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Chapter 9

Primary hyperparathyroidism is an endocrine disorder in which one or more of the 

parathyroid glands in the neck produces too much parathyroid hormone. The disease is 

preferably treated by parathyroidectomy, i.e. surgical removal of the hyperfunctioning 

parathyroid gland(s). Accurate preoperative localization of abnormal glands is important 

to guide the surgeon, since finding those during surgery can be quite a challenge. In this 

thesis, parathyroid imaging with 18F-fluorocholine (18F-FCH) PET/CT was studied, a novel 

imaging technique to visualize hyperfunctioning parathyroid glands. The objectives of this 

thesis were to review the current scientific literature on the performance of 18F-FCH PET/

CT to detect hyperfunctioning parathyroid glands, to optimize scan acquisition protocols 

and to explore the clinical implications of parathyroid localization using 18F-FCH PET/CT.

Research to optimize imaging techniques for parathyroid localization in 

hyperparathyroidism is of clinical relevance in several ways. In the first place, primary 

hyperparathyroidism is a relatively common disease and its incidence has increased 

significantly in the past decades due to routine blood calcium level measurements. The 

prevalence in the general population has been estimated at 3 in 1000 and up to 21 in 

1000 in postmenopausal females.[1,2] Furthermore, although nowadays most patients 

present without overt symptoms, the disease can lead to debilitating multi-organ 

involvement and decreased quality of life. Symptoms in hyperparathyroidism usually 

involve the skeleton (loss of bone density associated with fractures, skeletal deformities, 

bone pain), the kidneys (kidney stones, reduced renal function), the gastrointestinal 

tract (peptic ulcers, inflammation of the pancreas) and the cardiovascular system (high 

blood pressure, accelerated heart and blood vessel disease). Moreover, patients also 

experience symptoms which are more subjective, such as neurocognitive symptoms 

(sleep, concentration and memory problems, anxiety, depression), nonspecific 

abdominal pain, nausea and muscle weakness, which additionally contribute to the 

burden of disease.[3,4]

Parathyroidectomy remains the only curative treatment for primary hyperparathyroidism. 

Surgical excision of hyperfunctioning parathyroid glands has been shown to increase quality 

of life, determined with health related quality of life measuring instruments such as the SF-36 

short form health survey as well as disease specific questionnaires.[5,6] Surgery is the first 

choice when certain diagnostic criteria are met (such as age < 50 years, significant elevation 

of blood calcium levels, osteoporosis, vertebral fracture or kidney stones). However, 

studies have also demonstrated the positive effect of parathyroidectomy on quality of life 

in patients with milder and nonspecific symptoms.[4,7] Moreover, parathyroidectomy has 

been shown to be cost-effective compared to observation or treatment with medication 

for both symptomatic as well as asymptomatic disease.[8,9] The preferred surgical 



555829-L-bw-Broos555829-L-bw-Broos555829-L-bw-Broos555829-L-bw-Broos
Processed on: 1-6-2021Processed on: 1-6-2021Processed on: 1-6-2021Processed on: 1-6-2021 PDF page: 157PDF page: 157PDF page: 157PDF page: 157

157

Impact paragraph

9

technique is minimally invasive parathyroidectomy instead of conventional bilateral 

neck exploration, which is a more extensive surgical procedure. Both surgical techniques 

have high success rates, but minimally invasive parathyroidectomy shortens operative 

and hospital time, reduces postoperative discomfort and is cosmetically superior due 

to reduction of incision length.[10] Preoperative imaging to localize all hyperfunctioning 

parathyroid glands is essential when performing minimally invasive surgery, since this 

procedure is only targeted at the preoperatively defined abnormal gland(s). Additionally, 

adequate preoperative visualization has been demonstrated to reduce overall costs, in 

particular because the cost-savings due to reduction of surgery duration and in-hospital 

length of stay, associated with minimally invasive surgery, outweighs the extra costs of 

advanced imaging without significantly decreasing the success rate of surgery.[11-13]

Apart from the abovementioned relevance for patients, the results of this thesis are more 

specifically of relevance for clinicians working in the field of hyperparathyroidism and 

nuclear medicine imaging. Although in recent years 18F-FCH PET/CT has been increasingly 

used to localize hyperfunctioning parathyroid glands, there is no consensus on what 

scan acquisition protocols should be used. In the studies presented in chapter 3 and 4 

of this thesis, different 18F-FCH PET/CT scanning protocols were evaluated to optimize 

acquisition parameters, which is important to improve scan accuracy. We concluded 

from these studies that early scan acquisition is of additional value besides the standard 

acquisition at a later time point, because some hyperfunctioning parathyroid glands 

show fast tracer wash-out and therefore can be missed on late images. Moreover, with 

the help of dynamic 18F-FCH PET imaging, we determined the optimal scanning time 

points for discrimination of hyperfunctioning parathyroid glands from other anatomic 

structures that can show uptake of 18F-FCH and complicate reading of the scan. These 

results are especially relevant for nuclear medicine physicians to determine the optimal 

acquisition protocols on their department and for the development of standard 

procedure guidelines on PET/CT parathyroid imaging. At our department a standard 

dual-time-point 18F-FCH PET/CT scan acquisition is already implemented.

Precise preoperative localization of the hyperfunctioning glands is essential for optimal 

surgical treatment. In chapter 5, the performance of 18F-FCH PET/CT for detection and 

localization of hyperfunctioning parathyroid glands was studied as a first-line imaging 

modality in patients with primary hyperparathyroidism. 18F-FCH PET/CT in this setting 

yielded excellent detection rates of >90%. These data are supported by the findings of the 

systematic review on 18F-FCH PET/CT performance, presented in chapter 2 of this thesis. 

Although we concluded in this review that the level of evidence was moderate, mainly 

due to a low number of studies and heterogeneity between studies, these results were 
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confirmed in recent systematic reviews with larger patient populations.[14,15] 18F-FCH PET/

CT parathyroid imaging is often only performed when conventional imaging techniques 

are negative or equivocal. However, 18F-FCH PET/CT is increasingly used as a first-line 

imaging modality, as it was applied in the aforementioned cohort study and implemented 

in our clinic. The findings of these studies are relevant both for nuclear medicine 

physicians as well as other medical professionals such as surgeons and endocrinologists 

who may order the PET/CT scans. It supports physicians to establish the optimal imaging 

routine in their clinic and to determine in which patient groups these imaging modalities 

are ideally implemented. Moreover, the results are relevant for further implementation 

of the technique as a first-line imaging modality in other nuclear medicine departments 

and adding the option of parathyroid imaging with 18F-FCH PET/CT to clinical guidelines.

Regularly, 18F-FCH PET/CT scans for parathyroid imaging demonstrate lesions which are 

not related to the parathyroid disorder, but the frequency and relevance of these findings 

are unknown. In chapter 6 of this thesis, we evaluated all incidental findings on 18F-FCH 

PET/CT scans performed at our department and concluded that these abnormalities 

were commonly detected, present in more than half of the scans. Moreover, incidental 

malignant lesions were found in 2.6% of the patients, most frequently breast cancer. This 

overview of frequency and relevance of incidental findings on 18F-FCH PET/CT especially 

facilitates the nuclear medicine physician with the interpretation of the scan and also 

guides clinicians in follow-up strategies.

All in all, from the results of this thesis and other scientific literature, it is clear that 18F-

FCH PET/CT is superior in detecting hyperfunctioning parathyroid glands compared to 

conventional imaging techniques. For some patients with hyperparathyroidism, the 

use of 18F-FCH PET/CT may lead to faster cure, less symptoms, therefore higher quality 

of life, and could additionally save costs of medical treatment and follow-up imaging. 

Moreover, the findings in this thesis are not only clinically relevant, but also scientifically 

in supporting further research. For example to study in which patient groups, with 

parathyroid disorders other than primary hyperparathyroidism, imaging with 18F-FCH 

PET/CT is additionally useful. Also, since detection of hyperfunctioning parathyroid 

glands can still be a challenge in some patients, subsequent studies could determine 

if combining 18F-FCH PET/CT with other upcoming imaging techniques such as MRI or 

multiphase contrast-enhanced CT is beneficial. Furthermore, the findings in this thesis 

could be useful for additional research on optimizing scanning protocols. It is to be 

expected that future research will further clarify the role of 18F-FCH PET/CT in parathyroid 

imaging and will enshrine 18F-FCH PET/CT as an important part of the clinical work-up 

of hyperparathyroidism.
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