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ABStR Act

There are multiple imaging modalities in primary hyperparath-
yroidism. Ultrasound examination and subtraction scintigraphy 
are usually the first-line imaging techniques. When these re-
sults are negative or inconsistent, additional [11C]-methionine 
PET/CT (MET-PET/CT) or 4-dimensional computed tomography 
can be performed.  This study aims to evaluate MET-PET/CT in 
comparison with other imaging techniques in primary hyper-
parathyroidism. This is a retrospective cohort study. Eighty-
four patients with primary hyperparathyroidism, who under-
went parathyroid surgery, were included.  Imaging results have 
been correlated to the perioperative drop in parathyroid hor-
mone level and to the pathological analysis.  Descriptive statis-
tics are used, supplemented with 95 % Clopper–Pearson confi-
dence intervals for sensitivity and specificity and a sub-analysis 
with the McNemar test on paired data only. The per-lesion 
sensitivity of MET-PET/CT seems higher than that of [99mTc]-ses-
tamibi or [99mTc]-tetrofosmin and [99mTc]-pertechnetate sub-
traction scintigraphy. The McNemar test, on paired data only, 
shows significantly higher sensitivity of MET-PET/CT compared 
to ultrasound (p = 0.039) and significantly higher specificity of 
ultrasound compared to subtraction scintigraphy (p = 0.035).  
MET-PET/CT after inconclusive or negative ultrasound and/or 
subtraction scintigraphy has an additional value in 70 % of the 
cases.  Preoperative parathyroid hormone levels were higher in 
patients in whom MET-PET/CT correctly predicted the patho-
logical parathyroid glands, compared to those where MET-PET/
CT missed at least one adenoma. The same trend was seen for 
4-dimensional computed tomography. In conclusion, MET-PET/
CT seems a valuable imaging modality in primary hyperparath-
yroidism, at least as second line imaging approach, with a high-
er per-lesion sensitivity than ultrasound in such setting. Espe-
cially when ultrasound and/or subtraction scintigraphy are 
inconclusive or negative, MET-PET/CT directs the surgeon to 
the correct localization of the parathyroid adenoma.

Introduction
In primary hyperparathyroidism (PHPT) a correct preoperative lo-
calization of the parathyroid adenoma(s) (PA) is crucial. Multiple 
imaging modalities can be used to guide the surgeon. Ultrasound 
examination (US) and subtraction scintigraphy are used typically 
as first-choice techniques. When these are negative or inconclu-
sive, a [11C]-methionine positron emission tomography-computed 

tomography (MET-PET/CT) or a 4-dimensional computed tomog-
raphy (4D-CT) can be used as complementary detection methods.

PHPT
PHPT has a prevalence of 0.1–0.9 %, which makes it the third most 
common endocrinological disease, after diabetes, and hypothy-
roidism [1, 2]. More women are affected than men with a ratio of 
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2.5–4:1 [2–4]. PHPT is diagnosed by increased parathyroid hor-
mone (PTH) levels, which are inappropriately high compared to the 
hypercalcemia after exclusion of secondary hyperparathyroidism 
[5]. The most important complications of PHPT are nephrolithiasis 
and bone demineralization, but also pancreatitis, hypertension and 
neurocognitive impairment can occur [3]. The physician must con-
sider a medical treatment with calcimimetics and/or bisphospho-
nates or a curative surgical removal of the hypersecreting ade-
noma(s) to prevent evolution of PHPT with detrimental effects. 
Treatment is recommended in patients with symptoms, end-organ 
disease (such as nephrolithiasis, osteoporosis or fragility fractures), 
young age ( < 50 years), an albumin-corrected calcium level of 0.25 
mmol/l above the upper limit of normal or a creatinine clearance 
below 60 ml/min [6, 7].

Ultrasound examination
Ultrasound examination (US) is a widely available, low-cost tech-
nique without exposure to ionizing radiation that is often used to 
visualize the PA. There are, however, known limitations in detecting 
ectopic adenoma(s) and there is a notable operator-dependence [6]. 
Per-lesion sensitivity is reported between 58 and 78 % [8–10].

Subtraction scintigraphy
Another well-known technique is subtraction scintigraphy where 
two tracers are injected: one tracer that is taken up by the thyroid 
([99mTc]-pertechnetate or [123I]) and a second tracer taken up by 
the thyroid and the parathyroid tissue ([99mTc]-sestamibi or 
[99mTc]-tetrofosmin). Afterward, the images with these tracers are 
subtracted from each other. The imaging is based on the capture 
of a single photon, with planar imaging or single-photon emission 
computed tomography (SPECT). This is in contrast to PET, where 
every decay results in a double detection, which produces a high-
er resolution. Up until now subtraction scintigraphy is widely ac-
cepted and performed. The sensitivity of this technique is report-
ed to be between 64 and 83 % [9–11].

4D-CT
4D-CT is computed tomography of the parathyroid glands with 
multiple acquisitions over time (4th dimension) before and after 
the injection of iodine contrast. Parathyroid adenomas are differ-
entiated from the thyroid tissue and lymph nodes with an earlier 
peak time and a more rapid wash-in (S. Raeymaeckers, personal 
communication [12, 13]). This technique is less often used to lo-
cate PA, partly because it requires the injection of iodine contrast 
in this specific population with a higher prevalence of renal toxici-
ty [5, 14]. 4D-CT is more regarded as a second option when US and/
or subtraction scintigraphy are negative or inconclusive [13]. The 
sensitivity is estimated at around 89 % in a systematic review [15].

MET-PET/CT
In 1994, [11C]-methionine was introduced as a new radiopharma-
ceutical in parathyroid imaging, using stand-alone positron emis-
sion tomography (PET) cameras [16]. Before that, [11C]-methionine 
was already used in visualizing cerebral tumors. This agent was cho-
sen because of its accumulation in abnormal tissue of parathyroid 
glands (PG) in PHPT, being more specific for parathyroid tissue than 
the uptake of [99mTc]-sestamibi compared to the uptake in thyroid 

tissue, and also because of a superior spatial resolution [17, 18]. 
Nevertheless, [11C]-methionine is taken up more intensively by cer-
vical soft tissue compared to [99mTc]-sestamibi. In 2006 PET evolved 
to PET/CT to correlate the PET-images to the anatomical informa-
tion, provided by CT [19]. This facilitated the correct identification 
and localization of PA. MET-PET/CT has already shown to have ad-
ditional benefits compared to US and/or subtraction scintigraphy 
in 50–86 % of the patients, especially patients with ectopic adeno-
mas and adenomas near the thyroid that are located at unusual 
sites (e. g., anterior to the thyroid) [20–22]. The sensitivity of MET-
PET/CT is comparable to or better than the sensitivity of subtrac-
tion scintigraphy [20, 23]. Per-lesion sensitivity of MET-PET/CT is 
reported between 70 and 81 % [24–27]. In multiglandular disease 
(MGD) MET-PET/CT has a lower sensitivity (67 %) than in single ad-
enomas (83 %), with typically only the largest hyperplastic parathy-
roid gland detected [28]. An explanation for this decrease in sen-
sitivity could be a different physiopathology with less PTH-synthe-
sis and a lower uptake per weight of tissue of [11C]-methionine in 
hyperplastic glands, compared to PA [20]. The sensitivity of MET-
PET/CT after negative or inconclusive subtraction scintigraphy was 
86 % in a meta-analysis, evaluated per patient [18]. Given its high 
sensitivity and specificity, MET-PET/CT is considered a complemen-
tary technique in case of discordant or negative US and subtraction 
scintigraphy [18]. The routine use of MET-PET/CT is mainly limited 
by the need for a cyclotron nearby due to the short half-life of 
[11C]-methionine, that is, 20 minutes, and the accompanying high 
workload for the preparation [29].

[18F]-Fluorocholine PET/CT (FCH-PET/CT)
The uptake of [18F]-fluorocholine into cells happens through a car-
rier-mediated transport mechanism. Consequently, [18F]-fluoro-
choline becomes incorporated into the phospholipids of the cell 
membranes. This happens especially in malignant cells, due to the 
upregulation of choline kinase (phosphorylation of choline) in these 
cells with increased proliferation [30]. [18F]-Fluorocholine is most 
frequently used in imaging of prostate cancer and hepatocellular 
carcinoma. The first study with this agent for the detection of PA 
was conducted in 2014, and since then only a small number of stud-
ies were conducted with a per-lesion sensitivity of 88–94 % [29, 31–
34]. In a systematic review and a meta-analysis, the pooled sensi-
tivity per-lesion and per-patient were respectively 92–94 % and 
95–97 % [35, 36]. The half-life of [18F]-fluorocholine is 110 minutes 
[27]. For patients of the UZ Brussel, this technique was not used, 
and thus it is not evaluated in this study.

Surgery
Bilateral neck exploration and minimally invasive parathyroidecto-
my (MIP) are two approaches in parathyroid surgery. The choice 
between both options is largely based on the experience of the sur-
geon. For MIP it is very important to know the localization of the 
PA preoperatively to successfully carry out the intervention. The 
reduction in operating time, the accelerated recovery, the limited 
scarring and better pain control postoperatively favor MIP [37]. Yet, 
even with open surgery knowing the location of the adenomas is 
advantageous, resulting in reduced operating time and decreased 
risk to damage the recurrent laryngeal nerve [21].
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Aim
The aim of this study is to evaluate the value of MET-PET/CT in pre-
operative localization of PA in PHPT compared to more known tech-
niques, such as US, subtraction scintigraphy and 4D-CT. This study 
focusses on the patients of the UZ Brussel, which form a relatively 
large cohort. In addition, the influence of preoperative laboratory 
tests on the prediction by the different imaging techniques will be 
investigated.

Patients and Methods

Patients
In this retrospective study, the medical data of all patients who un-
derwent parathyroidectomy in the UZ Brussel over 10 years (from 
01 January 2008 until 31 December 2017) were analyzed. Exclu-
sion criteria were secondary (9 patients) and tertiary hyperparath-
yroidism (10 patients), multiple endocrine neoplasia (MEN) syn-
drome (3 patients), chronic kidney disease (CKD) 3B or a more se-
vere grade (according to the Kidney Disease Improving Global 
Outcomes (KDIGO) Guidelines) (22 patients), incomplete hospital 
notes (6 patients), known malignancy (5 patients), parathyroid car-
cinoma (1 patient) and no proof of PA, nor a hyperplastic gland in 
the pathological analysis (1 patient).

After exclusion, 84 patients with PHPT remained in this cohort. 
For every patient the following data were collected for further 
study: gender, age at the time of surgery, preoperative and 
late-postoperative (between 6 and 12 months after surgery) levels 
of PTH, calcium, albumin, phosphate and vitamin D, early-postop-
erative (the evening on the day of the surgery) PTH levels, the re-
sults of US, subtraction scintigraphy, MET-PET/CT and 4D-CT and 
the pathology results. The calcium levels were corrected for the al-
bumin concentration with the following equation: adjusted calci-
um (mmol/l) = total calcium (mmol/l) − 0.02 (albumin (g/l)–40) 
[38, 39]. All reported calcemias were corrected for albumin unless 
stated otherwise. The approval for the data collection and the ex-
ecution of this study was obtained from the ethical medical com-
mittee of the UZ Brussel.

Surgery
All patients underwent open parathyroid surgery in the UZ Brussel, 
with subsequent analysis of the removed tissue by the pathologists 
of the UZ Brussel. Before, during and after the removal of the ade-
noma, PTH was measured to establish a suitable decrease in PTH 
levels.

Imaging
Most of the imaging studies (US, subtraction scintigraphy and 4D-
CT) were performed in the UZ Brussel. As [11C]-methionine is not 
produced in the UZ Brussel, all patients were referred to the Hôpi-
tal Erasme in Brussels for their MET-PET/CT studies. Not every pa-
tient underwent every imaging modality due to the retrospective 
design. ▶Figure. 1 shows an example of images from MET-PET/CT.

[11C]-Methionine was injected approximately 20 minutes before 
imaging was performed. Images were obtained with a Philips Gem-
ini TF TOF 64 PET/CT or Philips Allegro Body.

The images of the subtraction scintigraphy were made with a 
Philips BrightView XCT SPECT/CT with low-energy collimators from 
07 August 2009 onwards. Before this date, subtraction scintigra-
phy was performed using planar imaging. In 2016, [99mTc]-sesta-
mibi was replaced by [99mTc]-tetrofosmin for subtraction scintig-
raphy, because of its better biodistribution characteristics when 
used for cardiac imaging.

4D-CT was performed on a GE Healthcare Revolution CT, with 
single-shot axial scanning. After the performance of a non-en-
hanced CT, a 90 ml-bolus of iodine-contrast was injected at a ve-
locity of 6 ml/s. At 20 seconds post-injection, 11 acquisitions (with 
2 s between each acquisition) were obtained, then was switched 
to another 4 acquisitions with 10 seconds interval.

For MET-PET/CT and 4D-CT the mean total radiation exposure 
per patient was calculated with their standard deviations. For sub-
traction scintigraphy a typical effective dose per patient was com-
puted, since the actual injected values were not registered in the 
hospital notes for every patient. The period between the perfor-
mance of imaging and the surgery was collected and reported per 
imaging technique.

Per-lesion analysis
Sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated per-lesion. Per study pa-
tient, typically 4 PG were assessed, or 5 in case of pathology-prov-
en ectopic PG. All lesions that were either confirmed as adenoma 
or hyperplastic gland by pathological assessment were considered 
positive. All other lesions, either not resected or considered as nor-
mal PG by pathological assessment, were considered negative. 
Most PG defined as ‘normal PG’ were not excised and not evaluat-
ed pathologically, nevertheless the remaining PG are assumed to 
be normal, based on the reduction in perioperative PTH levels. 2  ×  
2-Tables were constructed with division of the columns in ‘adeno-
ma/hyperplastic gland’ and ‘normal PG’, and division of the rows 
in ‘reported as adenoma/hyperplastic gland’ and ‘not reported as 
adenoma/hyperplastic gland’.

Preoperative PTH and calcium levels
To focus on the importance of preoperative PTH and calcium lev-
els, the following strategy is followed. For each imaging modality 
patients have been divided into two groups: true positive (all ade-
nomas have been predicted) and false negative (at least one ade-
noma was not predicted). Mean PTH levels and boxplots were cal-
culated for every group per imaging modality. The same analyses 
were made for calcium levels.

Statistics
Predominantly descriptive statistics were used to report the results. 
95 % Clopper–Pearson confidence intervals were calculated for the 
sensitivity and specificity. The decision to perform additional im-
aging could be influenced by the results of previous imaging, which 
led to a sampling bias. To handle this bias, a sub-analysis of the im-
aging results was made on paired data only, using the McNemar 
test, with an α-value of 5 %. All statistics were performed with IBM 
SPSS Statistics 23.
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Results
Of 121 patients, identified as having undergone a parathyroidec-
tomy between 01 January 2008 and 31 December 2017 in the UZ 
Brussel, 37 patients were excluded because of the presence of one 
or more exclusion criteria. Subsequently, 84 patients were availa-
ble for further analysis in this study. A total of 75 patients (89 %) 
had a single PA (of which 5 were ectopic adenomas) and 9 patients 
(11 %) had MGD (4 patients had 2 adenomas, and 5 patients had 
hyperplasia). The female-to-male ratio was 3:1 in this population, 
with a mean age of 56 years (SD ± 12 years). These findings are list-
ed in ▶table 1 and are in line with results reported in other stud-
ies [2, 27, 40].

Based on the pathological analysis of excised tissue and the pe-
rioperative drop in PTH level, a total of 103 adenomas/hyperplas-
tic glands were surgically removed in these 84 patients. The distri-
bution in location of pathological glands is as follows: 20 upper 
right (19.4 %), 27 lower right (26.2 %), 14 upper left (13.6 %), 1 left 
in the middle (1.0 %), 36 lower left (35.0 %), and 5 ectopic adeno-
mas (4.9 %). Resected pathological glands were almost equally dis-
tributed over left (47) and right (51). In contrast, 63 resected glands 
were situated on the lower side and only 34 were localized on the 
upper side of the thyroid.

Hypercalcemia was present in 64 patients (76.2 %). Sixteen pa-
tients had normocalcemia (19.0 %), but all of them had elevated 
PTH levels. In the four remaining patients (4.8 %) no albumin con-
centration had been measured, but their uncorrected calcium also 
showed hypercalcemia. In two of the hypercalcemic patients, the 
preoperative PTH was in the normal range but inappropriately high 
for their calcium level: a 27-year old woman had hypercalcemia of 
2.48 mmol/l (normal range: 2.15–2.45) with nephrolithiasis and a 
54-year old woman had hypercalcemia of 2.60 mmol/l (normal 
range: 2.15–2.45) with osteopenia, suspected nephrolithiasis, and 
constipation.

Immediately after surgery 37.8 % of the patients had normal-
ized PTH levels and 62.2 % had low PTH levels. The PTH level be-
tween 6 and 12 months after the surgery had normalized in 83 % 
of the patients. 17 % of the patients still had increased levels of PTH 
(i. e., more than 65 ng/l) of on average 79.7 ng/l (SD ± 19.6 ng/l), 
but all of them had normalized (87 %) or low (13 %) calcemia be-
tween 6 and 12 months after surgery.

Imaging
The injected activity of the [11C]-methionine ranged between 527 
MBq and 851 MBq with a mean of 652 MBq (SD ± 90.7), which typ-

▶Fig. 1 Imaging of a patient with a parathyroid adenoma on the lower left side using MET-PET/CT. a and c are CT images; b and d are PET/CT 
fusion images showing the increased uptake of [11C]-methionine in the parathyroid adenoma (indicated with the red arrow); e is similar to d but with 
background subtraction in the PET overlay image.

a b

c

e

d
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ically corresponds to a whole body radiation burden of 3.4 mSv 
[41]. The effective dose of the low-dose CT is estimated at 1.4 mSv 
[42]. This results in an estimated mean total effective dose of 4.9 
mSv for MET-PET/CT. The mean effective dose of 4D-CT was 3.9 
mSv (SD ± 1.7 mSv). The images of the subtraction scintigraphy 
were obtained approximately 15 minutes and 5 minutes after the 

injection of respectively 74 MBq [99mTc]-pertechnetate and 740 
MBq [99mTc]-sestamibi/[99mTc]-tetrofosmin. Together, these trac-
ers typically result in an effective dose of 6.88 mSv per patient. No 
[123I] was used in this study. The effective dose of the low-dose CT 
of the subtraction scintigraphy was typically 1.65 mSv. The overall 
effective radiation dose of subtraction scintigraphy was approxi-
mately 8.35 mSv.

The mean time between surgery and imaging (US, subtraction 
scintigraphy, MET-PET/CT and 4D-CT) was 136 days (SD ± 221 
days), 165 days (SD ± 304 days), 63 days (SD ± 38 days), and 55 days 
(SD ± 45 days), respectively.

Per-lesion analysis
In all patients, every PG and PA is correlated with the prediction per 
imaging modality. In ▶table 2 sensitivity, specificity, PPV and NPV 
are reported per-lesion for each imaging technique, along with the 
95 % Clopper–Pearson confidence intervals.

A sub-analysis was performed to achieve more information 
about the level of significance. Per-lesion sensitivity and specifici-
ty were compared between two imaging techniques at a time with 
the McNemar test, only using paired data. The output of the signif-
icance in difference of the per-lesion sensitivity and per-lesion spec-
ificity is reported in ▶table 3. 4D-CT is not mentioned because no 
significant difference was found due to limited data.

MET-PET/CT after inconclusive US and/or subtraction 
scintigraphy
Ten patients underwent a MET-PET/CT after negative or contradic-
tive prior US and/or subtraction scintigraphy. In seven of these pa-
tients (70 %) MET-PET/CT predicted the adenomas better than US 
and/or subtraction scintigraphy. In two patients (20 %) the value of 
MET-PET/CT was comparable to US and/or subtraction scintigra-
phy. In one case (10 %) MET-PET/CT was inferior to subtraction scin-
tigraphy.

Ectopic adenomas
Out of the five ectopic adenomas, two could not be detected on 
imaging. Not every patient underwent every imaging technique: 
US and subtraction scintigraphy detected one out of five adeno-
mas; MET-PET/CT detected two out of two adenomas. Subtraction 
scintigraphy two times falsely predicted an ectopic adenoma, be-
cause eventually, there was no ectopic adenoma found during sur-

▶table 1 Characteristics of the patients.

Mean Age (SD) – years 56 ( ± 12)

Male sex – no ( %) 21 (33)

Localization of the adenoma/hyperplastic gland – no ( %)

 Upper right 20 (19.4)

 Lower right 27 (26.2)

 Upper left 14 (13.6)

 Middle left 1 (1.0)

 Lower left 36 (35.0)

 Ectopic 5 (4.9)

MGD – no ( %)

 Double adenoma 4 (4.8)

 Hyperplasia 5 (6.0)

Hypercalcemia (corrected for albumin) – no ( %)

 High PTH 62 (73.8)

 Normal PTH 2 (2.4)

Hypercalcemia (uncorrected for albumin) – no ( %)

 High PTH 4 (4.8)

Normocalcemia – no ( %)

 High PTH 16 (19.0)

Imaging modality – no ( %)

 US 75 (89.3)

 Subtraction scintigraphy 62 (73.8)

 MET-PET/CT 16 (19.0)

 4D-CT 8 (9.5)

SD: Standard deviation; no.: Number; MGD: Multiglandular disease; 
PTH: Parathyroid hormone; US: Ultrasound; MET-PET/CT: [11C]-Me-
thionine positron emission tomography-computed tomography; 
4D-CT: 4-Dimensional computed tomography.

▶table 2 Per-lesion sensitivity, specificity, PPV, and NPV for each imaging modality.

Sensitivity Specificity PPV NPV 

US 36/90 40.0 % [29.8; 50.9] 211/221 95.5 % [91.8; 97.8] 36/46 78.3 % 211/265 79.6 %

Subtraction scintigraphy 24/75 32.0 % [21.7; 43.8] 169/185 91.4 % [86.3; 95.0] 24/40 60.0 % 169/220 76.8 %

MET-PET/CT 13/22 59.1 % [36.4; 79.3] 44/46 95.7 % [85.2; 99.5] 13/15 86.7 % 44/53 83.0 %

4D-CT 5/8 62.5 % [24.5; 91.5] 24/25 96.0 % [79.6; 99.9] 5/6 83.3 % 24/27 88.9 %

US: Ultrasound; MET-PET/CT: [11C]-Methionine positron emission tomography-computed tomography; 4D-CT: 4-Dimensional computed tomography; 
PPV: Positive predictive value; NPV: Negative predictive value. In square brackets: 95 % Clopper–Pearson confidence intervals ( %).
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gery or on pathological analysis. Other imaging modalities never 
showed false positive ectopic adenomas.

MGD
Only two of the nine patients with MGD (both had four hyperplas-
tic parathyroid glands) underwent MET-PET/CT in whom only one 
hyperplastic gland per patient was predicted correctly. This pro-
duces a per-lesion sensitivity of 25 % for MET-PET/CT in MGD. US 
and subtraction scintigraphy had a per-lesion sensitivity of respec-
tively 20.8 and 25 % in MGD and was performed in eight and seven 
patients, respectively. No 4D-CT was performed in patients with 
MGD. No false positive results are present in this study for MGD.

Preoperative PTH levels
For every imaging modality the pre-operative PTH levels were cor-
related with the accuracy of prediction of pathological glands. The 
results are shown in ▶Fig. 2 and ▶Fig. 3. Based on these graphs 
no difference in preoperative PTH is seen for US and subtraction 
scintigraphy. But for MET-PET/CT and 4D-CT, the preoperative PTH 
level is markedly higher in true positive cases. Concerning the pre-
operative calcium levels, no such differences were seen.

Discussion
MET-PET/CT demonstrated a higher sensitivity compared to sub-
traction scintigraphy and US showed a higher specificity compared 
to subtraction scintigraphy, based on the results in ▶table 2. This 
assumption is made since the means are not or very little incorpo-
rated in the confidence intervals. It is important to note that the 
sensitivity of MET-PET/CT is possibly underestimated as it is main-
ly performed in patients with inconclusive results on US and/or sub-
traction scintigraphy. Since the resolution of PET (in MET-PET/CT) 
is higher than in SPECT or planar gamma-camera imaging (in sub-
traction scintigraphy), this could be part of the explanation for the 
higher sensitivity of MET-PET/CT. The higher specificity of US com-
pared to subtraction scintigraphy could be explained by the sub-
specialization of the radiologist in our center, since he is perform-
ing many endocrine-related US.

Two techniques were compared at a time using the McNemar 
test, as demonstrated in ▶table 3, to calculate levels of signifi-

cance. This shows significantly better sensitivity of MET-PET/CT 
compared to US with a p-value of 0.039, respectively, and a similar 
trend but without reaching significance for per-lesion sensitivity 
when compared to subtraction scintigraphy with a p-value of 
0.070. As for the specificity, US is significantly better than subtrac-
tion scintigraphy with a p-value of 0.035.

The strength of this retrospective study is the large cohort, con-
sisting of 84 patients, with PHPT, who underwent excisional sur-
gery.

To our knowledge, this is the first study to investigate and re-
port the relationship between the preoperative level of PTH and 
the prediction by the several imaging modalities, especially MET-
PET/CT. It has been determined that a preoperative PTH level above 
120 ng/l is linked to a correct prediction by MET-PET/CT in this pop-
ulation of 16 patients. For 4D-CT a cut-off around 200 ng/l was ob-
served. The most obvious explanation is that parathyroid adeno-
mas with higher secretory activity, resulting in higher PTH, are eas-
ier to detect with these techniques, since they are based on uptake 
of respectively [11C]-methionine and iodine contrast. Based on our 
study, we could cautiously state that MET-PET/CT and 4D-CT are 
especially useful in patients with high preoperative PTH levels. This 
could lead to a more focused approach, but for conclusive state-
ments, more studies will be needed.

Only patients who underwent surgery for primary hyperparath-
yroidism were included. Because of strict exclusion criteria, it was 
possible to focus on the intrinsic value of the imaging techniques 
without confounding factors. Nevertheless, we need to consider 
some possible weaknesses in this retrospective study.

First, it is important to note that, in most cases, MET-PET/CT was 
performed later than US or subtraction scintigraphy. By conse-
quence, the adenomas could have become larger or more active 
and easier to detect by the time MET-PET/CT was executed. Sec-
ondly, it was not possible to track down to what extent the inter-
pretation of imaging results was influenced by previous imaging 
results.

To maximally exclude these previous shortcomings, further re-
search in a prospective setting is needed. Ideally every patient 
would undergo every imaging technique within a limited time pe-
riod, with multiple interpreters per imaging modality and with 
standardized laboratory tests. Up until then MET-PET/CT will con-

▶table 3 Significance of difference between two techniques for per-lesion sensitivity/specificity (paired data only).

Per-lesion sensitivity Per-lesion specificity

technique 1 technique 2 p-value technique 1 technique 2 p-Value

US * Subtraction scintigraphy 1.000 US * Subtraction scintigraphy 0.035 ( °)

US MET-PET/CT * 0.039 ( °) US * MET-PET/CT 1.000

Subtraction scintigraphy MET-PET/CT * 0.070 Subtraction scintigraphy MET-PET/CT  * 1.000

US: Ultrasound; MET-PET/CT: [11C]-Methionine positron emission tomography-computed tomography.  *  The technique with the highest per-lesion 
sensitivity/specificity. ( °) A significant difference in per-lesion sensitivity/specificity between the two techniques. Statistics were performed using the 
McNemar test.
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▶Fig. 3 Boxplot of preoperative PTH levels, grouped for prediction by 4D-CT (n = 8). 4D-CT, 4-dimensional computed tomography; PTH, parathy-
roid hormone.  *  Outlying data of more than 3 times the interquartile range. This boxplot compares the preoperative PTH level of patients where 
4D-CT falsely predicted the parathyroid adenoma and where 4D-CT correctly predicted the parathyroid adenoma.

▶Fig. 2 Boxplot of preoperative PTH levels, grouped for prediction by MET-PET/CT (n = 16). MET-PET/CT, [11C]-methionine positron emission to-
mography-computed tomography. PTH: Parathyroid hormone.  ° Outlying data of more than 1.5 times the interquartile range This boxplot compares 
the preoperative PTH level of patients where MET-PET/CT falsely predicted the parathyroid adenoma and where MET-PET/CT correctly predicted the 
parathyroid adenoma.
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tinue to be a second line imaging technique. Also the limited avail-
ability of the [11C]-methionine tracer, due to its short half-life and 
the need for a cyclotron nearby, will not facilitate its use in first line. 
[18F]-Fluorocholine might therefore be an attractive alternative to 
include in future prospective studies.

Based on this study, no definite conclusions can be made for 
4D-CT since only eight patients underwent this technique. There 
were no conclusions drawn regarding ectopic adenomas since only 
five cases were identified. Caution in the interpretation of the value 
of MET-PET/CT in MGD is required since the population is small, 
though it suits the general finding that MET-PET/CT has a lower 
value in MGD [25, 43].

The effective radiation dose of subtraction scintigraphy was two 
times higher than those of MET-PET/CT and 4D-CT. Nevertheless, 
these radiation burdens are still relatively low. Though this can be 
kept in mind in the decision making in vulnerable groups, for ex-
ample, children and pregnant women.

In conclusion, MET-PET/CT seems a valuable imaging modality 
in primary hyperparathyroidism, at least as second line imaging ap-
proach, with higher per-lesion sensitivity than US and subtraction 
scintigraphy in such setting. US showed a higher per-lesion speci-
ficity than subtraction scintigraphy. Especially when US and/or sub-
traction scintigraphy are inconclusive or negative, MET-PET/CT di-
rects the clinician and surgeon to the correct localization of the ad-
enoma in 70 % of the cases.
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