showed a de-
crease over time in both parathyroid uptake and the ratio of para-
thyroid uptake to thyroid uptake, significant in comparison to those
in both the group with better visualization at later time points and the
group in which visualization was similar at both time points (P values
of 0.000-0.018). There were no significant differences in '8F-FCH
uptake and the ratio of parathyroid uptake to thyroid uptake be-
tween the latter 2 groups (P values of 0.200-0.709). Conclusion:
In most patients (89%), hyperfunctioning parathyroid glands were
adequately visualized on early imaging; however, in a subset of
patients (11%), such glands were best visualized at later time
points. Therefore, we recommend the acquisition of dual-time-point
images in parathyroid imaging with '8F-FCH PET/CT or the creation
of an opportunity to acquire additional late images after review of
early images when findings are inconclusive.
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Hyperparathyroidism covers a spectrum of parathyroid dis-
eases, with primary hyperparathyroidism being the most common.
This disease develops as a result of the autonomous production
and secretion of parathyroid hormone (PTH) from the parathyroid
glands, with prevalences of 3 in 1,000 in the general population
and up to 21 in 1,000 in postmenopausal women (/,2). Secondary
hyperparathyroidism typically occurs in patients with chronic renal
disease because derangements in calcium and phosphorus levels
result in increased PTH. Tertiary hyperparathyroidism is the condi-
tion that may follow after secondary hyperparathyroidism when PTH
secretion transforms from compensatory to autonomous.

Symptomatic primary hyperparathyroidism is routinely treated
with parathyroidectomy, in which the accurate localization of
hyperfunctioning parathyroid glands can be beneficial in preoper-
ative planning and is a prerequisite for minimally invasive surgery.
In secondary and tertiary hyperparathyroidism, which also may be
treated with parathyroidectomy, imaging is mainly performed to
detect ectopic or supernumerary glands (3). To visualize parathy-
roid lesions, various morphology-based imaging techniques, such
as ultrasonography, CT, and MRI, can be used; however, the cur-
rent reference method is functional imaging with *°™Tc-sestamibi.
Recently, '8F-fluorocholine ('8F-FCH) PET/CT was proposed and
investigated as a tool for the detection of hyperfunctioning para-
thyroid tissue, with promising results (4,5).

Although various acquisition protocols have been described, the
optimal time point for image acquisition after injection of !3F-
FCH is still under debate. In previous studies, time points ranging
from O to 120 min after injection were used, with conflicting
results. Scanning at both early and late time points has been sug-
gested, and authors have reported lesions that were visualized on
early images only (6—8). The objective of the present study was to
evaluate different uptake patterns and differences in the visualiza-
tion of parathyroid glands on early and late images using dual-time-
point '8F-FCH PET/CT in patients with hyperparathyroidism.

MATERIALS AND METHODS

Patient Selection

Patients who underwent dual-time-point '8F-FCH PET/CT for the
evaluation of hyperparathyroidism were included in this study when
both PET/CT results were positive and PET/CT was followed by
surgery and when parathyroid adenoma or hyperplasia was histopath-
ologically proven. All patient data, including baseline characteristics,
scan results, and quantitative measurements, were prospectively en-
tered into a database. Additional follow-up data were retrieved from
the electronic patient records. Patients were classified on the basis of
clinical indication: primary, secondary, or tertiary hyperparathyroid-
ism. Primary hyperparathyroidism was defined as either a persistent
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elevation of serum calcium levels with corresponding elevated or
nonsuppressed PTH levels or high PTH levels and normal serum
calcium levels (i.e., normocalcemic hyperparathyroidism) (9). Sec-
ondary hyperparathyroidism was defined as low serum calcium levels
and high PTH levels associated with chronic renal failure, and tertiary
hyperparathyroidism was defined as a persistent elevation of PTH
levels after treatment of secondary hyperparathyroidism because of
autonomous PTH production.

Informed Consent

The institutional research department approved this retrospective
study, and all patients signed written informed consent for the use of
their anonymized data for scientific purposes. Besides the standard
imaging protocol and clinical management, no additional measure-
ments or actions affecting the patient were performed. The study was
performed in accordance with the Declaration of Helsinki. Approval
of the local ethics committee was not necessary for the present study
because the study did not fall within the scope of the Dutch Medical
Research Involving Human Subjects Act (section 1.b WMO; February
26, 1998).

Scan Acquisition

PET/CT images were acquired on a Siemens Biograph-16 True-
Point PET/CT camera (Siemens Healthcare). Early images of the
thyroid region were acquired 5 min after intravenous injection of
approximately 150 MBq of '8F-FCH. The following acquisition pa-
rameters were used: 1 bed position for 480 s, a matrix size of 256 x
256, low-dose CT for attenuation correction, a tube current of 40 mAs
at 100 kV, Siemens CARE Dose 4D dose modulation, collimation of
24 x 1.2 mm, and a pitch of 0.95. Late images ranging from the
temporomandibular joint to the diaphragm were acquired 60 min after
injection. Corresponding with early images, late images were acquired
at 480 s per bed position and a matrix size of 256 x 256. Late CT
images for attenuation correction and anatomic mapping were ac-
quired using a tube current of 80 mAs at 120 kV, collimation of 16 X
1.2 mm, and a pitch of 0.95. Both early and late PET images were
reconstructed with an iterative 3-dimensional method using 5 itera-
tions, 8 subsets, and a gaussian filter. For interpretation of the images
and quantitative measurements, dedicated software (syngo.via; Siemens
Medical Solutions) was used. Patient preparation consisted of hydration
with 1 L of water and, if applicable, discontinuation of colchicine 48 h
before '8F-FCH administration. Discontinuation of calcimimetic drugs
or other medications was not required.

Image Interpretation

Imaging results were prospectively recorded in a database after
scan interpretation. The results of each '8F-FCH PET/CT scan were
scored as negative, equivocal, or positive for hyperfunctioning para-
thyroid glands. In the presence of well-defined focal '8F-FCH uptake
at typical locations, the scan results were considered positive for hy-
perfunctioning parathyroid tissue. If tracer uptake was of very low
intensity or could not be distinguished from uptake in the thyroid
gland, then the scan results were considered equivocal. A physiologic
distribution of '8F-FCH or an abnormal distribution with an explana-
tion other than hyperfunctioning parathyroid tissue defined the scan
results as negative.

Other image data that were entered into the database included the
locations of abnormal foci (left or right, cranial or caudal with respect
to the thyroid gland, intrathyroidal or ectopic) and the numbers of
abnormal foci (solitary adenoma, multiple adenomas, or 4-gland
hyperplasia). Early and late images were compared both quantitatively
and visually. Visually, the scans were compared independently by 2
nuclear medicine physicians. Each scan was categorized into 1 of 5
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subcategories: visualization on early images only, best visualization
on early images, no essential difference, best visualization on late
images, and visualization on late images only. In case of a discrepancy
between the 2 readings, the appropriate category was assigned by
consensus. Acquired quantitative measurements of abnormal foci were
SUVnax and SUV . Additionally, the SUVs of the thyroid gland were
measured as a reference, and the ratios of parathyroid uptake to thyroid
uptake (P/T ratios) were calculated.

Statistical Analysis

Normally distributed continuous data were expressed as mean = SD
and range, and nonnormal continuous data were expressed as median and
interquartile range. Noncontinuous data were expressed as numbers and
percentages. A paired-samples ¢ test or a Mann—Whitney U test was used
when appropriate to compare differences between early and late time
points and between subgroups. A P value of less than 0.05 was consid-
ered significant. Statistical analysis was performed using the Statistical
Package for the Social Sciences, version 20 (IBM SPSS Statistics).

RESULTS

Sixty-four patients were included in the study, and '®F-FCH
scans were performed from April 28, 2016, to March 14, 2018
(Table 1). Clinical indications for '8F-FCH PET/CT were primary
hyperparathyroidism (including multiple endocrine neoplasia type
2A-associated disease and lithium-induced disease) in 61 patients,
secondary hyperparathyroidism in 2 patients, and tertiary hyper-
parathyroidism in 1 patient. A total of 71 glands were surgically
removed. The locations of the removed glands were as follows: 9
(13%) left superior, 25 (35%) left inferior, 6 (9%) right superior,
and 27 (38%) right inferior; 1 gland (1%) was located within the
thyroid gland; and 3 glands (4%) were ectopically located. Histo-
pathologic examination yielded 59 single adenomas and 2 double
adenomas, concordant with the scan results. For 1 patient with sec-
ondary hyperparathyroidism, 4-gland hyperplasia was shown on the
scan; 3 of the excised glands were histologically confirmed to be
hyperplastic; and the fourth gland was not found and was left in situ.
The scan of the other patient with clinically suspected secondary
hyperparathyroidism showed single-gland disease (recurrent hyper-
parathyroidism after earlier excision of a contralateral parathyroid
adenoma). For the patient with tertiary hyperparathyroidism, 4-gland
hyperplasia was also shown on the scan; all of the glands were
removed and histopathologically confirmed to be hyperplastic. All

TABLE 1
Patient Characteristics
Characteristic Value

Age* 60 + 12 (28-81) y
Sext

Male 17 (27)

Female 47 (73)
PTH level** 21.0 £ 22.3 (5.3-171.2) pmol/L

(

Serum calcium level*$ 2.67 + 0.19 (2.11-3.30) mmol/L

*Data are reported as mean + SD, with range in parentheses.

TData are reported as number of patients, with percentage of
patients in parentheses.

*Reference range: 1.3-6.8 pmol/L.

SReference range: 2.10-2.50 mmol/L.
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patients showed a clinically significant decrease in PTH levels after
surgery (at least a 50% reduction).

In patients with multiple pathologic parathyroid glands shown
on ¥F-FCH PET/CT, 1 gland was randomly selected for further
analysis to avoid potential bias due to nonindependent observa-
tions, resulting in a total of 64 analyzed lesions. Visual compari-
son yielded no essential difference in the visibility of the pathologic
parathyroid gland on early and late images from 44 scans (69%).
Thirteen scans (20%) showed better visualization on early images,
and 6 scans (9%) showed better visualization on late images. One
scan (2%) had negative results on early images but showed a single
parathyroid adenoma on late images, whereas no scans had exclu-
sively positive results on early images. Examples of best visualiza-
tion on early and late images are shown in Figures 1 and 2,
respectively. The results of 2 scans were considered equivocal on
both early and late images; 1 of these displayed an intrathyroidal hot
spot with the differential diagnosis of thyroid adenoma, whereas the
other showed an isointense lesion close to the thyroid. Histopathol-
ogy proved that both lesions were parathyroid adenomas.

The scan in which the parathyroid gland was visualized only on
late images was excluded from further quantitative analysis. For
the cohort in total, the early SUV,,,, was significantly higher
whereas the early SUV . P/T ratios were significantly lower than
those on late images (P values were 0.001 for the absolute differ-
ence and 0.037 for the ratio difference; paired-samples ¢ test). More
or less the same results were found for the measured SUV .
(P values were <0.001 for the absolute difference and 0.021 for
the ratio difference; paired-samples ¢ test) (Fig. 3).

Figure 4 shows several differences in quantitative results be-
tween the subgroups on the basis of visual interpretation. There
was a decrease in '8F-FCH uptake on late images for the subgroup
with better visualization on early images; this result was more
apparent for the absolute difference than for the ratio difference.
There was a slight trend toward higher absolute '®F-FCH uptake in
the parathyroid lesions and higher relative uptake compared with
that in the thyroid gland for the subgroup with better visualization
on late images. Statistically, a significant difference was found
between the subgroup with better visualization on early images
and the subgroup with better visualization on late images (P val-
ues were 0.001 for the absolute difference and 0.001 for the ratio
difference; Mann—Whitney U test) as well as the subgroup with
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FIGURE 1. Example of dual-time-point '8F-FCH PET/CT with best vi-
sualization of parathyroid adenoma on early images. (A) Early images
(from left to right: attenuation-corrected [AC] PET, PET/CT fusion, and
maximum-intensity projection [MIP] images acquired at 5 min after
injection) show intense tracer uptake in right inferior parathyroid ade-
noma. (B) Late images (from left to right: AC PET, PET/CT fusion, and
MIP images at 60 min after injection) show nearly complete washout of
tracer.
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FIGURE 2. Example of dual-time-point '8F-FCH PET/CT with best vi-
sualization of parathyroid adenoma on late images. (A) Left superior
parathyroid adenoma is visualized on early images with tracer uptake
approximately isointense with that of thyroid gland (from left to right:
attenuation-corrected [AC] PET, PET/CT fusion, and maximum-intensity
projection [MIP] images acquired at 5 min after injection). (B) On late
images, adenoma is more apparent because of faster washout of tracer
from thyroid gland (from left to right: AC PET, PET/CT fusion, and MIP
images at 60 min after injection).

equivocal visualization (P values were <0.001 for the absolute
difference and <0.001 for the ratio difference; Mann—Whitney U
test). No significant difference was found between the subgroup
with better visualization on late images and the subgroup with
equivocal visualization (P values were 0.221 for the absolute dif-
ference and 0.200 for the ratio difference; Mann—Whitney U test).
Analysis of the SUV ¢, measurements did not lead to different
conclusions (Fig. 5).

DISCUSSION

In the present study, differences between parathyroid imaging
with '8F-FCH PET/CT at 5 min after injection and 60 min after
injection were analyzed. Overall, parathyroid lesions showed higher
I8E-FCH uptake on early images and higher P/T ratios on late im-
ages. However, different patterns were recognized, and scans with
better visualization on early images as well as scans with better
visualization on late images were observed.

In previous studies, multiple acquisition protocols were used in
parathyroid imaging with 8F-FCH PET/CT, and several studies
used a dual-time-point or triple-time-point protocol (5,6,10-15).

12 1
Early
109 P=0.001 @ Late
1
8 4

P <0.001

Mean
4
—

44 003 P =0.021

. J - J - J o J
SuV P/IT SUV,,. SuV P/T SUV.

max

peak peak

FIGURE 3. Comparison of early and late SUV measurements and P/T
ratios.
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FIGURE 4. Bland-Altman plots. (Top left) Plots of differences in 8F-FCH uptake (SUVa) in parathyroid lesions against mean uptake in each
lesion. (Bottom left) Plots of differences in P/T ratios (SUVmax) against mean ratio for each lesion. For SUV ..., data are similarly plotted at top right
and bottom right, respectively. Dotted lines are mean values and 95% Cls for total cohort.

Lezaic et al. observed better lesion-to-background and lesion-to-
thyroid contrast on late images, but all lesions were visible at both
time points (/0). Also, in 2 studies by Michaud et al., the late
images did not yield additional findings (/7,12). Two studies
found an increase in the SUV,,,, on late images, in contrast to
the observations in the present study, and the results of 1 of those
studies also suggested that a single late acquisition may suffice in
patients with high PTH levels (4,14). Some reports mentioned a
dual-time-point scanning protocol without further explication of
different scan results (5,13,15). In a study by Rep et al., the only

1608 THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 60 *

study with a triple-time-point protocol, the optimal scan time was
concluded to be 60 min after injection of the tracer, with higher
accuracy than early images and the same accuracy as images
obtained at 120 min (accuracies of 94.1%, 96.5%, and 96.5% at
5, 60, and 120 min after injection, respectively) (6). These results
were due to nonvisualization of 3 parathyroid lesions on early
images. Over time, a decrease in absolute uptake was observed,
along with an increase in contrast relative to the thyroid gland,
because of lower '®F-FCH retention in the thyroid tissue—in agree-
ment with the findings of the present study.

No. 11 * November 2019



Absolute difference SUV

P =0.001

B P =0018

Absolute difference SUV

dual-phase contrast-enhanced CT (arterial
phase images acquired 1015 s after enhance-
ment of the thoracic arch) (/7).

In the study of Rep et al., 1 adenoma
could not be visualized on late images

peak

2.5 4 T
o
= L
% *
fo) (o]
sk
e 1
P < 0.001

Early better Equivocal

-2.5 4

-5.0 4

*
(I

7.5+ P <0.001

-10.0

Late better Early better Equivocal

Ratio difference SUV__

P =0.001
P =0.015

Ratio difference SUV

1 2.5

T

because of intense '8F-FCH accumulation
in bone marrow in 1 patient with polycy-
themia vera (6). Fast choline washout was
also observed in a small series of 7 patients
who underwent a 30-min dynamic scan
in combination with a static acquisition
60 min after injection (/8). Three differ-
ent uptake patterns were recognized (early
washout, stable uptake and late increase), in-
dicating the importance of early acquisition
for avoiding nondetection of parathyroid
lesions with fast washout. Prabhu et al. pro-
spectively compared early dynamic imaging
during the first 15 min after injection with
delayed imaging after 45 min (8). A higher
SUV h.x Was observed on dynamic images,
there was no significant difference in P/T
ratios between early dynamic and late im-
ages, and it was suggested that only early
imaging would suffice.

For the analysis of '8F-FCH uptake in
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the present study, both of the commonly
used parameters (SUVp, and SUVicq)
that were measured are known to have
low interobserver variability (/9). We de-
cided not to use SUV, .., because it is
strongly dependent on the way in which
* the volume of interest is drawn and there-
fore has higher interobserver variability,
especially with small parathyroid lesions.
In the present study, the use of SUV ¢y did
not lead to different results than the use of
SUV,ax» and it seems that both methods
are suitable for SUV measurements of para-
thyroid lesions.

Because the aim of the study was to
analyze '8F-FCH uptake patterns in hyper-
functioning parathyroid glands, we decided
to include only histologically proven path-

Late better

FIGURE 5. Differences between 3 subgroups on basis of visual interpretation: better visualiza-
tion on early images (early better), equivocal visualization (equivocal), and better visualization on
late images (late better). (Top left) SUV,ax absolute differences. (Bottom left) SUV .« ratio differ-
ences. (Top right) SUVea, absolute differences. (Bottom right) SUV ... ratio differences.

In the present study, none of the parathyroid lesions were
exclusively visualized on early images, but failure to detect
parathyroid lesions on delayed imaging has been reported in the
literature. One case involved a cystic parathyroid adenoma with
possible fast tracer washout due to a rich blood supply (7). Be-
cause the highest activity was found in the first minutes on dy-
namic scans, another group of authors also hypothesized that a
major portion of the SUV in the early phase represented blood
flow in the adenoma (16). However, no correlation between para-
thyroid vascularization and choline metabolism was found in a
study comparing '8F-FCH PET/CT at 10 min after injection with

DuaL-TIME-PoINT !8F-FLUOROCHOLINE PET/CT o

ologic lesions. As a consequence, no dif-
ference in the accuracy of early versus late
imaging could be calculated. Histopatho-
logic examination was used as a reference
standard in the present study. The histo-
pathologic examination of parathyroid tis-
sue can be difficult in certain cases; in particular, the distinction
between adenoma and hyperplasia is not always clear (20). Be-
cause of the small number of hyperplastic parathyroid glands
versus parathyroid adenomas in the present study, no subgroup
analysis was performed.

Additionally, evaluation of the correlations between uptake
patterns, laboratory values, and the size or weight of the para-
thyroid glands may be of interest for future research. A known
pitfall of '8F-FCH PET/CT is tracer uptake in lymph nodes, which
can cause false-positive results in parathyroid scanning, especially
for foci in ectopic locations. Multiple-time-point scanning can

Broos et al. 1609



help to identify benign lymph nodes (27). Moreover, Prabhu et al.
reported that early dynamic imaging was also able to differentiate
between adenomas and cervical lymph nodes (8).

In the present study, patients did not have to discontinue calci-
mimetic drugs or other medications, except for colchicine, before
PET/CT (22). In previous studies on parathyroid imaging with
I8F-FCH PET/CT, discontinuation of parathyroid drugs also was not
applied, but no specific research has been done on this matter.
Moreover, with conventional *°™Tc-sestamibi parathyroid imaging,
the discontinuation of medications is also disputable (23,24).

CONCLUSION

Variable '8F-FCH uptake patterns were observed on dual-time-
point '8F-FCH PET/CT parathyroid imaging. Although most hy-
perfunctioning parathyroid glands were visualized on both early
and late images, some lesions might have been missed if only 1
time point had been used. Therefore, we recommend the acqui-
sition of dual-time-point images in parathyroid imaging with
I8F-FCH PET/CT or the creation of an opportunity to acquire
additional late images after review of early images when findings
are inconclusive.
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KEY POINTS

QUESTION: What is the value of performing '8F-fluorocholine
PET/CT at 2 time points in parathyroid imaging?

PERTINENT FINDINGS: This retrospective cohort study showed
variable uptake patterns with significant differences in parathyroid
lesion uptake between early and late images. In some cases,
scanning at one time point did not suffice, therefore it is recom-
mended to acquire dual-time-point images.

IMPLICATIONS FOR PATIENT CARE: In this upcoming imaging
technique, these findings are of importance in improving scanning
protocols to optimize the accuracy of parathyroid lesion detection.
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