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Chapter 1

Introduction

Diseases of the endocrine glands have affected individuals throughout history. Long 

before the function of these ductless glands were described in medical literature, signs 

of endocrine disease could be found in ancient culture and art. Numerous displays of 

endocrine abnormalities in art in Renaissance Europe show our longstanding fascination 

with the physical consequences of these diseases [1]. Cretinism, dwarfism, gigantism and 

hermaphroditism; all are typical examples of endocrine disorders that have been subject 

of stories for centuries, while these diseases were among the last to be differentiated and 

defined in medical history.  It was not until 1905 that Ernest Henry Starling introduced the 

term “hormones” from the Greek “hormas”, which means to excite or arouse. This term 

would describe the notion of the production of chemicals in one cell biologically activating 

another for the homeostasis of the human body [2]. 

It was probably due to their small size and their intrathyroidal location in most species that 

the parathyroid glands were discovered last among the endocrine glands. The first person to 

describe these glands was Richard Owen in 1850. In that time he served as superintendent in 

the British Museum for which he dissected an Indian Rhinoceros that died in the London Zoo 

in 1849 (Cover Chapter). In the paper he published about his findings, he is the first to report 

on “a small compact yellow glandular body, attached to the thyroid at the point where the 

veins emerge” [3]. After that it took another 30 years before the Swedish anatomist Ivar 

Sandström first described the parathyroid gland in humans in 1880, often referred to as the 

“last anatomical discovery”.

The parathyroid glands

The parathyroid glands are very small entities measuring around 5mm, which are usually 

located anteriorly in the neck.  Their position is often in close relationship with the thyroid, 

hence the name “para-thyroid” glands.  Typically, humans have four parathyroid glands 

divided into two pairs, of which two are located superiorly and in front of the thyroid 

gland while two can be seen inferiorly at its posterior edge. Due to their size, location and 

consistency, normal parathyroid glands can not be seen or felt during examination of the 

neck. 

During the fifth and sixth week of gestation, the parathyroid glands start developing in 

the human embryo. The superior parathyroid glands originate from the fourth pharyngeal 

pouch, along with the part of the thyroid gland that contributes to the development of 

the parafollicular C-cells. The third pharyngeal pouch generates the inferior parathyroid 

glands, together with the thymus [4]. During their migration caudally to their final location 

in the neck, the glands can co-localize with tissues that share an embryologic origin. In up 

Figure 1
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to 15% of patients this can result in ectopic position of the glands, most often in the thymus, 

retro-esophageal, intra-mediastinal or within the thyroid gland itself [5].  This is important 

to realize, as supranumeric or atypically located glands can impede surgical removal in case 

of abnormalities.  

The function of the parathyroid glands is to secrete parathyroid hormone (PTH), which is 

the main regulator of serum calcium concentrations. A low level of calcium will stimulate 

the glands to produce more PTH, which in turn results in an increase in calcium through 

several pathways (Figure 1). If levels of calcium are high, there is a negative feedback to the 

parathyroid glands, which will result in less PTH secretion and normalization of the level 

of calcium. 

Primary Hyperparathyroidism

In certain patients this feedback loop is affected and the parathyroid glands do not lower 

PTH secretion even though the level of calcium is elevated. The most common cause of 

this is the autonomous hyper-functioning of one or more of the parathyroid glands. This is 

Figure 1
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called primary hyperparathyroidism (pHPT). The disease is characterized by high levels of 

calcium with symptoms varying from fatigue and abdominal pain to severe osteoporosis and 

cardiovascular complications [6]. 

pHPT is currently the third most common endocrine disorder with a prevalence of around 4 

per 1000, but is diagnosed more and more frequently due to standard blood screening often 

including calcium levels. Incidence rises with age, and is twice as common in women [7]. In 

about 85% of cases, pHPT is caused by a single adenoma where one of 4 glands looses its 

ability to down-regulate due to feedback and autonomously produces PTH. Less frequent 

causes are multi glandular disease (MGD), hyperplastic disease and, very rarely, parathyroid 

carcinoma. Some cases of pHPT are associated with familiar syndromes, of which familial 

isolated primary hyperparathyroidism, multiple endocrine neoplasia (MEN)1 and MEN2A 

are the most common [6].

Probably the most famous patient within the endocrine surgery world who suffered from 

pHPT was the American navy captain Charles Martell (Cover Thesis) [8]. He became 

disabled due to severe demineralization of his skeleton and suffered from kidney stone 

disease. He was the first patient in the United States to be diagnosed with pHPT in 1926. 

His case graphically illustrated many of the features of pHPT and its treatment. After his 

diagnosis, surgeons attempted to find the parathyroid adenoma in his neck but failed during 

six subsequent surgeries. After reading several papers, he himself suggested that the gland 

might be located ectopically in the mediastinum. During the seventh operation they found 

indeed a 3cm adenoma in his mediastinum after which he was cured from his hypercalcemia. 

Unfortunately he died 3 weeks after from a hypocalcemic-induced laryngospasm. 

Treatment 

Surgery is the only definitive treatment for pHPT and is recommended for all symptomatic 

patients and a subset of those without symptoms, including all patients younger than 50 [9]. 

Until 20 years ago, most surgeons would perform a bilateral neck exploration during which 

all 4 parathyroid glands are visualized and abnormal tissue is resected. 

Although still the gold standard, bilateral neck exploration has the disadvantage that both 

sides of the neck need to be explored, which is both time-consuming and carries higher 

risk of complications for the patient. Since around 85% of pHPT cases are caused by only 

one abnormal parathyroid adenoma, current practice is to perform a minimal invasive 

parathyroidectomy (MIP) [10]. During MIP, the location of the abnormal gland is determined 

preoperatively and then removed with a small incision. This new surgical strategy has led to 

a shorter operative time, lower complication rate and smaller incision length [11]. 
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Imaging of the Parathyroid Glands

A colloquial saying described the best localization before parathyroid surgery was finding 

a good surgeon.  While it is still important to have a high volume parathyroid surgeon, the 

trend away from bilateral neck exploration towards that of MIP has changed the perioperative 

management of parathyroid disease. The success of MIP depends heavily on the ability of 

preoperative imaging to localize the abnormal gland(s) and differentiate between single- 

and multigland disease. 

Most centers worldwide use a combination of ultrasound and sestamibi scintigraphy 

(sestamibi). When both are concordant for a single abnormal gland, high cure rates can be 

achieved [12]. Sensitivity of both sestamibi (varying from 70% to 86%) and ultrasound (76%) 

are, however, limited [13,14]. In these scenarios, several second-line imaging modalities 

have been employed, including Computed Tomography (CT) and Magnetic Resonance 

Imaging (MRI). More recently, there has been increasing attention to the use of Positron 

Emitting Tomography (PET), of which the results using 18F-Fluorocholine (FCH) seem most 

promising [15]. Interestingly, FCH was discovered to localize parathyroid adenomas by 

incident.  It was first described in a patient with prostate cancer, who was found to have a 

focal hotspot in the neck. Biochemical testing revealed that this patient suffered from pHPT 

and during surgery the adenoma was found at exactly the location that was indicated by 

FCH PET [16]. 

Thesis outline 

The aim of this research was to investigate the performance of localization studies for 

abnormal parathyroid glands in patients with pHPT. Conventional imaging studies and the 

use of PET are discussed separately. 

Part 1 – Conventional Imaging (Ultrasound, Sestamibi, CT and MRI)
In this first part of the thesis the performance of conventional imaging studies will be 

investigated. 

In Chapter 2, the performance of MRI for localization of parathyroid disease is outlined. 

Although infrequently used, MRI could be an excellent solution for patients with negative 

ultrasound and sestamibi to facilitate MIP. For patients who present to an endocrine surgeon 

having already undergone previous parathyroid surgery, adequate cross-sectional imaging 

is necessary. MRI is widely available, relatively cheap and does not have associated exposure 

to radiation, which is the major pitfall of CT. 

1
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The performance of MRI was investigated in patients with and without previous parathyroid 

surgery, and a separate comparison was performed for dynamic gadolinium-enhanced MRI. 

In Chapter 3, CT is investigated in the context of parathyroid localization to facilitate MIP. 

Since the introduction of 4D-CT in 2006, many centers have adopted CT as a second-line and 

in some centers, first-line localization imaging modality.  In select high-volume endocrine 

surgery centers, it has replaced conventional technetium-based sestamibi and ultrasound 

studies completely. The number of contrast phases needed for optimal performance is 

unclear, however more phases are associated with increased radiation exposure. 

A systematic review and meta-analysis was performed to understand the sensitivity and 

positive predictive value of CT for preoperative parathyroid localization in patients with 

pHPT.  The different protocols and their performance in different patient groups were 

subsequently analyzed. 

In Chapter 4 the potential benefit of performing pre-operative localization studies in 

patients with MEN1 is outlined. Current guidelines recommend performing a subtotal 

parathyroidectomy (removing 3.5 glands) as initial surgery in all patients with MEN1-

related pHPT and therefore localization is not necessary. We have identified a subgroup of 

patients with MEN1 that seem to have less aggressive parathyroid disease and may benefit 

from less extensive surgery, minimizing substantial morbidity. To identify these patients, 

imaging is essential. 

We performed a retrospective cohort study including patients with MEN1 and pHPT who 

underwent subtotal parathyroidectomy or unilateral clearance as their initial surgery. 

Unilateral clearance was offered to patients who had a concordant sestamibi and ultrasound 

study, both showing a single enlarged parathyroid gland. For each group we compared rates 

of persistent/recurrent disease and permanent hypoparathyroidism.
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Part 2 – PET imaging
In this second module of this thesis presentation, the performance of PET imaging is 

investigated.

The PET-CT is a combination imaging modality that uses both physiologic and functional 

information from PET, and anatomical information from CT. The radio-isotope FCH 

is preferentially taken-up by pathological parathyroid glands making it an excellent 

identification tracer. The superior accuracy of  PET-CT has been shown to help clinicians 

localize abnormal parathyroid glands when conventional modalities fail, enabling minimal 

invasive surgery.

In Chapter 5 we describe this new imaging tool for the detection of hyperfunctioning 

parathyroid glands. This case report was one of the first to show that patients can undergo 

MIP after correct localization by FCH PET-CT, despite negative ultrasound and sestamibi. 

In Chapter 6 we assessed the performance of ultrasound and sestamibi to enable MIP, in a 

single center study. We additionally evaluated our first institutional experiences with PET-

CT in patients with negative or inconclusive conventional imaging. 

In Chapter 7 we performed a systematic review including all investigated PET tracers for 

parathyroid localization and additionally performed a meta-analysis for the most extensively 

studied tracer to date; 11C-Methionine.

Due to the positive initial results of FCH PET, more centers have started to use this scan in 

the preoperative setting for patients with pHPT. In Chapter 8 we show the results of a Dutch 

multicenter study investigating the performance of FCH PET-CT as a second-line imaging 

modality. 

Finally, in Chapter 9, we show the initial results of a prospective pilot-study investigating 

the feasibility of using FCH PET-MRI for parathyroid localization. Using MRI for cross-

sectional imaging instead of CT substantially reduces the radiation exposure for patients, 

without any change in performance.

1
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Abstract

Background
Preoperative imaging in patients with primary hyperparathyroidism (pHPT) and 

previous parathyroid surgery is essential, however performance of conventional 

imaging is poor in this subgroup. Magnetic resonance imaging (MRI) appears to 

be a good alternative, though overall evidence remains scarce. We retrospectively 

investigated the performance of MRI in both patients with and without previous 

parathyroid surgery, with a separate comparison for dynamic gadolinium-

enhanced MRI.

Methods
All patients undergoing MRI prior to parathyroidectomy for pHPT (first-time or 

recurrent) between January 2000 and August 2015 at a high-volume tertiary care 

referral center for endocrine surgery were included. We compared the sensitivity 

and positive predictive value (PPV) of MRI to conventional ultrasound and 

sestamibi on a per-lesion level. 

Results
A total of 3450 patients underwent parathyroidectomy, of which 84 patients with 

recurrent (n=10) or persistent disease (n=74) and 41 patients with primary surgery 

were included. MRI had a sensitivity and PPV of 79.9% and 84.7%, respectively, and 

performance was good in both patients with- and without previous parathyroid 

surgery. Adding MRI to the combination of ultrasound and sestamibi resulted in a 

significant increase in sensitivity from 75.2% to 91.5%. Dynamic MRI performed 

excellent in the re-operative group with sensitivity and PPV of both 90.1%.

Conclusions
Technological advances have enabled faster MRI protocols with higher accuracy, 

allowing MRI to be an excellent alternative modality without associated ionizing 

radiation. Our study shows that sensitivity of multi-modality imaging for 

parathyroid adenomas improved significantly by both conventional and dynamic 

MRI, even in the case of recurrent or persistent disease.



Magnetic Resonance Imaging

23

Introduction

Primary hyperparathyroidism (pHPT) is one of the most common endocrine disorders 

with an estimated incidence of 45 cases per 100,000 person-years [1]. Surgery is the only 

curative treatment, and it is recommended for patients who are <50 years old or have 

clinical symptoms [2]. Although 95% of patients can be successfully treated with cervical 

exploration without preoperative imaging, most centers currently use 99tc-sestamibi 

scintigraphy (MIBI) and ultrasound (US) to localize hyperfunctioning glands, allowing 

surgeons to perform a minimally invasive parathyroidectomy (MIP) [3–7]. As repeat cervical 

exploration carries a higher risk of complications and the success rate is lower, preoperative 

imaging is recommended when patients have recurrent or persistent pHPT [8, 9]. In this 

patient group, localization studies enable a directed surgical approach with a higher success 

rate and fewer complications [10]. US and MIBI can also be used for parathyroid localization 

in this patient group but are more often negative or inconclusive [11].

As most surgeons prefer to have at least two concordant imaging studies prior to re-operation, 

other imaging studies may also be used for localization of abnormal parathyroid glands. 

Due to its high spatial resolution, short acquisition time and relatively low cost computed 

tomography (CT) has been studied the most [12, 13]. The description in 2006 and subsequent 

adoption of the multiphase CT imaging (4DCT) of the neck and of hypervascular parathyroid 

glands has significantly improved diagnostic accuracy [14–17]. A major disadvantage of the 

4DCT protocol is a substantial increase in radiation exposure associated with scanning in 

multiple contrast phases [18].

Alternatively, neck magnetic resonance imaging (MRI) does not deliver ionizing radiation 

and previous studies have shown overall good performance of this modality for detection of 

enlarged parathyroid glands [19–25]. Recent technological developments have culminated 

in dynamic MR protocols analogous to 4DCT but without the disadvantage of radiation 

exposure. Pilot-studies of dynamic gadolinium-enhanced MR have shown excellent results 

[26, 27]. Gadolinium-enhanced MR uses differences in time-to-peak, washout and peak 

enhancement, to distinguish hypervascular parathyroid adenomas from surrounding lymph 

nodes and thyroid tissue [27]. Despite these advances, overall evidence regarding the use of 

MRI remains scarce, especially in the case of recurrent or persistent disease. The purpose 

of the current study was to compare the sensitivity and positive predictive value (PPV) of 

MRI to conventional US and MIBI in both patients with and without previous parathyroid 

surgery, with a separate comparison for dynamic gad-enhanced MRI.  

2
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Methods

This study was approved by the Committee on Human Research, the institutional review 

board of the University of California, San Francisco. We performed a retrospective review of 

all patients undergoing MRI prior to parathyroidectomy for pHPT between January 2000 and 

August 2015 at a high-volume tertiary care referral center for endocrine surgery. Patients 

undergoing initial surgery as well as surgery for recurrent or persistent disease were eligible. 

Patients were included when the following criteria were met: 1) at least >18 years of age, 

and 2) biochemically proven pHPT with elevated serum calcium and inappropriate normal 

or high levels of parathormone (PTH). Patients were excluded in the case of the following 

criteria 1) MRI performed at a different center, 2) familial pHPT, or 3) no cure after surgery. 

Reference level for calcium was 8.8-10.3 mg/dL and for intact PTH 12-65 ng/L.

In our institution, patients with initial presentation of pHPT or with recurrent/ persistent 

disease underwent both US and MIBI. Occasionally MRI was also performed at initial 

presentation instead of MIBI, or when there was inconclusive conventional imaging or 

there was the need for high resolution cross sectional imaging. In patients with recurrent or 

persistent disease, MRI was performed as standard in addition to US and MIBI.

Ultrasound
A diagnostic US was performed by an experienced ultrasonographer in the department of 

Radiology. A high-frequency linear transducer was used to image the neck with the patient 

in the supine position and the neck extended. The cervical neck from the mandible to the 

sternal notch was interrogated. Transverse and longitudinal images were used to locate 

suspicious glands, which were evaluated using both B-mode and color Doppler. 

99mTc-Sestamibi scintigraphy
Patients underwent 99mTc-sestamibi studies using 25 mCi of radiotracer. Patients were 

studied either using planar imaging or SPECT imaging. Planar imaging using a parallel 

whole collimator was obtained at 15 minutes and two hours post injection.  Subsequently a 

SPECT/CT extending from the mandible to the aortic arch was obtained.

MRI protocol
Our initial protocol included small field of view axial T1, axial T2 with fat saturation, 

and post gadolinium axial T1 with fat saturation as previously described22. In 2010, axial 

dynamic acquisitions were included in the protocol, which included four dynamic axial post 

contrast T1 phases prior to the high-resolution axial T1 acquisition. Single dose gadolinium 

was administered at 0.1 ml per kg for post-contrast imaging. The majority of studies were 

performed at 1.5T (n=102), with the remainder performed at 3.0T (n=23). Focusing on the 
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typical locations for parathyroid glands and the common sites of ectopic glands, the neck 

was scrutinized for ovoid T2 intense and enhancing lesions.

Interpretation of Imaging
All imaging studies (US, MIBI and MRI) were reviewed retrospectively using the original 

radiology reports. Ultrasounds that were performed by a surgeon without an official radiology 

report were not included for final analysis. The initial interpretation was performed by a 

board certified radiologist. In most cases the radiology team had access to the patient’s US 

and MIBI when images of MRI were interpreted. All scans were reported prior to surgery, 

and therefore the radiologists were blinded to the surgical outcome. 

Parathyroidectomy
Depending on the outcome of preoperative imaging, either a focused approach or a 

bilateral cervical exploration was performed. Intraoperative PTH monitoring was used 

in all patients. Surgery was considered successful when there was both a decrease in the 

level of intraoperative PTH of ≥ 50% from baseline to 10 minutes post-excision, as well as 

normalization of calcium and PTH at first follow up. Excised tissue was sent for pathological 

investigation to confirm the diagnosis of parathyroid hyperplasia/adenoma. 

Statistical Analysis
Performance of US, MIBI and MRI was expressed in sensitivity and PPV using surgery 

and pathological diagnosis as gold standard with normalization of calcium as study 

endpoint. Based on imaging findings, presumed parathyroid adenomas were assigned to 

five possible locations; left upper, left lower, right upper, right lower or ectopic. Findings 

were classified as true-positive, false-positive or false-negative in terms of the ability to 

predict the exact location of the abnormal gland(s) into the right quadrant, as confirmed 

by surgery. Patients with multiglandular disease had each gland separately evaluated. The 

Mc Nemar test for paired data was used to calculate a two-sided p-value for comparing 

differences in performance between the imaging modalities. Differences within one 

modality were investigated using chi-square. The baseline characteristics were reported as 

follows: continuous parametric data was reported as mean, while dichotomous data was 

reported as proportions. Possible differences between patients undergoing first operation 

versus re-operation were investigated using chi-square for dichotomous data and Student 

T-test for continuous data. Possible correlations between MRI outcome and several factors 

(levels of calcium and PTH, concomitant thyroid comorbidity, type of magnetic field) were 

investigated using Student T-test as well. A p-value <0.05 was considered statistically 

significant. Analyses were performed using SPSS version 22 (IBM Corporation, Armonk, NY, 

USA). 

2
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Results 

Study population
A total of 3450 patients underwent parathyroidectomy at our institution between 2000 and 

2015. Of these, 153 patients with pHPT received an MRI at our institution for parathyroid 

localization. After excluding patients with persistent disease after their MRI and subsequent 

surgery at UCSF (n=18) and familial pHPT (n=10), 125 patients remained in the final study 

group, divided into 84 patients with recurrent (n=10) or persistent disease (n=74) and 41 

patients with primary surgery (Figure 1). 

Of the total study group, 84 (67.2%) were women with a mean age of 59 (range: 18-82). 

Mean PTH was 129.6 (range: 33-457) and mean calcium 10.9 (range: 9.5-15.2). Patients who 

underwent re-operation had a significantly lower calcium compared to patients undergoing 

first operation (10.8 versus 11.1, p=0.038). No other significant differences were found 

between the patients with recurrent/persistent disease and the first-time operation group 

(Table 1).

In the patients with recurrent or persistent disease, the most commonly performed initial 

parathyroid surgery was bilateral neck exploration (BNE) in 61 (72.6%) patients, followed 

by MIP (13.1%) and unilateral neck exploration (UNE) (6%). Several patients underwent two 

(n=3) or three (n=2) previous operations. In more than half of the patients, one parathyroid 

was removed during these procedures, however in 16 (19%) patients no parathyroid glands 

were removed at all. Previous thyroid surgery was performed in 19 (22.6%) patients with 

previous parathyroid surgery and 11 (26.8%) patients undergoing primary surgery for pHPT.

All 125 patients proceeded with surgery after their MRI, with UNE (37.6%) being most 

performed, followed by MIP (28%) and BNE (24.8%). Sternotomy was performed in 12 

(14.3%) patients, sometimes in combination with a neck exploration. During surgery, a total 

Figure 1

Diagram of 

included patients.

Table 1

Table 2
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of 139 glands were resected, divided into 114 single adenomas, nine double adenomas and 

seven hyperplastic glands. Less than half of the resected glands were located at the typical 

upper or lower positions. Glands were more frequently found in ectopic locations, mainly in 

the tracheoesophageal groove (n=25) or intrathymic/mediastinal (n=29) (Table 2). 

Performance of Imaging
All patients underwent MRI, consisting of either the conventional protocol (n=86) or 

with additional dynamic gad-enhanced sequences (n=39), and almost all patients had 

concomitant US (n=118) and MIBI (n=114). Ultrasound detected 67 (51.1%) out of 131 glands, 

with no significant difference in sensitivity between the group undergoing first operation 

versus re-operation (45.7% versus 54.1%, p=0.367). Additionally, there were a total of 23 

false positive results, resulting in a PPV of 74.4% without significant difference between 

First operation
(n=41)

Re-operation
(n=84)

p-value

Female 29 (70.7%) 55 (65.5%) 0.685

Age, mean (years) 59 59 0.402

PTH, mean (ng/l) 121.9 133.5 0.398

Calcium, mean 
      (mg/dl)

11.1 10.8 0.039

Imaging done

      Ultrasound 39 (95.1%) 79 (94.0%)

      MIBI 31 (75.6%) 83 (98.8%)

      Regular MRI 24 (58.5%) 62 (73.8%)

      Dynamic MRI 17 (41.5%) 22 (26.2%)

Table 1

Baseline characteristics 

of study groups

Table 2

Location of 139 

removed parathyroids

Location of gland N glands

Typical upper gland 34 (24.5%)

Typical lower gland 29 (20.9%)

Unusually low gland 4 (2.9%)

Carotid sheath 2 (1.4%)

Tracheoesophageal groove 25 (18.0%)

Intrathyroidal 5 (3.6%)

Retroesophageal 8 (5.8%)

Thyrothymic ligament 2 (1.4%)

Intrathymic/Mediastinal 29 (20.9%)

Encased in scarring tissue 1 (0.7%)
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the two groups. MIBI was used successfully to identify 86 (69.4%) of the 124 abnormal 

parathyroid glands. The number of false positives was 18, resulting in overall PPV of 82.7%. 

Sensitivity of MIBI was better in the re-operation group with 74.2% versus 60% for the 

first operation group, however the difference was not significant (p=0.132). No significant 

difference in performance was seen between patients receiving planar scintigraphy versus 

SPECT. In the 107 patients that underwent both US and MIBI, both modalities combined 

were able to detect 88 of 117 abnormal glands, giving it an overall combined sensitivity of 

75.2%. 

The MRI was able to detect 111 (sensitivity=79.9%) of 139 abnormal glands, including 4/7 

hyperplastic glands, with 19 false positive results (PPV=85.4%). There were no differences 

in overall performance between patients with recurrent disease versus primary surgery, and 

also no significant differences in performance of conventional MRI versus dynamic MRI 

(Table 5). Dynamic MRI had excellent performance in patients with recurrent/persistent 

disease with sensitivity and PPV of both 90.1% (Table 3). 

By adding MRI to US, an additional 46 abnormal glands were detected, significantly raising 

Figure 2

MRI images of a left 

parathyroid adenoma. 

The images show the 

characteristic pattern 

of low signal intensity 

on T1-weighted images 

(A) and increased signal 

intensity on T2-weighted 

images (B) with strong 

contrast enhancement (C) 

and washout in the later 

phases (D). 

Table 3
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overall sensitivity from 51.1% to 86.3% (p<0.01). Adding MRI to MIBI led to detection of 

an additional 28 abnormal glands, which also significantly raised sensitivity from 69.4% 

to 91.9% (p<0.01). In the 107 patients where all three modalities were used, adding MRI to 

the combination of US/MIBI resulted in the finding of 17 extra abnormal glands and raised 

sensitivity significantly from 75.2% to 91.5% (p<0.01).  The 17 additional glands found by 

MRI were in normal locations (n=7), mediastinum (n=2), tracheoesophageal groove (n=4) 

and other ectopic locations (n=4).  

  

Factors potentially influencing the performance of MRI
A total of 24 (19.2%) patients had concomitant thyroid disease, predominantly multinodular 

goiter (n=18). Subgroup-analysis of this group revealed a lower sensitivity of 17/25 68%, 

but did not significantly differ from sensitivity in patients without thyroid disease (82.5%, 

p=0.165). 

Total group First operation Re-operation P-value*

Ultrasound (n=118)

     Sensitivity 51.1% (67/131) 45.7% (21/46) 54.1% (46/85) 0.367

     PPV 74.4% (67/90) 84% (21/25) 70.8% (46/65) 0.282

MIBI (n=114)

     Sensitivity 68.8% (86/125) 60% (21/35) 74.2% (66/89) 0.132

     PPV 82.7% (86/104) 77.8% (21/27) 85.7% (66/77) 0.370

MRI regular (n=86)

     Sensitivity 81.1% (77/95) 76.9% (20/26) 82.4% (56/68) 0.566

     PPV 84.6% (77/91) 80% (20/25) 84.8% (56/66) 0.546

MRI dynamic (n=39)

     Sensitivity 78.8 (35/45) 65.2% (15/23) 90.1% (20/22) 0.071

     PPV 87.5 (35/40) 83.3% (15/18) 90.1% (20/22) 0.642

MRI total (n=125)

     Sensitivity 79.9% (111/139) 71.4% (35/49) 84.4% (76/90) 0.079

     PPV 84.7% (111/131) 81.4% (35/43) 86.4% (76/88) 0.451

Table 3

Overview of performance of ultrasound, MIBI and MRI in both patients undergoing a 

first operation (n=41) and a re-operation for hyperparathyroidism (n=84).

* First operation versus re-operation
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Subgroup-analysis of completely correct MRI’s (n=83) versus completely incorrect/negative 

MRI’s (n=19) revealed slightly higher mean levels of PTH in the first group, with 135.8 ng/L 

versus 123.6 ng/L, however this difference was also not significant (p=0.509). The same 

accounted for calcium, that was slightly higher in the group with completely correct MRI’s 

(11.0 mg/dl versus 10.6 mg/dl), though not significant (p=0.101). 

The MRI scan was performed with 1.5 Tesla in 102 patients with an overall sensitivity of 

78.9%. This did not significantly differ from the 3.0 T MRI in the remaining 23 patients, 

which had a sensitivity of 84% (p=0.784).   

Discussion

In this study we investigated the performance of MRI in localizing abnormal parathyroid 

glands in patients with pHPT. We found that overall MRI had a sensitivity and PPV of 79.9% 

and 84.7%, respectively, and performance was good in both patients without previous 

parathyroid surgery and patients with recurrent or persistent disease. Adding MRI to the 

combination of US and MIBI resulted in the detection of additional abnormal glands, with 

a significant increase in sensitivity from 75.2% to 91.5%. Performance tended to be worse 

in patients with concomitant thyroid disease or lower levels of PTH, though this was not 

significant. Dynamic MRI performed very well in the re-operative group with sensitivity and 

PPV of both 90.1%.

This study is unique in several ways. First, it is the largest study to date investigating the 

performance of MRI in patients with pHPT. Overall literature regarding the use of MRI for 

parathyroid localization is scarce, and most previous studies are limited by small sample 

size [20, 21, 23]. One of the largest studies performed so far included 82 patients with HPT 

and found a sensitivity of 77%, comparable to our sensitivity of 79.9% [19]. As with most 

studies investigating MRI however, they predominantly included patients without previous 

parathyroid surgery. Since US and MIBI perform well in the general population, with 

sensitivities of 76.1% and 78.9% respectively, indication of additional imaging such as MRI 

might be low in such first-time cases [28]. In the re-operative setting, US and MIBI are 

known to be less accurate. This results in a difficult situation as localization is particularly 

important in a re-operative cervical exploration because it is more technically difficult and 

has an increased risk of technical complications with a lower rate of success [8, 9]. Only a few 

studies have investigated performance of MRI in patients with previous parathyroid surgery. 

Gotway et al included 98 patients with recurrent/persistent disease who underwent both 

MIBI and MRI and found a sensitivity of 82%, which mirrors our results for this subgroup of 
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patients [22]. They also found that adding MRI to MIBI substantially increased sensitivity, 

which is consistent with our results where adding MRI to the combination of US/MIBI raised 

sensitivity from 75.2% to 91.5%.

The scarcity of evidence regarding the use of MRI compared to CT for parathyroid localization 

probably derives from the historical drawback of limited spatial resolution, relatively 

long acquisition time susceptibility to motion artifacts, and higher cost of MR imaging as 

compared to CT. Although MRI will indeed cost more than CT in most institutions, cost will 

vary greatly between scanners, institutions and health systems and the difference with CT 

is only marginal in our institution. CT has a much shorter acquisition time (only several 

minutes for a 4DCT) and excellent spatial resolution. Moreover, we suspect that surgeons 

are generally more comfortable with reading and interpreting CT scans and therefore would 

be more likely to order these as complementary imaging. The principle behind 4D-CT is 

that the hypervascularity of parathyroid lesions results in rapid enhancement (detectable 

in the arterial phase) and washout of contrast (detectable on venous and delayed phases) 

compared with lymph nodes, which tend to enhance to a lesser degree and retain contrast 

throughout the venous and delayed phases [14]. Sensitivity of 4DCT in patients with previous 

parathyroid surgery has been investigated by multiple studies and varies between 42% and 

88% [29–32].

In 2012 a similar approach was developed for MRI, when dynamic imaging was conducted 

using magnetic resonance angiography in 25 patients with pHPT with a sensitivity of 64% 

[33]. Subsequently two papers regarding dynamic gad-enhanced MRI were published. Nael 

et al determined the optimal parameters for determination of parathyroid adenomas versus 

thyroid tissue and cervical lymph nodes in 30 patients with surgically proven adenomas 

[27]. Using receiver operating characteristic analysis, they found that multiparametric 

MR perfusion can distinguish parathyroid adenomas from other neck structures with a 

diagnostic accuracy of 96%. These initial results were confirmed by a prospective pilot-

study from Merchavy et al, who found a 100% sensitivity and specificity in 11 patients with 

pHPT [26]. At our institution, we started using dynamic gad-enhanced MRI in 2010 for 

parathyroid localization and have scanned 39 patients so far who underwent surgery. In 

the 22 patients with recurrent/persistent disease, dynamic gad-enhanced MRI showed 

excellent performance with sensitivity and PPV of both 90.1%. Remarkably, performance 

in patients undergoing primary surgery was substantially lower, though the difference was 

not significant. This is most likely due to selection bias. Patients undergoing their primary 

surgery usually do not undergo MRI in our institution. Rather, this is reserved for patients 

with either inconclusive conventional imaging or when extra cross sectional imaging is 

necessary. Therefore this selected group of patients represents a more challenging group for 

localization, which is reflected by the lower sensitivities for US, MIBI and MRI compared to 
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the re-operation group. This selection bias is also supported by the fact that more than half 

of our patients had abnormal glands in ectopic locations, which is only 4-16% in the general 

population [34]. 

This study has several important limitations. First, this is a retrospective review and 

performance of imaging studies was therefore based on retrospective review of radiology 

reports. Moreover, MRI was usually conducted after US and MIBI, and therefore radiologists 

were often aware of their outcome. When MRI would be scored blinded for these results, 

performance might have suffered, though these results do represent common practice in 

most centers. Second, as mentioned previously, there is significant selection bias in our 

patients who underwent their initial surgery, since MRI is generally reserved for more 

complicated cases. Third, different kinds of MIBI protocols were used, though no significant 

difference was found in performance between the several protocols. Fourth, UCSF is a high 

volume center for endocrine surgery with dedicated head-neck radiologists and therefore 

performance in other centers with a lower level of experience might be different. Lastly, 

we excluded the 18 patients with persistent disease after their surgery at our institution, 

mostly because no abnormal glands were found. Though these surgeries could have been 

true negatives, it is also possible imaging was false negative. In this case the performance of 

our modalities would have been lower.

Technological advances in the last few years have enabled faster MRI protocols with higher 

accuracy, allowing MRI to be a suitable alternative imaging modality that does not expose 

the patient to ionizing radiation. Our study clearly shows that sensitivity of multi-modality 

imaging for parathyroid adenomas improved significantly by both conventional and dynamic 

MRI, even in the case of recurrent or persistent disease. Though evidence is still limited, we 

believe that dynamic gad-enhanced MRI is very promising and its performance should be 

further investigated in large prospective studies. 
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Abstract

Purpose
To perform a systematic review and meta-analysis of the sensitivity and positive 

predictive value (PPV) of CT for preoperative parathyroid localization in patients 

with primary hyperparathyroidism (pHPT), and subsequently compare the 

different protocols and their performance in different patient groups.

Materials and Methods
We performed a search of the Embase, Pubmed and Cochrane Library databases to 

identify studies published between January 1, 2000 and March 31, 2016 investigating 

the diagnostic value of CT for parathyroid localization in patients with biochemical 

diagnosis of pHPT. Performance of CT was expressed in sensitivity and PPV with 

pooled proportion using a random-effects model. Factors that could have affected 

the diagnostic performance were investigated by subgroup analysis

Results
Thirty-four studies evaluating a total of 2563 patients with non-familial pHPT 

who underwent CT localization and surgical resection were included. Overall 

pooled sensitivity of CT for localization of the pathological parathyroid(s) to the 

correct quadrant was 73% (95% CI: 69-78%), which increased to 81% (95% CI: 

75-87%) for lateralization to the correct side. Subgroup analysis based on the 

number of contrast phases showed that adding a second contrast phase raises 

sensitivity from 71% (95% CI: 61-80%) to 76% (95% CI: 71-87%), and that adding 

a third phase resulted in a more modest additional increase in performance with 

a sensitivity of 80% (95% CI: 74-86%).

Conclusions
CT performs well in localizing pathological glands in patients with pHPT. A 

protocol with two contrast phases seems to offer a good balance of acceptable 

performance with limitation of radiation exposure.
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Introduction

In patients with primary hyperparathyroidism (pHPT), identification of a solitary 

parathyroid adenoma on preoperative imaging studies may allow for minimally invasive 

parathyroidectomy (MIP). However, localization remains a challenge in a significant 

proportion of patients. Although the most commonly used imaging modalities, ultrasound 

(US) and 99mTc-sestamibi scintigraphy, perform well in many cases, there remains a 

substantial number of patients with non-localizing studies [1]. This problem is most 

frequently encountered in patients with multiple adenomas, four gland hyperplasia or 

recurrent disease [2,3]. In this situation, surgeons can either perform a more extensive 

bilateral neck exploration, with its attendant higher risk of complications, or attempt 

other imaging modalities such as magnetic resonance imaging (MRI) or positron emission 

tomography (PET) [4]. There are no clear recommendations about which alternate modality 

is best and therefore subsequent choice of imaging varies between hospitals depending upon 

institutional preference and availability [5]. 

Computed tomography (CT) is one of the most widely available modalities and its utility 

in parathyroid localization has been shown in several recently published studies [6–8]. 

It provides high quality anatomic detail for localization of parathyroid glands in the neck 

as well as in ectopic locations.  In 2006, four-dimensional CT (4D-CT) was introduced by 

Rodgers et al, and has since been studied extensively [9]. The initial protocol consisted of 

four phases: pre-contrast, arterial, venous, and delayed phases. The principle behind 4D-CT 

is that the hypervascularity of parathyroid lesions results in rapid enhancement (detectable 

in the arterial phase) and washout of contrast (detectable on venous and delayed phases) 

compared with lymph nodes, which tend to enhance to a lesser degree and retain contrast 

throughout the venous and delayed phases [10,11]. 

The multiple contrast phases enable clinicians to differentiate adenomas from other 

structures based on contrast enhancement over time [11], and its use as part of standard 

preoperative evaluation has been shown to be cost effective [12,13]. However, there is still 

debate over the true added value of the additional phases amid concerns about the extra 

radiation administered [14]. Several studies on 4D-CT have shown similar enhancement of 

lymph nodes and parathyroid adenomas in the delayed phase [15]. Findings such as these 

have prompted several institutions to remove the delayed phase and adjust their scanning 

protocol to three phases, with no apparent reduction in the sensitivity for localizing 

adenomas [16–18].

Many studies have investigated the use of CT scan in patients with pHPT.  However, since 

inclusion criteria and CT protocols vary greatly among the studies, it is difficult to make 
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recommendations based on any one of them. In 2012, a review examining the performance of 

4D-CT in patients with pHPT was published, however, the amount of data was insufficient to 

perform a meta-analysis [19]. Also, this review did not include patients who had undergone 

previous parathyroid exploration and did not investigate the performance of standard two-

phase CT. Therefore, the purpose of this study was to answer the following question using a 

systematic review and meta-analysis: What are the sensitivity and positive predictive value 

(PPV) of CT for preoperative parathyroid adenoma localization in patients with pHPT? We 

subsequently evaluated the different protocols and their efficacy in various patient groups. 

Materials and Methods

Search strategy
This systematic review and meta-analysis was conducted using the PRISMA statement [20]. 

Information with regards to this meta-analysis can be found in the PROSPERO registry under 

the number CRD42016037048 (http://www.crd.york.ac.uk/PROSPERO). We performed a 

search of the Embase, Pubmed and Cochrane Library databases to identify studies published 

between January 1, 2000 and March 31, 2016 investigating the diagnostic value of CT for 

parathyroid localization in patients with biochemical diagnosis of pHPT. We designed an 

extensive search filter by using all relevant synonyms and Mesh/Emtree terms (Table 1). We 

completed our search by cross referencing Web of Science, as well as examining references 

of selected articles, related reviews, meta-analyses, and guidelines. 

Eligibility criteria for study selection
After completion of the search, all duplicate studies were first removed.  All papers published 

before 2000 were excluded due to technological advances in imaging since that time. The 

remaining unique publications were screened based on title and abstract for eligibility. A 

study was considered eligible when the following criteria were met: 1) adults of ≥18 years of 

age with biochemical non-familial pHPT who underwent CT imaging for localization, and 

2) surgical treatment and pathological examination as the gold standard for confirmation 

of localization. If an article presented data for multiple study groups of which some were 

eligible for inclusion, the eligible study groups were included if the pertinent data could be 

extracted. 

Case reports, systematic reviews, and meta-analyses were excluded, as were papers 

that were not focused on pHPT. All titles and abstracts were screened independently by 

two authors. Any disagreements in selection were discussed with a third author and after 

consensus the selected papers were screened for full text review. 

Table 1
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Strategy 
Component and 
Step No.

Query

Pubmed and Cochrane database

Patient

1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT  [All Fields]

2 MeSH descriptor hyperparathyroidism explode all trees

Intervention

3 CT OR CAT OR “Computed Tomography” OR “Computerized 

Tomography” [All Fields]

4 MeSH descriptor Tomography, X-Ray Computed explode all trees

Performance

5 Sensitivity OR accuracy OR “positive predictive value” OR PPV [All 

Fields]

6 MeSH descriptor Predictive value of tests explode all trees

7 MeSH descriptor Sensitivity and Specificity explode of all trees

Embase

Patient

1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT

2 EMTREE hyperparathyroidism explosion

Intervention

3 CT OR CAT OR ‘Computed Tomography’ OR ‘Computerized 

Tomography’

4 EMTREE computed tomography scanner explosion

Performance

5 Sensitivity OR accuracy OR ‘positive predictive value’ OR PPV

6 EMTREE Predictive value explosion

7 EMTREE Sensitivity and Specificity explosion

Merge

8 1 OR 2

9 3 OR 4

10 5 OR 6 OR 7

11 8 AND 9 AND 10 

12 8 AND 9 AND 10 from 2000

Table 1

Search strategy
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Studies were ultimately included in the meta-analysis if the following inclusion criteria 

were met: 1) at least 20 patients investigated with CT scan; 2) extractable and unique data 

available for the calculation of sensitivity of CT; and 3) histological examination of the 

resected parathyroid gland(s). To give full insight in our search, we registered the reason 

for exclusion of every study that was screened full text (Appendix 1). Several studies were 

excluded because only conference abstracts were available and authors did not respond to 

our request for additional data. To prevent publication bias, we extracted all available data 

from the conference abstracts that included 20 or more patients (Appendix 2). 

Data quality assessment 
For assessment of quality of the included studies we used the Quality Assessment of Studies 

of Diagnostic Accuracy Included in Systematic Reviews (QUADAS-2) tool [21]. It consists of 

four key domains that encompass: 1) patient selection, 2) index test, 3) reference standard, 

and 4) flow of patients through the study and timing of the index tests and reference 

standard. The domains are assessed for risk of bias and applicability. The two reviewers 

used this tool to independently evaluate the methodological quality of the included studies, 

and disagreements were resolved by consensus. 

Data extraction
Data were extracted from all included studies regarding the study design characteristics and 

the performance of CT using a standardized spreadsheet. These characteristics included the 

year of publication, design of study, study population, number of patients who underwent 

surgery, radiation dose per scan if available, conduction of pre-contrast scan, number of 

contrast phases, and timing of contrast phases. Since pHPT is a biochemical diagnosis and 

all patients included were diagnosed with pHPT, there were no true negative scans and 

therefore we did not perform separate analyses for specificity and negative predictive value 

in this meta-analysis. We did include the specificity in the table with study characteristics 

when it was calculated. Performance of CT was expressed in sensitivity (total number of 

glands localized to the correct quadrant / total number of pathological glands identified 

during surgery) and PPV (total number of glands localized to the correct quadrant / total 

number of glands suspicious for adenomas or hyperplasia on imaging) using pooled 

proportion. When data per lesion were not available, performance was calculated on a per-

patient level. Therefore, the displayed performance in this review may deviate from textual 

description of the source publications. Sensitivity and PPV for correct lateralization (i.e. 

right or left side) were also calculated when data was available. For inter-observer studies 

the average was used, and for studies comparing several CT protocols, all protocols were 

evaluated separately if possible.
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Statistical Analysis
Random-effects models (REM) were used to pool the data [22]. The REM model was fit to 

account for study heterogeneity. The heterogeneity among studies was tested using the I2 

statistic test with a p-value of less than 0.1 for statistical significance [23]. The I2 statistic is 

expressed in a percentage scale with 0% implying homogeneity and 100% if the between-

study variance is much larger than the within-study variance. Factors that could have 

affected the diagnostic performance, thereby causing heterogeneity, were investigated by 

subgroup analysis. The first factor we investigated was the number of contrast phases used, 

comparing the accuracy of studies using one, two, or three contrast phases. Second, we 

investigated whether the study population influenced the accuracy of the scan, comparing 

(1) studies without specific selection to (2) studies that included patients with negative 

or discordant conventional imaging to (3) studies that included patients with previous 

parathyroid surgery to (4) studies that included patients with either inconclusive imaging or 

previous parathyroid surgery to (5) studies that only included patients with single adenomas 

on imaging or pathology. If the corresponding regression coefficients were significantly 

different, we considered them explanatory for the observed heterogeneity. 

Funnel plots were used as a visual tool for investigating heterogeneity and publication 

bias [24]. These are scatterplots of the treatment effects estimated from individual studies 

against a measure of study size. In the absence of publication bias, the funnel plots are 

symmetrical. 

All analyses were performed using StataSE 13 and conducted by a biostatistician specialist in 

the field of meta-analysis. No funding was received for this systematic review. 

Results

Study selection
The search yielded a total of 926 articles, of which 240 were duplicates (Figure 1). The 

remaining 686 articles were screened based on title and abstract and 90 of them eventually 

underwent full text review. A total of 34 articles were eligible for final inclusion in the 

meta-analysis [9,14–18,25–52]. There were no disagreements between the two reviewers. 

The studies evaluated a total of 2563 patients with non-familial pHPT who underwent CT 

localization and surgical resection.

Study characteristics
Thirty-two of the 34 studies were conducted retrospectively. The study populations varied 

greatly among the studies: three studies included only patients with previous parathyroid 
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surgery [27,30,31], five studies included patients with negative or inconclusive conventional 

imaging (US and/or 99mTc-sestamibi scintigraphy) [14,16,29,34,48], three studies included 

patients who either had previous surgery or inconclusive conventional imaging [15,32,45], 

four only included patients with single adenomas on imaging or pathology [18,35,46,50], and 

the remaining 19 had a mixed population. Of the 34 included studies, three used varying CT 

contrast phases, either without (n=2)[16,17] or with (n=1)[18] separate analysis. One study 

evaluated the same study group for 1,2 and 3 contrast phases [43]. The rest were subdivided 

into one contrast phase (n=13), two contrast phases (n=9), three contrast phases (n=7), 

and four contrast phases (arterial, venous, delayed and extra delayed, n=1). Twenty-four 

studies used a pre-contrast scan in addition to the contrast phases, nine did not and one in 

part of the cases. Griffith et al. was excluded from the contrast phase sub-analysis because 

they were the only study to use two contrast phases but without regular pre-contrast scan 

[46]. Timing of these phases after injection of the contrast agent differed greatly among the 

included studies, and varied between 18-35 seconds for the arterial phase, 34-60 seconds for 

the venous phase and 50-122 seconds for the delayed phase (Table 2). As per the inclusion 

criteria, all studies had surgical and histopathological correlation. However, definition of 

cure varied between an adequate decrease in intra-operative parathyroid hormone (ioPTH) 

level to calcium normalization at six months follow-up. 

QUADAS-2 tool
Results of the QUADAS-2 study quality assessment are summarized in Figure 2. There 

is substantial risk of bias in this meta-analysis, mainly due to the heterogeneity of the 

included studies. Substantial risk of bias in patient selection was present, as most studies 

did not enroll consecutive patients or a random sample of eligible patients; in addition, 

Figure 1

Flowchart of systematic 

search and study selection

Figure 2
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only two studies had a prospective design. Substantial risk of bias regarding reference 

standard arose from the fact that a clear definition of biochemical cure was often lacking. 

The study endpoint varied between an adequate decrease in intra-operative PTH level to 

normalization of serum calcium levels at six months follow-up. Since estimates of accuracy 

are based on the assumption that the reference standard is 100% sensitive and specific, lack 

of a clear reference standard might have resulted in misinterpretation of the accuracy of the 

index test. Patient flow was also a potential source of bias. Several studies did not report the 

time interval between scans and surgery, or the time interval between different imaging 

modalities. Since there is a link between PTH, calcium, and the performance of the scan, 

this might have influenced the results. Concerns regarding applicability were low for the 

index test within each study, since the scans were usually conducted according to a specific 

protocol per study. However, as can be seen in Table 2, there was substantial variability 

among the different studies’ CT protocols in terms of number of contrast phases and timing 

of scanning, which raises concerns of the applicability of the index test. We attempted to 

make the index test more applicable by performing a subgroup analysis based on number of 

contrast phases; however we could not correct for other factors from the protocol that might 

have affected the performance of the scan. The same accounts for the applicability regarding 

patient selection, since there was great variability in the study populations and could not 

entirely be adjusted for using subgroup analysis.

Publication bias was investigated using a funnel plot. The asymmetrical distribution 

indicates the likelihood of publication bias (Figure 3). Egger’s test (p=0.141) and Deek’s test 

(p=0.580) for small study bias were both not significant.

Figure 2

Bar charts showing the result of study quality assessment with QUADAS-2 tool. The charts 

show the cumulative results of the 34 included studies in terms of the risk of bias (left) and 

applicability (right) according to the QUADAS-2 domains. 
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Accuracy and Heterogeneity
Individual and pooled estimates of per-quadrant sensitivity and sub-analysis are shown 

in Figure 4a-d. The sensitivity of the included studies for the detection of the lesion in 

the correct quadrant ranged from 48 to 92%, with a pooled estimate of 73% (95% CI: 69-

78%) (Figure 4a). Sixteen studies also had data available to calculate the sensitivity for 

lateralization of the pathologic gland, showing a pooled sensitivity of 81% (95% CI: 75-

87%) (Figure 4b).

A total of 19 studies did not specifically select patients, showing a random pooled sensitivity 

of 76% (95% CI: 71-81%); this was considerably higher than the four studies including 

patients with negative or inconclusive conventional imaging that had a pooled sensitivity 

of 67% (95% CI: 55-80%). Separate analyses were also done for studies including patients 

with previous parathyroid surgery, inconclusive conventional imaging and/or previous 

parathyroid surgery, and studies with only single adenomas on imaging or pathology 

(Figure 4c). 

Subgroup analysis for one contrast phase without pre-contrast scan and one, two, and three 

contrast phases showed pooled sensitivities of 68% (95% CI: 57-79%), 71% (95% CI: 61-

80%), 76% (95% CI: 70-82%) and 80% (95% CI: 74-86%) respectively. All confidence 

intervals had overlap with one other, however the difference between one without pre-

contrast and one versus two or three contrast phases was substantial. A smaller difference 

was seen between the use of two or three contrast phases (Figure 4d). The one study that 

investigated 4 contrast phases found a sensitivity of 49% [48]. Data to calculate PPV was 

available in 25/34 studies, and showed a pooled PPV of 81% (95% CI: 75-86%) (Figure 5). 

Figure 3

Funnel plot of 

included studies. 

The asymmetrical 

distribution indicates 

the likelihood of 

publication bias. 
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Heterogeneity for sensitivity was overall high with I2 of 87% (p<0.01) and also relatively 

high within and between all subgroups (I2>65%). 

Specificity was known in 17/34 (50%) studies and varied between 69% and 100% (Table 2). 

Discussion

In this meta-analysis, we evaluated the diagnostic performance of CT imaging for localization 

of the pathologic parathyroid glands in patients with pHPT. Our results show that CT has 

an overall pooled sensitivity of 73% and PPV of 81% for localization of the pathologic 

parathyroid gland to the correct quadrant. In predicting the correct side (lateralization), 

pooled sensitivity increased to 81%. Furthermore, subgroup analysis showed that the use of 

two contrast phases instead of one substantially increases sensitivity, while the addition of 

a third contrast phase had a slightly more modest effect on performance.

In patients without prior parathyroid surgery, 4D-CT performs comparably well to US and 

sestamibi scans, with an overall sensitivity of 80-90% [3]. However, the good performance 

of 4D-CT becomes especially clear in complicated cases with negative or inconclusive 

conventional imaging or cases that require re-operation, both patient populations with 

known low performance of conventional imaging [17]. In our subgroup analysis of studies 

including only patients with inconclusive imaging and/or previous parathyroid surgery, we 

found that CT still had a sensitivity of 62%-76%.

In the re-operative setting, localization is especially important for surgical planning in the 

scarred neck since a second cervical exploration is technically difficult, with an increased risk 

of recurrent laryngeal nerve injury from <1% to 15% [53]. For targeted, minimally invasive 

surgery, most centers require two concordant preoperative imaging studies, however, the 

performance of US and 99mTc-sestamibi scintigraphy in this patient group is poor [2]. Cham 

et al investigated the rate of concordant imaging before and after the introduction of 4D-

CT and found a higher rate of having two concordant studies in patients with recurrent or 

persistent disease in the 4D-CT era [54]. Additionally, in patients with previous parathyroid 

surgery and negative US and 99mTc-sestamibi, Ginsburg et al found a sensitivity of 42% for 

localizing pathologic glands [45]. Lesions that were not detected by 4D-CT had significantly 

lower preoperative PTH levels and gland weight at the time of surgery. A large study by Kelly 

et al further investigated the performance of 4D-CT in patients with a history of previous 

operation and found an accuracy of 84% and our sub-analysis of patients with previous 

parathyroid surgery found an overall sensitivity of 76% [18]. 
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First 
author

Year Type 
of study

Number 
patients

Study
population

Pre-
Contrast

Contrast
Phases

MsV

Hiromatsu 2000 Retrospective 20 1 Yes 1 ?

Lumachi 2001 Retrospective 92 1 No 1 ?

Gross 2004 Retrospective 21 3 No 1 ?

Lumachi 2004 Prospective 44 1 No 1 ?

Rodgers 2006 Retrospective 75 1 Yes 2 ?

Harari 2008 Retrospective 63 2 Yes 1 ?

Mortenson 2008 Retrospective 45 3 Yes 3 ?

Yen 2008 Retrospective 21 3 No 1 ?

Zald 2008 Retrospective 80 2 + 3 No 1 ?

Prommegger 2009 Retrospective 116 1 No 1 ?

Lubitz 2010 Retrospective 60 2 Yes 3 10

Beland 2011 Retrospective 25 2 + 3 Yes 3 ?

Eichhorn 2011 Retrospective 135 4 Yes 2 ?

Starker 2011 Retrospective 33 1 Yes 3 26

Chazen 2012 Retrospective 35 1 Yes 1 ?

Hunter 2012 Retrospective 143 4 Yes 3 ?

Linda 2012 Retrospective 49 1 Yes 1 ?

Agostino 2013 Retrospective 27 1 No 1 ?

Agostino 2013 Retrospective 114 1 No 1 ?

Bahl 2014 Retrospective 28 1 Partly 2 ?

Brown 2014 Retrospective 100 1 Yes 2/3 8/11

Kelly(1) 2014 Retrospective 82 1 Yes 2 ?

Kelly(2) 2014 Retrospective 126 1 Yes 3 ?

Raghavan(1) 2014 Retrospective 29 1 Yes 1 ?

Raghavan(2) 2014 Retrospective 29 1 Yes 2 ?

Raghavan(3) 2014 Retrospective 29 1 Yes 3 ?

Bahl 2015 Retrospective 94 1 Yes 2 28

Campbell 2015 Retrospective 52 2 Yes 1 4-6

Day 2015 Retrospective 37 2 Yes 2/3 ?

Ginsburg 2015 Retrospective 22 2 + 3 Yes 3 ?

Griffith 2015 Retrospective 222 4 No 2 ?

Kukar 2015 Retrospective 200 1 Yes 2 ≈12

Lundstroem 2015 Retrospective 43 2 Yes 4 ?

Sepahdari 2015 Retrospective 155 1 Yes 2 ?

Suh 2015 Retrospective 38 4 Yes 3 ?

Galvin 2016 Retrospective 40 1 Yes 2 ?

Krakauer 2016 Prospective 97 1 Yes 2 ?

Table 2

Study characteristics of included studies. 
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First 
author

Arterial
Phase(s)

Venous
Phase(s)

Delayed
Phase(s)

Sens PPV Spec

Hiromatsu ? - - 85 94 ?

Lumachi ? - - 81 99 ?

Gross ? - - 86 ? ?

Lumachi - 40-50 - 88 95 ?

Rodgers 25 - ? 70 ? 89

Harari ? - - 72 66 89

Mortenson 25 55 85 88 ? ?

Yen ? - - 48 ? ?

Zald ? - 50-70 52 69 93

Prommegger ? - - 69 74 94

Lubitz 30 60 105 67 65 69

Beland 30 60 90 82 79 92

Eichhorn 18-22 ? - 62 88 ?

Starker 30 60 120 85 85 ?

Chazen 25 55 - 77 90 100

Hunter 25 55 100 81 ? ?

Linda 35 - - 57 88 75

Agostino ? - - 59 81 95

Agostino ? - - 54 79 95

Bahl 20-25 - 70-80 75 ? ?

Brown ? 34 64* 92 89 ?

Kelly(1) 30 60 - 87 89 ?

Kelly(2) 30 60 105 79 83 ?

Raghavan(1) 25 - - 82 82 94

Raghavan(2) 25 50 - 83 80 93

Raghavan(3) 25 50 80 82 79 93

Bahl 25 - 80 85 95 ?

Campbell - 50 - 57 75 91

Day 30 60 90** 89 74 ?

Ginsburg 25 55 85 50 100 ?

Griffith 20 ? - 55 57 86

Kukar 25 - 90 79 ? ?

Lundstroem 22 52 82+122 49 50 ?

Sepahdari 25 - 50-80 77 ? ?

Suh 30 60 90 92 88 96

Galvin ? ? - 76 ? ?

Krakauer 22 52 - 58 60 86

Sens Sensitivity; PPV Positive predictive value; Spec Specificity; MsV Millisievert. Study group; 1)
Mixed, 2)Negative or inconclusive ultrasound and/or sestamibi, 3)Recurrent disease, 4)Only single 
adenomas on imaging or pathology

* Delayed phase only in first 20 patients         ** Delayed phase only in first 10 patients 
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In addition to the goal of using preoperative localization studies to enhance the likelihood 

of performing minimally invasive surgery, imaging should also be able to distinguish 

multiglandular disease (MGD) from solitary adenomas. In these cases, minimally invasive 

surgery would not be the correct choice and a more extensive exploration should be 

performed to prevent persistent disease and the need for reoperation. Computed tomography 

has been shown to be especially valuable for detecting MGD. Reported sensitivities for 

MGD and multiple adenomas are in the range of 15-35% for US and 30-44% for 99mTc-

sestamibi [55]. Sepahdari et al designed a model to predict MDG using 4D-CT combined with 

biochemical data and found a specificity of up to 98% [49]. 

Specificity of the included studies varied between 69% and 100%. Caution should be taken 

however when interpreting these numbers. Computed tomography in pHPT is solely used 

for localization, and not to confirm the diagnosis, which is done biochemically. Since all 

patients included in this meta-analysis had pHPT, it is debatable how clinically relevant it 

is to calculate specificity. 

Currently, great variability exists between existing CT protocols, not only in the number 

of phases but also in the timing between phases (Table 2). Our data demonstrates that 

the performance of CT is better when two or three contrast phases are used, compared to 

only one contrast phase. This result is concordant with previous studies that investigated 

the accuracy of different CT protocols [18,56]. Noureldine et al performed a comparative 

study between the four phase and a two phase protocol consisting of only the arterial and 

venous phase [56]. Although the exact sensitivity and PPV were not extractable, they found 

an equivalent diagnostic accuracy in localizing the glands. This result is also consistent 

with several high-volume centers that adjusted their protocol over time from three to two 

contrast phases without seeing substantial differences in performance. 

Using fewer phases also reduces radiation exposure substantially, which is one of the 

greatest concerns with 4D-CT. In our study the reported millisievert (mSv) per CT scan 

ranged from 4 to 26 mSv, depending on the protocol. This is high compared to 99mTc-

sestamibi SPECT-CT which uses 7-9 mSv [57]. Moreover, the highest absorbed dose from 

4D-CT is in the thyroid. In a recent study using a four phase protocol of 10.4 mSv, the 

total radiation exposure was around 57 times higher compared to SPECT/CT (92 versus 1.6 

mGy). The estimated calculated lifetime risk of 4D-CT related thyroid cancer in a 20 year old 

woman based on this radiation exposure was about 0.1% [57]. 

In the ongoing debate over the number of phases to use, a balance must be made between 

acquiring sufficient radiologic data and unnecessary radiation exposure, where the benefit 

of increased accuracy is immediate and that of a greater risk is delayed. The risk-benefit 
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discussion must weigh the cost, morbidity and risk of bilateral neck exploration with the 

radiation exposure from 4D-CT. Substituting the four phase protocol to a three phase scan 

(with two contrast phases) reduces radiation dose and thereby risk of thyroid cancer in 

young patients. When using three phases, radiation exposure is comparable to SPECT/CT 

with 7-9 mSv [14]. As shown by our meta-analysis, this can be done without substantial 

loss of performance. 

There are several limitations to this meta-analysis. First, the quality of this meta-analysis is 

limited by the quality of the included studies and might therefore be, despite a rigorous search, 

subject to publication bias. As shown by the QUADAS-2 tool, the quality and applicability 

of included studies was reasonable, although most studies were of retrospective design 

and had limited patient numbers. Several specific remarks can be made about the design 

of the studies. The most reliable measurement to determine cure of pHPT is serum calcium 

measurement at six months follow-up. However, hardly any studies provided such details. 

Most studies defined success by demonstration of adequate decrease in intraoperative or 

postoperative PTH. Although this is the accepted surgical standard for determining cure, 

it may have led to differential verification bias. Second, the definition that was used to 

define the utility of CT for patients with MGD differed greatly amongst studies. Some 

studies calculated the ability of CT to predict MGD, whereas others calculated its ability of 

exactly predicting all locations in patients with MGD.  Lastly, the heterogeneity of included 

studies was substantial, and although we performed a subgroup analysis on patients with 

inconclusive conventional imaging, we were likely not able to correct for all factors. The 

results of this meta-analysis should therefore be interpreted with caution and although the 

overall performance of CT is encouraging, the clinical application depends on the specific 

patient being investigated, the individual institution’s protocol, and the experience of the 

radiologists interpreting the scan. 

In conclusion, performance of CT is good, also in patients with inconclusive conventional 

imaging. We believe that a protocol with two contrast phases strikes the best balance 

between performance and radiation exposure. Due to considerable heterogeneity, the results 

should be interpreted with caution. 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors.
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Figure 4

Forest plot of sensitivity of CT scans for (a) all studies for detection of correct quadrant 

(b) detection of correct side (c) subgroup-analysis depending on study population and 

(d) subgroup-analysis depending on the number of contrast phases used. The pooled 

result is displayed by the vertical line. Horizontal lines indicate the 95% confidence 

intervals of each separate study. Size of the square is directly linked to the number of 

patients included in the study.

4a

4b
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Figure 5

Forest plot of positive predictive value for studies that provided data to calculate this. 

The pooled result is displayed by the vertical line. Horizontal lines indicate the 95% 

confidence intervals of each separate study. Size of the square is directly linked to the 

number of patients included in the study.

Appendix 1
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Nr Reference and reason exclusion

1 Al-Hilli Z, Hughes N, Evoy D, McDermott EW, Skehan SJ, Prichard RS. The utility of four-
dimensional computed tomography in inadequately localised patients with primary 
hyperparathyroidism. Ir J Med Sci. 2013;182:SUPPL 9(S408-).  

Reason exclusion:  Conference Abstract. Full text not available
Information from abstract included in Appendix 2

2 Avise J, Weber CJ, Sharma J. The value of intraoperative parathyroid hormone monitoring 
(IOPTH) and multi-modal localization in reoperative parathyroid surgery (REOPS). Ann Surg 
Oncol. 2012;19:SUPPL 1(S36-). 

Reason exclusion: Conference Abstract. Full text not available
Information from abstract included in Appendix 2

3 Vazquez BJ, Richards ML. Imaging of the thyroid and parathyroid glands. Surg Clin North Am. 
2011;91(1):15-32.

Reason exclusion: Review Article

4 Beland MD, Monchik JM. 4D CT—A diagnostic tool to localize an occult parathyroid adenoma in a 
patient with primary hyperparathyroidism. Med Health R I. 2012;95(5):157-158.

Reason exclusion: No unique data 

5 Berczi C, Garai I, Horkay E, Galuska L, Balázs G, Lukács G. Magy Seb. [Fifteen years experience in 
the surgical treatment of primary hyperparathyroidism]. 2001;54(6):351-5.

Reason exclusion: Number of included patients <20

6 Lubitz CC, Stephen AE, Hodin RA, Pandharipande P. Preoperative localization strategies for 
primary hyperparathyroidism: an economic analysis. Ann Surg Oncol. 2012;19(13):4202-9.

Reason exclusion:  No data on performance CT (Cost-effectiveness analysis)

7 Kutler DI, Moquete R, Kazam E, Kuhel WI. Parathyroid localization with modified 4D-computed 
tomography and ultrasonography for patients with primary hyperparathyroidism. Laryngoscope. 
2011;121(6):1219-24.

Reason exclusion: No separate data on 4D-CT performance. Combination of Modified 4D CT 
and Ultrasound

8 Stucken EZ, Kutler DI, Moquete R, Kazam E, Kuhel WI. Localization of small parathyroid 
adenomas using modified 4-dimensional computed tomography/ultrasound. Otolaryngol Head 
Neck Surg. 2012;146(1):33-9.

Reason exclusion: No separate data on 4D-CT performance. Combination of Modified 4D CT 
and Ultrasound

9 Estella E, Leong MS, Bennett I, et al. Parathyroid hormone venous sampling prior to reoperation 
for primary hyperparathyroidism. ANZ J Surg. 2003;73(10):800-5.

Reason exclusion: Number of included patients <20

10 Gafton AR, Glastonbury CM, Eastwood JD, Hoang JK. Parathyroid lesions: characterization with 
dual-phase arterial and venous enhanced CT of the neck. AJNR Am J Neuroradiol. 2012;33(5):949-
52.

Reason exclusion: Number of included patients <20

Appendix 1

List of excluded studies
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Nr Reference and reason exclusion

11 Ginsburg M, Obara P, Luka L, et al. The added value of parathyroid venous sampling for 
preoperative parathyroid adenoma localization by dynamic 4DCT in patients with recurrent 
primary hyperparathyroidism. J Vasc Interv Radiol. 2014;25:3 SUPPL 1(S65-S66). 

Reason exclusion: Conference Abstract. Data was later published in included manuscript

12 Gleysteen JP, Brickman DS, Hamilton B. Feasibility of manual segmentation of 4DCT parathyroid 
imaging. Otolaryngol Head Neck Surg. 2015;153:1 SUPPL 1(37-) 

Reason exclusion: Conference Abstract. Full text not available
Information from abstract included in Appendix 2

13 Heineman TE, Kutler DI, Cohen MA, Kuhel WI. Is Intraoperative Parathyroid Hormone Monitoring 
Warranted in Cases of 4D-CT/Ultrasound Localized Single Adenomas? Otolaryngol Head Neck 
Surg. 2015;153(2):183-8.

Reason exclusion: No separate data on 4D-CT performance. Combination of Modified 4D CT 
and Ultrasound

14 Hinson AM, Lee DR, Hobbs BA, Fitzgerald RT, Bodenner DL, Stack BC Jr. Preoperative 4D CT 
Localization of Nonlocalizing Parathyroid Adenomas by Ultrasound and SPECT-CT. Otolaryngol 
Head Neck Surg. 2015;153(5):775-8.

Reason exclusion: Number of included patients <20

15 Hobbs BA, Fitzgerald R, Bodenner DL, Stack Jr. BC. 4D-CT for localization of nonlocalizing 
parathyroid adenomas in primary hyperparathyroidism. Otolaryngol Head Neck Surg. 
2014;151:1 SUPPL 1(P156-).

Reason exclusion. Conference Abstract. Number of included patients <20

16 Hughes NM, Al Hilli Z, Meshkat B, et al. The utility of four-dimensional computed tomography in 
inadequately localised patients with primary hyperparathyroidism. Ir J Med Sci. 2013;182 SUPPL 
2(S43-). 

Reason exclusion. Conference Abstract. Number of included patients <20

17 Hunter GJ, Ginat DT, Kelly HR, Halpern EF, Hamberg LM. Discriminating parathyroid adenoma 
from local mimics by using inherent tissue attenuation and vascular information obtained 
with four-dimensional CT: formulation of a multinomial logistic regression model. Radiology. 
2014;270(1):168-75.

Reason exclusion: Manuscript describes performance of CT for discriminating parathyroid 
adenomas from local mimics. No unique data for parathyroid localization

18 Imada M, Nonaka S, Hayashi T, Kunibe I, Harabuchi Y. Accuracy of preoperative diagnosis for 
primary hyperparathyroidism by CT, US and scintigraphy. Pract Otolaryngol.  2003;96:9(825-
830).

Reason exclusion. Number of included patients <20

19 Kim YI, Jung YH, Hwang KT, Lee HY. Efficacy of 99mTc-sestamibi SPECT/CT for minimally 
invasive parathyroidectomy: comparative study with 99mTc-sestamibi scintigraphy, SPECT, US 
and CT. Ann Nucl Med. 2012;26(10):804-10.

Reason exclusion: No separate data on CT

20 Krakauer M, Wieslander B, Myschetzky PS, et al. A prospective comparative study of parathyroid 
dual-phase scintigraphy, dual-isotope subtraction scintigraphy, 4D CT, and ultrasonography in 
primary hyperparathyroidism. Eur J Nucl Med Mol Imaging. 2015;42:1 SUPPL 1(S65-). 

Reason exclusion: Conference Abstract. Data was later published in included manuscript

21 Kukar M, Cho E, Platz T, et al. Development of an index to predict single gland parathyroid 
disease and selectively eliminate intraoperative parathyroid hormone testing. Ann Surg 
Oncol. 2014;21:1 SUPPL 1(S18-).

Reason exclusion: Conference Abstract. Data was later published in included manuscript
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Nr Reference and reason exclusion

22 Lee J, Suh M, Lee HY, Kim SE. The usefulness of the parathyroid 99mTc-sestabmibi SPECT in 
diagnosis of parathyroid adenoma; 241 patients with parathyroid adenoma suspected in neck CT 
or US. J Nucl Med. 2015;56 SUPPL 3. 

Reason exclusion: Conference Abstract. No data on performance CT

23 Liu YM, Chen LB, Li YW, Li F. Localization of hyperfunctional parathyroid glands using 99Tcm-
MIBI and 99TcmO4-. Chin J Med Imag Tech. 2006;22:8(1243-1246).

Reason exclusion. Number of included patients <20

24 Lumachi F, Zucchetta P, Angelini F. Tumors of the parathyroid glands. Changes in clinical features 
and in noninvasive localization studies sensitivity. J Exp Clin Cancer Res. 2000;19(1):7-11.

Reason exclusion: No unique data on performance CT

25 Lumachi F, Zucchetta P, Tregnaghi A, et al. Noninvasive parathyroid imaging in primary 
hyperparathyroidism. Ann Ital Chir. 2003;74(4):385-8.

Reason exclusion: No unique data. Review paper

26 Mekel M, Linder R, Bishara B, Kluger Y, Bar-On O, Fischer D.
Harefuah. [4-dimensional computed tomography for localization of parathyroid adenoma]. 
2013;152(12):710-2, 753.

Reason exclusion: Manuscript in Hebrew. No response from author on request for English 
full text. 

27 Madorin CA, Owen R, Coakley B, et al. Comparison of radiation exposure and cost between 
dynamic computed tomography and sestamibi scintigraphy for preoperative localization of 
parathyroid lesions. JAMA Surg. 2013;148(6):500-3.

Reason exclusion: Manuscript on radiation exposure. No unique data on performance CT

28 Mahajan A, Starker LF, Ghita M, Udelsman R, Brink JA, Carling T. Parathyroid four-dimensional 
computed tomography: evaluation of radiation dose exposure during preoperative localization of 
parathyroid tumors in primary hyperparathyroidism. World J Surg. 2012;36(6):1335-9.

Reason exclusion: Manuscript on radiation exposure. No unique data on performance CT

29 Marmin C, Toledano M, Lemaire S, Boury S, Mordon S, Ernst O. Computed tomography of the 
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tomography for localization of parathyroid disease in patients with primary hyperparathyroidism: 
How many phases do we really need? Surgery. 2014 Dec;156(6):1300-6; discussion 13006-7.

Reason exclusion: Data in tables does not correspond with data in text. Unclear performance 
of CT
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Thyroid 2014;24:SUPPL 1(A116-A117). 

Reason exclusion: Conference Abstract. Data currently being analyzed by authors. 
Information from abstract included in Appendix 2

33 Payne SJ, Smucker JE, Bruno MA, Winner LS, Saunders BD, Goldenberg D. Radiographic evaluation 
of non-localizing parathyroid adenomas. Am J Otolaryngol. 2015;36(2):217-22.

Reason exclusion: No data on performance of CT in manuscript
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Nr Reference and reason exclusion

34 Platz TA, Panchal A, Abdelhalim A, Groman A, Cance W. 4D computed tomography with specialized 
volume rendering as a pre-operative localizing tool for primary hyperparathyroidism. Ann Surg 
Oncol. 2012;19:SUPPL 1(S111-). 
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hyperparathyroidism. Minerva Endocrinol. 2008;33(3):193-202.

Reason exclusion: No unique data on performance CT. Review manuscript
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Reason exclusion: Manuscript describes performance of CT for discriminating parathyroid 
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Appendix 2

Extractable data from excluded conference abstracts

First author Year Number 
patients

Modality Number 
Phases

Sensitivity PPV

Al-Hilli 2013 31 4D-CT ? ? 95%

Avise 2012 192 CT ? 68% ?

Gleysteen 2015 20 4D-CT 2 ? ?

Pasternak 2014 115 CT 2 84% ?

Sakurai 2010 32 CT ? 83% ?

Smith 2013 34 4D-CT ? 53% 79%

Wimmer 2012 40 CT ? ? ?
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Abstract

Background
Primary hyperparathyroidism is the most common manifestation of Multiple 

Endocrine Neoplasia type 1 (MEN1). Guidelines advocate subtotal parathyroidectomy 

(STP) or total parathyroidectomy with autotransplantation due to high prevalence 

of multiglandular disease, however both are associated with a significant risk of 

permanent hypoparathyroidism. More accurate imaging and use of intraoperative 

PTH levels may allow a less extensive initial parathyroidectomy (unilateral 

clearance, removing both parathyroids with cervical thymectomy) in selected 

MEN1 patients with primary hyperparathyroidism. 

Methods
We performed a retrospective cohort study at a high-volume tertiary medical center 

including patients with MEN1 and primary hyperparathyroidism who underwent 

STP or unilateral clearance as their initial surgery from 1995-2015. Unilateral 

clearance was offered to patients who had concordant sestamibi and ultrasound 

showing a single enlarged parathyroid gland. For both groups we compared rates 

of persistent/recurrent disease and permanent hypoparathyroidism.

Results
Eight patients had unilateral clearance and 16 had STP. Subtotal parathyroidectomy 

patients were younger (37 vs 52 years). One patient in each group had persistent 

disease. One (13%) unilateral clearance and five (31%) STP patients had recurrent 

hyperparathyroidism after a mean follow up of 47 and 68 months (p=0.62). 

No unilateral clearance patients and two of 16 SPT patients had permanent 

hypoparathyroidism (p=0.54). 

Conclusions
Some MEN1 patients with primary hyperparathyroidism who have concordant 

localizing studies may be selected for unilateral clearance as an alternative to 

STP.  For appropriately selected MEN1 patients, unilateral clearance can achieve 

similar results as STP and has no risk of permanent hypoparathyroidism and may 

facilitate possible future reoperations. 
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Introduction

Primary hyperparathyroidism is often the first manifestation of multiple endocrine neoplasia 

type 1 (MEN1) with 100% penetrance by age 65 [1]. Patients with MEN 1 usually have 

multiple abnormal appearing parathyroid glands (“asymmetrical hyperplasia”). In contrast, 

80% of patients with sporadic primary hyperparathyroidism have a single adenoma [2]. 

Since all the glands in patients with MEN1 have the menin mutation, any parathyroid tissue 

left in the patient is at risk for growing and developing into a hyperfunctioning gland. To 

achieve the lowest possible rate of recurrent disease, surgeons traditionally have advocated 

most aggressive resection leaving as little parathyroid tissue as possible [3, 4]. Therefore, 

current guidelines recommend performing either subtotal (3 ½) parathyroidectomy or total 

parathyroidectomy with forearm auto-transplantation at initial operation [5]. Aggressive 

resection of parathyroid glands, however, also leads to a higher risk of permanent 

hypoparathyroidism, which can greatly affect patients’ quality of life [3, 6–10].

Several reports have shown that some patients do not develop recurrent disease even 

after long follow up, despite less aggressive initial operation [8, 11]. With the increasing 

ability to preoperatively localize large and hyperfunctioning parathyroid tumors and 

intraoperatively monitor PTH levels, some surgeons have begun to perform less aggressive 

initial parathyroidectomy in order to lower the risk of permanent hypoparathyroidism [8, 

9]. To avoid re-exploration in a scarred neck, a new strategy has been proposed. During a 

“unilateral clearance” both the abnormal gland and other parathyroid tissue from the same 

side of the neck (the other parathyroid and the cervical thymus) are removed in patients 

with MEN1 and primary hyperparathyroidism. We retrospectively reviewed the results of 

unilateral clearance in eligible MEN1 patients in our institution over the past 15 years. We 

examined the rates of permanent hypoparathyroidism and persistent or recurrent disease in 

this cohort and compared them to the results of traditional STP.

Material and Methods

Surgical Strategy for primary hyperparathyroidism in MEN1 patients
Our previous standard surgical approach to MEN1 patients with primary hyperparathyroidism 

was STP. Preoperative localization studies were not routinely performed. A traditional 

bilateral neck exploration was performed, with inspection of all four parathyroid glands and 

identification of potential supernumerary glands. The most normal-appearing gland was 

then biopsied, marked with a clip, and a 50 milligram remnant was left in situ to prevent 

postoperative hypoparathyroidism. The other three glands as well as the cervical thymus 

were removed [11].  

4
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Since 2000, with increasing and routine use of preoperative sestamibi scans and ultrasound, 

we began to identify a subgroup of MEN1 patients with a preoperatively located single 

abnormal parathyroid gland. For this subgroup of patients, we start the operation by finding 

and excising the abnormal gland, followed by excising the other gland on the same side as 

well as the ipsilateral cervical thymus. We use intraoperative PTH (IOPTH) monitoring to 

look for a significant drop. If the 10 minute post-excision PTH adequately drops by more 

than 50 % from baseline, the other side is not explored. 

Patients
All patients with MEN1 and primary hyperparathyroidism who had their initial operation at 

UCSF between 1995 and 2015 were included in the study. The diagnosis of MEN1 was based 

on 1)proven genetic mutation, 2)coexisting endocrine neoplastic disease in the pancreas, 

duodenum or pituitary gland, or 3)at least one first-degree relative with MEN1 [5]. This 

study was reviewed and approved by the local institutional review boards. 

Outcomes
Persistent hyperparathyroidism was defined as elevated serum calcium levels with 

inappropriately elevated levels of PTH within six months of initial parathyroidectomy, and 

recurrent hyperparathyroidism as increased levels of calcium and PTH after at least six 

months of follow up with normalization of serum levels of calcium and PTH after initial 

parathyroidectomy. Permanent hypoparathyroidism was defined by serum calcium levels 

below the normal range and requirement for supplemental calcium and vitamin D after 6 

months following operation.

Serum calcium was measured using a UniCel DxC 800 Clinical system (Beckman Coulter), 

with reference level 8.8-10.3 mg/dL. Intraoperative PTH was measured using a UniCel DxI 

600 Immunoassay system (Beckman Coulter). Intact PTH was measured with Immulite 

2000 Immunoassay (Siemens Healthcare), with reference level of 12-65 ng/L.

Statistical analysis
Standard descriptive statistics (mean, range and frequency) were used to analyze patients 

and disease characteristics. Fisher’s exact test was used to compare incidence of recurrent 

disease, persistent disease and permanent hypoparathyroidism. Student T-test was used to 

compare continuous variables between the two surgical groups. A p-value of less than 0.05 

was considered statistically significant. All data analysis was performed using SPSS version 

21.0 (SPSS Inc., Chicago, IL). 
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Results

Eight patients underwent unilateral clearance during the study period. There were five (63%) 

women and three men; the mean age was 52 (Table 1). After a mean follow-up of 47 (range 

2-112) months, one patient (Patient 2) developed recurrent disease eight years after initial 

operation, with a CT-scan showing a lesion suspicious for parathyroid adenoma in the left 

tracheoesophageal groove on the same side as the initial unilateral clearance, and is being 

treated with cinacalcet due to the interval development of widely metastatic neuroendocrine 

tumor. Patient 8 had persistent disease. She underwent a right-sided unilateral clearance 

of the abnormal lower gland shown by concordant sestamibi and ultrasound and the upper 

ipsilateral gland and cervical thymus, with a drop in IOPTH from 389 ng/L pre-incision to 

109 ng/L post-excision (via internal jugular). Two weeks postoperatively, she had elevated 

serum levels of PTH (94 versus 138 ng/L preoperatively) and calcium (10.5 versus 11 mg/

dL preoperatively). Repeat imaging with US and sestamibi showed an additional abnormal 

left lower parathyroid. She then underwent exploration of the left side, with excision of a 

1.5 cm tumor and biopsy of the other gland. After this second operation she had transient 

hypocalcemia, but has remained normocalcemic since then (50 months of follow up). No 

patients had permanent hypoparathyroidism. 

The 16 MEN1 patients who underwent STP during the same period were significantly younger 

than those who underwent unilateral clearance (37 vs 52 years, p=0.027) (Table 2). None of 

these patients were scheduled for initial unilateral clearance, since they either did not have 

concordant imaging for one abnormal gland, or due to surgeon preference. After a mean 

follow-up of 68 (range 1-223) months, five of 16 patients had recurrent disease at 2, 5, 8, 8 

and 15 years respectively. One patient underwent a right neck re-exploration with removal 

of the residual right lower gland with normocalcemia at follow up. One patient underwent an 

unknown second operation at an outside center, which did not cure her hyperparathyroidism, 

and is currently being treated with cinacalcet. One patient had a successful reoperation (left 

neck re-exploration with removal of regrown left lower parathyroid) but again recurred 

3 years after the second operation and is now being medically managed. One patient had 

a completion parathyroidectomy with failed autotransplant to the forearm and developed 

permanent hypoparathyroidism. The last patient did not undergo a second surgery due 

to comorbidities and is also being medically managed. One patient had persistent disease 

after a STP, was followed for three years and then underwent a successful resection of 

the remnant right upper parathyroid with autotransplant. Overall two of the 16 patients 

developed permanent hypoparathyroidism, one after initial STP and one after reoperation. 
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Patient Sex Age Other MEN1 

tumors

Preoperative Persistent 

disease

Recurrent 

disease

Hypoparathyr-

oidism

Follow-up 
months

Calcium PTH

1 F 46 Pituitary 13.2 583 No No No 2

2 M 33 Gastrinoma 10.2 106 No Yes* No 106

3 F 35 Insulinoma 11.1 127 No No No 112

4 M 65 Pituitary 9.8 204 No No No 33

5 F 68 Pituitary

Pancreatic

10.9 90 No No No 10

6 M 65 Pituitary 11.5 92 No No No 6

7 F 51 Pancreatic 11.4 115 No No No 59

8 M 59 -** 11.2 138 Yes No Temporary*** 50

F Female; M Male; PTH Parathormone

* Eight years after initial parathyroidectomy

** Diagnosis based on genetic mutation

*** After re-operation

Subtotal parathyroidectomy 

N=16

Unilateral approach 

N=8

P-value

Age, mean (range) 37 52 0.027

Female 12(75%) 5(63%) 0.647

Preoperative level of

- Calcium 

- Parathormone

10.8 

112

11.2 

182

0.377 

0.147

Permanent hypoparathyroidism 2(13%) 0(0%) 0.536

Persistent disease 1(6%) 1(13%) 1.000

Recurrent disease 5(31%) 1(13%) 0.621

Follow-up (months) 68 47 0.454

Table 1

Multiple Endocrine Neoplasia type 1 patients (n=8) who underwent 

unilateral clearance for primary hyperparathyroidism.

Table 2

Comparison between patients who underwent subtotal parathyroidectomy and those who 

underwent unilateral clearance for primary hyperparathyroidism.



Unilateral Clearance in MEN1

75

Discussion

In this study, we found that unilateral clearance can be performed in a subgroup of MEN1 

patients with primary hyperparathyroidism who have concordant preoperative sestamibi 

and ultrasound localization studies. In these selected patients, using this less aggressive 

approach, the risk of permanent hypocalcemia is lower without a significantly increased risk 

of recurrent or persistent disease.

There are three goals for parathyroidectomy in MEN1 patients: correct hypercalcemia, 

avoid permanent hypoparathyroidism, and facilitate potential future operation [12]. The 

current MEN1 guidelines focus primarily on correcting hypercalcemia, both immediately 

(avoid persistent disease) and in the long term (avoid recurrent disease). Most 

experienced parathyroid surgeons, recommend either STP or total parathyroidectomy with 

autotransplantation [3–5, 13]. Both have low recurrence rates but still have some risk of 

permanent hypoparathyroidism. 

Conceptually, the current recommendations apply the same operation to all patients with 

MEN1 using a relatively aggressive operation in order to lower the risk of recurrence. It 

is very likely, however, that not all MEN1 patients have the same aggressive parathyroid 

disease. There are more than 1000 germline mutations reported [14–16]. If we hypothesize 

MEN1 parathyroid disease to have a spectrum of aggressiveness (defined in terms of 

number of parathyroid glands involved), then conceptually it is not wrong to treat those 

with less aggressive disease with a less aggressive parathyroid operation. Once we make 

this conceptual leap, then the question becomes how do we identify those MEN1 patients 

who may have a less aggressive manifestation of hyperparathyroidism and treat them less 

aggressively? 

It is possible that genetic heterogeneity will eventually help us to predict the aggressiveness 

of parathyroid disease [14]. The first proposal for a subdivision based on genotype was 

published in 2000 by Bartsch et al [17]. In a study investigating the outcome of patients with 

pancreaticoduodenal tumors, they found that truncating nonsense or frameshift mutations 

in the N- or C-terminal regions (exons 2,9,10) had a significantly higher rate of malignant 

tumors. Using this same genotype-phenotype comparison for primary hyperparathyroidism, 

another study has shown that after surgical intervention with less than STP, patients with 

these nonsense or frameshift mutations in exons 2,9 and 10 have a significantly lower risk of 

persistent or recurrent disease than patients with other mutations [14]. Unfortunately, exact 

genetic mutations were only available in 7/24 (29%) of our cases and therefore we could not 

perform such a sub-analysis. For now, however, localizing studies may help us identify a 

subgroup of patients that can be treated with less aggressive surgery. 
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Our patients who underwent unilateral clearance are a highly selected group. These 

patients had two concordant localizing studies for a single tumor. Localizing studies such 

as sestamibi and ultrasound are only about 80-90% accurate for single gland diseased and 

much less accurate for patients with multiple gland disease, and therefore cannot be relied 

on completely for surgical decision-making [18, 19]. However, even in MEN1 patients, these 

localization studies may distinguish those with multiple large tumors from those with a 

single tumor. In other words, the localizing studies are used not just to find tumors but also 

to categorize patients into those who are more or less likely to have multiple large tumors. 

The patients who have only a single radiographically identified tumor are a different group 

and are more likely to have less aggressive parathyroid disease. This concept is supported 

by the observation that patients undergoing unilateral clearance were significantly older 

at parathyroidectomy. It is therefore not that surprising that the recurrence rate in this 

group was not higher than those who underwent a more aggressive operation of STP. Of 

the patients with at least six months follow up, recurrent disease occurred in only one 

(14%) of the seven unilateral clearance patients versus five (38%) out of 13 patients who 

underwent STP. Although follow up for the latter was substantially longer, 83 versus 53 

months respectively, this difference was not significant.

In the unilateral clearance group, one patient had persistent disease and underwent 

contralateral exploration within two weeks of the initial surgery. The initial ultrasound, 

however, should not have missed this second 1.5 cm large tumor which was clearly visible 

at follow up ultrasound two weeks later. This finding underscores the fact that ultrasound is 

operator-dependent. In addition, during the initial surgery, the PTH dropped from 389 pre-

incision to 109 post-excision. Even though this is a >50% drop, PTH was still substantially 

elevated and should have raised suspicion for additional unresected disease. In all other 

cases, IOPTH dropped into normal range (<65 ng/L). This finding supports the observation 

that not all patients with a drop of at least 50% in PTH are cured and the absolute post-

operative PTH level should be taken into account as well.[20] One patient had recurrent 

disease 8 years after unilateral clearance. The recurrence was on the same side of the initial 

operation. He would likely have had a similar recurrence if he initially had a STP, since it 

was a supernumerary gland. 

The second goal of MEN 1-related parathyroidectomy is the prevention of permanent 

hypoparathyroidism. The same studies that showed a favorable outcome in terms of 

persistent and recurrent disease for (sub-) total parathyroidectomy versus less than STP 

revealed that between 7 and 67% of patients suffer from permanent hypoparathyroidism, 

greatly affecting patients’ quality of life [3, 6–10]. In our study, none of the patients who 

underwent the unilateral approach developed permanent hypoparathyroidism versus two 

patients who underwent STP. Although the difference was not significant due to our small 
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sample size, the result is supported by the literature showing less risk of hypoparathyroidism 

for patients who undergo less than STP [8, 9, 21, 22]. 

The last goal of surgery in these patients is the facilitation of future surgery. During the 

unilateral clearance, both ipsilateral glands as well as the thymus are removed and the 

neck is carefully inspected for supernumerary glands. By using this strategy, we reduced 

the likelihood of re-exploring the same side of the neck in case of persistent or recurrent 

disease. As suggested by the guidelines, doing less than STP might indeed be associated 

with a higher incidence of recurrent disease at long term follow up. However, there is 

often an asynchronous presentation of parathyroid tumors, thus resecting only the large 

hyperfunctioning glands may serve as an alternative operation with fewer complications 

[9]. As shown by our data, patients undergoing unilateral clearance can be normocalcemic 

for years, with no risk of permanent hypoparathyroidism associated with (sub-) total 

parathyroidectomy. 

Traditionally, re-operation is considered a failure, but in the case of MEN1- related primary 

hyperparathyroidism we recommend redefining goals and expectations. Balancing potential 

risks and consequences of permanent hypoparathyroidism, an initially less aggressive 

resection appears to be appropriate in the subgroup of patients with concordant imaging 

showing a single tumor. If a second operation is necessary, it will most likely be in the 

previously non-operative side of the neck. 

There are several important limitations to this study. The group that underwent unilateral 

clearance was highly selected, and may be genetically different from the group that 

underwent STP. The results found can therefore potentially be explained by disease biology 

rather than the surgery that was performed. Furthermore, our limited sample size may 

not have been sufficient to detect differences between the two groups. A recent publication 

from the National Institute of Health regarding this topic included 99 patients with MEN1. 

Although they concluded that limited parathyroidectomy was a setup for failure they 

had only 8 patients with concordant imaging studies similar to our patients, and no sub-

analysis was performed on this group [4]. A multicenter study will be helpful to address this 

shortcoming. In addition, our limited follow up period may underestimate the true incidence 

of recurrent disease.   

Nevertheless, we believe that our results clearly show that there is a subgroup of MEN1 

patients with concordant imaging studies who could benefit from unilateral clearance with 

resultant lower risk of permanent hypoparathyroidism. The potential need for subsequent 

reoperation should not be considered a surgical failure, but a calculated risk in order to 

maximize the opportunity to prevent complications at the initial surgery.
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Abstract

Introduction
Primary hyperparathyroidism is a common endocrine disorder for which the 

primary treatment is surgery. For minimal invasive parathyroidectomy adequate 

pre-operative imaging is essential. Conventional imaging is often inconclusive. 

There are reports that 18F-Fluorocholine PET-CT might be a superior imaging 

modality, however evidence is still very scarce. This is the first report of a case 

with negative ultrasound and sestamibi SPECT-CT imaging that underwent 

successful minimal invasive surgery because of 18F-Fluorocholine PET-CT.

Presentation of case
A 57 year-old man presented to us with complaints of fatigue. Laboratory results 

showed a biochemical primary hyperparathyroidism and an additional DEXA-scan 

revealed osteopenia of the lumbar spine. Conventional imaging consisting of neck 

ultrasound and Tc-99m-sestamibi SPECT-CT was however unable to localize the 

pathological gland. Subsequent 18F-Fluorocholine PET-CT did clearly localize an 

adenoma dorsally of the left thyroid lobe which was removed at that exact location 

using minimal invasive parathyroidectomy. Histological examination confirmed 

the diagnosis adenoma and calcium levels remained normal at follow-up.

Discussion
There is clinical need for a superior imaging modality to detect pathological 

parathyroid glands to enable minimal invasive surgery. 18F-Fluorocholine is 

widely available 

Conclusion
18F-Fluorocholine PET-CT is a promising new imaging modality for localizing 

parathyroid adenomas and enabling minimal invasive parathyroidectomy when 

conventional imaging fails to do. Clinicians should consider its use as a second 

line modality for optimal patient care. 
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Introduction

Primary hyperparathyroidism (pHPT) is characterized by autonomous hypersecretion of 

parathyroid hormone (PTH) by one or more parathyroid glands, leading to an elevated serum 

calcium concentration. Hypercalcemia can cause a wide variety of well-described symptoms 

ranging from constipation and nausea to kidney stones and osteoporosis [1]. Diagnosis 

is established biochemically, with the finding of a relatively elevated serum calcium (Ca) 

level with a concomitant inappropriately elevated PTH level. In over 80% of cases, pHPT is 

caused by a single parathyroid adenoma [2]. Although both medical and surgical options for 

treatment are available, surgery is currently the only method of definitive cure as well as the 

most effective treatment modality overall [3]. 

The method of surgical intervention has shifted over the past two decades from extensive 

bilateral neck exploration (BNE) to minimal invasive parathyroidectomy (MIP). Minimal 

invasive surgery has its attendant benefits to shorter operative time, lower complication 

rate, and smaller incision length [4,5,6]. For surgery to be successful, adequate pre-operative 

imaging is essential to localize the abnormal gland(s). Conventional imaging consists of 

ultrasound (US) and Tc-99-sestamibi scanning.  However even the most sensitive sestamibi 

scan, single photon emission computed tomography (SPECT) – computed tomography (CT), 

fails to identify abnormal parathyroid glands in up to 30% of cases [7]. These cases mandate 

traditional BNE or treatment with calcimimetics. Recently, a case report was published 

describing a potential new imaging modality for patients with pHPT. Quak et al. reported 

the incidental finding of a parathyroid adenoma using 18F-Fluorocholine (FCH) positron 

emission tomography (PET) – CT in a patient suspected of recurrence of prostate cancer 

[8]. Choline is part of the phospholipid layer in the cell membrane and it is hypothesized 

that hyperfunctioning parathyroid cells have an increased activity of the phospholipid/

Ca2+-dependent protein kinase which would lead to increased choline uptake [9]. Since 

then two studies with preliminary results have been published showing a superior detecting 

rate of FCH PET-CT over different types of conventional imaging [10,11]. We present, to our 

knowledge, the first case with negative US and SPECT–CT who underwent a successful MIP 

based on FCH PET-CT.

Case report

A 57-year-old man was referred to the Department of Surgery in February 2013 with 

complaints of fatigue. Biochemical laboratory investigation revealed pHPT. Laboratory 

results showed slightly elevated levels of Ca 2.78mmol/L (normal: 2.20-2.60 mmol/L) and 

PTH of 10 pmol/L (normal: 1-7 pmol/L). Albumin level was 47.4 g/L (normal: 35-50 g/L) 
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and 25-OH-vitamin-D was 67 nmol/L (normal: 50-100 nmol/L). Additional DEXA scanning 

showed osteopenia of the lumbar spine and it was decided that surgery was indicated. 

Conventional pre-operative imaging studies (US and 99mTc-sestamibi SPECT-CT (Figure 

1a)) did not reveal a parathyroid adenoma. Calcimimetics were prescribed, but serum Ca 

levels remained elevated. Subsequently a FCH PET-CT of the neck and mediastinum was 

performed 30 minutes after injection of 171MBq FCH.  PET-CT showed intense focal FCH 

accumulation in a hypodense lesion posterior to the left upper thyroid lobe (Figure 1b). 

Subsequently targeted US was performed and the parathyroid adenoma was visualized and 

marked for a MIP. 

During surgery an abnormal gland was removed at the exact location indicated by FCH PET-

CT. Histological examination showed a gland of 0.59 gram and the diagnosis parathyroid 

adenoma was confirmed. Post-operatively Ca levels normalized and the patient remains 

normocalcemic at follow-up.

Discussion

Our patient had pHPT with an indication for surgery, however conventional imaging 

studies were unable to localize the pathological gland. This can be the case in up to 30% of 

patients and does not even take into account cases in which one study is discordant with 

another. Clinicians face a dilemma in all of these cases; they can either choose to perform 

a traditional BNE with greater morbidity or repeat the imaging after 6 months. In the 

meantime, the patient can be placed on medical therapy such as calcimimetics. Treatment 

Figure 1

Coronal maximum 

intensity projection (MIP) 

of negative 99mTc-

sestamibi SPECT and axial 

SPECT–CT (1a). Coronal 

MIP and axial PET–CT 

(1b) performed with 
18Ffluorocholine

clearly show a hotspot 

located posterior to the 

left upper thyroid lobe.
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with calcimimetics however, is not curative and often causes significant side effects 

including nausea and vomiting [12]. Both waiting and performing a BNE may, therefore, 

prove to be suboptimal for the patient. We propose that FCH PET-CT might be a solution 

whenever conventional imaging is unrevealing or discordant. So far two studies have 

published preliminary results. Michaud et al. investigated 12 patients with both primary 

and secondary HPT and negative or equivocal conventional imaging studies [10]. Their 

conventional imaging consisted of US and 123I/99mTc-sestamibi subtraction scintigraphy. 

They found an excellent parathyroid detection rate of 92% for FCH PET-CT. Lezaic et al. 

included 24 patients with HPT and performed three types of sestamibi scanning next to the 

FCH PET-CT [11]. They found a sensitivity of 92% for FCH PET-CT, which was significantly 

higher compared to the sestamibi scans. The advantage of FCH PET-CT over SPECT-CT 

is the higher spatial resolution and the signifcantly shorter scanning time with a single 

acquisition of only 8 minutes. The disadvantage of this modality is the high cost compared 

to conventional modalities and therefore an option would be to preserve it for the cases 

with negative/discordant imaging. At this moment, the combination of US and SPECT-CT is 

considered to be most accurate in the case of pHPT and is commonly used worldwide [13,14]. 

Our case is, to our knowledge, the first in which both US and SPECT-CT were negative but 

that could be operated on successfully by minimally invasive approach thanks to FCH PET-

CT. 

Conclusions

In conclusion, pHPT is a common disorder for which the primary treatment of choice is MIP. 

For MIP adequate pre-operative imaging is needed. FCH PET-CT is a promising new second 

line imaging modality that can guide succesfull MIP in the case of negative SPECT-CT and 

US. 
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Abstract

Objective
Assessment of the diagnostic value of ultrasound (US), single photon-emission 

computed tomography- computed tomography (SPECT-CT) and 18F-Fluorocholine 

(FCH) PET-CT for preoperative localization of hyper-functioning parathyroid(s) 

in order to create a more efficient diagnostic pathway and enable minimal invasive 

parathyroidectomy (MIP) in patients with biochemical proven non-familial 

primary hyperparathyroidism (pHPT).

Methods
A single-institution retrospective study of 63 consecutive patients with a 

biochemical diagnosis of non-familial pHPT who received a Tc-99m-sestamibi 

SPECT-CT and neck ultrasound. Surgical findings were used in calculating the 

sensitivity and the positive predictive value (PPV) of both imaging modalities. 

Furthermore we present 5 cases who received additional FCH PET-CT. 

Results
A total of 42 (66.7%) patients underwent MIP. The PPV and sensitivity of SPECT-

CT, 93.0% and 80.3%, were significantly higher than those of US with 78.3% and 

63.2%, respectively. Adding US to SPECT-CT for initial pre-operative localization 

did not significantly increase sensitivity but did significantly decrease PPV. 

Performance of US was significantly better when performed after SPECT-CT. 
18F-Fluorocholine PET-CT localized the hyper-functioning parathyroid gland in 

4/5 cases with discordant conventional imaging, enabling MIP.

Conclusion
SPECT-CT is the imaging modality of choice for initial pre-operative localization 

of hyper-functioning parathyroid gland(s) in patients with biochemical pHPT. 

Ultrasound should be performed after SPECT-CT for confirmation of positive 

SPECT-CT findings and for pre-operative marking allowing MIP. In cases with 

negative or discordant imaging additional FCH PET-CT should be considered 

since this might enable the surgeon to perform MIP. 
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Introduction

Primary hyperparathyroidism (pHPT) is a common endocrine disorder. It is characterized 

by autonomous hyper-secretion of parathyroid hormone (PTH) by the parathyroid 

gland(s), leading to an elevated serum calcium concentration. Diagnosis is based upon 

these biochemical abnormalities, which are often discovered during routine screening [1]. 

In about 84% of cases, pHPT is caused by a single adenoma. Less frequent causes are multi 

glandular disease (MGD), hyperplastic disease and, very rarely, a carcinoma. Multi glandular 

disease is associated with several familiar syndromes, of which familial isolated primary 

hyperparathyroidism, multiple endocrine neoplasia (MEN)1 and MEN2A are the most 

common [2].

Patients can be treated with either medication or surgery. When patients are symptomatic 

or aged younger than fifty, surgery is performed. If patients are asymptomatic, refuse 

surgery or are considered to have high operative risks, medication is given [3]. In the non-

familial cases, surgical intervention has shifted the past decade, from extensive bilateral 

neck exploration (BNE) to minimal invasive parathyroidectomy (MIP) [4]. Minimal invasive 

surgery is favorable due to shorter operative time, lower complication rate, and smaller 

incision length [5]. For MIP to be successful, adequate pre-operative imaging is needed. 

Conventional imaging for patients without history of neck surgery includes ultrasound (US) 

and different kinds of Tc-99m-sestamibi scintigraphy. The diagnostic value of single photon 

emission computed tomography (SPECT-CT) in predicting the localization of the adenoma 

has been proven to be the best imaging modality in comparison to normal SPECT, dual-

phase planar scintigraphy and subtraction scintigraphy [6–8]. However, even SPECT-CT 

fails to identify the gland in up to 30% of the cases [9]. For these cases several second-line 

imaging modalities are described such as magnetic resonance imaging and four dimensional 

computed tomography (4D-CT). Also, recently 2 studies with preliminary results regarding 
18F-Fluorocholine (FCH) PET-CT were published showing superior performance [10,11]. 

Though, total body of evidence is still very scarce and little is known about its applicability in 

the case of negative SPECT-CT.  We present here our single-institution experience regarding 

the use of US, SPECT-CT and FCH PET-CT for the pre-operative work-up of patients with 

non-familial pHPT.
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Material and methods

Patients
The group that is subject to this study consists of 63 consecutive patients with a biochemical 

diagnosis of non-familial pHPT, including five patients with recurrent disease and six 

patients with persistent pHPT. All patients were operated in the University Medical Center 

of Utrecht between March 2011 and January 2015. Of these, 54 patients were referred for pre-

operative SPECT-CT combined with US, nine patients for SPECT-CT only and five patients 

underwent additional FCH PET-CT for precise pre-operative localization of the parathyroid 

adenoma(s) (table 1).

Pre- and postoperative levels of parathyroid hormone (PTH) and ionized calcium (ICa) were 

measured in pmol/L and mmol/L, respectively. This study was conducted with approval of 

the Medical Ethics Committee of the University Medical Center Utrecht. 

Imaging
SPECT-CT: After intravenous administration of +/- 700 MBq of technetium-99m-sestamibi 

(Cardiolite; Mallinckrodt Medical B.V., Petten, the Netherlands), planar images were taken 

at 15 min and 90 min after injection. These static anterior images of the thoracal/cervical 

region were recorded in 10 min, acquired in a 256x256 matrix with 1.78 zoom. SPECT-CT 

was done 60 min after injection, using a (Symbia T6, Siemens systems, Erlangen, Germany). 

SPECT images were recorded for 24 minutes in a 128x128 matrix with a 1.78 zoom and a time 

per view of 50/32. Immediately hereafter a 1 min CT was performed. The specifications used 

were; 30 mAs, 110 kV, 5 mm slices and a rotation time of 0.6 sec. 

Ultrasound: High-resolution ultrasound examinations were performed by experienced 

radiologists. The parathyroid glands were examined for pathologic enlargement using a 

linear high-frequency probe (12-5 MHz/ 17-5 MHz).

FCH PET-CT: No specific patient preparation was required. Patients received one intravenous 

administration of 2MBq/kg FCH (Cyclotron BV Nederland, Amsterdam, Netherlands). After 

a waiting time of 30 minutes, patients were positioned in supine position with their arms 

besides the body on the PET-CT (Siemens Medical Systems, Erlangen, Germany) scanner. 

A scout overview of the body was made to determine the scan range from skull base to 

mediastinum. Low dose CT was acquired with scan parameters: 30-50 mAs, slice thickness 

and spacing 3 and 2 mm. PET images were acquired in three-dimensional mode with Time 

of Flight for 4 min per bed position. High resolution PET reconstructions were made with 

FWHM of 4 mm, 4 iterations and 21 subsets. For SUV measurements images were also 

reconstructed according to EARL recommendations [12]. Standard reconstruction and 

attenuation correction was based on low dose CT. 

Table 1
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Table 1

Baseline characteristics

pHPT Primary hyperparathyroidism; PTH Parathormone; ICa Ionized 

calcium; FCH 18F-Fluorocholine; US Ultrasound; MIP Minimal invasive 

parathyroidectomy; UNE Unilateral neck exploration; BNE Bilateral neck 

exploration

N=63(%) SPECT-CT+ SPECT-CT- p-value

Sex

Female

Male

47(74.6)

16(25.4)

38

13

9

3

1.000

Age in years (mean ± SD) 58 ± 12 58 ± 12 59 ± 11 0.691

Pre-operative PTH in pmol/L (mean ± SD) 20.0 ± 13.0 20.6 ± 13.6 15.9 ± 9.3 0.283

Pre-operative iCa in mmol/L (mean ± SD) 1.49 ± 0.22 1.49 ± 0.24 1.46 ± 0.12 0.620

Reason of imaging

pHPT

Recurrent pHPT

persistent pHPT

52(82.5)

5(7.9)

6(9.5)

43

3

5

9

2

1

0.461

Imaging

SPECT-CT

US

FCH PET-CT

63(100)

54(85.7)

6(9.5)

Cinacalcet use during SPECT-CT

Yes

No

7(11.1)

56(88.9)

4

47

3

9

0.089

Performed operation

MIP

UNE

BNE

Thoracotomy

42(66.7)

14(22.2)

6(9.5)

1(1.6)

38

11

2

0

4

3

3

1

Number of parathyroid glands excised

0

1

2

1(1.6)

58(92.1)

4(6.3)

0

47

4

1

11

0

Weight of excised glands in gram (mean ± SD) 1.69 ± 2.05 1.94 ± 2.19 0.84 ± 1.32 0.113

Histological diagnosis

Adenoma

Hyperplastic gland

Undetermined 

adenoma/hyperplastic

No parathyroid glands found     

42(66.7)

9(14.3)

11(17.5)

1(1.6)

36

6

9

0

6

3

2

1

0.109

Complications

Temporary hypocalcaemia

Permanent hypocalcaemia

Temporary RNL injury      

20(31.7)

1(1.6)

4(6.3)

14

0

2

6

1

2

Normalization of iCa after surgery

Yes

No

62(98.4)

1(1.6)

50

1

12

0

6
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Radiologists reported 30 US before the SPECT-CT, 13 at the same day and the remaining 11 

after the SPECT-CT. If both modalities were performed at the same day, test results were 

considered to be reported independently. FCH PET-CT was used as a second-line imaging 

modality and always performed after US and SPECT-CT. As this was a retrospective trial and 

the imaging was used for operative planning the original PET-CT reports were used. Studies 

were usually read by both a resident and attending nuclear medicine physician. 

Every patient undergoing MIP received additional US for preoperative marking of the skin 

for incision. 

Surgery
All 63 patients underwent surgery in the same department. Depending on diagnostic outcome 

and medical history, surgeons chose for either MIP, unilateral neck exploration (UNE), 

BNE or thoracotomy. The total number of lesions was recorded, as well as their location. 

Resection specimens were all send for pathological investigation in order to determine the 

histological subtype defined as; normal, adenoma, hyperplasia, undetermined adenoma/

hyperplasia or carcinoma. Surgery was defined successful when serum ICa levels fell 

within range one week post-operatively. All (post-)operative complications were recorded. 

Transient hypocalcaemia was defined as either ICa levels below reference value or the use 

Figure 1

Case 5 with negative SPECT-CT 

and positive 18F-Fluorocholine 

(FCH) PET-CT.

A. and C. axial and coronal 

SPECT-CT reconstructions and 

B. and D. axial and coronal 

FCH PET-CT reconstructions. 

Negative SPECT-CT and 

clearly positive FCH PET-CT 

localization of parathyroid 

adenoma in the right upper 

quadrant. Patient underwent 

successful minimal invasive 

parathyroidectomy.   

A

C

B

D
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of calcium supplementation, independent of clinical symptoms. The hypocalcaemia was 

considered permanent with persistence > 6 months. Recurrent laryngeal nerve (RNL) injury 

was subdivided in transient (temporary hoarseness) and persistent (vocal cord paralysis 

after 6 months confirmed by laryngoscopy). 

Data analysis
Sensitivity and positive predictive value (PPV) were calculated for localizing the abnormal 

gland(s) using either SPECT-CT, US or both. Specificity and negative predictive were not 

calculated since only patients with confirmation of the biochemical diagnosis were included. 

Due to limited numbers, results for FCH PET-CT were descriptive. Localization was 

subdivided in; left caudal, left cranial, right caudal, right cranial and other/ectopic. Surgery 

served as the gold standard. For SPECT-CT, we examined several factors with possible 

influence on SPECT-CT outcome; Sex, age, recurrent/persistent pHPT after surgery, use 

of cinacalcet, pre-operative PTH and ICa level, gland weight and histological diagnosis. 

Statistical significance of correlation between different factors and SPECT-CT outcome 

were, depending on group size, tested using the Chi squared or the Fisher’s exact test for 

nominal variables. Student T-test was used for continues variables. In our research P<0.05 

was considered statistically significant.

Results

Our study group consisted of 47 (74.6%) females and 16 (25.4%) males with a mean age of 

58 years (SD 12; range 18-79 years). Pre-operative mean PTH level was 20.0 pmol/L (SD 

13.0; range 7.2-57.0 pmol/L, reference value 1.0-7.0 pmol/L) and pre-operative mean iCa 

level was 1.49 mmol/L (SD 0.22; range 1.24-2.89 mmol/L, reference value 1.15-1.32 mmol/L).

In 42 patients (66.7%) pre-operative imaging allowed MIP, whereas the other patients 

underwent UNE (n=14), BNE (n=6) or thoracotomy (n=1). In 7 patients UNE was performed 

due to negative or inconclusive conventional imaging, 5 due to difficult or ectopic gland 

localization and 2 due to re-operation. For BNE this was, 4 due to negative or inconclusive 

conventional imaging, 1 due to difficult or ectopic gland localization and 1 due to re-

operation. A total of 66 parathyroid glands were excised, subdivided in 58 (92.1%) cases 

with a solitary lesion and 4 (6.3%) cases with two lesions. In one (1.6%) case no pathological 

parathyroid glands were found during operation. The mean weight of the resected glands 

was 1.69 gram (SD 2.05; range 0.14-9.60 gram). Histological research showed 42 (66.7%) 

cases with adenomas, 9 (14.3%) cases with hyperplastic glands and 11 (17.5%) cases with 

undetermined adenoma/hyperplastic glands. In 62 (98.4%) cases there was an adequate 

drop of serum ICa levels after within 1 week after surgery.  Follow-up data > 6 months was 

available for 23 of these cases, revealing 1 patient with biochemical recurrence of pHPT. No 

measurements of PTH level were performed during follow up. In the 42 cases where MIP was 
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performed, 15 (35.7%) developed transient hypocalcaemia and one (2.4%) had transient RNL 

injury. Unilateral neck exploration (n=14) resulted in three (7.1%) temporary and one (7.1%) 

permanent hypocalcaemia with one (7.1%) transient RNL injury. The BNE (n=6) resulted in 

two (33%) cases with transient hypocalcaemia and one (16.7%) transient RNL injury. The 

case with the thoracotomy was complicated by a transient RNL injury.

Fifty-four (85.7%) patients underwent pre-operative US with a total of 46 lesions, whereas 

SPECT-CT was performed in all 63 cases with a total of 57 lesions.

Surgical correlation was used to calculate the PPV of localizing the abnormal gland in pHPT. 

Ultrasound showed 46 lesions, while during surgery only 36 glands (78.3%) were found at 

those specific locations. SPECT-CT revealed 57 lesions, whereas surgery found 53 (93.0%) 

lesions. This was significantly higher compared to US (p<0.05). The addition of US over 

SPECT-CT caused a significant drop in PPV to 77.4% (P<0.05).

Pathology was also used for calculating the sensitivity. Ultrasound alone detected 36 of the 

57 lesions found during surgery correctly (63.2%), contrary to SPECT-CT that detected 53 

of the 66 lesions found during surgery (80.3%), which was significantly higher (p<0.05). 

In the population with US, SPECT-CT alone detected 44 of 57 abnormalities (77.2%). When 

combining both modalities, 48 of 57 abnormalities were found, raising sensitivity non-

significantly to 84.2% (Table 2). 

Of the nine missed lesions seven were negative or undetermined on US and SPECT-CT, 

one was mistaken for a caudal gland instead of cranial by US and SPECT-CT and one was 

lateralized wrongly by US and mistaken for a caudal gland by SPECT-CT. No significant 

correlation was found regarding the factors with possible effect on SPECT-CT outcome, 

although a trend was seen for use of Cinacalcet, weight of the resected gland and histological 

subtype (Table 1). 

In the 30 cases where SPECT-CT was performed after US, PPV and sensitivity were 92.6% 

and 80.6%, respectively. When SPECT-CT was performed without knowledge of US 

outcome, PPV and sensitivity were not significantly different. In the 11 cases where US was 

performed after SPECT-CT, PPV and sensitivity were 100% and 90.9%, respectively. This 

was significantly lowered to 72.2% and 56.6% in the 39 cases where US was performed 

without knowledge of SPECT-CT outcome (p<0.05) (Table 3). 

FCH PET-CT 
In 5 patients additional FCH PET-CT was performed because of negative or inconclusive 

conventional imaging. Four scans revealed a single adenoma and one scan was negative. The 

Table 2

Table 3
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SUV max in choline-positive parathyroid adenomas varied between 3.8 and 5.7. This was 

higher in every case compared to SUV max for the thyroid, which varied between 1.7 and 

2.8. In the four cases with a single adenoma a focused operation was performed whereby the 

lesion was found at the exact location indicated by FCH PET-CT. In one case this concerned a 

large ectopic gland in the mediastinum. From the patient with negative outcome on all three 

imaging modalities a 0.2 gram pathological gland was removed at the left cranial quadrant. 

All cases had normalization of ICa levels after surgery (Table 4). 

US SPECT-CT p-value Combined p-value

N (total)                54 63 54

Lesions on imaging(n) 46 57 62

Lesions at surgery(n) 57 66 57

Concordant lesions(n) 36 53 48

PPV(%) 78.3 93.0 <0.05 77.4 <0.05

Sensitivity (%) 63.2 80.3 <0.05 84.2 0.628

Table 2

Positive predictive 

value (PPV) and 

sensitivity of 

Ultrasound (US), 

SPECT-CT and 

both modalities 

combined

SPECT-CT 

before US

SPECT-CT 

after US

p-value US before 

SPECT-CT

US after 

SPECT-CT

P-value

N (total) 33 30 43 11

Lesions on imaging(n) 31 27 36 10

Lesions at surgery(n)    35 31 46 11

Concordant lesions(n) 28 25 26 10

PPV(%) 90.3 92.6 1,000 72.2 100 <0.05

Sensitivity(%) 77.1 80.6 0,767 56.6 90.9 <0.05

US Ultrasound

Table 3

Influence of order of imaging on positive predictive value (PPV) and sensitivity
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Discussion

This is one of the first studies to present the clear added value of FCH PET-CT imaging in 

a patient series in localizing the pathological parathyroid gland and enabling MIP when 

conventional imaging fails to do so. In our series, 39 patients (61.9%) underwent MIP using 

conventional imaging and an additional 4 were eligible for focused surgery after FCH PET-

CT. Furthermore we investigated the performance of the most commonly used imaging 

modalities, US and SPECT-CT, and showed that performing US before SPECT-CT for 

initial pre-operative localization does not significantly increase sensitivity however it does 

significantly decrease the PPV and might therefore induce unnecessary neck explorations. 

In contrary to the guideline that indicates when surgery should be considered, no consensus 

is reached which pre-operative imaging is most efficient or in which sequence the different 

imaging modalities should be performed [3,13]. The most commonly used modalities are 

US and sestamibi scintigraphy. Ultrasound is attractive because of its low expense, wide 

availability and the absence of ionizing radiation exposure. A meta-analysis investigating 

the performance of US showed a pooled sensitivity and PPV of 76.1% and 93.2%, respectively 

[14]. In our study we found a sensitivity and PPV of 63.2% and 78.3%, respectively. The 

Pre-operative Location of lesion on

Case Sex Age History ICa PTH SPECT-CT US FCH PET-CT

1 M 64 1.28 8.2 Negative Negative Negative

2 F 43 1.35 19.8 Negative Negative Right Cranial

3 F 77 Persistent 
pHPT

1.49 40.0 Undetermined Negative Mediastinal

4 M 56 1.46 14.0 Undetermined Negative Left caudal

5 F 69 Recurrent 
pHPT

1.24 11.0 Negative Negative Right Cranial

SUV max PET-CT Operation Location of lesion at Glands 
excised(gr)

Histological diagnosis

Case Thyroid Parathyroid Surgery

1 2.2 - UNE Left cranial 1(0.2) adenoma/hyperplasia

2 1.6 5.2 MIP Right Cranial 1(1.0) adenoma/hyperplasia

3 2.8 5.7 Thoracotomy Mediastinal 1(4.66) Adenoma

4 1.7 3.8 MIP Left caudal 1(0.59) Adenoma

5 2.6 4.8 MIP Right cranial 1(0.19) Adenoma

Table 4

Five 
18F-fluorocholine 

PET–CT cases.

M, male; F, female; pHPT, primary hyperparathyroidism; UNE, unilateral neck exploration; MIP, 

minimal invasive parathyroidectomy; ICa, ionized calcium.
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remarkable difference in PPV might be explained by the difference in definition that was used 

for correct localization. The study by Cheung et al. defined sensitivity as the probability that 

single adenomas were correctly lateralized, whereas we divided localization in 4 quadrants 

+ ectopic since we aimed to perform MIP. 

Several studies have investigated the use of US as the only pre-operative imaging and found 

overall satisfactory results [15,16]. These studies were however performed in high-volume 

centers with experienced physicians. When performed by less experienced radiologists, 

accuracy was remarkable less which emphasizes that its quality is highly operator-dependent 

[17]. This is reflected by our observation that US result was influenced by availability of 

SPECT-CT outcome. In the 11 cases where US was performed with knowledge of SPECT-CT 

outcome, the sensitivity and PPV of US were significantly higher compared to performing US 

without knowledge of SPECT-CT outcome. 

Contrary, the sequence of imaging did not significantly affect the performance of SPECT-CT. 

Overall SPECT-CT is found to be the single best performing imaging study and is especially 

superior for ectopic gland localization, patients with concomitant goiter and patients with 

a history of neck surgery [18,19]. Its sensitivity ranges from 61-93% and its PPV from 77-

96%.[6–8,20] This is comparable to our study with a sensitivity of 80.3% and PPV of 93.0%. 

Possible factors influencing SPECT-CT sensitivity are pre-operative PTH level and weight of 

the resected gland [21,22]. We did not find a significant correlation between the investigated 

factors and the outcome of SPECT-CT. 

Adding US over SPECT-CT resulted in the detection of 4 extra parathyroid glands, reflected 

by a non-significant raise in sensitivity. However it also caused a significant decrease in PPV 

with discordant imaging in 7 patients. As a result, 6 patients underwent UNE or BNE instead 

of MIP, with the consequence of more postoperative pain, a larger scar and a higher risk of 

hypocalcemia and recurrent laryngeal nerve injuries [5]. This was confirmed in our study 

where we observed a lower risk of complications when MIP was performed.  

Instead of choosing a more extensive exploration when patients have discordant imaging, 

one might also try to use another kind of imaging. Several alternative modalities have 

been investigated for this purpose. Magnetic resonance imaging has shown to detect 

adenomas that were missed by sestamibi analysis, however its sensitivity is limited and 

overall lower compared to conventional sestamibi scanning and US [23]. More promising is 

4D-CT, which utilizes multiplanar images and perfusion characteristics and has shown to 

adequately identify abnormal parathyroid glands in such patients [24,25]. A disadvantage 

of this method is the exposure of the thyroid gland to a significant amount of extra ionizing 

radiation [26]. The solution might be FCH PET-CT. The radiation burden is lower compared 
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to SPECT-CT (approximately 6 mSv versus 8 mSv) and the better spatial resolution results 

in superior detection of even the smallest adenomas [27,33]. Also, the scan is more patient-

friendly due to its single acquisition scanning time of only 8 minutes. Michaud et al. found 

an overall detection rate of 92% in 12 patients with both primary and secondary HPT and 

negative or equivocal conventional imaging studies, consisting of US and 123I/99mTc-

sestamibi subtraction scintigraphy [10]. Lezaic et al. included 24 patients with HPT and 

found a sensitivity of 92% for FCH PET-CT, which was significantly higher compared to the 

sestamibi scans [11]. However, these are the only 2 patient series with preliminary results 

that have been published regarding FCH PET-CT and only one case report described its 

use in a patient with negative SPECT-CT [10,11,28]. Therefore evidence is still very scarce, 

especially in patients with negative/discordant US and SPECT-CT. 

In our study, FCH PET-CT increased the sensitivity for correctly localizing the pathological 

gland in 4/5 cases with negative or equivocal conventional imaging and enabled us to 

perform MIP in 3 cases (Figure 1). The fourth case had equivocal outcome of the SPECT-CT 

whereas FCH PET-CT clearly revealed a large mediastinal adenoma after which the patient 

went subsequently for surgery and was cured. These preliminary results show that the use of 

FCH PET-CT as a second-line imaging modality can prevent conventional neck explorations 

with the associated risks for the patient. The combination of anatomical and physiological 

imaging and the high spatial resolution of PET make it a promising new modality for 

these patients. Another tracer, 11C-Methione, has been investigated in combination with 

PET-CT as well. The results regarding the use of 11C-Methione have been predominantly 

positive, although the study by Hermann et al. showed a lower sensitivity compared to US 

and SPECT [29,30]. One of the most recent studies by Lenschow et al. investigated its use 

in six patients with negative SPECT-CT and was able to correctly localize the adenoma in 

5/6 patients [31]. Also, 11C-Methionine has proven to be useful in patients with renal failure 

and negative sestamibi scanning [32]. Although there is currently more evidence for the use 

of 11C-Methione compared to FCH, there is one major drawback. The half-life of the tracer 

11C-Methionine is only 20 minutes which means the hospital will need its own cyclotron 

to produce it, thereby strongly limiting its clinical applicability. The half-life of FCH is 110 

minutes, enabling its transportation from a different site. Furthermore, FCH is already being 

used frequently in the evaluation of prostate cancer and is therefore widely available. A 

current disadvantage of FCH PET-CT is its higher cost. Also, a potential drawback is the 

absence of a specific thyroid tracer, which might cause false-positive results. In our series 

we found one patient with a hypodense nodule of 1.6 cm in the right thyroid lobe with a SUV 

max of 1.4. Therefore we could clearly distinguish this nodule from a hyper-functioning 

parathyroid gland.
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Our study is of course limited by the small number of patients that received the FCH PET-

CT. Also, in our evaluation of US, we did not investigate the additional information that can 

be provided by US, such as co-existing nodular thyroid disease. Furthermore, we want to 

underline that US should be continued to be used for pre-operative skin marking prior to 

MIP. 

Conclusion

In summary, we advise to use SPECT-CT for initial pre-operative localization of the 

abnormal parathyroid gland(s) in the case of biochemical pHPT. Ultrasound could be 

preserved for cases with negative SPECT-CT since it might increase sensitivity but can also 

lead to unnecessary neck explorations. 18F-Fluorocholine PET-CT seems a promising new 

tool for the detection of parathyroid adenomas, due to its superior spatial resolution, low 

radiation burden, short scanning time and wide tracer availability. 

In cases with negative or discordant imaging an additional FCH PET-CT should be considered 

since this might enable the surgeon to still perform a successful MIP. 

6



104

Part 2 | Chapter 6

References

1. Yeh MW, Ituarte PHG, Zhou HC, et al. Incidence and prevalence of primary 

hyperparathyroidism in a racially mixed population. J Clin Endocrinol Metab. 

2013;98:1122–29.

2. Ruda JM, Hollenbeak CS, Stack BC. A systematic review of the diagnosis and treatment 

of primary hyperparathyroidism from 1995 to 2003. Otolaryngol - Head Neck Surg. 

2005;132:359–72.

3. Udelsman R, Akkerstrom G, Biagini C, et al. The surgical management of asymptomatic 

primary hyperparathyroidism: Proceedings of the Fourth International Workshop. J 

Clin Endocrinol Metab. 2014;99:3595–606.

4. Sackett WR, Barraclough B, Reeve TS, et al. Worldwide trends in the surgical treatment 

of primary hyperparathyroidism in the era of minimally invasive parathyroidectomy. 

Arch Surg. 2002;137:1055–59.

5. Bergenfelz A, Lindblom P, Tibblin S, Westerdahl J. Unilateral versus bilateral neck 

exploration for primary hyperparathyroidism: A prospective randomized controlled 

trial. Ann Surg. 2002;236:543–51.

6. Subesinghe M, Scarsbrook A, Lansdown M, et al. Efficacy of upfront sestamibi SPECT-CT 

for localisation of parathyroid adenomas prior to minimally invasive parathyroidectomy 

(MIP). Clin Radiol. 2013;68:S17.

7. Prommegger R, Wimmer G, Profanter C, et al. Virtual neck exploration: A new method 

for localizing abnormal parathyroid glands. Ann Surg. 2009;250:761–65.

8. Tomak H, Demirkol MO, Alagol F, et al. Clinical impact of SPECT-CT in the diagnosis 

and surgical management of hyper-parathyroidism. Int J Clin Exp Med. 2014;7:1028–

34.

9. Quak E, Ciappuccini R, Nganoa CA, et al. The performance of dual-phase 99mTc-

sestamibi parathyroid SPECT/CT in primary hyperparathyroidism. Eur J Nucl Med Mol 

Imaging. 2014;41:S569.

10. Michaud L, Burgess A, Huchet V, et al. Is 18F-fluorocholine-positron emission 

tomography/ computerized tomography a new imaging tool for detecting 

hyperfunctioning parathyroid glands in primary or secondary hyperparathyroidism? J 

Clin Endocrinol Metab. 2014;99:4531–36.

11. Lezaic L, Rep S, Sever MJ, et al. 18F-Fluorocholine PET/CT for localization of 

hyperfunctioning parathyroid tissue in primary hyperparathyroidism: a pilot study. Eur 

J Nucl Med Mol Imaging. 2014;41:2083–89.

12. Boellaard R, Delgado-Bolton R, Oyen WJG, et al. FDG PET/CT: EANM procedure 

guidelines for tumour imaging: version 2.0. Eur J Nucl Med Mol Imaging. 2014;42:328–

54.



FCH PET-CT: First Results

105

13. Hindie E, Ugur O, Fuster D, et al. 2009 EANM parathyroid guidelines. Eur J Nucl Med 

Mol Imaging. 2009;36:1201–16.

14. Cheung K, Wang TS, Farrokhyar F, et al. A meta-analysis of preoperative localization 

techniques for patients with primary hyperparathyroidism. Ann Surg Oncol. 

2012;19:577–83.

15. Aliyev S, Agcaoglu O, Aksoy E, et al. An analysis of whether surgeon-performed neck 

ultrasound can be used as the main  localizing study in primary hyperparathyroidism. 

Surgery. 2014;156:1127–31.

16. Untch BR, Adam MA, Scheri RP, et al. Surgeon-performed ultrasound is superior to 

99Tc-sestamibi scanning to localize parathyroid adenomas in patients with primary 

hyperparathyroidism: Results in 516 patients over 10 years. J Am Coll Surg. 2011;212:522–

92.

17. Al-Askari M, Gough J, Stringer KM, et al. Surgeon-performed ultrasound in primary 

hyperparathyroidism: A prospective study of 204 consecutive patients. World J Endocr 

Surg. 2012;4:8–12.

18. Wimmer G, Bale R, Kovacs P, et al. Virtual neck exploration in patients with 

hyperparathyroidism and former cervical operations. Langenbeck’s Arch Surg. 

2008;393:687–92.

19. Shafiei B, Hoseinzadeh S, Fotouhi F, et al. Preoperative 99mTc-sestamibi scintigraphy 

in patients with primary hyperparathyroidism and concomitant nodular goiter: 

Comparison of SPECT-CT, SPECT, and planar imaging. Nucl Med Commun. 

2012;33:1070–76.

20. Lavely WC, Goetze S, Friedman KP, et al. Comparison of SPECT/CT, SPECT, and planar 

imaging with single- and dual-phase 99mTc-sestamibi parathyroid scintigraphy. J 

Nucl Med. 2007;48:1084–89. 

21. Nichols KJ, Tomas MB, Tronco GG, et al. Preoperative parathyroid scintigraphic lesion 

localization: Accuracy of various types of readings. Radiology. 2008;248:221–32.

22. Khorasani N, Mohammadi A. Effective factors on the sensitivity of preoperative 

sestamibi scanning for primary hyperparathyroidism. Int J Clin Exp Med. 2014;7:2639–

44.

23. Grayev AM, Gentry LR, Hartman MJ, et al. Presurgical localization of parathyroid 

adenomas with magnetic resonance imaging at 3.0 T: an adjunct method to supplement 

traditional imaging. Ann Surg Oncol. 2012;19:981-9.

24. Lubitz CC, Hunter GJ, Hamberg LM, et al. Accuracy of 4-dimensional computed 

tomography in poorly localized patients with primary hyperparathyroidism. Surgery. 

2010;148:1129–37.

25. Al-Hilli, Hughes N, Evoy D, et al. The utility of four-dimensional computed tomography 

in inadequately localised patients with primary hyperparathyroidism. Ir J Med Sci. 

2013;182:S408.

6



106

Part 2 | Chapter 6

26. Mahajan A, Starker LF, Ghita M, et al. Parathyroid four-dimensional computed 

tomography: evaluation of radiation dose exposure during preoperative localization of 

parathyroid tumors in primary hyperparathyroidism. World J Surg. 2012;36:1335–9.

27. DeGrado TR, Reiman RE, Price DT, et al. Pharmacokinetics and radiation dosimetry of 

18F-fluorocholine. J Nucl Med. 2002;43:92–6.

28. van Raalte DH, Vlot MC, Zwijnenburg A, et al. F18-Choline PET / CT : a novel tool to 

localize parathyroid adenoma ? Clin Endocrinol (Oxf) 2015;82:910-12.

29. Herrmann K, Takei T, Kanegae K, et al. Clinical value and limitations of [11C]-methionine 

PET for detection and localization of suspected parathyroid adenomas. Mol Imaging 

Biol. 2009;11:356–63.

30. Traub-Weidinger T, Mayerhoefer ME, Koperek O, et al. 11C-methionine PET/CT imaging 

of 99mTc-MIBI-SPECT/CT-negative patients with primary hyperparathyroidism and 

previous neck surgery. J Clin Endocrinol Metab. 2014;99:4199–205.

31. Lenschow C, Gassmann P, Wenning C, et al. Preoperative 11C-Methionine PET/CT 

Enables Focussed Parathyroidectomy in MIBI-SPECT Negative Parathyroid Adenoma. 

World J Surg. 2015;39:1750-57.

32. Rubello D, Fanti S, Nanni C, et al. 11C-methionine PET/CT in 99mTc-sestamibi-negative 

hyperparathyroidism in patients with renal failure on chronic haemodialysis. Eur J Nucl 

Med Mol Imaging. 2006;33:453-59.



FCH PET-CT: First Results

107

6





WP Kluijfhout, JD Pasternak, FT Drake, T Beninato, JE Gosnell, WT Shen, QY Duh, IE Allen, MR Vriens, B de 

Keizer, MH Pampaloni, I Suh

Langenbecks Arch Surg. 2016;401:925-35

Use of PET tracers for parathyroid localization: 
A systematic review and meta-analysis

Chapter 7



110

Part 2 | Chapter 7

Abstract

Purpose 
The great spatial and temporal resolution of positron emission tomography 

might provide the answer for patients with primary hyperparathyroidism (pHPT) 

and non-localized parathyroid glands. We performed a systematic review of the 

evidence regarding all investigated tracers.

Methods
A study was considered eligible when the following criteria were met: 1) adults ≥17 

years old with non-familial pHPT, 2) evaluation of at least one PET isotope, and 3) 

post-surgical and pathological diagnosis as the gold standard. Performance was 

expressed in sensitivity and PPV. 

Results 
Twenty-four papers were included subdivided by radiopharmaceutical: 14 

studies investigated L-[11C]Methionine (11C-MET), one [11C]2-hydroxy-N,N,N-

trimethylethanamium (11C-CH), six 2-deoxy-2-[18F]fluoro-D-glucose (18F-FDG), 

one 6-[18F] fluoro-L-DOPA (18F-DOPA) and three N-[(18F)Fluoromethyl]-2-

hydroxy-N,N-dimethylethanaminium (18F-FCH). The 14 studies investigating 

MET, included a total of 327 patients with 364 lesions. Sensitivity for the detection 

of a lesion in the correct quadrant had a pooled estimate of 69% (95% CI: 60-

78%). Heterogeneity was overall high with I2 of 51% (p=0.01) for all 14 studies. 

Pooled PPV ranged from 91 to 100% with a pooled estimate of 98% (95% CI 96-

100%). Of the other investigated tracers, 18-FCH seems the most promising with 

high diagnostic performance.

Conclusions 
The results of our meta-analysis show that 11C-MET PET has an overall good 

sensitivity and PPV and may be considered a reliable second-line imaging 

modality to enable minimally invasive parathyroidectomy.  Our literature review 

suggests that 18F-FCH PET may produce even greater accuracy and should be 

further investigated using both low-dose CT and MRI for anatomical correlation.



PET tracers: Meta-analysis

111

Introduction

Primary hyperparathyroidism (pHPT) is the third most common endocrine disorder with 

a prevalence of around 4 per 1000. Incidence rises with age, and is twice as common in 

women. Patients can present with a wide variety of well-described symptoms, ranging 

from nausea and fatigue to severe osteoporosis and cardiovascular complications [1]. 

Diagnosis is established biochemically, with the finding of relatively elevated serum calcium 

(Ca) level and concomitant inappropriately elevated parathyroid hormone (PTH) level. 

Most commonly, only one of the four glands is abnormal – typically an adenoma – and 

causes the condition (75-85%). Less frequently, there are multiple adenomas (15-25%) 

and very rarely a carcinoma (1%) [2]. There is universal agreement that all patients with 

symptoms, significant signs of disease (renal or bone manifestations) or young age (<50 

years) should undergo surgical exploration [3]. Over the past decade there has been a shift 

towards minimally invasive parathyroidectomy (MIP); a focused operation whereby only 

one parathyroid is removed. Compared to the conventional neck exploration, in which all 

4 glands are investigated intra-operatively, MIP is associated with shorter operating time, 

lower complication rates and smaller incision size [4, 5].

Imaging is critical in order to enable successful MIP. Aside from its ability to localize the 

pathological gland(s), accurate imaging provides valuable anatomical information for the 

surgeon. 99Tc-sestamibi single photon emission computed tomography (SPECT-CT) has 

become one of the mainstays in first-line parathyroid imaging based on robust evidence 

demonstrating its ability to predict the location of an adenoma [6]. However, a recent 

meta-analysis showed that its sensitivity is only 63-84% (depending on protocol), which 

leaves a substantial amount of cases with equivocal imaging results [7]. For these cases, 

several second-line imaging modalities like MRI and CT are used, which have variable 

performance characteristics. Another modality that has been studied is positron emission 

tomography (PET). The greater spatial and temporal resolution of PET compared to SPECT 

imaging allows detection of even the smallest pathological glands, which in theory could 

improve sensitivity. One of the first reported uses of PET for parathyroid disease used 

2-deoxy-2-[18F]fluoro-D-glucose (18F-FDG), which revealed the location of a pathological 

parathyroid gland in a patient with pHPT [8]. Over the years, several other tracers have 

been investigated as well, with variable results. The performance of PET depends mostly 

on the ability of the tracer to show specific uptake in the targeted organ. Although PET 

seems to be a promising new possibility for imaging of pathologic parathyroid glands, not 

all radiopharmaceuticals are suitable based on multiple factors, including tracer half-life, 

specificity to parathyroid uptake, and individual hospital characteristics. To our knowledge, 

there is no pre-existing literature that has reviewed all of the investigated PET tracers in 

patients with pHPT. Therefore, we performed a systematic review of the evidence available 
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regarding all investigated tracers, and also performed a meta-analysis of the data regarding 

the use of L-(11C)Methionine (11C-MET), the most extensively investigated tracer thus far.

Material and Methods

Literature search
We performed a search of the Embase, Pubmed and Cochrane Library databases published 

through March 18, 2016 to identify studies investigating the diagnostic value of all PET 

radiopharmaceuticals for parathyroid localization in patients with biochemical pHPT. We 

employed an extensive search filter by using all relevant synonyms and Mesh/Emtree 

terms (Table 1). We completed our search by performing a robust cross-reference check in 

Web of Science and manually searched references of selected articles, related reviews, and 

guidelines. 

Figure 1

Table 1

Search 
Strategy

Strategy 
Comwponent and 
Step No.

Query

Pubmed and Cochrane database

Patient
1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT 
2 MeSH descriptor hyperparathyroidism explode all trees

Intervention
3 PET OR “Positron Emission Tomography”
4 MeSH descriptor Tomography, Emission-Computed 

explode all trees

Embase

Patient
1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT
2 EMTREE hyperparathyroidism explosion

Intervention
3 PET OR “Positron Emission Tomography”
4 EMTREE positron emission tomography explosion

Merge
5 1 OR 2
6 3 OR 4
7 5 AND 6
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Inclusion and exclusion criteria
From the publications retrieved via our systematic search, we removed any duplicates 

(Figure 1). All remaining unique publications were screened based on title and abstract for 

eligibility. A study was considered eligible when the following criteria were met: 1) adults 

≥17 years old with biochemical non-familial pHPT, 2) evaluation of at least one PET tracer, 

and 3) post-surgical and pathological diagnosis as the gold standard. If an article presented 

data for multiple study groups, of which some were eligible for inclusion, the eligible study 

groups were included if their pertinent data could be extracted.

We excluded studies that differed in design (case reports, systematic reviews), domain 

(other than pHPT) and language (non-English). All titles and abstracts were screened 

independently by two authors (W.P.K and J.D.P). Any disagreements in selection were 

discussed, and after consensus, the selected papers were screened for full-text review. 

Studies were included in the systematic review if they investigated at least 5 patients, 

independent of the tracer. Studies were included in the meta-analysis if the following 

inclusion criteria were met: 1) use of the tracer 11C-MET; 2) extractable and unique data 

for the calculation of sensitivity and PPV for localization of pathological gland(s) to the 

correct quadrant (left lower, right lower, left upper, right upper or ectopic); 3) histological 

examination of the resected parathyroid gland(s); and 4) a minimum of 5 included patients. 

Figure 1

Flowchart of 

study inclusion.

Strategy 
Comwponent and 
Step No.

Query

Pubmed and Cochrane database

Patient
1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT 
2 MeSH descriptor hyperparathyroidism explode all trees

Intervention
3 PET OR “Positron Emission Tomography”
4 MeSH descriptor Tomography, Emission-Computed 

explode all trees

Embase

Patient
1 Hyperparathyroidism OR parathyroid OR HPT OR PHPT
2 EMTREE hyperparathyroidism explosion

Intervention
3 PET OR “Positron Emission Tomography”
4 EMTREE positron emission tomography explosion

Merge
5 1 OR 2
6 3 OR 4
7 5 AND 6
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Quality assessment 
To assess the quality of the included studies, we used the Quality Assessment of Studies 

of Diagnostic Accuracy Included in Systematic Reviews (QUADAS-)2 tool [9]. This tool is 

designed to assess the quality of primary diagnostic accuracy studies. It consists of 4 key 

domains that address (1) patient selection, (2) index test, (3) reference standard and (4) 

flow of patients through the study and timing of the index tests and reference standard. The 

domains are assessed for risk of bias and applicability. The two reviewers (W.P.K and J.P) 

used this tool to independently evaluate the methodological quality of the included studies. 

Disagreements were solved by discussion and thus the final report is based upon consensus 

of the two reviewers. 

Table 2

Characteristics of included studies investigating 11C-Methionine

Study Year No. of patients Study population Dose CT Time

First author Total pHPT + 
surgery

(MBq) (min)

Braeuning 2015 18 12 Neg/disc imaging 600 yes 20

Hayakawa 2015 23 15 Mixed 441-906 yes 15-34

Chicklore 2014 43 15 Mixed 740 yes 10

Martinez 2014 14 14 Mixed 740 yes 10 and 

40

Weber 2013 102 102 Mixed ? yes 20

Chun 2013 16 8 Neg/disc imaging 370-444 yes 30-40

Schalin 2012 21 21 Previous surgery 440 yes 20

Oksuz 2011 8 8 Mixed 700 4/4 15

Weber 2010 33 33 Mixed ? yes 20

Herrmann 2009 41 9 Mixed 430 no 15-20

Tang 2008 30 22 Mixed 555 yes 20

Beggs 2005 51 29 Neg/disc imaging 619 no 15

Otto 2004 30 14 Mixed 900-1100 no 10

Sundin 1996 34 25 Previous surgery* 750 no direct

* Previous surgery in 25/34 patients included in the study
pHPT Primary hyperparathyroidism; Neg Negative; Disc Discordant
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Data extraction
Data were extracted using a standardized spreadsheet. Study design characteristics included 

the tracer used, injected dose, possible combination with CT, study population and number 

of included patients. Since pHPT is a biochemical diagnosis and all patients included were 

diagnosed with pHPT, there were no true negative scans and therefore specificity and NPV 

were not calculated. The performance of PET was expressed in sensitivity (total number of 

glands localized to the correct quadrant / total number of pathological glands found during 

surgery) and PPV (total number of glands localized to the correct quadrant / total number of 

glands suspicious for adenomas or hyperplasia). Data regarding MET was calculated using 

pooled proportion and displayed using forest plots. Sensitivity was defined as the probability 

that the localization study correctly identified the pathological gland(s). PPV was defined as 

the probability that a patient with a positive localization study had a pathological gland in 

that specific location. If data regarding sensitivity or PPV was missing in the selected paper, 

the author was contacted. Since sensitivity and PPV were calculated using the aforementioned 

criteria for patients with pHPT, the results may differ from the original papers. 

For the studies investigating MET, random-effects models (REM) were used to pool the 

data [10]. The REM model was fit to account for study heterogeneity. The heterogeneity 

among studies was tested using the I2 statistic test with a p-value of less than 0.1 for 

statistical significance [11]. The I2 statistic is expressed in a percentage scale in which 0% 

implies study homogeneity and 100% indicates that between-study variance is much larger 

than within study variance. The investigated study population could have influenced the 

diagnostic performance, thereby causing heterogeneity, and was therefore investigated 

by subgroup analysis. The studies were subdivided into 3 groups consisting of patients (1) 

without specific selection; (2) with negative or discordant conventional imaging, and (3) 

with a history of previous parathyroid surgery. Funnel plots were used as a visual tool for 

investigating heterogeneity and publication bias [12]. These plots are scatterplots of the 

treatment effects estimated from individual studies against a measure of study size. In the 

absence of publication bias, the funnel plots are symmetrical.

Data analysis was performed using StataSE 13 and conducted by a biostatistician specializing 

in meta-analysis (I.A.). For this type of study no formal consent is required.
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Results

Literature search
The literature search yielded a total of 1174 unique papers, of which 41 papers remained 

eligible after screening of title and abstract for relevance. After full text review, 24 papers 

were included. These were subdivided by radiopharmaceutical: 14 studies investigated 
11C-MET, one [11C]2-hydroxy-N,N,N-trimethylethanamium (11C-CH), six 18F-FDG, one 

6-[18F] fluoro-L-DOPA (18F-DOPA) and three N-[(18F)Fluoromethyl]-2-hydroxy-N,N-

dimethylethanaminium (18F-FCH) [13–36]. Excluded were studies that had fewer than five 

patients, abstracts from conferences without available full text, and redundant studies 

investigating the same population. The process of study selection is illustrated in figure 1. 

The 14 studies investigating MET underwent meta-analysis, which included a total of 327 

patients with 364 lesions. 

Characteristics of the MET studies 
All studies were single-center and included between 8 and 29 patients, with the exception 

of the study by Weber et al., which included 102 patients. Four studies had a prospective 

design, whereas the rest were conducted retrospectively. Most studies also involved patients 

with secondary (sHPT) or tertiary HPT, or patients that did not proceed to surgery (our 

gold standard). These patients were excluded from the analysis. Patients with negative or 

discordant conventional imaging were included in 3 studies, and 2 other studies specifically 

included patients with previous neck surgery. The injected dose of radioactive tracer varied 

between 370 and 1100 MBq [10-30 mCi] and scanning started between 0 and 40 minutes 

after injection with an additional low-dose CT in 10 studies. The characteristics are listed 

in Table 2. 

Quality assessment of the MET studies
Quality assessment is displayed in Figure 2 using the QUADAS 2 tool for risk of bias and 

applicability. Overall, there was a particularly high risk of bias arising from lack of a reference 

standard and heterogeneity in patient selection. Bias related to the reference standard relates 

to the fact that a clear definition of cure was lacking in several of the studies. The reference 

standard varied between no mention of follow-up data to documentation of normocalcemia 

at 6 months, which is the widely excepted definition of cure. Since estimates of accuracy are 

based on the assumption that the reference standard is 100% sensitive and specific, the lack 

of a clear reference standard might have resulted in misinterpretation of the accuracy of the 

index test. Substantial risk of bias was present since most studies did not enroll consecutive 

patients or a random sample of eligible patients. Moreover, as can be seen in Table 2, 

only a proportion of patients included in the studies underwent surgery. (Because of this, 

some studies were excluded from the meta-analysis, since they only performed surgery 

Figure 2

Figure 3
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Figure 2

QUADAS 2 tool for risk of bias and applicability

Figure 3

Funnel plot of 11C-Methionine studies included in this meta-analysis. The distribution 

indicates a publication bias of small, and most likely irrelevant studies. 
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on patients with a positive scan, potentially overestimating its performance.)  Concerns 

regarding applicability were low for the index test, as the scans were usually conducted 

according to a specific protocol within the studies. However, there was great variability 

between studies with regards to the PET protocol in terms of tracer dose, use of additional 

CT and timing of the scan, which raises concerns as to the applicability of the index test. 

Patient selection also raises applicability concerns, since the study populations of patients 

were variable and could not entirely be adjusted for via sub-analysis. 

Publication bias was investigated using a funnel plot. The distribution indicates a publication 

bias of small, and most likely irrelevant studies (Figure 3).

Accuracy and Heterogeneity of the MET studies
Individual and summary estimates of per-quadrant sensitivity and PPV are shown in Figure 

4a and 4b. Sensitivity for the detection of a lesion in the correct quadrant ranged from 44 to 

91%, with a pooled estimate of 77% (95% CI: 71-84%). Subgroup-analysis based on selection 

of included patients was performed as well. A total of 9 studies did not specifically select 

patients (group 1) and showed a random pooled sensitivity of 78% (95% CI: 70-86%), which 

was almost the same as for the 3 studies that included patients with negative or inconclusive 

conventional imaging (group 2) and had a pooled sensitivity of 81% (95% CI: 70-91%). The 

two studies that predominantly investigated patients with previous parathyroid surgery had 

discrepant outcomes with sensitivities of 54% and 84%. Heterogeneity was overall high 

with I2 of 51% (p=0.01) for all 14 studies and moderate between the 2 subgroups (I2=42%; 

p=0.06) (Figure 4a and 4b). Pooled PPV ranged from 91 to 100% with a pooled estimate of 

98% (95% CI 96-100%) (Figure 5). 

Other investigated PET tracers
Details about studies investigating other PET tracers are listed in Table 3. From six studies 

investigating FDG, three were from the same author; however, the domain differed. Two of 

these included only patients without previous parathyroidectomy -- consisting of 17 and 

21 patients with pHPT -- and excluded patients with hyperplasia from the results [33, 36]. 

These studies found sensitivities of 94% and 86%, and PPVs of, 85% and 86%, respectively. 

The third included 20 patients with a history of neck surgery and found a much lower 

sensitivity and PPV, both 62% [32]. The three other studies found even lower sensitivities, 

varying between 0 and 27%, although PPVs were consistently high. Notably, none of the 8 

scans performed by Sisson et al. showed a focus that could be attributed to a parathyroid 

adenoma [35]. 

Five recent studies published results regarding 18F-FCH, however Michaud et al and Lezaic et 

al published two articles using the same population [28, 29, 37, 38]. The most recent study 

of Michaud et al, included 17 patients without prior neck surgery, divided in 11 patients with 

Figure 4a

Figure 4b
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pHPT, five with sHPT and one lithium-associated [28]. All patients had 18F-FCH PET-CT 

because of negative/discordant ultrasound and 123I/99mTc-sestamibi subtraction scintigraphy. 

Sensitivity per lesion was up to 94%. The most recent study of Lezaic et al included 43 

patients with pHPT and no previous neck surgery.[29] All patients underwent ultrasound, 
99mTc-sestamibi/pertechnetaat subtraction scintigraphy, SPECT-CT and 18F-FCH PET-

Figure 4a

Forest plot of sensitivity 

of all studies. The pooled 

result is displayed by the 

vertical line. Horizontal 

lines indicate the 95% 

confidence intervals of 

each separate study. Size 

of the square is directly 

linked to the number of 

patients included in the 

study. SE Sensitivity; CI 

Confidence Interval

Figure 4b

Forest plot of sensitivity 

of subgroup-analysis 

depending on domain 

of included patients. 

The pooled result is 

displayed by the vertical 

line. Horizontal lines 

indicate the 95% 

confidence intervals of 

each separate study. Size 

of the square is directly 

linked to the number of 

patients included in the 

study. SE Sensitivity; CI 

Confidence Interval
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Figure 5

Forest plot 

of positive 

predictive value. 

SE Sensitivity; 

CI Confidence 

Interval

Study Tracer Year No. of patients Dose CT Time Sens PPV

First author Total pHPT + 
surgery

(MBq) (min) (%) (%)

Kluijfhout 18F-FCH 2015 5 5 2 MBq/kg yes direct 80 100

Michaud 18F-FCH 2015 17 11 3MBq/kg yes direct 94 91

Lezaic 18F-FCH 2015 43 43 100 yes 5,60,120 95 97

Orevi 11C-CH 2014 40 ? 370 yes direct ? ?

Lange-Nolde 18F-DOPA 2006 8 8 185-300 no 90 - -

Chicklore 18F-FDG 2014 43 15 400 yes 90 27 100

Neumann 18F-FDG 1997 20 20 185-370 no 45 62 62

Neumann 18F-FDG 1996 21 21 185-370 no 45 86 86

Melon 18F-FDG 1995 7 7 370 no 50 22 100

Sisson 18F-FDG 1994 8 8 370 no ? 0 -

Neumann 18F-FDG 1994 17 17 185-370 no 45 94 85

Table 3

Characteristics of studies investigating PET-tracers other than 11C-Methionine

pHPT Primary hyperparathyroidism; Sens Sensitivity; PPV Positive predictive value
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CT. Sensitivity per lesion of PET-CT was up to 95%. Kluijfhout et al. conducted 5 scans in 

patients with negative conventional imaging and found a sensitivity of 80% with a PPV of 

100% [27]. 

Lange-Nolde et al investigated the performance of 18F-DOPA [31]. They included 8 patients 

with pHPT. All had histologically proven adenomas; however, none of the scans showed any 

detectable uptake. 

Orevi et al published preliminary results of 11C-CH PET-CT [30]. They included 40 patients 

with HPT, of which 20 were diagnosed with pHPT and the latter predominantly with sHPT. 

In 24 of 27 patients that underwent surgery so far, there was concordance  between PET 

result and surgical findings. There was insufficient data to calculate specific performance for 

patients with pHPT, however the scan was clearly positive in 37 out of 40 patients. 

Discussion

We performed a meta-analysis to investigate the performance of 11C-MET PET to localize 

pathological parathyroid gland(s) in patients with pHPT. Our results show a pooled sensitivity 

and PPV for the detection of a pathological parathyroid in the correct quadrant of 77% and 

98% respectively. In subgroup analysis, we found no difference in sensitivity in patients 

without specific selection versus patients with negative/discordant conventional imaging 

(78% versus 81%, respectively). Among the other investigated tracers in our systematic 

review, 18F-FCH seems the most promising with sensitivity ranging from 80-100% and PPV 

89-100% in 3 studies with a total of 37 patients.

Our pooled sensitivity of 77% is slightly lower than the pooled sensitivity of 81% found 

by Caldarella et al who published a meta-analysis regarding 11C-MET-PET in 2012 [39]. 

Since then, new evidence has been published and there are several major methodological 

differences between that study and the current meta-analysis. First, Caldarella et al did 

not solely include patients with pHPT but also with sHPT. Second, their calculations are 

based on a per-patient level:  as most surgeons favor MIP to bilateral neck exploration, 

a per-lesion sensitivity for localization to the correct quadrant may be more clinically 

relevant. Identification of the right quadrant per lesion is more precise, which might explain 

our slightly lower pooled sensitivity. Lastly, PPV is not calculated; instead, the authors 

presented a detection rate, defined as percentage of positive scans, without correlating this 

to the surgical outcome. In an attempt to examine a more homogenous group, we included 

only patients with pHPT. The domain of the included patients did however still vary greatly, 

which is why subgroup-analysis was performed to examine whether patient domain 

influenced the accuracy of 11C-MET PET.

7



122

Part 2 | Chapter 7

In subgroup-analysis, performance of 11C-MET PET in a mixed patient cohort (group 1; pooled 

sensitivity 78%) was comparable to conventional 99mTC-sestamibi SPECT (sensitivity 

79%), but substantially lower compared to sestamibi SPECT/CT (sensitivity of 88%).[40, 

41] Remarkably, the performance of 11C-MET PET did not decline significantly when only 

patients with negative or inconclusive imaging were included (group 2, pooled sensitivity 

81%). This suggests that 11C-MET PET is relatively most useful in a substantial amount of 

cases with negative/discordant conventional imaging and could therefore be considered as a 

suitable second-line imaging modality.

The ability of 11C-MET-PET to detect hyperplastic glands was lower compared to patients 

with adenomas. In the largest study included in our meta-analysis, overall sensitivity was 

83%, versus 33% for hyperplastic glands [17]. Hyperplastic glands are often smaller in size 

and weigh less than adenomas, both factors that have previously been associated with 

decreased sensitivity [14]. This might also be a contributing reason as to why performance 

is lower in patients with persistent pHPT after previous parathyroid surgery. Schalin et 

al included 21 patients with pHPT and persistent disease and found a sensitivity of 44%, 

substantially lower than the pooled sensitivity of 77% found in this study [19]. Weber et 

al also performed a subgroup-analysis on patients with previous neck surgery, including 

patients after thyroid surgery. Remarkably the sensitivity in this group was higher compared 

to the total group (94% versus 83%). Thyroid tissue reduces the lesion-to-background 

ratio due to physiological thyroidal uptake of 11C-MET and thereby complicates reading of 

parathyroid scans [22]. Pathological parathyroids that are in a juxtathyroidal location can 

therefore cause false negative outcomes [26]. 

Detection of accumulated 11C-MET can be done at different times after injection, and 

protocols varied in this study from scanning immediately after injection to scanning 40 

minutes post-injection. Two studies had protocols in which patients were scanned twice at 

10 and 40 minutes to compare the effect of timing on diagnostic efficacy [16, 25]. They found 

the best parathyroid to background contrast and the best delineation of hyper-functioning 

parathyroid after 10 min, although best parathyroid to thyroid contrast was seen after 40 

min. Martinez et al including the late scan when the 10 minute scan is negative, which 

resulted in the detection of one additional positive parathyroid gland in their study. Scans 

later than 40 min resulted in insufficient count statistics owing to the short half-life of 
11C-MET (20 min). The short half-life of 11C-MET and the complicating labeling procedure 

is also one of the biggest limitations of MET. It requires the center to have a cyclotron for 

production of the tracer since transportation from another facility would take too much 

time.
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Recent publications often used a combination of PET and CT. Contrast enhancement CT 

can be useful to differentiate with lymph nodes and might therefore prevent false positive 

outcomes [42]. However, there is also increasing attention to the possible risks of extra 

radiation involved with CT [43]. Several studies also investigated other factors that may 

affect the accuracy, such as goiter, thyroiditis and parathyroid hormone level; however a 

separate analysis could not be performed due to insufficient available data. Nevertheless, in 

general PET appears to work well even in these settings [17, 26]. 

The second best investigated tracer is 18F-FDG, which has the advantage of a significant longer 

half-time of 110 minutes, enabling off-site production. Also, it is by far the most commonly 

used PET radiopharmaceutical and has wide availability. These benefits notwithstanding, 

performance varied greatly between the 6 studies that have investigated its use with a 

sensitivity of 0-94% and PPV of 62-100%.  Due to these highly discrepant findings, FDG 

appears to be a less useful tracer for the detection of pathological parathyroids. 18F-DOPA, in 

a limited trial, performed even more poorly. Using a prospective study design, Lange-Nolde 

et al scanned 8 patients with pHPT, each of whom had adenomas detected in the operating 

room; however, none of the 18F-DOPA PET scans were positive [31]. More promising seems 

to be the use of 11C-CH. A recent prospective study by Orevi et al included 40 patients with 

HPT and there were 37 choline positive scans [30]. Although their results are preliminary 

and only some of the patients have undergone surgery, these data suggest that 11C-CH may 

be an important tracer in radiographic localization of parathyroid adenomas. The main 

disadvantage (similar to 11C-MET) is the short half-life of 20 minutes which obligates on-

site production. This problem has been overcome by the most promising PET tracer thus far, 
18F-FCH, which has a half-life of 110 minutes. This tracer is frequently used in the diagnostic 

work-up and follow-up of patients with prostate cancer and has, therefore, wide availability. 

So far, three studies have published unique data with excellent preliminary results, even in 

patients with negative SPECT-CT [27–29]. The advantage of 18F-FCH PET-CT over SPECT-

CT is the higher spatial resolution, lower radiation burden (around 6 mSv versus 8 mSv) 

and the substantially shorter scanning time with a single acquisition of around 10 minutes, 

depending on protocol [44]. 

Besides PET, several other modalities have been studied for use as a second-line imaging 

as well. Computed tomography is available in virtually every medical center and has been 

shown to accurately detect parathyroid adenomas, even in the case of negative conventional 

imaging [45, 46]. There is increasing attention to 4D-CT, which can help clinicians 

differentiate adenomas from other structures in the neck [47]. Performance has shown to 

be good, with sensitivity and PPV of around 80% and 90% respectively, depending on the 

investigated population [48, 49]. The major drawback of this technique, which uses multiple 

phases, is radiation exposure that can be as high as 26 mSv from a single scan [50]. MRI can 

also be used to localize parathyroid glands. Evidence remains scarce, but one of the largest 
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studies so far showed a sensitivity of 82% with a PPV of 89% and a very recent publication 

also showed promising results [51, 52]. Considering the unique benefits of 18F-FCH PET and 

MRI, a potentially superior modality would be using the 18F-FCH tracer and a combined PET 

MRI scanner. Although no studies have been published yet, preliminary results from a pilot-

study show excellent results in patients with negative or discordant conventional imaging 

[Unpublished results Kluijfhout et al].

Our meta-analysis has several limitations.  Like any meta-analysis, its quality is limited by 

the number and quality of constituent studies. Each individual study included only a small 

number of patients. As shown by the QUADAS 2 tool, there was also a substantial risk of 

bias arising from variability in patient selection and reference standard. Moreover, there is 

concern regarding applicability as various imaging protocols were used. The results of this 

meta-analysis should therefore be interpreted with caution, and more research, especially 

in the form of prospective studies, is needed to confirm our observations. 

Conclusion

To our knowledge, this is the first systematic review investigating all PET tracers that have 

been used for the detection of pathological parathyroid glands. The results of our meta-

analysis show that 11C-MET PET has an overall good sensitivity and PPV and may be considered 

a reliable second-line imaging modality to enable minimally invasive parathyroidectomy. 

Our literature review suggests that 18F-FCH PET may produce even greater accuracy and 

should be further investigated using both low-dose CT and MRI for anatomical correlation.
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Abstract

Background
Several reports have shown good performance of 18F-Fluorocholine (FCH) PET-CT 

for parathyroid localization, though overall evidence remains scarce. We collected 

data from three institutions in the Netherlands and investigated the performance 

of FCH PET-CT as a second-line imaging modality.

Methods
We conducted a retrospective review of all patients ≥18 years who underwent FCH 

PET-CT for biochemically proven HPT and inconclusive ultrasound and sestamibi 

scintigraphy. Acquisition of PET images was done 30 minutes after administration 

of 2MBq/kg FCH, together with a low dose CT.

Results
PET-CT scans were performed in 33 (75%) women and 11 men (25%) with a mean 

age of 58.9 (range 31-80 years). Three patients had multiple endocrine neoplasia 

type 1, one patient had tertiary HPT due to Alport syndrome and the remaining 

patients had sporadic primary HPT. FCH PET-CT was positive in 34/44 (77.3%) 

cases. Of the 35 abnormal glands resected in 33 patients, FCH PET-CT was able 

to successfully localize 33/35 (94.3%), with only one false positive result (PPV = 

97.1%). Comparison of the 10 patients with negative PET-CT to the 34 patients 

with positive PET-CT, revealed no significant differences in age, sex, ratio of 

preoperative calcium, use of cinacalcet, history of neck surgery, and concomitant 

multinodular goiter.

Conclusions
Our study shows excellent performance of FCH PET-CT in patients with HPT 

and inconclusive conventional imaging. Due to its favorable characteristics with 

high performance, prospective studies should be initiated to determine if this 

new technique may replace conventional sestamibi scintigraphy as a first-line 

imaging modality.
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Introduction

Hyperparathyroidism (HPT) is the predominant cause of hypercalcemia. Most patients are 

diagnosed with primary HPT, which has a prevalence of 233 per 100,000 women [1]. The 

most common manifestations of hypercalcemia include osteoporosis and nephrolithiasis, 

but also can include neuropsychiatric symptoms and cardiovascular disease [2]. Surgery is 

the only definitive cure, correcting serum calcium levels, relieving symptoms and improving 

the quality of life [3, 4]. Surgical strategy has changed over the last decade from extensive 

bilateral neck exploration to a more minimally invasive approach. This targeted strategy 

depends on adequate pre-operative localization techniques [5]. Most centers currently use 

ultrasound (US) and sestamibi scans [6]. US is cheap, fast, and widely available, however 

sensitivity is limited as lesions may be missed even after a thorough scan [7, 8]. Sestamibi 

can detect glands that were missed by US, though image acquisition time is long and 

associated radiation exposure not insignificant [9]. Additionally, a recent meta-analysis 

showed the sensitivity of sestamibi is only 63-84% (depending on protocol), which is 

comparable to US and leaves a substantial number of patients with equivocal imaging 

results [10]. An increasing number of centers perform 4D-CT as a second-line imaging 

modality when conventional imaging fails, though its use is associated with a high exposure 

to radiation [11, 12]. Given these less than ideal modalities, our group previously described 

the use of 18F-Fluorocholine (FCH) PET-CT to localize parathyroid disease [13, 14]. Due 

to its increased sensitivity and lower radiation than 4DCT, it has been suggested that FCH 

PET-CT could replace sestamibi as a first-line imaging modality [15]. We hypothesize that 

FCH PET-CT is able to localize pathological parathyroid glands when conventional imaging 

fails to do so. Current evidence however, is still limited and more investigation is needed. In 

the largest cohort reviewed with this method, we collected data from three institutions in 

the Netherlands and investigated the performance of FCH PET-CT as a second-line imaging 

modality for HPT. 

Material and Methods

We conducted a multicenter, retrospective review of all patients ≥18 years who underwent 

FCH PET-CT for biochemically proven HPT in the University Medical Center Utrecht 

(UMCU) and Meander Medical Centre Amersfoort (MMCA) between January 2014 and March 

2016. Patients were also referred for PET-CT from a third hospital; Diakonessenhuis Utrecht 

(DKU). All scans were only performed after negative or discordant US and/or sestamibi.  

Different types of reference values were used between the centers for calcium and PTH 

(Appendix 1). 
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To enable direct comparison of calcium and PTH among different labs and reference 

ranges we calculated relative ratios for both calcium and PTH. The ratio was calculated as: 

[Measured value] / [Max reference value]. 

Imaging
High-resolution ultrasound examinations were performed by experienced radiologists. 

The parathyroid glands were examined for pathologic enlargement using a linear high-

frequency probe (12-5 MHz/ 17-5 MHz).

UMCU scintigraphy protocol: After intravenous administration of +/- 700 MBq (18.9 mCi) of 

technetium-99m-sestamibi, planar images were taken at 15 min and 90 min after injection. 

SPECT-CT was done 60 min after injection. 

MMCA scintigraphy protocol: After intravenous administration of +/- 750 MBq (20.3 mCi) 

of technetium-99m-sestamibi, a dynamic series was done with 15x1 min. Direct hereafter 

the patient was injected with +/- 37 MBq (1mCi) I-123 sodium-iodide. Planar images were 

taken 60 min after injection including subtraction imaging. SPECT-CT was done 75 min 

after injection of both tracers. 

DKU scintigraphy protocol: Static imaging was done 10-15 min after intravenous 

administration of +/- 120 MBq (3.2 mCi) of technetium-99m-pertechnetate, followed by 

injection of potassium perchlorate and subsequent injection of +/- 700 MBq (18.9 mCi) of 

technetium-99m-sestamibi. SPECT-CT imaging was done after 5, 10 en 60 minutes. 

FCH PET-CT: No specific patient preparation was required. Patients received one intravenous 

administration of 2MBq/kg (0.054 mCi) FCH (Cyclotron BV Nederland, Amsterdam, 

Netherlands). After a waiting time of 30 minutes, patients were positioned in supine 

position on the PET-CT (Siemens Medical Systems, Erlangen, Germany) scanner. A scout 

overview of the body was made to determine the scan range from skull base to mediastinum. 

Low dose CT was acquired with scan parameters: 30-50 mAs, slice thickness and spacing 3 

and 2 mm. PET was acquired with scan parameters: 4 minutes per bed position, standard 

reconstruction and attenuation correction based on low dose CT. For SUV measurements PET 

reconstructions according to the EARL guidelines were used [16]. This tracer is currently not 

approved by the FDA for parathyroid localization.

Surgery
Surgery was performed when patients met the according criteria and gave informed consent 

[3]. Surgery was performed in one of the three participating hospitals (UMCU, MMCA, DKU). 

Surgeons were aware of the outcome of all imaging performed preoperatively. Based on 
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the outcome of imaging and the clinical situation, patients proceeded either for surgery 

or were treated conservatively with medication. Surgical treatment consisted of minimal 

invasive parathyroidectomy (MIP), unilateral neck exploration (UNE) or bilateral neck 

exploration (BNE), and was dependent on the imaging results and preference of surgeon. 

Several patients underwent additional thyroid surgery. Parathyroidectomy was considered 

successful in the case of postoperative biochemical cure at first follow-up and abnormal 

parathyroid tissue at pathological investigation. Measurement of intra-operative PTH was 

not done per standard of care.   

Data-analysis
All imaging results were interpreted using the original radiology reports. The intra-operative 

location of the abnormal gland was used to calculate the performance of FCH PET-CT, 

with pathology as gold standard and post-operative normalization of calcium as primary 

outcome. Specificity and negative predictive value were not calculated since all patients had 

biochemical confirmation of disease and not every patient underwent a BNE to evaluate 

all four glands. A subgroup-analysis was performed to identify if certain factors (sex, age 

at scan, previous surgery, pre-operative levels of PTH and calcium, and use of cinacalcet) 

were associated with a negative outcome of the scan using Fisher’s exact test for nominal 

variables and independent t-test or Mann-Whitney U test for continuous variables. We also 

investigated the mean difference in SUVmax between the abnormal parathyroid uptake and 

physiologic thyroid uptake. A P-value <0.05 was considered statistically significant. All 

statistical analyses were performed with SPSS version 21 (SPSS Inc., Chicago, IL). This study 

was approved by the local ethics committee. 

Results

A total of 44 scans in 43 patients were performed with 33 patients undergoing surgery 

(UMCU=21, MMCA=7, DKU=5). PET-CT scans were performed in 33 (75%) women and 11 

men (25%) with a mean age of 58.9 (range 31-80 years). All patients had a biochemical 

diagnosis of HPT. Three patients had multiple endocrine neoplasia type 1 (MEN1), one 

patient had tertiary HPT due to Alport syndrome and the remaining patients had sporadic 

primary HPT. Nine patients were being treated with cinacalcet at the time of scan. A total of 

16 patients had a history of previous neck surgery, 9 with previous parathyroid surgery, 3 

with previous thyroid surgery, and 4 with parathyroid and thyroid surgery. 

Prior to their FCH PET-CT scans, most patients underwent imaging: US (n=2), sestamibi 

scintigraphy (n=14) or both (n=23). Sestamibi scan consisted of planar scintigraphy (n=2), 

SPECT-CT (n=19), or SPECT-CT with additional subtraction scintigraphy (n=16).  Five 
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patients did not undergo conventional imaging and only underwent FCH PET-CT due to 

previously false negative conventional imaging and persistent (n=4) or recurrent (n=1) 

disease. In the 39 patients in whom conventional imaging was performed, results were 

negative or ambiguous in 30 and discordant in 9. 

FCH PET-CT was positive in 34/44 (77.3%) cases (Figure 1), with no difference in number of 

positive scans between the various institutions (UMCU n=21/27 (78%), MMCA n=9/12 (75%), 

DKU n=4/5 (80%). A total of 33 (75%) patients underwent surgery. Of these, 8 were men and 

25 were women with a mean age of 57.3 (range 31-77 years). Three patients had multifocal 

disease, the rest had a solitary abnormal gland. MIP was performed most frequently (n=19), 

followed by BNE (n=6) and UNE (n=4). Two patients underwent sternotomy, one patient 

underwent both robotic video-assisted thoracoscopy and MIP, and another patient both 

sternotomy and MIP. Two patients underwent concomitant thyroid surgery, consisting of 

lobectomy for benign disease. 

Figure 1

Sestamibi and 

18F-Fluorocholine 

PET-CT images of a 

53 year-old woman 

(patient 12). Images A,B 

and C show the negative 

sestamibi SPECT-CT, 

whereas D,E and F 

clearly show a right 

lower hotspot suspicious 

for adenoma on the 

18F-Fluorocholine 

PET-CT. 

Table 1
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During surgery, a total of 25 adenomas, 7 hyperplastic glands, and 3 indeterminate 

hyperplastic glands/adenomas were resected. In one patient (patient 33) two parathyroid 

glands were biopsied, however both were normal and no adenomas were found during 

bilateral exploration. All but two patients were cured after surgery (Table 1). 

N=44(%)

Sex, female 33(75%)

Age (mean, years) 58.9

Pre-operative ratio* of
Calcium
PTH

1.08
2.11

Type of Hyperparathyroidism
Sporadic
MEN 1-related
Tertiary

40(90.9%)
3(6.8%)
1(2.3%)

History
Parathyroid surgery
Thyroid surgery
Both

9(20.5%)
3(6.8%)
4(9.1%)

Conventional Imaging
US
Sestamibi
Both

2(4.5%)
14(31.8%)
23(52.3%)

Cinacalcet use 9(20.5%)

Parathyroidectomy 33(75%)

Performed operation
             MIP
             UNE
             BNE
             Thoracotomy

21(47.7)
4(9.1%)
6(13.6%)
2(4.5%)

Histological diagnosis
            Adenoma
            Hyperplastic gland
            Undetermined 
            Adenoma/hyperplastic
            Normal parathyroid tissue     

25(56.8%)
7(15.9%)
3(6.8%)

3(6.8%)

Post-operative cure 31(93.9%)

Table 1

Baseline 
characteristics of 

included patients who 
underwent 

18F-Fluorocholine 
PET-CT (n=44)

PTH Parathormone; US Ultrasound; MIP Minimal invasive parathyroidectomy; 
UNE Unilateral neck exploration; BNE Bilateral neck exploration

*Calculated as [Measured value] / [Max reference value]
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Diagnostic performance of ultrasound and sestamibi
Nineteen of the 33 patients (57.6%) who underwent surgery had preoperative ultrasound 

performed by a radiologist. Ultrasound was negative in 14 patients and positive in five, 

resulting in a sensitivity of 14.3% (3 out of 21 glands detected) and a PPV of 60% (3 out of 5 

hotspots truly pathological glands). 

Twenty-nine of the 33 patients (87.9%) who underwent surgery had a preoperative 

sestamibi scan, which was negative in 16, ambigious in five, and positive in eight patients. 

Overall sensitivity was 30% (9 out of 30 glands detected) with a PPV of 69.2%  (9 out of 13 

hotspots truly pathological glands.

Diagnostic performance of FCH PET-CT
Of the 35 abnormal glands that were resected, FCH PET-CT was able to successfully localize 

33/35 (94.3%), with only one false positive result (PPV = 97.1%). 

The preoperatively detected glands included all hyperplastic glands in the patients with MEN1, 

patient 11 with tertiary HPT due to Alport syndrome, and patient 1 with parathyromatosis. 

The patient with a negative scan (patient 7), had negative US and sestamibi and only mildly 

elevated levels of PTH and calcium. Upon BNE, a typically located 1.8cm hyperplastic left 

lower gland was found and resected, which resulted in a biochemical cure. Patient 13 had 

two PET positive lesions, however only the right upper gland was found to be an adenoma; 

biopsy showed normal parathyroid tissue of the other PET-avid gland area (right lower 

gland). 

There were only 2 patients who were not cured after parathyroidectomy directed by FCH 

PET-CT use. Patient 33 had a SPECT-CT and subtraction scintigraphy ambiguous for an 

abnormal left lower gland, with the FCH PET indicating an abnormal left upper gland. Upon 

BNE, all four parathyroid glands were visualized and biopsied as normal. This patient had 

persistent disease at follow-up and imaging will be repeated in 6 months to localize an 

ectopic additional gland. Patient 11 with tertiary HPT had recurrent disease after initial 

biochemical cure, for which he received another FCH PET scan, and is now being treated 

conservatively. Further details of the surgical group can be found in Table 2.

Tracer uptake 
The mean SUVmax of the 33 preoperatively identified pathological glands was 5.2 (range 

2.6-11.3), which was significantly higher than the 2.9 SUV (range 1.0-5.1) of the thyroid 

(p=0.001). All but one patient had a higher SUVmax of the parathyroid compared to the 

thyroid, with a ratio ranging from 0.9 to 3.5. 
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Non-Surgical Patients 
A total of 11 patients underwent FCH PET-CT scanning but did not undergo surgery at the 

time of publication, including patient 11 who was included twice in this study. This patient 

had several hotspots on the second PET-CT but due to prohibitive surgical risk was treated 

medically. Eight patients had negative conventional imaging and a negative PET-CT. Several 

of these patients were intermittently treated with cinacalcet. On follow-up of two of these 

patients, subsequent calcium and PTH measurements have cast doubt of a diagnosis of 

primary HPT. Two patients had a clear focal hotspot on PET-CT, however surgery was not 

performed because of extensive comorbidities (n=1) or not meeting criteria for asymptomatic 

intervention (n=1) [3].

Negative PET-CT versus positive PET-CT
Comparison of the 10 patients with negative PET-CT to the 34 patients with positive PET-

CT, revealed no significant differences in age, sex, ratio of preoperative calcium, use of 

cinacalcet, history of neck surgery, and concomitant multinodular goiter (Table 3). The 

mean ratio of PTH trended higher in patients with a positive scan (2.29 versus 1.51), however 

this did not reach statistical significance (p=0.357) (Table 3). 

Discussion

In this multicenter study we investigated the performance of FCH PET-CT in patients 

with HPT and negative or inconclusive conventional imaging. Our results show that the 

FCH PET-CT was clearly positive in 34/44 (77.3%) patients, and had a high PPV (97.1%) 

in the 33 patients who subsequently underwent surgery. The outcome of the scan was not 

influenced by age, sex, previous neck surgery or use of cinacalcet, however a trend was seen 

for preoperative levels of PTH, where a lower ratio was associated with a negative scan. 

To our knowledge, this is the largest study investigating the use of FCH PET-CT. Our results 

are consistent with the 5 other studies using this technology [14, 15, 17–19]. The most recent 

study of Michaud et al., included 17 patients with either primary (n=11), secondary (n=5) 

or lithium induced HPT [15]. All patients had equivocal or discordant results on US and 

123I/99mTc-sestamibi dual-phase scintigraphy and subsequently underwent FCH PET-CT 

and surgery. They found a sensitivity of up to 96% with accuracy up to 88%. Lezaic et al. 

included 43 patients with primary HPT, all of whom had US, sestamibi SPECT-CT, FCH 

PET-CT and subsequent parathyroidectomy [19]. On a per-lesion basis, sensitivity and PPV 

of FCH PET-CT were 95.3% and 96.8%. Additionally, the group’s previous study showed the 

performance of PET was significantly better than that of US and sestamibi [18]. 
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Pre-operative

Pat Sex Age Remarks PTH Ca

1 F 34 Parathyromatosis 
6 previous operations

22 2.75

2 F 62 Recurrent disease 
MNG

9.3 1.38 (Ica)

3 F 72 Recurrent disease 13 1.39 (Ica)

4 F 71 Recurrent disease 11 2.56
5 M 58 14 2.83
6 M 70 13 2.74
7 M 66 8.4 2.42
8 F 79 Persistent disease 

MNG
46 2.63

9 F 45 19.8 3.00
10 F 59 MEN1 

Recurrent disease
10 2.73

11 M 36 Tertiary Recurrent disease 40 *
12 F 53 12 2.66
13 F 67 Previous thyroid surgery 11.9 2.72
14 F 35 MEN1 

Recurrent disease
6.1 1.51 (Ica)

15 F 67 MNG 8.7 2.77
16 F 34 6.2 2.57
17 F 48 13 2.57

18 F 66 22 3.06

19 F 69 MNG 7.3 2.77
20 F 60 MNG 4.8 2.69

21 F 48 8.3 2.39
22 F 31 7.4 2.72

23 F 57 7.6 1.24 (Ica)
24 M 60 Persistent disease 26 1.38 (Ica)
25 F 60 10 1.38 (Ica)
26 M 58 MEN1 

Recurrent disease
8.9 1.48 (Ica)

27 F 62 Left lobectomy 
MNG

17.7 2.92

28 M 67 - 4.2 2.99
29 F 64 - 5.3 2.84
30 F 66 - 4.3 2.65
31 M 55 - 5.8 2.82
32 M 74 - 10.1 3.03
33 M 55 MNG 3.4 2.64

Table 2

Summary of characteristics 

and findings in the 33 

patients who underwent 

18F-Fluorocholine PET-CT 

scanning and surgery. 
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Pre-operative

Pat Sex Age Remarks PTH Ca

1 F 34 Parathyromatosis 
6 previous operations

22 2.75

2 F 62 Recurrent disease 
MNG

9.3 1.38 (Ica)

3 F 72 Recurrent disease 13 1.39 (Ica)

4 F 71 Recurrent disease 11 2.56
5 M 58 14 2.83
6 M 70 13 2.74
7 M 66 8.4 2.42
8 F 79 Persistent disease 

MNG
46 2.63

9 F 45 19.8 3.00
10 F 59 MEN1 

Recurrent disease
10 2.73

11 M 36 Tertiary Recurrent disease 40 *
12 F 53 12 2.66
13 F 67 Previous thyroid surgery 11.9 2.72
14 F 35 MEN1 

Recurrent disease
6.1 1.51 (Ica)

15 F 67 MNG 8.7 2.77
16 F 34 6.2 2.57
17 F 48 13 2.57

18 F 66 22 3.06

19 F 69 MNG 7.3 2.77
20 F 60 MNG 4.8 2.69

21 F 48 8.3 2.39
22 F 31 7.4 2.72

23 F 57 7.6 1.24 (Ica)
24 M 60 Persistent disease 26 1.38 (Ica)
25 F 60 10 1.38 (Ica)
26 M 58 MEN1 

Recurrent disease
8.9 1.48 (Ica)

27 F 62 Left lobectomy 
MNG

17.7 2.92

28 M 67 - 4.2 2.99
29 F 64 - 5.3 2.84
30 F 66 - 4.3 2.65
31 M 55 - 5.8 2.82
32 M 74 - 10.1 3.03
33 M 55 MNG 3.4 2.64

Location of parathyroid(s)

Ultrasound Sestamibi PET/CT Surgery Pathology

- Ambiguous LL LL 1.5cm adenoma

- Ambiguous Med Med 2.5cm hyperplastic gland 
Lobectomy: MNG

- - RL RL Adenoma 
Size unknown

Ambiguous RU, LL RU RU 1.1cm adenoma
Negative Ambiguous LL LL 1.5cm adenoma
Ambiguous Ambiguous LU LU 1.6cm hyperplastic gland
Negative Negative Negative LL 1.8cm hyperplastic gland
Negative Ambiguous Med Med 2.8cm adenoma 

Lobectomy: MNG
Negative Negative LU LU 2.9cm adenoma
- - LL x2 LL x2 2x 1cm hyperplastic glands

- RL LU LU 2.0cm adenoma
- Negative RL RL 1.0cm adenoma
- Negative RU + RL RU 1.0cm adenoma
- Negative RL RL 1.0cm hyperplastic gland

Negative Ambiguous LU LU 1.7cm hyperplastic gland
- Negative LL LL 1.5cm adenoma
Negative Negative RL RL Adenoma 

Size unknown
- Negative RL RL Adenoma 

Size unknown
RU Negative Ect Ect 1.1cm adenoma
Negative Negative Negative LU Adenoma 

Size unknown
Negative Negative LU 1.0cm adenoma
Negative Negative Ect Adenoma 

Size unknown
Negative - RL RL 1.6cm adenoma
Negative RL, RL, Med LU, Med LU, Med 1.0cm and 0.9cm adenomas
- RU, LL LL LL 1.3cm adenoma
- - LU LU 2.6cm hyperplastic gland

RU Negative RU RU 1.5cm adenoma

Negative Negative RL RL 0.9cm adenoma
Negative RU + Med RU + Med RU + Med 1.6cm and 0.9cm adenomas
- Negative LL LL 1.2cm adenoma
Med Negative Med Med 2.6cm adenoma in thymus
Negative Ect Ect Ect 3.2cm adenoma
- Ambiguous LU - 2 normal biopsies

M Male; F Female; MNG Multinodular goiter; PTH Parathormone; Ca Calcium; LU Left upper; RU Right upper; 
LL Left lower; RL Right lower; Med Mediastinum; Ect Ectopic; VS Venous sampling
*On dialysis; calcium not reliable
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All patients included in this study had negative or inconclusive conventional imaging, which 

can partly be explained by the characteristics of the included patients, with a relatively 

high rate of previous parathyroid surgery, concomitant thyroid disease and several patients 

with hyperplasia due to MEN1 or kidney disease. All these factors have shown to negatively 

influence the outcome of imaging [20–22]. In our series however, no significant differences 

were found between patients with either positive or negative FCH PET. The only factor that 

trended toward significance was the level of PTH, concordant with previous studies [23]. 

Optimal imaging is essential in patients following previous failed neck surgery as repeat 

cervical exploration carries a higher risk of complications and has a lower cure rate [24, 25]. 

In all 12 patients with previous neck surgery and inconclusive conventional imaging in our 

study, FCH PET-CT was able to localize the parathyroid adenoma.  

Although not directly answered by this paper, an area of interest in parathyroid surgery 

includes the use of new imaging techniques such as FCH PET as a replacement for current 

conventional imaging such as sestamibi. Previous studies using FCH PET-CT have shown 

significantly better performance as well as technically more preferred by patients due to 

lower exposure to radiation and much shorter acquisition time compared to sestamibi 

SPECT-CT. Acquisition of PET-CT images is done by a single scan with a total time of 6 

minutes. The total radiation exposure of the PET-low dose CT is around 5 mSv (2MBq/kg of 

FCH), lower than the 7 mSv from the SPECT-CT performed in our center. 

PET-CT Positive

n=34

PET-CT Negative

n=10

p-value

Age at scan (mean, years) 57.8 62.7 0.306

Female (%) 26(76.4%) 7(70%) 0.692

Mean pre-operative ratio* of

Calcium 

PTH

1.08

2.29

1.07

1.51

0.926

0.357

Use of cinacalcet (%) 9(26.5%) 0(0%) 0.089

Previous neck surgery (%) 14(41.2%) 2(20%) 0.283

Multinodular goiter (%) 8(23.5%) 3(30%) 0.692

Table 3

Comparison of patients with positive PET-CT (n=34) versus negative PET-CT (n=10).

*Calculated as [Measured value] / [Max reference value]

Appendix 1
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This study has several important limitations, mostly due to the retrospective design. 

First, not all patients underwent surgery after their scan and therefore we were unable to 

calculate a reliable sensitivity of the FCH PET-CT. The eight patients who did not undergo 

surgery had a negative scan, creating a selection bias in the patients who had successful 

surgical cure. Second, size and weight of the resected glands were not available for all cases, 

which is the reason we did not investigate if these specific variables correlated with the 

outcome of the PET. Third, at different centers, calcium and PTH levels were determined 

with varied technology and different reference values. We tried to mitigate this using ratio’s 

of calcium and PTH instead of absolute levels of each. Lastly, we were unable to make a 

direct comparison between FCH PET-CT and conventional imaging, since we only included 

patients with negative or inconclusive US and sestamibi. 

Consistent with the literature, our study shows good performance of FCH PET-CT in 

patients with HPT and inconclusive conventional imaging, even in the setting of MEN1 and 

hyperplasia. Due to its favorable characteristics with high performance, brief scanning time 

and low radiation exposure, prospective studies should be initiated to determine if this new 

technique may replace conventional sestamibi scintigraphy as a first-line imaging modality. 

Ultrasound should be continued since this modality is cheap, non-invasive and can give 

important anatomical information. 

UMCU: Measurement of calcium was done using an AU 5811 routine chemistry analyzer (Beckman Coulter, Brea, 

California) with reference level 2.20-2.60 mmol/L and ionized calcium on a Rapidlab-1265 blood gas analyser 

(Siemens Healthcare Diagnostics, Breda, The Netherlands) with reference level 1.15-1.32 mmol/L. Measurement 

of intact PTH was done using Cobas E411 Automated Immunoassay Analyzer (Roche Diagnostics, Indianapolis), 

with reference level of 1.0-7.0 pmol/L. 

MMCA: Measurement of calcium was done using the Abbott, Architect C1600 (Abbott Laboratories, Illinois), with 

reference level 2.15-2.60 mmol/L. Measurement of intact PTH was done using the Abbott, Architect I2000SR 

(Abbott Laboratories, Illinois), with reference level of 1.5-7.0 pmol/L, and thereafter with reference level 0.5-4.2 

pmol/L (only measurement of the 1-84 fragment).

DKU: Measurement of calcium was done using a Roche Modular P800 (Roche, Basel), with reference level 2.10-

2.55 mmol/L. Measurement of intact PTH was done using Roche Modular P170 (Roche, Basel), with reference level 

of 2.0-7.0 pmol/L. 

Appendix 1
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Advances in Knowledge

1) 18F-Fluorocholine PET/MRI shows good performance for localization of parathyroid 

adenomas in patients with primary hyperparathyroidism and inconclusive 99mTc-

sestamibi scintigraphy and ultrasound with 90% sensitivity and 100% PPV, but remains to 

be investigated in patients with parathyroid hyperplasia

Implications for patient care

1) 18F-Fluorocholine PET/MRI might be suitable as a second-line imaging modality in 

patients with primary hyperparathyroidism.

Summary statement

18F-Fluorocholine PET/MRI may have clinical utility for parathyroid localization and could 

be a feasible alternative to other imaging modalities.
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Abstract

Purpose
We hypothesized that 18F-Fluorocholine (FCH) PET/MRI would allow localization 

of abnormal parathyroid glands in patients with primary hyperparathyroidism 

(pHPT) and negative/inconclusive ultrasound (US) and 99mTc-sestamibi 

scintigraphy (MIBI). The purpose of this study was to perform a pilot study 

investigating the performance of PET/MRI in patients with pHPT and non-

localized disease.

Materials and Methods
This study was approved by the institutional review board. Between May and 

December 2015 we prospectively enrolled 10 patients (mean age of 70.4 years, 

range 58-82) with biochemical pHPT and inconclusive ultrasound and MIBI. All 

patients gave informed consent. Directly after administration of 3MBq/kg FCH, 

PET imaging was done followed by MRI (T1- and T2-weighted images, pre- and 

post gadolinium). Intraoperative localization and histology were used as reference 

standard for calculating sensitivity and positive predictive value. Wilcoxon rank 

test was used to calculate the mean difference in SUVmax between the abnormal 

parathyroid uptake and physiologic thyroid uptake. The Wilcoxon rank test was 

performed with SPSS version 21.

Results
MRI alone showed true positive lesions in 5 patients and was falsely positive in 

one. FCH PET/MRI correctly localized 9/10 adenomas (90% sensitivity), without 

any false positive results (100% PPV). One patient had 4-gland hyperplasia, of 

which three hyperplastic glands were not localized. The median SUVmax of the 

nine preoperatively identified adenomas  was 4.9 (IR 2.45), which was significantly 

higher than the 2.7 SUV (IR 1.1) of the thyroid (p=0.008).

Conclusions
FCH PET/MRI is able to localize adenomas with high accuracy when conventional 

imaging fails to do so, while concurrently providing the surgeon with detailed 

anatomic information. More patients need to be investigated to confirm our initial 

results and the accuracy of FCH PET/MRI for localizing glands in patients with 

4-gland hyperplasia remains to be investigated.

9



150

Part 2 | Chapter 9

Introduction

Approximately 80% of cases with primary hyperparathyroidism (pHPT) is caused by 

a single adenoma, and therefore the standard of surgical care is minimally invasive 

parathyroidectomy [1]. Minimal invasive parathyroidectomy became possible because of the 

accuracy of imaging studies in localizing the abnormal gland [2]. This has allowed surgeons 

to perform limited, targeted explorations, with its attendant benefits of shorter operative 

time, lower complication rate, and smaller incision length [3]. 

Recently, there has been increasing interest in the use of positron emission tomography 

(PET) for parathyroid imaging. The most promising tracer appears to be 18F-Fluorocholine 

(FCH) [4]. Choline is part of the phospholipid layer in the cell membrane. It is hypothesized 

that hyperfunctioning parathyroid cells have increased activity of the phospholipid/

Ca2+-dependent protein kinase. This leads to increased choline uptake and in turn 

greater imaging accuracy of PET detection with radiolabeled choline such as FCH [5]. Pilot 

studies demonstrate excellent results, even for localizing hyperplasia and in patients with 

inconclusive conventional imaging [6–8].

These studies however, used computed tomography (CT) to add cross-sectional anatomical 

information overlain onto the functional PET images. Although CT can be used for this 

purpose, patients are still subjected to additional ionizing radiation exposure. Alternatively, 

magnetic resonance imaging (MRI) does not have this disadvantage and is already established 

as an adequate imaging modality for patients with pHPT [9–15]. We hypothesized that PET/

MRI would allow localization of abnormal parathyroid glands in patients with pHPT and 

negative/inconclusive US and MIBI. Accordingly, the purpose of this study was to perform 

a pilot study investigating the performance of PET/MRI in patients with pHPT and non-

localized disease. 

Materials and Methods

Study subjects
This study was financially supported by the American Association of Endocrine Surgeons 

(LoGerfro award 2015) and the University of California, San Francisco (REAC Pilot grant). 

Authors had full control of the data submitted for publication. The study was approved by 

the local Committee on Human Research, the university’s institutional review board and in 

compliance with HIPAA. All consecutive patients gave written consent prior to entering the 

study between May and December 2015. 
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We conducted a prospective pilot study to investigate the performance of FCH PET/MRI 

Patients were eligible for inclusion if the following criteria were met: 1) age ≥18 years, 2) 

biochemically proven pHPT with elevated serum calcium and inappropriately normal/high 

levels of parathyroid hormone (PTH), 3) negative or discordant US and MIBI, and patients 

who are 4) surgical candidates and 5) able to provide written informed consent. None of 

the patients had: 1) contraindications for undergoing PET/MRI scanning, or 2) familial 

hyperparathyroidism.

Measurement of calcium was done using a UniCel DxC 800 Clinical System (Beckman 

Coulter, Los Angeles), with reference level 8.8-10.3 mg/dL. Measurement of intraoperative 

PTH was done using a UniCel DxI 600 Immunoassay System (Beckman Coulter, Los Angeles). 

Measurement of intact PTH was done using Immulite 2000 Immunoassay System (Siemens 

Healthcare, San Francisco), with reference level of 12-65 ng/L. 

Ultrasound
A high-frequency linear transducer was used to image the neck with the patient in the 

supine position with their neck extended. The cervical neck from the mandible to the sternal 

notch was interrogated. Transverse and longitudinal images were used to locate suspicious 

glands, homogenous hypoechoic lesions of at least 1 cm that are oval or bean shaped, which 

were subsequently evaluated using doppler ultrasound. 

99mTc-Sestamibi scintigraphy
Patients underwent MIBI scintigraphy using 925 MBq (25 mCi) 99mTc-sestamibi. Three 

patients underwent planar imaging, seven underwent SPECT/CT. Planar imaging using 

a parallel whole collimator was obtained at 15 minutes and two hours post-injection. 

Subsequently a SPECT extending from the mandible to the aortic arch was obtained.

18F-Fluorocholine PET/MRI
Each patient was imaged on a 3.0T simultaneous PET/MRI system (GE Healthcare, Waukesha, 

WI).  Patients were placed in the PET/MRI and injected with 188 +/- 26 MBq (5.1 +/- 0.7 mCi) 

of FCH. This tracer is still investigational for localization of parathyroids. FCH was injected 

with the patient in the isocenter of the magnet, and dynamic PET imaging was acquired 

over 40 minutes. PET data sets were reconstructed using a time-of-flight reconstruction 

with OSEM using two iterations and 28 subsets, and a matrix size of 256 × 256. The PET 

transaxial and z-axis field of view are 600 and 250 mm, resulting in a voxel size of 2.3 × 2.3 

mm. Axial slices were reconstructed at 2.78 mm in thickness. Simultaneous to the dynamic 

PET acquisition, MRI images were acquired at a single bed position centered on the thyroid 

bed. Gadovist (Bayer Healthcare) a gadolinium based contrast agent, was administered 

using weight-based dose per the package insert (0.1mL/kg) to enhance characterization of 
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the adenomas [16]. Acquisition of images was acquired immediately after the administration 

of contrast. The following sequences were acquired with a voxel size of 0.86 x 1.375 mm:

1. Axial T1 weighed single-shot fast spin echo (SSFSE): Echo time (TE)/ Repetition time 

(TR) of 40/1667, slice thickness of 4 mm, spacing between slices of 4 mm, acquisition 

matrix of 160x160, flip angle of 90 degrees, and a 22 cm field of view.

2. Axial and sagittal T1 spin echo: TE/TR of 8.6/835, echo train length of 4, number of 

averages of 2, matrix size of 288x192, flip angle of 120, slice thickness of 4 mm, spacing 

between slices of 5 mm, and a field of view of 22 cm.

3. Axial T2 Iterative decomposition with Echo Asymmetry and Least-squares estimation 

(IDEAL) spin echo: TE/TR of 69/7438, echo train length of 10, 4 mm slice thickness, 5 

mm spacing between slices, matrix size of 256/160, flip angle of 125, and 22 cm field of 

view.  Fat and water separation was performed using the IDEAL reconstruction.

4. Dynamic coronal post-contrast gradient echo T1: a six phase dynamic acquisition was 

performed with a TE/TR of 1.5/3.9, flip angle of 10 degrees, slice thickness of 7.2 mm, 

matrix size of 192x128, and a 25 cm field of view using Short T1 Reversion Recovery 

(STIR) based fat saturation.  The temporal resolution was 12 seconds per acquired phase. 

5. Axial T1 post-contrast IDEAL spin echo: TE/TR 8.6/751, echo train length of 5, 4 mm 

slice thickness, 5 mm spacing between slices, matrix size of 256/160, flip angle of 120, 

and 22 cm field of view.  Fat and water separation was performed using the IDEAL 

reconstruction.

Image interpretation
Both US and MIBI results were interpreted retrospectively using the original radiology 

reports. Datasets of FCH PET/MRI were interpreted visually by both an experienced head/

neck MRI radiologist (C.M.G., 20 years of experience) and nuclear medicine physician 

(M.H.P., 15 years of experience). MRI images were first interpreted alone (lesions with high 

signal intensity on T2-weigthed imaging, elongated appearance, rapid enhancement post-

contrast T1), followed by interpretation of both MRI and FCH PET images (corresponding 

hotspot). For analysis of PET data, a volume of interest (VOI) was placed over the abnormal 

focus as well as the bilateral thyroid glands. The SUVmax (maximum standardized uptake 

value) of the two VOIs was recorded for each patient. Both physicians were blinded to both the 

outcome of the conventional imaging, as well as the outcome of surgery. Final interpretation 

of a positive finding was based on the combined assessment of MRI and PET findings. 

Surgery 
Surgery was performed within 2 months after the FCH PET/MRI. Surgeons were blinded 

to the outcome of the PET/MRI and all patients proceeded for bilateral neck exploration. 

The intra-operative location of the pathological parathyroid gland(s) was recorded and 
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correlated with the performance of the FCH PET. Four patients underwent additional 

thyroidectomy due to goiter or a large dominant nodule. All patients had a 24-hour (or same 

day) post-operative hospital stay with serum calcium and PTH levels checked during their 

postoperative hospitalization. Successful parathyroidectomy was defined as a greater than 

50% decrease of intra-operative PTH 10 minutes after parathyroidectomy (Miami criteria 

[17]), postoperative normalization of PTH at first follow up, and abnormal parathyroid 

tissue at pathological examination. 

Statistical analysis
For all patients, information was available about demographics, preoperative lab values 

and location of the abnormal parathyroid on imaging and during surgery. Continuous 

parametric data were reported as means. Radiation exposure was calculated for both SPECT/

CT and FCH PET/MRI [18]. Performance of FCH PET/MRI was assessed using surgery and 

pathological diagnosis as well as normalization of calcium as proof for successful surgery. 

The performance of the imaging modalities was quantified by calculating positive predictive 

value and sensitivity. The number of true positives was the number of patients in which the 

location on imaging was concordant with the surgical location. Wilcoxon rank test was used 

to test the hypothesis of no difference in median SUVmax between the abnormal parathyroid 

uptake and physiologic thyroid uptake. All statistical analyses were performed with SPSS 

version 21 (SPSS Inc., Chicago, IL). 

Results

Study group
A total of 10 patients with sporadic pHPT and inconclusive conventional imaging have been 

enrolled, consisting of one man and nine women with a mean age of 70.4 years (range 58-

82). Mean preoperative levels of PTH and Ca were 86 (range: 48-177 ng/L) and 11.0 (range: 

10.4-11.7 mg/dL), respectively. One patient had undergone previous parathyroidectomy at 

another institution and had persistent disease activity. Four other patients had multinodular 

goiter, and 2 additional patients had solitary thyroid nodules. One patient had a positive 

history of radiation exposure and familial non-medullary thyroid cancer. 

Parathyroidectomy was performed in all ten patients, consisting of eight patients with a 

single adenoma, one with double adenomas and one with 4-gland hyperplasia. All patients 

had both adequate decreases in intra-operative PTH and evidence of biochemical cure at 

their first follow up. Further details of the study group can be found in Table 1. 
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Pre-op Location of parathyroid(s)

Pat Sex Age Remarks PTH Ca Ultrasound

1 M 70 58 11.5 LL 0.3cm hypoechoic lesion 

2 
 

F 75 Persistent 
disease

150 11.5 1cm right-sided heterogeneous 
intrathyroidal lesion 

3 F 77 - 81 10.4 Negative

4 F 56 MNG 74 10.7 RL 1cm hypoechoic lesion

5 F 82 MNG 48 11.5 LL 1.2cm solid and cystic lesion

6 F 73 MNG 
Hashimoto’s 
5 cm nodule

89 10.5 Negative

7 
 
 

F 64 70 10.4 Negative

8 F 68 2.6 cm right 
Hurthle cell 
lesion 

60 11.1 LL 0.6cm hypoechoic lesion

9 F 58 Radiation 
exposure

53 10.9 RL 0.9cm solid structure

10 F 64 MNG 177 11.7 Negative

Table 1

Summary of characteristics and findings in the 10 patients who underwent 

18F-Fluorocholine PET/MRI scanning.
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Pre-op Location of parathyroid(s)

Pat Sex Age Remarks PTH Ca Ultrasound

1 M 70 58 11.5 LL 0.3cm hypoechoic lesion 

2 
 

F 75 Persistent 
disease

150 11.5 1cm right-sided heterogeneous 
intrathyroidal lesion 

3 F 77 - 81 10.4 Negative

4 F 56 MNG 74 10.7 RL 1cm hypoechoic lesion

5 F 82 MNG 48 11.5 LL 1.2cm solid and cystic lesion

6 F 73 MNG 
Hashimoto’s 
5 cm nodule

89 10.5 Negative

7 
 
 

F 64 70 10.4 Negative

8 F 68 2.6 cm right 
Hurthle cell 
lesion 

60 11.1 LL 0.6cm hypoechoic lesion

9 F 58 Radiation 
exposure

53 10.9 RL 0.9cm solid structure

10 F 64 MNG 177 11.7 Negative

Location of parathyroid(s) Post-op

Sestamibi Other PET/MRI Surgery Pathology PTH

Negative MRI: negative RL RL + 
MGD

4 hyperplastic glands 
1.2cm, 0,7cm, 0.6cm, 1cm 

11

RU + LU VS: LL 
FNA: negative

L carotid 
sheath

L carotid 
sheath

1 cm adenoma <3

Negative - LU LU 2.5cm lipoadenoma 4

Negative - RL RL 1.1cm adenoma 10

Negative - RU + LU RU + LU 1.3 and 1.8cm adenomas 12

Negative - RL RL 1.6cm adenoma 
pT1aN0 FTC 
pT1aN0 PTC

6

Doubt 
ectopic

VS: LL
MRI: negative
CT: Doubt 
ectopic

Ectopic Ectopic 1.2cm adenoma 41

Negative - LU LU 3cm adenoma
No tumor in thyroid 

18

Negative - Negative RU 1.1cm adenoma
No tumor in thyroid

<3

Negative - RU RU 1.8cm adenoma
No tumor in thyroid

<3

M Male; F Female; MNG Multinodular goiter; PTH Parathormone; Ca Calcium; LU Left upper; RU Right 

upper; LL Left lower; RL Right lower; VS Venous sampling
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Diagnostic performance of FCH PET/MRI
MRI alone showed true positive lesions in five patients, one false positive, and four false 

negatives. Adenomas were best localized using T2 images. Combined interpretation of FCH 

PET and MRI correctly localized 9/10 adenomas (90% sensitivity; 95% CI: 55.5-99.8%), 

without any false positive results (100% PPV). This included an ectopic adenoma high in 

the carotid sheath, a lipoadenoma, double adenomas in a single patient, and a mediastinal 

adenoma. Patient 1 had 4-gland hyperplasia, of which three hyperplastic glands were not 

localized. During surgery on this patient, an obviously enlarged right lower 1.2cm abnormal 

gland that was localized by FCH PET/MRI was resected, however intra-operative PTH did 

not drop adequately after excision (58 to 42 ng/L). Upon further bilateral exploration, all 

three remaining parathyroids were found to be slightly enlarged; the decision was made to 

perform a subtotal parathyroidectomy, which resulted in a biochemical cure. 

Figure 1

Patient 6 (73 y/o female) with multinodular goiter and a 5 cm dominant nodule. 

Both 99-sestamibi scan (A,D) and ultrasound were negative. 18F-Fluorocholine 

PET/MRI shows a right-sided T1 hyperintense lesion (C), corresponding with a 

focal hotspot on PET (E,F). 

Figure 2
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Tracer uptake 
The median SUVmax of the nine preoperatively identified adenomas was 4.9 (IR 2.45), which 

was significantly higher than the 2.7 SUV (IR 1.1) of the thyroid (p=0.008). All patients had a 

higher SUVmax of the parathyroid compared to the thyroid, with a ratio ranging from 1.2 to 

2.5. None of the thyroid nodules showed significantly increased FCH uptake.

Radiation exposure
Average radiation exposure from a SPECT/CT was 9.5 mSv, compared to 3.8 mSv using FCH 

PET/MRI. 

Figure 2

Patient 2 (75 y/o female) with inconclusive imaging. 18F-Fluorocholine PET/

MRI shows a left-sided lesion in the carotid sheath suspicious for adenoma with 

intermediate T1 hyperintensity (A), clear T2 hyperintensity (B), enhancement 

after gadolinium (C), with a clear hotspot on PET (E) and fused (F) images. 
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Discussion

This study prospectively investigated the performance of FCH PET/MRI in patients with 

pHPT. We found that FCH PET/MRI had a good sensitivity and PPV of 90% and 100%, 

respectively, for the detection of parathyroid adenomas. Thus, even in the more challenging 

subset of pHPT patients with negative/inconclusive conventional imaging, the ability of FCH 

PET/MRI to localize adenomas appears excellent. 

In this study, FCH PET/MRI was investigated as a second-line imaging modality in pHPT 

patients with inconclusive imaging. If used to drive clinical decision making, FCH PET/MRI 

would have enabled MIP as opposed to a conventional neck exploration, which has been 

associated with higher operative risk especially in the re-operative neck [19,20]. In addition, 

the associated radiation of FCH PET/MRI is significantly lower than that of MIBI, and the 

scanning time is less (one hour including preparation for PET/MRI versus 2 hours for MIBI 

SPECT)..  Average radiation exposure from a SPECT/CT was 9.5 mSv, which was reduced to 

3.8 mSv using FCH PET/MRI. 

In our study, the increased uptake of FCH in parathyroid adenomas was demonstrated by a 

significantly higher median SUVmax compared to that of the thyroid. In fact, every patient 

with adenomas had a higher SUV than the thyroid. In addition, none of the thyroid nodules 

showed significantly increased FCH uptake; this is notable because a known limitation 

and source of false positive results of MIBI is the presence of thyroid nodules/cancers and 

multinodular goiters [21,22]. These findings have also been observed in another study in 

which 74% of parathyroids had a higher uptake and the mean ratio of parathyroid – thyroid 

SUV was 1.5 [23].

Performance of FCH PET in localizing hyperplasia, however, remains to be investigated, as 

one of our study patients (patient 1) had an enlarged abnormal gland identified on FCH PET/

MRI, and also had hyperplasia of the 3 remaining glands which were not detected by PET/

MRI. This patient was an unusual case involving a large abnormal parathyroid along with 

mild hyperplasia of the remaining glands. 

PET/MRI did succeed in localizing several other unusual adenomas that are typically more 

difficult to identify on imaging, such as a lipoadenoma [24]. In addition, FCH PET/MRI was 

able to localize ectopic glands in both the carotid sheath as well as the mediastinum, which 

would have enabled targeted surgical strategies [25]. 

MRI alone has been shown to accurately localize abnormal parathyroids [12,26]. Due to 

the lack of adipose tissue in parathyroid adenomas, high signal intensity on T2-weighted 
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images is typically seen on MRI which enables detection of adenomas [27]. Due to advances 

in technology, its accuracy has now even further increased using dynamic contrast 

enhanced imaging [16]. In our study however, MRI alone performed substantially less than 

the combination of PET and MRI. MRI was mainly important in providing cross-sectional 

imaging for exact anatomical correlation, while the PET was best in identifying abnormal 

glands. 

Alternatively one can use 4D-CT, which also has been shown to accurately localize 

parathyroid adenomas with high sensitivity in patients with inconclusive imaging [28]. 

However, there is increased general attention to the cumulative oncogenic risks of ionizing 

radiation in diagnostic imaging, particularly CT scan [29]. Considering that the relatively 

high dose of radiation from 4D-CT is targeted essentially directly at the thyroid, other forms 

of diagnostic imaging such as MRI might be preferable particularly in patient populations 

more at risk for differentiated thyroid cancer [30].

There are several limitations of this study. First of all, our study is limited by its small 

sample size and therefore its results should be confirmed in a larger study. Second, dual-

isotope techniques using a pinhole collimator might perform better than our single-isotope 

sestamibi scan with a parallel collimator, leaving fewer patients with inconclusive imaging. 

Lastly, the scan did not pick up the additional hyperplastic glands in the patient with a 

dominant abnormal gland. More research is therefore needed to evaluate the performance 

of FCH PET/MRI in patients with parathyroid hyperplasia. 

In conclusion, we believe our pilot study demonstrates promising results FCH PET/MRI 

for localization of parathyroid adenomas, and might be suitable as a second-line imaging 

modality in patients with pHPT, with less radiation involved compared to MIBI and PET/

CT. More research in the form of large prospective studies will be needed that evaluates 

its performance compared to that of US and MIBI in unselected patients, as well as in the 

setting of hyperplasia.
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Chapter 1 – Introduction
The primary treatment of patients with pHPT is surgery. Over the last few decades there has 

been a shift from open bilateral exploration to a more minimal invasive approach. To enable 

MIP, adequate preoperative imaging is essential. This thesis consists of two parts. In part 

one the performance of conventional imaging methods is described. In the second part the 

performance of FCH PET is investigated. 

Part 1 - Conventional Imaging 
Most centers worldwide use a combination of ultrasound and sestamibi scintigraphy to 

localize abnormal parathyroid glands. When these two imaging modalities are concordant 

for one abnormal gland, a minimal invasive parathyroidectomy is performed. Unfortunately 

both modalities have limited sensitivity and are inconclusive in up to 30% of cases. In these 

cases one can choose to use a third modality, such as CT or MRI. 

Chapter 2
At the University of California San Francisco, MRI is used in patients with non-localized 

glands or previous parathyroid surgery. In this largest cohort of patients investigated with 

MRI, MRI had a sensitivity and PPV of 79.9% and 84.7%, respectively, and performance 

was good in both patients with- and without previous parathyroid surgery. Adding MRI to 

the combination of ultrasound and sestamibi resulted in a significant increase in sensitivity 

from 75.2% to 91.5%. 

Due to technological advances that have enabled faster MRI protocols with higher accuracy, 

we believe MRI to be an excellent alternative modality without associated ionizing radiation.

Chapter 3
In this systematic review and meta-analysis we investigated the diagnostic value of CT for 

parathyroid localization in patients with a biochemical diagnosis of pHPT. Overall pooled 

sensitivity of CT for localization of the pathological parathyroid(s) to the correct quadrant 

was 73% (95% CI: 69-78%). Subgroup analysis based on the number of contrast phases 

showed that adding a second contrast phase raises sensitivity from 71% (95% CI: 61-80%) to 

76% (95% CI: 71-87%), however adding a third phase resulted in a more modest additional 

increase in performance with a sensitivity of 80% (95% CI: 74-86%).

A protocol with two contrast phases therefore seems to offer a good balance of acceptable 

performance with limitation of radiation exposure.
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Chapter 4
This retrospective cohort study revealed that patients with MEN1 and pHPT might benefit 

from preoperative localization studies before their initial surgery. When imaging is 

concordant for one abnormal gland, excellent outcomes can be achieved with a so-called 

“Unilateral Clearance” that prevents the occurrence of permanent hypoparathyroidism. 

Part 2 - PET Imaging
The greater spatial and temporal resolution of PET compared to SPECT imaging allows 

detection of even the smallest pathological glands, which in theory could improve sensitivity. 

The first reported use of PET for parathyroid disease was in 1993 and since that time several 

other tracers have been investigated, with variable results. Performance of PET depends 

mostly on the ability of the tracer to show specific uptake in the targeted organ, however 

not all radiopharmaceuticals are suitable based on multiple factors, including tracer half-

life, specificity to parathyroid uptake, and individual hospital characteristics. Combining 

performance and aforementioned factors, the most promising tracer appears to be FCH. 

Chapter 5
This case-report is one of the first reports in literature that describes the performance 

of FCH PET-CT in patients with pHPT and negative ultrasound and sestamibi. Due to the 

positive PET-scan, this patient could successfully undergo minimal invasive surgery. 

Chapter 6
At the University Medical Center Utrecht, patients with pHPT undergo radiologist-performed 

ultrasound, sestamibi SPECT-CT and FCH PET to enable MIP. Between 2011 and 2015, a total 

of 42/63 (66.7%) patients underwent MIP. The PPV and sensitivity of SPECT-CT, 93.0% 

and 80.3%, were significantly higher than those of US with 78.3% and 63.2%, respectively. 

FCH PET-CT localized the hyper-functioning parathyroid gland in 4/5 cases with discordant 

conventional imaging and can therefore be useful in enabling a minimal invasive approach. 

Chapter 7
In this systematic review we investigated the evidence regarding all described PET tracers 

in the literature for parathyroid localization.  We also performed a meta-analysis of the 

data regarding the use of 11C-Methionine, the most extensively investigated tracer thus far. 

A total of 24 studies were included, of which 14 investigated 11C-Methionine. Sensitivity for 

the detection of a lesion in the correct quadrant had a pooled estimate of 69% (95% CI: 60-

78%) with a pooled PPV of 98% (95% CI 96-100%). Of the other investigated tracers, FCH 

seemed the most promising with high diagnostic performance and favorable characteristics.
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Chapter 8
Due to the positive preliminary results of FCH PET-CT, more centers are now incorporating 

this imaging modality in their preoperative workup. This Dutch multicenter study shows 

the results of 44 patients who underwent a PET scan for pHPT in one of three centers with 

subsequent surgery in 33 patients. Of the 35 abnormal glands resected in 33 patients, FCH 

PET-CT was able to successfully localize 33/35 (94.3%), with only one false positive result 

(PPV = 97.1%).

Chapter 9
This prospective pilot-study performed at the University of California San Francisco shows 

the results of 10 patients with inconclusive conventional imaging and pHPT who underwent 

FCH PET-MRI scanning followed by surgery. Using MRI instead of CT for anatomical 

correlation has the benefit of even less associated radiation. 

FCH PET-MRI correctly localized 9/10 adenomas (90% sensitivity), without any false positive 

results (100% PPV). One patient had 4-gland hyperplasia, of which three hyperplastic glands 

were not localized. These preliminary results show that FCH PET-MRI is able to localize 

adenomas with high accuracy when conventional imaging fails to do so, while concurrently 

providing the surgeon with detailed anatomic information. The accuracy of FCH PET-MRI 

for localizing glands in patients with 4-gland hyperplasia remains to be investigated.
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General Discussion & Future Directions

This thesis indicates that several alternative imaging modalities can be used when ultrasound 

and sestamibi fail to localize the abnormal parathyroid gland. Computed tomography 

is increasingly popular, though is associated with a relatively high radiation exposure. If 

employed however, a protocol using 2 contrast phases seems to strike the best balance 

between performance and risk. Although cheap and widely available, less commonly used is 

MRI, which does not have associated radiation exposure and shows excellent performance 

even in patients with previous parathyroid surgery. Also shown in this manuscript, the 

use of FCH PET, both in combination with CT and MRI is very promising in parathyroid 

localization. Further optimization of this scan can potentially lead to replacement of the 

sestamibi scan. Using FCH PET in combination with common cross sectional imaging may 

provide the opportunity to improve preoperative workup and enable minimal invasive 

surgery for all pHPT patiens in both Europe and North America. 

Currently pHPT is the 3rd most common endocrine disorder worldwide. Over the last few 

years, its incidence is rising due to the widespread detection of asymptomatic patients 

through routine lab testing [1]. Even in the absence of clear symptoms, there is evidence 

that most patients benefit from surgical intervention [2]. Simultaneously there has 

been a graduate shift from conventional bilateral neck exploration to a more minimal 

invasive approach [3]. Driven mostly by the Asian community, several new techniques for 

thyroidectomy have been developed to prevent the traditional scar anteriorly in the neck 

namely robotic procedures [4]. It is imaginable that similar and parallel developments might 

occur in parathyroid surgery. These new surgical techniques highly depend on adequate 

localization of the diseased parathyroid glands therefore emphasizing an accurate and 

precise localizing image. The times you only needed to localize a good surgeon belong to the 

past. Imaging is essential. When choosing an imaging modality an optimal balance between 

cost, performance and patient-friendliness must be considered. 

Ultrasound remains the cheapest and most accessible modality of all. It can be performed by 

the surgeon in the office at the time of patient evaluation and provides helpful information 

about both parathyroid localization as well as any abnormality in the thyroid gland. 

Additionally, it has real-time advantages with respect to incisional planning when done 

at the time of operation [5].  Due to these benefits, multiple studies have investigated the 

feasibility of using ultrasound as the primary imaging modality in the workup of patients 

with pHPT [6,7]. When performed by experienced sonographers, ultrasound alone, has 

excellent sensitivity in localizing abnormal parathyroid glands and sestamibi is helpful in 

the minority of patients with negative ultrasound. The main problem with these studies 

is that the performance of ultrasound is highly operator-dependent. Marked variations in 
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sensitivity related to the experience of the sonographer can be found in patients with pHPT 

[8]. When ultrasound of the neck is performed in low-volume centers by radiologists with 

limited experience, performance is substantially lower. In our study, where ultrasound was 

performed by a radiologist in a low-volume center, both sensitivity and PPV of ultrasound 

were significantly lower compared to sestamibi SPECT-CT (Chapter 6). Interestingly, adding 

ultrasound to sestamibi did not increase sensitivity, however did significantly lower the PPV. 

A possible explanation for this is that ultrasound is highly sensitive in detecting possible 

parathyroid adenomas, but, in the hands of less experienced sonographers, discriminates 

less between parathyroid adenoma and more commonly seen thyroid nodules or lymph 

nodes.  In line with this, we also observed that the performance of ultrasound was influenced 

by the availability of SPECT-CT outcome. In the cases where ultrasound was performed 

with knowledge of SPECT-CT outcome, performance of ultrasound was significantly higher 

compared to the cases where ultrasound was the initial localization study.  The influence of 

ascertainment bias is quite common in localization studies and needs to be understood when 

interpreting parathyroid imaging studies.

Despite the potential benefits of ultrasound, the exact role of ultrasound in the preoperative 

workup of patients with pHPT depends on several factors. The first and most important is 

the experience of the sonographer. Optimal use is when the investigation is performed by 

the surgeon themselves, using their extensive knowledge of the anatomy of the head and 

neck in combination with experience in surgical exploration. Although now more common 

in the United States and Canada, surgeon performed ultrasound can be adopted more readily 

in Europe.  

Aside from ultrasound, the most widespread used modality is sestamibi method. Technetium-

99m-sestamibi was first described as a tracer for myocardial perfusion, however around 

25 years ago it was discovered to adequately localize parathyroid adenomas, showing 

significantly better results compared to other tracers such as thallous chloride [9]. 

The initial studies used a 2 phase (2 phase) scan protocol, however other centers preferred 

using Iodine-123 as a second superimposed tracer to separate thyroid tissue (2 tracers) 

[10,11]. Both techniques tried to adjust for the uptake in the thyroid using the “wash-out” 

principle (2 phase) or subtraction scintigraphy (2 tracers).  In the years following there was 

a clinical need for more precise localization of abnormal glands, due to the introduction of 

MIP. This led to the development of single-photon emission computed tomography (SPECT) 

[12]. With SPECT technology, the original planar (2D) images were replaced by 3D images 

by using cross sectional MIBI detectors.  This improved accuracy and enabled more focused 

surgery. The last major adjustment came in early 2000 with the introduction of SPECT-CT. 

In SPECT-CT, the images of SPECT are fused with a low-dose CT, combining functional 

information from the nuclear scan with cross sectional images from the CT. This development 
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led to even higher performance of sestamibi-CT scans, especially in patients with ectopic 

or recurrent disease [13]. The SPECT-CT was introduced in the University Medical Center 

Utrecht in 2011. Although the sensitivity and PPV (80.3% and 93.0%) were significantly 

higher compared to ultrasound (63.2% and 78.3%), there were still a substantial number of 

patients with negative or inconclusive scans (Chapter 6). 

Some centers are employing new sestamibi orientated technologies, such as the recently 

described freehand SPECT fusion imaging [14]. However, after more than 25 years of 

sestamibi based scanning, we are at the point that its future is becoming uncertain, at least 

for parathyroid localization. Protocols that offer the best performance require scanning 

at several times and sometimes include injection of multiple nuclear tracers [15,16]. Total 

examination time is on average two to two and half hours and the associated radiation 

exposure is higher than that of a regular CT. These cumbersome modalities using sestamibi 

have long acquisition times and do not come with a highly accurate or precise result. 

FCH PET appears to provide similar outcomes, while radiation exposure is lower and 

acquisition time substantially shorter. In our Dutch multicenter study including 34 patients 

with pHPT, inconclusive sestamibi scanning and subsequent surgery, FCH PET-CT was 

able to successfully localize 33/35 (94.3%) of the abnormal glands, with only one false 

positive result (PPV = 97.1%) (Chapter 8). While only 33/44 patients who received a scan 

were operated on, results are encouraging and comparable to previous reports in literature 

[17,18]. Additionally, our study included only those patients with inconclusive ultrasound 

and sestamibi. Sensitivity of FCH PET in unselected patients has been shown to be well over 

90% [19]. 

In an effort to further reduce radiation exposure, our group also conducted a prospective 

pilot-study investigating the performance of FCH PET combining MRI for cross-sectional 

imaging. Ten patients, all with biochemically proven pHPT and inconclusive ultrasound 

and sestamibi, received a FCH PET-MRI and underwent subsequent surgery. Of the 10 

adenomas that were resected, nine were preoperatively localized and there were no false 

positive results (Chapter 9). Future research is warranted to confirm our initial promising 

results and to investigate the performance of FCH PET-MRI in patients with more than one 

abnormal parathyroid gland. 

FCH is not the only PET tracer that is currently under investigation for localizing abnormal 

parathyroid glands. Another center has published preliminary data about the use of choline 

in combination with 11C [20]. Although not all patients imaged with this tracer underwent 

surgery, the 11C-Choline scan was positive in 37/40 patients. Substantially more evidence is 

available about the performance of 11C-Methionine. Our meta-analysis, including 14 studies 
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that investigated 11C-Methionine, showed a pooled sensitivity of 69% with a PPV of 98%. 

Both these tracers could therefore be suitable for the detection of abnormal parathyroid 

glands (Chapter 7).

FCH PET however, appears to have several specific benefits in comparison to other tracers. 

First, the practicality of its use seems to be superior. The half-life time of 18F is 110 minutes, 

versus only 20 minutes for 11C. This means that FCH can be transported from an offsite 

cyclotron to the hospital where the scan is performed. Since FCH is already frequently being 

used in the diagnostic work-up of patients with prostate cancer it has wide availability. 

Second, the FCH PET-CT does not require specific patient preparation. This is contrary to 
11C-Methionine scans, were patients need to fast for at least 4 hours.  This is specifically 

helpful in those patients with diabetes and can create more flexible scan times in especially 

busy centers.

There are already some centers that have completely replaced sestamibi by FCH PET. 

Future studies should prospectively compare performance of sestamibi and FCH PET (both 

in combination with CT and MRI) in unselected patients and include a cost-effectiveness 

analysis to investigate the feasibility of this new strategy.

 

Other modalities that are currently being investigated are MRI and CT alone. 

The relative scarcity of evidence regarding the use of MRI compared to CT likely derives 

from the historical drawbacks of limited spatial resolution, relatively long acquisition time 

susceptibility to motion artifacts, and higher cost of MR technology. Its use, however, is 

increasingly popular due to recent technological advances that now enable faster protocols 

with higher accuracy [21]. Especially dynamic gadolinium-enhanced MRI seems a promising 

modality that does not expose the patient to ionizing radiation [22]. Our study showed that 

MRI had a good sensitivity of 79.9% with a PPV of 84.7%, while most patients had a history 

of previous neck surgery; a factor that is known to lower performance (Chapter 2).  MRI 

can be more helpful in these scenarios especially if the previous surgeon employed the use 

of clips. Adding MRI to sestamibi also significantly increased the sensitivity from 75.2% to 

91.5%. Future research should focus on further limiting the scan time and improving its 

sensitivity. Another interesting project would be to investigate the ability of surgeons to 

interpret the scans, compared to specialized radiologists. 

Newer surgical trainees are much more comfortable reading CT scans than previous surgeons. 

This, in combination with the many advantages of CT (cheap, fast, widely available) has 

made its use for parathyroid localization increasingly popular. Since the performance 

has improved with the introduction of 4D-CT, more centers are incorporating CT in their 

preoperative work-up [23]. Currently, over 50% of endocrine surgery centers worldwide 

11



178

Part 3 | Chapter 11

use CT for parathyroid localization and in almost a quarter of these, it is routinely used 

as the first-line modality [24]. Its major drawback is the associated radiation exposure, 

specifically in the thyroid. This dose is sometimes as high as 28 mSv, around 4 times the 

amount of a regular CT scan [25]. Especially in young women with a relatively higher risk 

of developing thyroid cancer, this can be a problem. Due to this radiation, clinicians have 

adopted the original 4 phase CT protocol to reduce the number of contrast phases. Our 

meta-analysis shows that performance of a CT protocol with 2 contrast phases is excellent 

with no significant benefit of a third or fourth phase (Chapter 3). This is consistent with 

the results of several large institutions that did not observe a decrease in performance after 

adjusting their protocol for lower radiation levels [26,27]. Future studies investigating the 

performance of CT should therefore focus on using a limited number of contrast phases, 

while preserving its excellent sensitivity. 

Conclusion

As the incidence of pHPT increases more patients present to the surgeon for 

parathyroidectomy. With MIP being the preferred surgical strategy adequate preoperative 

localization is vital. Optimal localization strategy employs a modality which provides the 

optimal balance between cost, performance and patient-friendliness. Multiple studies, 

including CT, MRI and PET, have specific benefits and drawbacks. The modality which will 

become the standard of care will have a good profile in its cost and effectiveness which 

may vary between institutions and health systems. Further work should be done to further 

develop accurate modalities and produce high quality trial data for which to direct surgical 

strategy.
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Nederlandse Samenvatting voor niet-ingewijden

De Bijschildklieren
De bijschildklieren zijn kleine kliertjes van rond de 5mm die zich voor in de hals bevinden 

vlakbij de schildklier. In principe heeft ieder mens 4 bijschildklieren, waarvan er 2 zich 

links en rechts bij de bovenpool van de schildklier bevinden en 2 bij de onderpool. Vanwege 

hun geringe grootte kunnen normale bijschildklieren niet gezien of gevoeld worden bij het 

lichamelijk onderzoek van de hals. 

Alhoewel de klieren vlakbij de schildklier liggen, hebben ze een volstrekt andere functie. 

Bijschildklieren scheiden bijschildklierhormoon uit. Dit hormoon speelt een belangrijke rol 

in de calcium huishouding van het lichaam. Wanneer het calcium level te laag is in het 

lichaam produceren de klieren meer hormoon dat er op allerlei manieren voor zorgt dat het 

calcium level weer normaal wordt. Het calcium wordt onder andere onttrokken uit de botten 

en in hogere concentraties opgenomen vanuit de darmen. 

Primaire Hyperparathyreoïdie
In sommige mensen werken de bijschildklieren te hard waardoor de concentratie calcium in 

het bloed te hoog wordt, dit wordt ook wel primaire hyperparathyreoïdie (pHPT) genoemd. 

Een te hoge concentratie calcium in het lichaam kan allerlei klachten geven variërend van 

moeheid en misselijkheid tot nierstenen en psychiatrische verschijnselen. Doordat het 

calcium met name uit de botten wordt onttrokken, hebben patiënten tevens vaak last van 

osteoporose (kalk-arm skelet) en daardoor meer kans op botbreuken. 

In ongeveer 85% van de gevallen wordt de ziekte veroorzaakt door een goedaardige tumor in 

één van de vier bijschildklieren. In de rest van de gevallen zijn er meerdere bijschildklieren 

aangedaan of, zeer zeldzaam, is er sprake van kanker van de bijschildklier (<1%) [1]. 

Ongeveer 4 op de 1000 mensen krijgt pHPT, waarbij oudere vrouwen het vaakst zijn 

aangedaan [2]. Meestal treedt de ziekte spontaan op, echter soms is pHPT onderdeel van 

een familiar syndroom zoals Multiple Endocriene Neoplasie (MEN) type 1 of 2.

De Behandeling
De aandoening kan behandeld worden met zowel medicijnen als met een operatie. De 

medicijnen die worden gebruikt bevatten stoffen die lijken op calcium, echter zijn dit niet. 

De bijschildklieren denken hierdoor dat er veel calcium in het lichaam is en maken minder 

bijschildklierhormoon aan waardoor de symptomen minder worden. Het nadeel van deze 

behandeling is dat het probleem niet wordt opgelost; de zieke bijschildklier blijft immers 

aanwezig. Daarnaast hebben deze medicijnen vaak bijwerkingen. 

De beste behandeling is chirurgie. In principe wordt aan iedereen die jonger is dan 50 jaar of 

klachten heeft van een te hoge concentratie calcium een operatie aangeboden [3]. Voorheen 

was het zo dat bij een operatie een grote incisie in de hals werd gemaakt waarbij alle 4 de 
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bijschildklieren werden bekeken en de meest afwijkende werd verwijderd: de conventionele 

halsexploratie. 

De laatste 20 jaar is er echter een trend ontstaan waarbij men probeert via een klein sneetje 

direct de zieke bijschildklier te verwijderen waarbij de rest van de hals onaangetast blijft. 

Deze kleinere operatie is sneller, goedkoper, heeft minder risico’s voor de patiënt en laat een 

kleiner litteken achter [4,5]. 

Belangrijk voor het slagen van een dergelijke minimaal invasieve operatie is dat men voor de 

operatie zeker weet welke bijschildklier de klachten veroorzaakt en waar deze zich bevindt 

in de hals. Betrouwbare beeldvorming is derhalve essentieel geworden in de behandeling 

van pHPT.

Beeldvorming
De meeste ziekenhuizen in de wereld gebruiken een combinatie van echografie en een 

nucleaire scan (sestamibi scintigrafie) om de afwijkende bijschildklier(en) te lokaliseren. Het 

probleem is dat deze beeldvorming helaas in ongeveer 1/3 van de gevallen de bijschildklier 

niet goed kan vinden. De chirurg heeft dan 2 mogelijkheden; óf hij doet de traditionele 

operatie waarbij alle 4 de klieren worden bekeken tijdens de operatie óf hij doet een extra 

scan die de afwijkende bijschildklier mogelijk alsnog vindt. Als extra scan wordt momenteel 

vaak een CT scan of MRI scan gebruikt. Er zijn echter ook aanwijzingen dat een PET scan die 

gebruik maakt van de tracer 18F-Fluorocholine (FCH) erg goede resultaten geeft [6]. 

Hoofdstukken

Hoofdstuk 1 – Introductie
Chirurgie is de behandeling van eerste keus voor mensen met pHPT. Waar vroeger vaak 

een uitgebreide halsexploratie werd gedaan, probeert men nu de zieke bijschildklier te 

verwijderen middels een incisie van enkele cm’s in de hals. Hiervoor is het noodzakelijk 

dat de exacte locatie van de zieke bijschildklier bekend is voor de operatie en daarom is 

betrouwbare beeldvorming essentieel. 

Dit proefschrift bestaat uit twee delen. In deel 1 worden de conventionele 

beeldvormingsmethoden beschreven. In deel 2 wordt de accuratesse van FCH PET voor 

bijschildklierlokalisatie onderzocht.

Deel 1 – Conventionele Beeldvorming 
Momenteel gebruiken de meeste centra in de wereld een combinatie van echografie en 

sestamibi scintigrafie voor het lokaliseren van afwijkende bijschildklieren. Wanneer beide 

modaliteiten concordant zijn voor één abnormale bijschildklier, dan wordt deze verwijderd 

middels een kleine incisie in de hals. Helaas is het zo dat deze beeldvormingsmodaliteiten 
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tot in ongeveer 30% van de gevallen niet in staat zijn de afwijkende bijschildklier te vinden. 

In deze gevallen kan er dan gekozen worden voor een alternatieve scan, zoals een CT of MRI. 

Hoofdstuk 2
In het ziekenhuis van de Universiteit van California, San Francisco gebruikt men een MRI 

scan om afwijkende bijschildklieren te lokaliseren in onder andere patiënten die al eerder 

bijschildklier chirurgie ondergingen. In deze retrospectieve studie had MRI een sensitiviteit 

en PPV van 79.9% en 84.7%, met goede resultaten in zowel patiënten met als zonder eerdere 

bijschildklierchirurgie. Het toevoegen van een MRI scan aan de combinatie van echo en 

sestamibi zorgde ervoor dat de sensitiviteit significant omhoog ging van 75.2% naar 91.5%. 

Gezien deze goede uitkomsten, het feit dat MRI protocollen steeds geavanceerder worden 

en de afwezigheid van straling bij deze scan, denken wij dat MRI een uitstekend alternatief 

is voor bijschidlklierlokalisatie. 

Hoofdstuk 3
In deze systematische review en meta-analyse hebben we het gebruik van CT voor 

bijschildklierloksalisatie onderzocht. In totaal werden er 2563 patiënten uit 34 studies 

geincludeerd. De sensitiviteit voor het lokaliseren van een afwijkende bijschildklier naar het 

juiste quadrant was 73% (95% CI: 69-78%) en 81% (95% CI: 75-87%) voor het lokaliseren 

naar de juiste zijde in de nek. Verdere subgroep analyse van het aantal contrast fasen liet 

zien dat het toevoegen van een tweede fase de sensitiviteit liet stijgen van 71% (95% CI: 

61-80%) tot 76% (95% CI: 71-87%), echter het toevoegen van een derde fase was minder 

effectief. Een CT protocol met twee contrast fasen lijkt daarom de beste balans te geven 

tussen stralingsbelasting en effectiviteit. 

Hoofdstuk 4
Bij patiënten met het genetische syndroom MEN1 hebben in principe alle 4 de bijschildklieren 

een mutatie waardoor zij allen hyperplastisch worden en meer hormoon gaan produceren. 

Dit is een belangrijk verschil met pHPT zonder genetische mutatie waarbij in de meeste 

gevallen slechts 1 bijschildklier is aangedaan. Doordat alle 4 de bijschildklieren bij MEN1 

zijn aangedaan, is het advies in de huidige richtlijn om alle bijschildklieren te verwijderen. 

Beeldvorming vooraf wordt derhalve niet noodzakelijk geacht. 

Deze retrospectieve cohort studie laat echter zien dat patiënten met MEN1 mogelijk wel 

baat hebben bij beeldvorming voor hun eerste operatie. Soms is het zo dat met name 

1 bijschildklier de klachten veroorzaakt. Wanneer de beeldvorming concordant is voor 

één afwijkende bijschildklier, dan kunnen deze patiënten een minder invasieve operatie 

(Unilateral Clearance) ondergaan. Doordat de overige bijschildklieren met rust worden 

gelaten, hebben deze patiënten geen risico op een te laag level van calcium.  
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Deel 2 - PET Beeldvorming
De hogere resolutie van PET zorgt ervoor dat zelfs zeer kleine afwijkende bijschildklieren 

kunnen worden gevonden. De eerste beschrijving van het gebruik van PET voor 

bijschildklierlokalisatie was in 1993 en sinds die tijd zijn er meerdere tracers beschreven in 

de literatuur met wisselende resultaten. 

Hoe goed de PET scan werkt hangt met name af van hoe goed de gebruikte tracer zich 

ophoopt in de afwijkende bijschildklier. Niet alle tracers zijn echter geschikt vanwege allerlei 

andere factoren, zoals de halfwaardetijd en de opname van de tracer in andere weefsels. Al 

deze factoren inachtgenomen, lijkt FCH de meest belovende tracer te zijn op het moment. 

De eerste resultaten uit internationale studies zijn veelbelovend. Daarnaast heeft de tracer 

FCH enkele gunstige eigenschappen die het gebruik makkelijk maken. De halfwaardetijd 

is 110 minuten, waardoor de tracer niet door het ziekenhuis gemaakt hoeft te worden. 

Daarnaast behoeft de patiënt geen speciale voorbereiding zoals enkele uren vasten, wat 

gebruikelijk is bij een andere tracer. 

Hoofdstuk 5
Dit case-report is een van de eerste publicaties die de uitkomst van een FCH PET-CT 

beschrijft in een patiënt met pHPT en een negatieve echo en sestamibi scan. Doordat de 

scan positief was kon deze patiënt uiteindelijk succesvol een minimaal invasieve operatie 

ondergaan. 

Hoofdstuk 6
In het UMC Utrecht proberen we alle patiënten minimaal invasief te opereren en hiervoor 

gebruiken we echografie, sestamibi SPECT-CT en sinds kort ook FCH PET-CT voor het 

lokaliseren van afwijkende bijschildklieren. Tussen 2011 en 2015 ondergingen in totaal 42/63 

patiënten een minimaal invasieve bijschildklier operatie. De positief voorspellende waarde 

en sensitiviteit van SPECT-CT (93.0% en 80.3%) waren significant hoger dan van echografie 

(78.3% en 63.2%). In 4/5 patiënten met inconclusieve beeldvorming slaagde de F18-choline 

PET-CT erin de afwijkende bijschildklier te lokaliseren waardoor een minimaal invasieve 

operatie alsnog kon plaatsvinden.  

Hoofdstuk 7
In deze systematische review hebben we alle PET tracers onderzocht die ooit gebruikt 

zijn voor bijschildklierlokalisatie. We hebben daarnaast een meta-analyse uitgevoerd ten 

aanzien van het gebruik van 11C-Methionine, de best onderzochte tracer tot dusver. In 

totaal hebben we 24 studies geincludeerd waarvan er 14 het gebruik van 11C-Methionine 

beschreven. Sensitiviteit voor het lokaliseren van een afwijkende bijschildklier in het juiste 

quadrant was 69% (95% CI: 60-78%) met een PPV van 98% (95% CI 96-100%). Van de 

12
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andere onderzochte tracers lijkt FCH het meest belovend. 

 

Hoofdstuk 8
Vanwege de goede eerste resultaten van het gebruik van FCH PET-CT zijn er steeds meer 

centra die deze scan gebruiken voor het lokaliseren van bijschildklieren. In deze Nederlandse 

multicenter studie laten we de resultaten zien van 44 patiënten die een PET scan kregen, 

waarvan er uiteindelijk 33 een operatie hebben ondergaan. Van de 35 abnormale klieren die 

werden verwijderd, wist de FCH PET-CT er 33 succesvol te lokaliseren (94.3%) met slechts 

één vals positief resultaat (PPV=97.1%). 

Hoofdstuk 9
Deze prospectieve pilot-studie uitgevoerd aan de Universiteit van California, San Francisco 

toont de resultaten van 10 patiënten met pHPT en inconclusieve beeldvorming die een FCH 

PET-MRI ondergingen gevolgd door chirurgie. 

Doordat we in deze studie gebruik maakten van MRI voor anatomische correlatie in plaats 

van CT was de stralingsbelasting voor patiënten nog minder. FCH PET-MRI lokaliseerde 

9/10 adenomen zonder fout positieven. Één patiënt had vier hyperplastische bijschildklieren 

waarvan er slechts één werd gelokaliseerd. 

Deze eerste resultaten laten zien dat PET-MRI adenomen met grote nauwkeurigheid 

kan lokaliseren, zelfs wanneer conventionele beeldvorming negatief is. Of de scan tevens 

hyperplastische bijschildklieren kan lokaliseren dient verder onderzocht te worden. 

Conclusies

Concluderend kunnen we stellen dat pre-operatieve beeldvorming een steeds belangrijkere 

rol is gaan spelen in de behandeling van patiënten met pHPT, zowel in sporadische- als 

MEN1-gerelateerde casus. Het gebruik van CT is erg in opkomst, echter voorzichtigheid 

dient geboden te zijn omtrent het aantal contrast fasen dat wordt gebruikt gezien de 

stralingsbelasting. Een protocol met 2 contrast fasen lijkt een goed compromis tussen 

effectiviteit en belasting. Een potentieel alternatief is het gebruik van MRI, welke significant 

betere resultaten geeft dan de sestamibi scan, tevens in patiënten die al eerdere halschirurgie 

hebben ondergaan. FCH PET voor bijschildklier lokalisatie toont veelbelovende resultaten, 

zowel in combinatie met CT als MRI. Meer onderzoek dient te worden gedaan om te bepalen 

of deze scan uiteindelijk de traditionele sestamibi scintigrafie kan vervangen. 
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Welke techniek?
De 18F-Fluorocholine (FCH) PET-CT is een nieuw soort scan voor patiënten met overactieve 

bijschildklieren (hyperparathyreoïdie). De oorzaak is in meer dan 99% van de gevallen 

primaire hyperparathyreoïdie (pHPT) met een incidentie van 30 per 100,000 persoonsjaren 

[1]. Secundaire (sHPT) of tertiaire hyperparathyreoïdie komt veel minder vaak voor en kan 

vaak medicamenteus behandeld worden. FCH PET-CT wordt vooral gebruikt voor patiënten 

met prostaatkanker. Bij toeval is ontdekt dat het tevens goed overactieve bijschildklieren 

detecteert. Er wordt gebruik gemaakt van het radio-isotoop FCH, dat na intraveneuze 

toediening verhoogd wordt opgenomen in de pathologische bijschildklieren. Circa een 

half uur na toediening van FCH wordt een PET-CT gemaakt, waarmee met behulp van de 

uitgezonden straling de pathologische bijschildklier gedetecteerd kan worden. 

Er zijn nog geen richtlijnen voor een scanning protocol voor deze indicatie. In ons centrum 

krijgt de patiënt eenmalig 2 MBq/kg FCH toegediend via een infuus in de arm. Na een 

wachtperiode van 30 minuten scannen we het hoofd tot en met het mediastinum. We 

scannen 4 minuten per bed positie met de PET. De totale scantijd bedraagt 8 minuten. De 

stralingsbelasting voor de patiënt is laag, ongeveer 2 mS.1 De halfwaarde tijd van FCH is 110 

minuten, wat betekent dat de patiënt binnen een dag nagenoeg stralingsvrij is. 

Abstract

The 18F-Fluorocholine (FCH) PET-CT is a new imaging modality for the pre-

operative localization of pathological parathyroid glands for patients with primary 

and secundary hyperparathyroidism. The PET-CT is a combination scan that uses 

both the fysiological information from the PET, as the anatomical information 

from the CT. The radio-isotope FCH shows focal uptake in the pathological 

parathyroid glands. The superior resolution of  PET-CT helps clinians to localize 

the parathyroids when conventional modalities fail to do so and thereby enables 

minimal invasive surgery. This way a more extensive exploration can possibly be 

prevented. Although literature regarding this subject is still scarce, preliminary 

results are promising. Since every hospital with a PET-CT can perform the scan, 

we expect that its use for patients with hyperparathyroidism will increase within 

the next few years. 
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Waarom is er behoefte aan een nieuwe techniek?
De voorkeursbehandeling van pHPT is chirurgie. Vroeger werd dit gedaan middels een 

halsexploratie waarbij alle 4 de bijschildklieren werden opgezocht. Tegenwoordig wordt er 

vaak minimaal invasief geopereerd omdat in circa 80% van de gevallen slechts 1 bijschildklier 

afwijkend is [1]. Bij deze operatie wordt gericht de afwijkende klier verwijderd. Accurate 

pre-operatieve beeldvorming is derhalve essentieel om deze bijschildklier te lokaliseren. 

Wereldwijd gebruiken de meeste ziekenhuizen  een combinatie van echo en 99mTc-

sestamibi scintigraphie. Beiden hebben echter een beperkte sensitiviteit van ongeveer 75% 

[2]. Hierdoor heeft tot circa 30% van de patiënten een negatieve sestamibi scan endaarnaast 

komt de lokatie van de bijschildklier op de scan regelmatig niet overeen met die op echo. In 

al deze gevallen weet de chirurg dus niet goed waar te opereren. 

Welk probleem wordt hiermee opgelost?
Tot nu was het zo dat de chirurg bij negatieve of discordante beeldvorming gehouden was om 

een halsexploratie te doen, waarbij alle vier de bijschildklieren worden  opgezocht. Echter, 

de uitgebreide halsexploratie heeft een langere operatieduur, meer kans op risico’s en geeft 

een groter litteken.  De andere optie is om de huidige beeldvormingstechnieken te herhalen 

na 6 maanden. Vaak is de beeldvorming echter nog steeds niet conclusief en bovendien 

moet de patiënt in de tussentijd behandeld worden met medicatie die de hypercalciëmie 

tegengaat. Deze calcimimetica zijn slechts een tijdelijke oplossing en geven vaak klachten 

van misselijkheid. Beide alternatieven zijn daarom onwenselijk voor de patiënt. De FCH 

PET-CT lijkt een potentiële oplossing te zijn voor dit probleem.   

Welke indicaties?
FCH is al goedgekeurd als tracer voor patiënten met prostaatkanker. Recent is het ook 

goedgekeurd door IGZ voor het gebruik bij mensen met pHPT. Er is nog maar weinig 

literatuur beschikbaar, maar het lijkt erop dat FCH PET-CTzowel geschikt is voor mensen 

met pHPT als sHPT. Gezien de relatief hoge kosten (1200 euro) wordt de scan nu met name 

gebruikt wanneer de huidige beeldvormingstechnieken tekortschieten. 

Wat is er bekend over de effectiviteit?
De eerste studies zijn veelbelovend. Er zijn nu 2 studies gepubliceerd over de effectiviteit 

van de FCH PET-CT [3,4]. De eerste studie bevatte 12 patiënten zonder eerdere 

bijschildklierchirurgie, 8 met pHPT en 4 met sHPT. De FCH PET-CT was in alle patiënten 

aanvullend verricht wegens onduidelijke lokalisatie met echo en 123I/99mTc-sestamibi 

subtractie scintigraphie. De FCH PET-CT had een sensitiviteit per lesie van 89% en per 

patiënt van 92%. De tweede studie onderzocht  24 patiënten met pHPT zonder eerdere 

halschirurgie. Allen ondergingen zowel echo, 99mTc-sestamibi/pertechnetaat subtractie 

scintigraphie, SPECT-CT als FCH PET-CT.  De sensitiviteit per lesie van FCH PET-CT was 

Ad



194

Part 3 | Addendum

met 92% superieur ten opzichte van de conventionele methoden. De PET-CT dankt zijn 

kwaliteit aan de hoge resolutie van de scan waardoor ook kleine afwijkende bijschildklieren 

kunnen worden gelokaliseerd. 

Hoe moeilijk is de techniek te leren?
Er is reeds veel ervaring met het maken en beoordelen van FCH PET-CT’s voor patiënten met 

prostaatkanker. Deze nieuwe toepassing kijkt weliswaar naar een ander gebied, echter de 

scan is eenvoudig te beoordelen. Pathologische bijschildklieren zijn eenvoudig te lokaliseren 

doordat er geen opname van het FCH is in normale schildklieren of bijschildklieren. 

Toekomstverwachting
Gezien de uitstekende resultaten tot dusver zal het gebruik van de FCH PET-CT voor 

patiënten met pHPT de komende jaren waarschijnlijk toe gaan nemen. Initieel zal de scan 

voornamelijk ingezet worden wanneer de huidige beeldvormingstechnieken tekortschieten. 

Het is denkbaar dat de scan uiteindelijk de huidige beeldvorming volledig zal vervangen. 

Waar in Nederland?
In principe kan elk ziekenhuis dat beschikt over een PET-CT de scan uitvoeren. FCH hoeft 

gezien de halfwaardetijd niet door het ziekenhuis zelf geproduceerd te worden en kan 

worden besteld bij een bedrijf dat radio-isotopen produceert. Het UMCU is voornemens 

dit jaar in samenwerking met het Diakonessenhuis(Utrecht), Meander medisch centrum 

(Amersfoort) en het St. Antonius (Nieuwegein) een grote studie te doen om de kwaliteit van 

de scan prospectief te onderzoeken. 

Afbeeldingen van een patiënt met primaire hyperparathyreoïdie met negatieve 99mTc-

sestamibi scan en positieve 18F-Fluorocholine (FCH) PET scan

Figure 1

Coronale maximum intensity 

projection (MIP) vervaardigd 1 

uur na toediening van 99mTc-

sestamibi, zonder aanwijzingen voor 

bijschildklieradenoom. Fysiologische 

stapeling van het 99mTc-sestamibi in 

de schildklier en speekselklieren.

Figure 2

Figure 3
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Figure 2

Coronale MIP FCH- PET scan met 

een hotspot rechts paramediaan 

in de hals. Fysiologische activiteit 

in de speekselklieren, gering in het 

beenmerg en nog wat vaatactiviteit 

in de rechterarm na injectie van 

het 30 minuten eerder in de 

rechterelleboogsvene. 

Figure 3

Axiale FCH gefuseerde PET-CT 

reconstructie met fraai visualisatie 

van het bijschildklieradenoom 

dorsaal van de bovenpool van de 

rechterschildklierkwab.
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Alhier begint, zeer waarschijnlijk, het best gelezen deel van mijn proefschrift. De voorgaande 

hoofdstukken in dit proefschrift zijn zorgvuldig gereviewed door experts uit het betreffende 

gebied welke de manuscripten hebben beoordeeld op wetenschappelijke waarde. Dat stopt 

hier. Nu willen mensen namen zien. Dat zijn er echter nogal wat. 

Dit boek is tot stand gekomen na een zwerftocht door 3 landen met onderzoek aan meerdere 

instituten. Tijdens dit fantastische avontuur heb ik vele mensen ontmoet die op welke 

manier dan ook hebben bijgedragen aan het succes van mijn onderzoekstijd, variërend van 

mijn surfvrienden in California tot de hoogleraren waarmee ik gewerkt heb. 

Daarnaast zijn er natuurlijk mijn Nederlandse vrienden en familieleden. Die hebben het niet 

altijd even makkelijk gehad met mij, aangezien ik meer weg was dan thuis de laatste jaren. 

Ik heb jullie telefoontjes, mailtjes en bezoekjes enorm gewaardeerd en ik ben blij dat ik terug 

ben zodat we weer samen veel avonturen kunnen beleven! 

Nu terug naar die namen.. Soms lees ik een proefschrift (het dankwoord dan) en zie ik een 

enorme opsomming van mensen, inclusief de uitvinders van het Nespresso apparaat. Nu zal 

ik de laatste zijn om te ontkennen dat goede koffie onontbeerlijk is voor het schrijven van 

manuscripten, echter ik wil graag iets minder uitgebreid te werk gaan. Ik zal me dan ook 

beperken tot de voornaamste mensen die hebben bijgedragen aan de totstandkoming van 

dit proefschrift.

Geachte Professor Vriens, beste Menno, jij hebt mij laten zien dat alles mogelijk is als 

je er maar gewoon voor gaat. Vanaf dag 1 ben ik gegrepen door jouw zeer besmettelijke 

enthousiasme. Na elke meeting stond ik breed grijnzend buiten je kantoor en was ik ervan 

overtuigd dat ik de wereld ging veroveren. Jouw “kom aaannn Kluijfhout!” heeft ertoe geleid 

dat ik verhuisd ben naar San Francisco, de stad waar het voor jou destijds ook allemaal is 

begonnen. Via regelmatige skype-sessies, waar het met name over mijn snor ging, wist je 

mij altijd weer te motiveren. Ik kwam er ook achter dat je niet alleen in Nederland bekend 

bent. Kenmerkend was dat mijn collega’s in het buitenland niet altijd wisten waar Nederland 

lag, maar iedereen wist wel haarfijn te vertellen dat professor “Friensss” daar ergens in 

Utrecht werkte. 

Jij hebt mij de afgelopen jaren begeleid tijdens zowel mijn onderzoek als het werk in de 

kliniek. Als begeleider van mijn wetenschappelijke stage, semi-arts stage en promotor van 

mijn proefschrift heb jij enorm bijgedragen aan mijn carriere. Deze begeleiding heeft ertoe 

geleid dat ik de laatste jaren zeer gefocust aan het werk ben gegaan met twee duidelijke 
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doelen: promoveren en chirurg worden. Het feit dat ik dit opschrijf in het dankwoord van 

mijn proefschrift terwijl ik in opleiding ben tot chirurg betekent dat we goed op weg zijn met 

deze doelen. Zonder jou was dit alles niet gelukt en ik ben daarom ook enorm blij dat we deze 

successen samen mogen vieren!

Geachte Professor Borel Rinkes, beste Inne, wat een voorbeeld ben jij voor mij zeg! Jouw 

passie voor het werk, resultaten op wetenschappelijk gebied en bovenal, jouw bedrevenheid 

in het contact met patiënten, degene voor wie we het uiteindelijk allemaal doen. Het was een 

voorrecht om met je te werken tijdens mijn semi-arts stage in het UMCU. Helaas hebben we 

door mijn periode in het buitenland relatief weinig contact gehad, maar jouw kritische blik 

ten aanzien van mijn manuscripten heb ik altijd gewaardeerd. Ik hoop dan ook dat we elkaar 

in de toekomst blijven zien, of dat nu tijdens de researchbespreking is of met zweetbandje 

op de spinfiets.

Geachte Dr de Keizer, beste Bart, het is waar wanneer ik zeg dat het onderwerp van mijn 

boek nooit bijschildklier beeldvorming zou zijn geweest als ik jou niet had ontmoet. Een 

van mijn allereerste onderzoeksprojecten deed ik samen met jou als begeleider. Jij was 

uiteindelijk degene die mij het eerste case report liet lezen over de choline PET en zei “dit 

zou wel eens kunnen werken”. Het resultaat is een chirurgisch proefschrift met een toch 

wel erg sterke nucleair geneeskundige twist. Als laatste auteur op vele van mijn stukken is 

jouw begeleiding en kennis onmisbaar geweest. Het is immers niet heel makkelijk om als 

eenvoudige chirurg in opleiding al die sequences te begrijpen! Desondanks gaf je nooit de 

moed op en heb je mij meer dan eens gevraagd of ik toch echt niet de nucleaire geneeskunde 

in wilde. Uiteraard met als voornaamste argument dat we dan vaker konden wielrennen 

samen op zondag. Helaas ligt mijn hart toch bij de chirurgie, maar fietsen gaan we zeker 

blijven doen en ik kijk ernaar uit om in de toekomst samen te blijven werken op het gebied 

van de endocriene chirurgie! 

Geachte Prof Valk, beste Gerlof, bij jou is het allemaal begonnen. Ik weet nog goed dat ik als 

5e jaars student in jouw kantoor zat om te spreken over een potentieel project. Jij hebt me 

samen met Marieke de Laat destijds enige maanden begeleid en mij de beginselen van het 

onderzoek doen bijgebracht. 

Alhoewel ik uiteindelijk gekozen heb voor een meer chirurgische benadering van 

de endocrinologie zijn we toch altijd samen blijven werken binnen de endocriene 

onderzoeksgroep. Jouw rust zorgt voor een goede balans in onze groep waar de snijdende 

collega’s soms wat luidruchtig kunnen zijn. Bovendien heb je altijd wel enkele rake punten 

op epidemiologisch gebied om onze manuscripten naar een hoger level te tillen. Bedankt 

voor alle hulp!
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Geachte leden van de beoordelingscommissie, enorm bedankt voor het kritisch doorlezen 

van mijn proefschrift. Jullie tijd en inspanning wordt ontzettend gewaardeerd! 

Dear Professor Duh, I believe I was the fourth fellow from The Netherlands to come work 

with you. All the previous ones came back with great stories, and more importantly, great 

papers. I can honestly say I was not disappointed. My research year at UCSF under your 

guidance exceeded all my expectations. We have written many papers together in a short 

amount of time, which would have been impossible without your expertise. Your dedication 

to the field of Endocrine Surgery and your passion to achieve the best possible care for your 

patients has been inspiring. Some day I hope I can return to the Golden State to come work 

with you once more. 

Dear Professor Clark, it was truly an honor to have worked with you, one of the founding 

fathers of Endocrine Surgery. I remember thinking during one of my first lab meetings 

“how can one know so many papers by heart?!” Your excellent contributions during these 

meetings have definitely helped me in writing my manuscripts. I wish you and your wife 

Carol all the best in the future and I am sure we will meet again one day.   

Dear Dr Suh, Insoo, I don’t think one could wish for a better mentor than you. Always time to 

meet up and discuss our projects, always smart solutions for the issues we had to deal with. 

You were the driving factor behind lab meeting, even up to the point we would forget to let 

people dial in if you weren’t there. I really appreciate all your efforts in guiding me with my 

projects. I am pretty sure I wasn’t the easiest guy to work with and it took you some time to 

get used to my (sometimes inappropriate) jokes, nevertheless I could always count on you. 

Besides a mentor, you were also one of the people that made San Francisco my new home. 

I truly miss the days in the office where me, you and Jesse would just sit and chat about 

everything except research. Thanks for everything!

Dear Dr Gosnell, Jess, I always had an instant smile on my face when you would walk into 

the office. Probably because you were always smiling. It was such a pleasure and privilege 

working with you on medullary thyroid carcinomas. 

Dear Dr Shen, Wen-T, both you and Professor Clark have inspired me to write the introduction 

of this thesis the way it is. As being both a historian and surgeon, you taught me that it is 

important to not forget where we come from. 

I wish you all the best with your work as both an excellent surgeon and writer!

Dear Dr Liu, Dr Hope, Dr Pampaloni, Dr Khanafshar and Dr Behrends, one of the things I 

really love about my research is that it involves working with all types of doctors and not 
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only surgeons. None of my papers would be the way they are if it wasn’t for you. Its so 

important to work together in a multidisciplinary team to ensure that our patients receive 

the best care, and that is exactly where you guys at UCSF are really good at.

Dear UCSF fellows, dear Thurston Drake (aka Dr D), Toni Beninato and Natalie Seiser, 

thanks for all the hours we have spend in and outside the office together. You guys were 

amazing colleagues and friends and made my stay in San Francisco extra special. Dr D, 

you are probably the most smart-ass American I know and if it wasn’t for your Mississippi 

accent and your bright yellow dress shirts I would try get you a European passport so we 

could hang out more often. Toni, you invited me to come celebrate my first Thanksgiving 

with Chris and your friends, which shows the person you really are: the best. Natalie, SF 

wasn’t the same anymore when you left for Pittsburg; I missed my kitebuddy (and her very 

convenient BMW). So many great days both on the water and in the office together. Thanks 

for everything guys. 

Dear students from UCSF, Julie Kwon & James Lim, my Berkeley pre-med dreamteam. 

Whatever you guys decide to do in the future I’m sure you’ll succeed! Thanks for all the 

hard work and coping with this Dutchie for so long. Ammar Asban, I shouldn’t say student 

anymore, because you are a resident now! Nothing but respect for you my friend from 

Yemen. Unbelievable how far you’ve come and I am sure this is only just the beginning. Joe 

Darryl Baal, thanks for all your hard work on the medullary thyroid carcinomas! 

Dear Ladan Afifi, Persian princess (although I have still never seen actual proof of this), both 

my thesis and my stay in San Francisco would not have been the same without you. Not only 

are you one of the smartest and most motivated people in medicine I know, you are also a 

gifted artist. I am honored that you, as one of the founders of the Miami school of Medicine 

art walk, were willing to create the images in this book. I am a 100% sure that you will 

accomplish everything you want in the future, whether this is being a dermatologist, private 

company owner or full time artist. Despite the fact that you live on the other side of the 

ocean, I truly hope we will stay in touch (and publish more papers about men without hair)! 

Dear Dr Pasternak, dear Jesse. Wauw. Just Wauw. What a guy. It feels like yesterday when I 

stepped into the office in San Francisco 2 years ago. You were probably the most enthusiastic 

guy I had ever met. I couldn’t stop thinking “do I know this guy?” Thanks to you San Francisco 

felt like my new home within no time. After a while it became clear we could get along rather 

well and during one of our historical falafel lunches we spoke about how awesome it would 

be if I would come do research with you in Toronto and live there for a while. So that’s what I 

did. And awesome it was! The first couple of weeks you and Elise even took me in to live with 

you guys. It is incredible what you have achieved already in your career at such a young age. 
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But you are more than a great researcher and surgeon. You are also just a really funny guy.  

It is hard to describe how much I appreciate all the things you have done for me. You are a 

colleague, mentor, and above all an amazing friend. Thanks for letting me into the Pasternak 

family! All the best to Bobby and Jess, Mom and Dad, and ofcourse Elise! I hope to see all of 

you again soon, I’m already planning my next trip to Toronto! 

Dear Professor Rotstein, thanks for having me at UHN Toronto. I really appreciate your 

time and help. Hopefully I can return sometime in the future so that we can actually work 

together in the OR. Ill be sure to bring my bike!

Dear Professor Asa, Dr Mete, Dr Metzer and Dr Wasserman, thanks for your guidance on the 

projects we did together. With your help and expertise I was able to do interesting projects 

that focused on something else than parathyroid imaging. Hopefully we can continue our 

collaboration in the future.  

Dear Mattan Lustgarten, THE med student of Toronto. What a hardworking guy you are. 

Thanks for all the help on our projects. I am sure you and Jesse will continue doing research 

together. Good luck with finishing school, you’ll make a great doctor one day.  

Lieve Lutske Lodewijk, Lutsie, het beest op een racefiets, wat had ik zonder jou gemoeten? Ik 

betwijfel of ik dan was geweest waar ik nu ben in mijn carriere. En ik had nog steeds in mijn 

dockers broek door het ziekenhuis gelopen. Als begeleidster van mijn wetenschappelijke 

stage heb jij mij vanaf het begin bij de hand genomen, zowel met het doen van onderzoek 

als bij alle aspecten daaromheen. Het was even wennen voor je om deze bijdehante student 

onder je hoede te nemen, maar uiteindelijk zijn we natuurlijk gewoon een topteam!

Lieve Endo-onderzoekers, dank voor al jullie input tijdens de research besprekingen! Dirk 

Jan van Beek & Wessel Vorselaars, bedankt voor het samenwerken aan mooie projecten, 

hopelijk kunnen we straks ook samen aan de slag in de kliniek. Sjoerd Nell, wat ontzettend 

gaaf dat je straks naar het meander komt! Ik kijk nu al uit naar onze dagen samen op de OK. 

Jakob Kist, jou wist Bart wel over te halen. Inmiddels staan we regelmatig samen naar scans 

te kijken in Amersfoort. Een vaak gehoorde opmerking van mijn collega’s is “hoezo weet 

deze radioloog zoveel van chirurgie?”. 

Beste onderzoekers in het UMC Utrecht, mede door jullie had ik soms spijt dat ik mijn 

onderzoek voornamelijk in het buitenland deed. Wat een mooie groep zijn jullie. Bedankt dat 

er altijd een plek voor mij was in de toren of het stratenum: Kari Trumpi, Steven van Haelst, 

Tesse Leunissen, Jennifer de Jong, Kevin Parry, Stefanie Peeters Weem, Vanessa Pourier, 

Leonie Haverkamp, Steffi Rombouts, Thomas Vellinga, Dorothee van Trier, Mark Haverkort, 
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Amy Gunning, Morsal Samim en alle anderen!

Beste collega’s uit het Antonius ziekenhuis, bedankt dat jullie een echte dokter van mij 

hebben gemaakt! Ik kwam vers afgestudeerd binnen maar ben dankzij jullie een stukje 

wijzer vertrokken.   

Beste collega’s uit het Meander ziekenhuis, wat een unieke groep hebben wij daar! Ik ben 

ontzettend blij dat ik de eerste 3 jaar van mijn opleiding bij jullie mag werken. 

Lieve heersers, Cas Teunissen, Emma van Kessel, Ron Kuijs, Robbert Keppel en Annemieke 

Kasius, bedankt voor het scouten in het UMC, de vele koffie’s, borrels en etentjes. Vrienden 

door dik en dun!

Sportieve maten, beste Jens Achterberg, Mart Vrijsen, Alan Riordan, Arjan Rauwers, Lauke 

Boeijen, Daan Barendregt, Corstiaan den Engelse, Johan Dekker, Orestes Carpaij, of we nu 

samen wielrennen, hardlopen, roeien of gewoon een feestje pakken; jullie zijn maten voor 

het leven. Bedankt voor alle gezellige momenten de afgelopen jaren! 

Heeren van het Roeierspaleis de Houtman, Arnie, Peppie, Muscle, Kriel, Freddie, Zollie, 

Ali, Paulus, Hairy, Tjebbe, Martin, Jouke en alle huidige jongstes: 4 jaar lang heb ik in dit 

tophuis mogen wonen en mergpijpjes mogen eten op het bankje voor de deur. Dat er nog vele 

kerstdiners mogen volgen. 

Beste paranimf, beste Pim Bongers, vanaf mijn eerste dag in Utrecht zijn wij maten en de 

laatste 10 jaar hebben we zo ongeveer alles samen gedaan. Samen wedstrijdroeien, samen 

geneeskunde, samen backpacken; altijd weer een toptijd. Als ik een tweelingbroer met rood 

haar zou hebben zou jij het zijn. Ik heb je altijd bewonderd om je grenzeloze energie en 

onstopbaarheid. Sommige mensen dromen van dingen, jij doet ze gewoon. Door de jaren 

heen heb ik geprobeerd meer zoals jij te worden. Mijn leven in Nederland achterlaten en 

naar het buitenland verhuizen is daar een prima voorbeeld van. Echte vrienden halen het 

beste in elkaar naar boven en dat is wat jij bij mij hebt gedaan. Enorm bedankt voor je steun, 

vriendschap en de avonturen die we hebben beleefd samen. Ik kan me geen betere persoon 

bedenken om aan mijn zijde te hebben op deze belangrijke dag. 

Beste paranimf, beste Marijn Kluijfhout, Tinus, broer, maatje! Iedereen heeft een voorbeeld 

nodig, en wie is daar nou meer geschikt voor dan je eigen grote broer? Van een wat stille 

jongen op de havo naar consultant met met opleidingen aan meerdere gerenommeerde 

universiteiten in het buitenland. The sky is the limit. Door de jaren heen zijn we steeds meer 

naar elkaar toe gegroeid. Qua uiterlijk lijken we nog steeds niet op elkaar, maar ons blije 

Ap



208

Dankwoord

hoofd en ietwat luide stem verraadt vaak toch dat we familie zijn. En meer. Van 2 broers aan 

de Zeeuwse kust naar 2 goede vrienden onder de Dom. Ik hoop dan ook dat we later als twee 

grijze mannetjes nog steeds een visje gaan eten samen op de markt op zaterdag.   

Lieve pa en ma, als iemand mij onvoorwaardelijk heeft gesteund dan zijn jullie het wel. 

Studie en opleiding hebben jullie altijd belangrijk gevonden en gestimuleerd, zelfs toen dit 

betekende dat beide zoons hiervoor meerdere malen naar het buitenland zijn verhuisd. Een 

grote angst was wel dat ik verliefd zou worden in Amerika en niet meer terug zou komen.  

Gelukkig ben ik weer in Nederland en bezig met mijn droombaan; chirurg worden. Zonder 

jullie support door de jaren heen was dit niet gelukt! 
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