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PRIMARY HYPERPARATHYROIDISM 

 

 common endocrine disorder 

 long-term consequences on the skeleton (osteoporosis, 

fractures) and the kidney (nephrolithiasis, impaired renal 

function) 
 

 Hypercalcemia and elevated or inappropriately normal 

serum PTH levels 
 

 

 



MANAGEMENT OF PHPT 

 Parathyroidectomy is the only curative treatment 

 Increases bone mineral density  

 Decreases the risk of fracture 

 Decreases the incidence of nephrolithiasis 

 May halt the decline in renal function 

 Indicated in:  younger than 50 years old – symptomatic patient – 

asymptomatic patients with signs of subclinical end-organ 

involvement 
 

 Optimal management consists in the precise preoperative 

localization of hyperfunctioning parathyroid gland 

  A prerequisite for efficient/targeted minimally invasive 

surgery  

 



PREOPERATIVE IMAGING  

 Recommended for minimally invasive parathyroidectomy 
 

 

 

 

 

 

 

 
 

 

   

  Other second-line imaging 


11C-MET PET/CT 

 4D-CT 

 MRI 

[Hindié et al. J Nucl Med 2021; 62:3S–12S] 



RADIONUCLEIDES 

[Ovcaricek et al. 2021] 



FIRST LINE IMAGING: 
99MTC-SESTAMIBI SCINTIGRAPHY 


99mTc – labelled methoxy-isobutyl-isonitrile (MIBI) 

 Lipophilic cationic complex that concentrate in the mitochondria of 

the oxyphil cells corresponding to the transmembrane electrical 

potential   
 

 Major role in guiding a minimally invasive PTHx  

 Surgery curative in 97% patients with positive scintigraphy 

 Sensibility:  

 solitary adenoma:  88% 

  hyperplasia: 44% 

 Multiples adenomas: 30%  

 Ectopic lesion: 89% 

 



99MTC-SESTAMIBI SCINTIGRAPHY 

 Sensitivity varies according to the acquisition protocol : 

 single-tracer dual-phase /dual-tracer substraction        

 99mTc-sestamibi / 99mTc-pertechnetate vs 123I 
 

 Dual-tracer offers higher accuracy than single-tracer dual-phase 

(93% vs 65% [Krakauer et al.2016]) 
 

 Pinhole acquisition over thyroid/parathyroid area 

   (enhanced count detection, spatial resolution  

    and sensitivity): for optimal sensitivity  

 

 SPECT/CT provides anatomic information : pooled Se SPECT/CT 

84-88% on per-patient and per-lesion basis in metaanalysis [Treglia 

et al.2016] – cost-effective technique 

 

[Hindié et al.2021] 



CLINICAL CASE 

Nodular anomaly of the 
upper pole of the left 

thyroid lobe 

PTH 120 ng/L  
Ca 2,76 mmol/L 



CLINICAL CASE 

SPECT/CT 

Retrothyroidal lesion in 
posterior localization  



99MTC-SESTAMIBI SCINTIGRAPHY 

 FN MIBI 

 Low 99mTc- sestamibi uptake (cystic lesion or low 

content in oxyphil cells) or rapid washout 

 

 Difficulties to identify small parathyroid lesion or in 

presence of nodular thyroid disease – intrathyroidal 

localization 

 
 



NECK ULTRASOUND 

 Not alone but as complementary imaging  

 Thyroid morphology, concomitant thyroid nodules 
 

 Performed after scintigraphy increase sensitivity and PPV  
 

 Easily available, low cost, non invasive, non irradiating but 

requires experienced operator 
 

 Detectable due to their size and echogenicity  

 hypoechoic, circumscribed, ovally shape, delineated from the 

thyroid by hyperechoic connective tissue 
 

 Overall sensitivity of 76,1%  

 Even lower sensitivity for multiple and ectopic lesions or 

deep adenomas or concomitant thyroid disease 



SECOND-LINE IMAGING 

In case of negative/equivocal scintigraphy results, discrepant 

results with the ultrasonography or persistence/recurrence of 

HPT after surgery 
 

Alternative investigation is recommended 

 Involving hybrid technique : PET/CT recently emerged 

as a complementary second-line imaging technique  

 Shorter acquisition time, higher spatial resolution and 

sensitivity, lower radiation dose compared to MIBI 

 Lower availability, higher cost  
 



SECOND-LINE IMAGING 

1/ 11C-Methionine PET/CT 

 First reliable second-line agent in pHPT  

 MET an amino-acid  

 Mechanism 

 MET uptake by amino-acid transporters (LAT1) 

  incorporation in the protein pre-pro-PTH 

 MET uptake dependent on the level of synthesis and release of 

PTH  

 Short half-life of 20 minutes: on-site production 

 Sensitivity: 69-81% in a per patient-based analysis in 

patients with pHPT and negative/inconclusive MIBI 

SPECT  

 

 

 



SECOND-LINE IMAGING 

2/ 18F-Fluorocholine (or 11C-Choline) PET/CT 

 Choline is a precursor of phospholipids that are 

essential constituents of cellular lipidic structures  
 

 Capable to localize abnormal parathyroid gland in 

patients with negative/inconclusive MIBI SPECT 

studies  
 

 Advantages 18F-FCH 

 Longer half-time  

 Superior imaging qualities of 18F-labeled radiotracers over 11C-

labeled (more favorable positron energy) 

 Incorporation into the PTH producing cells 

 



 DUAL CHOLINE UPTAKE MECHANISM BY CHIEF AND 

OXYPHILIC CELLS 

Ferrari, Cristina et al.  Biomedicines vol 9,3 231.. 2021] 



SECOND-LINE IMAGING 

2/ 18F-Fluorocholine (or 11C-Choline) PET/CT 
 

 False-positive results : no thyroid tracer  (FP thyroid 

nodules) and uptake by inflammatory lymph nodes  

 Pooled sensitivity  

 93.7% on patient-based  

 and 91.3% on lesion-based analyses [Evangelista et al.2020] 

 Detection rate of lesions between 77-94% (on patient-

basis) and 80-96% (on lesion-basis) [Kluijfhout et al.2016] 

 Superior to conventional scintigraphy                                

Se 92% for FCH vs 39-56% for scinti [Cuderman et al.2020] 



18F-FLUOROCHOLINE PET/CT IS MORE SENSITIVE THAN 11C-

METHIONINE PET/CT FOR THE LOCALIZATION OF 

HYPERFUNCTIONING PARATHYROID TISSUE IN PRIMARY 

HYPERPARATHYROIDISM 

Mathey C, Keyzer C, Blocklet D, Van Simaeys G, Trotta N, Lacroix S, Corvilain B, Goldman S, Moreno-Reyes R.  

J Nucl Med. 2021 Aug doi: 10.2967/jnumed.121.262395.  
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RESULTS : SURGERY 

 26 patients  
 

 Histological confirmation for 24 patients (92%) with 

hyperfunctioning parathyroid tissue (adenoma/ 

hyperplasia/cancer) correctly localized for 26 lesions visualized 

with FCH  
 

 81% solitary lesion (consistent with literature) and 19% 

histologically confirmed multiglandular diseases 

 

 31 glands surgically removed with 22 PA, 6 HP and 3 

parathyroid carcinomas 
 

 All localizations described on the PET/CT were concordant with 

surgery, except for one patient with a multiple endocrine 

neoplasia (MEN1) 



RESULTS : SURGERY 

 On per-patient basis 

 

 
 

 In 17 patients with positive PET/CT (MET- or FCH-) surgical 

approach were switched (from a cervical exploration to a MIP) 
 

 On per-lesion basis  

 

 
 

 Follow up: 

     21 patients (81%) considered cured after parathyroidectomy 

     3 patients (12%) recurrent or persistent hypercalcemia 

     2 patients lost to follow-up 

FCH MET 

PPV 90% 94% 

Sensitivity 84% 52% 

FCH MET 

PPV 96% 94% 

Sensitivity 96% 60% 



CONCLUSIONS 


18F-FCH showed a significantly higher sensitivity 

compared to 11C-MET 

 with more cases diagnosed and with increased accuracy 
 

 Advantage of FCH over MET imaging seems to be 

strongly related to the fact that it produces more 

conclusive data 

 13 anomalies judged as inconclusive on MET were considered as 

positive on FCH 

 Superior imaging qualities of 18F-labeled radiotracers over 11C-

labeled probably participate to this better performance  
 


18F-FCH outperforms 11C-MET for availability and 

diagnostic performance [Giovanella et al.2021] 

 



SECOND-LINE IMAGING 

2/ 18F-Fluorocholine (or 11C-Choline) PET/CT 
 

 Role in first-line? 

 Higher Se than dual-phase 99mTc-sestamibi   

• Se between 89 and 100% [Hocevar et a.2017, Thanseer 

et al.2017] 

• Rate of correct detection: 96% on patient-based and 90% 

on lesion-based analyses [Broos et al.2019] 

 But higher rate of false-positive results  

 No evidence that it improves surgical outcomes 



SECOND-LINE IMAGING 

3/ 4D-CT 

 Uses dynamics contrast enhancement:  

 combines standard multiphase CT scanning (non-contrast, 

arterial and venous phases) with the fourth dimension of 

changes in contrast attenuation over time, providing both 

functional and anatomical information about abnormal 

parathyroid gland  
 

 Typical: fast uptake and washout of contrast 

 Se 89% - PPV 74% in second-line [Day et al.2015] 

 Discodance with surgery in 30% patients 

 High radiation dose (to the thyroid bed) and injection of 

iodinated contrast medium  

 Role? Marginal – reoperative patients 



SECOND-LINE IMAGING 

4/ MRI 

 More sensitive(97.8%) than US(89.1%) and 

MIBI(83.6%) [Yildiz et al.2019] 

 Usually: intermediate to low signal intensity on T1 

weighted images - avid enhancement on postcontrast 

T1W - high signal intensity on (sat-satured)T2-

weighted images (because of the lack of adipose tissue 

in PA) 
 

 Advantages 

 Higher soft-tissue contrast than CT 

 No ionizing radiation 

 

 



SECOND-LINE IMAGING 

4/ MRI 

 4D-MRI 

 Multiphase dynamic contrast-enhanced MR 

 Exploit the hypervascular nature of PA 

 Distinguish PA from subjacent thyroid tissue or lymph nodes: 

diagnostic accuracy of 96% [Nael et al.2015] 

 Se 90,5% - PPV 95% [Ozturk et al.2019] 

 

 Approach combining FCH PET and MRI (PET/MRI) 

represents an optimal choice  

 Pilot study (n=10): high accuracy of adenoma localization with 

PET/MRI, in case of negative conventional imaging – Se 

PET/MRI = 90% vs MRI alone = 55% [Kluijfhout et al.2017] 

 Ongoing study :  interest of 18F-FCH PET/MRI in the detection 

of parathyroid adenomas 

 



CLINICAL CASE  

 

 

Planar scintigraphy 

Women 53 years old 
PTH 101 ng/L 

 Ca 2,63 mmol/L 
 

Scinti inconclusive in  
right inferior (P3R)  



CLINICAL CASE  

 

 

FCH PET/CT Moderate uptake  
Right paratracheal inferior 

In relation to a nodule on the CT 



CLINICAL CASE  

 

 
FCH PET/MR 

Clear nodular uptake in right polar inferior 
with high signal intensity on sat-satured T2-weighted images 



CLINICAL CASE 2 

 

 
Planar Scintigraphy 

M 75y  
 

Ca 2,69 
PTH 57 

 
 
Positive scintigraphy in right inferior 



CLINICAL CASE 2 

 

 

 Stat mediastinum SPECT/CT 

But 6 months Post OP  P3R 
 

Ca 2,63 
PTH 51,5 
Vit D 40 

 



CLINICAL CASE 2 

 

 FCH PET/MR 

 Lesion 1 
Left superior 

Paraoesophageal 
(P4L)   

 Lesion 2 
Ectopic 

anterior  
mediastinum 

 



CLINICAL CASE 2 

 

 

FCH early PET/CT 

Nodular avid lesion in FCH 
 in anterior mediastinum 

In relation with nodule on the CT 



IMAGING STRATEGIES 

[Hindié et al. J Nucl Med 2021; 62:3S–12S] 



IMAGING STRATEGIES IN ERASME HOSPITAL 

    Primary hyperparathyroidism  

     with surgical indication 

 

Dual Phase Dual Isotope scintigraphy 
99mTc-MIBI/ Pertechnetate  

+ cervical US  

 

If inconclusive/ discordant or negative cases: 
18F-FCH PET/CT  

 



Thank you for your attention 
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THYROID NODULES 

 The chololade study: n= 107 

 Nodule >= 15mm with intermediate cytology 

 18% malignant 

 FCH offers high NPV to reliably exclude cancer in PET négative 

nodules but low PPV 

04.05.22 38 



CLINICAL CASE 

MET compared to FCHE and FCHL and respective fusion images  

a 68 y-old female patient with pHPT with negative MIBI SPECT/CT  

Negative MET-PET/CT but positive early and late FCH-PET/CT 

MET FCH E FCHL 



RESULTS 

 FCH outperforms MET for lesion localization at 2 time-

points in the prospect of surgery guidance 

 

 

(74%) 

(47%) 

Detection of 11 additional uptake areas in FCH (6 positive and 5 inconclusive) 

13 inconclusive uptake area on MET were positive on FCH 

19 lesions + only with FCH 



RESULTS 

 Contrast-to-Thyroid and PA Uptake are significantly 

Higher with FCH compared to MET PET/CT 

 Non-significant differences for both SUVmax and PA/Thyroid 

between adenoma and hyperplasia on both FCH and MET 
 

 Visual comparison of contrast-to-background in the detected 

anomalies for FCH and MET revealed superiority FCH over MET, 

both at early and late imaging times 

16-25% 
39 

45 

55 

9 

14 71-82% 

1 case 

Similar proportions found for 
surgical population  



RESULTS 

 Optimal time point: controversial 

 3-phase temporal pattern of 18F-FCH PA uptake, with an early 

 washout, followed by an intermediate phase of stability and a late 

 phase of increase  

  Dual time-point mode of acquisition  

 Two lesions with rapid washout only visualized on FCHE  

 One uncertain lesion only found on FCHL 

 All other lesions visualized on early and late acquisitions, 

without significant difference in visual scoring assessment of 

contrast 
 

In agreement with our results, [Broos et al.,2019] reported a decrease 

in absolute uptake in PA over time with an increase in contrast 

relative to the thyroid because of a weaker retention in the latter 

 


