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Abstract
Background  Clinically suspected parathyroid adenomas, which are not localized by conventional imaging such as 
ultrasonography and technetium-99 m (99mTc) sestamibi scintigraphy, remain challenging. We describe two patients 
with hypercalcemia and elevated parathyroid hormone (PTH) levels, in whom ultrasonography or technetium-99 m 
sestamibi scintigraphy failed to identify the lesions. Both were successfully localized by novel combined use of 
fluorine 18 (18F) fluorocholine positron emission tomography/computed tomography (FCH PET/CT) in conjunction 
with parathyroid venous sampling (PVS).

Case presentation  In the first case of 59 year-old Korean man with diabetes, a 2.0-cm mass in the left mediastinum 
was identified and removed via thoracoscopic robotic excision, with histopathology confirming an ectopic 
parathyroid adenoma. Postoperatively, serum calcium, PTH and creatinine levels improved, and the patient’s daily 
insulin requirement decreased from 90 to 15 units. In the second case of 55 year-old Korean woman, a 0.8-cm 
nodule was localized in the retropharyngeal space posterior to the right pyriform sinus. Due to the deep location 
and high surgical risk, the patient was managed non-surgically with annual intravenous bisphosphonate to control 
hypercalcemia and prevent bone loss.

Conclusions  These cases highlight the diagnostic value of FCH PET/CT and PVS for precise localization of parathyroid 
adenomas not detectable by first-line imaging, enabling optimal management and potentially improving outcomes 
beyond calcium and bone metabolism, including renal function and glucose homeostasis. To the best of our 
knowledge, this is the first case report demonstrating the clinical advantage of the combined use of FCH PET/CT and 
PVS.

Clinical trial number  Not applicable
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Background
Primary hyperparathyroidism (PHPT), most often attrib-
uted to a solitary parathyroid adenoma (≈ 80%), has 
been increasingly diagnosed with the widespread use of 
biochemical screening [1]. While often asymptomatic, 
PHPT can present with nephrolithiasis (< 20%), bone dis-
ease, and metabolic disturbances including impaired glu-
cose regulation [1, 2]. Chronic hypercalcemia, a hallmark 
of PHPT, contributes to kidney stone formation and pro-
gressive renal impairment [3].

Minimally invasive parathyroidectomy, dependent on 
accurate preoperative localization of hyperfunction-
ing parathyroid tissue, has become the standard surgical 
approach for PHPT in most centers owing to its superior 
surgical outcomes compared to cervical exploration [4]. 
Conventional imaging modalities include ultrasonog-
raphy and technetium-99 m (99mTc) sestamibi (MIBI) 
scintigraphy, commonly referred to as the MIBI scan. 
However, both modalities demonstrate only moder-
ate sensitivity − 76.1% (95% confidence interval [CI], 
70.4–81.4%) for ultrasonography and 78.9% (95% CI, 
64–90.6%) for MIBI SPECT (Single-Photon Emission 
Computed Tomography) – as reported in a meta-analysis 
[5]. In addition, ultrasonography and MIBI scan showed 
a discordance rate of 28.3% in a single-center study [6].

Fluorine 18 (18F) fluorocholine positron emission 
tomography/computed tomography (FCH PET/CT) has 
recently emerged as a highly sensitive imaging modal-
ity, with a pooled detection rate of 97% reported in a 
systematic review [7]. Its uptake may reflect increased 
phospholipid synthesis and choline metabolism in hyper-
functioning parathyroid tissue [8]. Complementally, 
Parathyroid Venous Sampling (PVS) is an invasive cathe-
ter-based procedure that measures direct PTH gradients 
across specific venous drainage sites [9].

Herein, we present two patients with ectopic parathy-
roid adenoma, not localized by conventional imaging 

with ultrasonography and MIBI scan, but successfully 
localized by FCH PET/CT and PVS. To the best of our 
knowledge, no reports have demonstrated the combined 
use of FCH PET/CT and PVS.

Case presentation
Patient 1 (Pt #1)
A 59-year-old Asian man with a medical history of type 
2 diabetes, hypertension, and diabetic kidney disease 
(stage 4) was referred to our clinic in July 2019 with the 
chief complaint of elevated HbA1c levels. During a fol-
low-up visit in June 2021, hypercalcemia was first noted 
with elevated PTH levels, and subsequent laboratory 
analyses revealed increases in serum calcium, PTH and 
creatinine levels (Table 1). His complete blood cell count, 
cholesterol, ions, and other biomarker levels were within 
the normal range, and no significant family history was 
found. Dual-energy X-ray absorptiometry (DEXA) bone 
scan results were normal.

Patient 2 (Pt #2)
A 55-year-old Asian woman previously diagnosed with 
papillary thyroid carcinoma underwent right unilateral 
thyroid lobectomy. Post-lobectomy follow-up demon-
strated elevated serum calcium and PTH levels.

Informed consents for publication of clinical data were 
obtained from the study participants.

Localization of parathyroid adenoma
For both patients, persistent hypercalcemia with elevated 
PTH level and normal phosphate levels raised suspicion 
of primary hyperparathyroidism rather than secondary 
disease. Initial localization studies using thyroid ultraso-
nography and MIBI SPECT/CT (Single-Photon Emission 
Computed Tomography/Computed Tomography) were 
conducted to detect PTH producing tissue. In Pt #1, 
ultrasonography revealed a 0.5-cm oval isoechoic benign 

Table 1  Serial laboratory analysis changes of Pt #1
Test items Reference range Unit 2 years before 

diagnosis of PHPT
Initial diagno-
sis of PHPT

7 weeks before 
parathyroidectomy

2 weeks 
after para-
thyroidec-
tomy

Calcium, serum 8–10 mg/dL 9.69 10.79 10.96 9.18

(2.00-2.50) (mmol/L) 2.42 2.69 2.73 2.29

Ionized calcium, serum 4.21–5.41 mg/dL 5.21 5.85 5.93 5.01

(1.05–1.35) (mmol/L) 1.3 1.46 1.48 1.25

Parathyroid hormone, 
serum

10–55 pg/mL 68.5 164.5 151.4 69
(1.1–5.8) (pmol/L) 7.3 17.4 16.1 7.3

Creatinine, serum 0.6–1.2 mg/dL 1.41 3.44 3.38 2.42
(0.05–0.1) (mmol/L) 0.12 0.31 0.3 0.21

Phosphorus, serum 2.3–4.7 mg/dL 3.36 3.9 3.49 3.16

(0.7–1.5) (mmol/L) 1.08 1.26 1.13 1.02

HbA1c, serum 4.0-5.7 % 8.8 11.2 8.7 7.2
Abnormal values are shown in bold
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nodule in the middle of the right lobe, and a 0.5-cm 
benign spongiform nodule on the lower pole of the right 
lobe. MIBI SPECT/CT revealed only subtle sestamibi-
retaining areas, which are inconclusive because of low 
uptake, absence of focal localization, and no correspond-
ing anatomical lesion on ultrasound (Fig. 1). Unconvinc-
ing results from first-line localization methods required 
referral to a specialized parathyroid center to perform 
additional diagnostic modalities including FCH PET/
CT and PVS. The FCH PET/CT images showed concen-
trated FCH uptake in the anterior mediastinum (Fig. 2). 
According to PVS, increased ratios of PTH compared to 
the peripheral levels were observed in the upper superior 
vena cava (SVC) (1.64-fold), middle SVC (1.63-fold), and 
lower SVC (1.47-fold), indicating an ectopic parathyroid 
adenoma (EPA) located under the thyroid, closer to the 
thoracic region (Fig.  3). Concordant findings from both 
PVS and FCH PET/CT strongly suggested EPA in the 
anterior mediastinum.

In Pt #2, MIBI SPECT/CT could not successfully 
localize the PTH-producing tissue (Fig.  1). Then, PVS 
performed in a specialized parathyroid center showed 
a 6.51-fold increase in PTH level at right lower internal 

jugular vein (IJV), and a 2.71-fold increase at the right 
convergence of the IJV and brachiocephalic vein (BCV) 
(Fig.  3). FCH PET/CT identified a 0.4 × 0.8  cm-sized 
lesion in the retropharyngeal area posterior to the right 
pyriform sinus (Fig.  2), which anatomically corresponds 
to venous drainage territory of the right IJV. Concor-
dance between imaging and sampling data strongly sug-
gested an EPA.

Treatment and outcome
In Pt #1, minimally invasive parathyroidectomy through 
robot-assisted thoracoscopic excision was performed. 
Pathological analysis confirmed EPA diagnosis, with dif-
fuse weakly positive PTH immunohistochemical stain-
ing. Postoperative laboratory analysis demonstrated 
normalization of both serum calcium and PTH levels 
(Table 1). HbA1c decreased markedly from 8.7% to 7.2% 
(reference range : 4.0-5.7%), accompanied by substantial 
reduction in insulin requirements from 48 international 
unit (IU) and 42 IU twice daily to 15 IU once daily. Serum 
creatinine levels also declined, indicating improved renal 
function. These findings suggest a potential favorable 

Fig. 1  Technetium-99 m (99mTc) sestamibi (MIBI) SPECT/CT (Single-Photon Emission Computed Tomography/Computed Tomography) of Pt #1 in (A) 
coronal and (B) axial view, and Pt #2 in (C) coronal and (D) axial view. The arrow in (A) indicates subtle sestamibi-retaining area posterior to the right upper 
lobe, and that of (B) indicates the other posterior to the middle of the left lobe of Pt #1. Arrows in (C) and (D) indicate subtle sestamibi-retaining area at 
the lower posterior area of left thyroid of Pt #2. These regions were initially interpreted as areas of faint sestamibi uptake on the primary MIBI SPECT/CT 
reading but were considered inconclusive due to the lack of definite focal localization and discordance with ultrasonography findings
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association between reduced PTH levels, improved insu-
lin sensitivity, and enhanced renal function.

In Pt #2, surgical excision was deferred because of the 
deep anatomical location of the EPA and associated high 
surgical risk. Instead, the patient was managed conser-
vatively with calcium and vitamin D supplements, along 
with annual intravenous zoledronate, a potent bisphos-
phonate, not only to prevent osteoporosis secondary to 
chronic PTH production, but also to mitigate hypercalce-
mia. Over 4 years of follow-up, serum calcium remained 
mildly elevated while PTH levels gradually declined. 
Renal function was stable, and bone mineral density at 
the lumbar spine improved from a T-score of − 1.5 to 
− 0.7, indicating effective skeletal protection with annual 
zoledronate therapy despite persistent hypercalcemia 
(Table 2).

Discussion and conclusions
In both cases, the EPA, undetected by conventional ultra-
sound or MIBI scan, was accurately localized using FCH 
PET/CT combined with PVS. FCH PET/CT offers supe-
rior sensitivity and spatial resolution. After the definite 
lesions were localized, the previously acquired MIBI scan 
were retrospectively reviewed to reassess concordance 
with the imaging findings. As shown in Fig. 4, subtle ses-
tamibi uptake could be observed on MIBI SPECT/CT, 
but these findings were far less definite than those on 
FCH PET/CT.

PVS offers objective biochemical evidence of hor-
mone secretion, complementing imaging, which relies 
on radiotracer uptake and influenced by factors such as 
gland size, background activity, and anatomical distor-
tion. Accurate preoperative localization, as shown in Pt 
#1, enables minimally invasive parathyroidectomy and 

Fig. 2  Fluorine 18 (18F) fluorocholine positron emission tomography/computed tomography (FCH PET/CT) of Pt #1 in (A) coronal and (B) axial view, and 
Pt #2 in (C) coronal and (D) axial view. Arrows in (A) and (B) indicate ectopic parathyroid adenoma in the anterior mediastinum of Pt #1. Arrows in (C) and 
(D) indicate a 0.4 × 0.8 cm-sized ectopic parathyroid adenoma in the retropharyngeal area posterior to the right pyriform sinus of Pt #2
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definitive cure of PHPT. When lesions are not identified, 
exploratory surgery may be performed, achieving a high 
cure rate [10]. However, it is technically demanding, usu-
ally limited to high-volume centers, and associated with 
less favorable outcomes compared with minimally inva-
sive surgery, including higher complication rates, lon-
ger operation time, extended hospital stay, and greater 
cost [4]. Our findings underscore the clinical value of 
advanced modalities such as FCH PET/CT combined 

with PVS, which enhance lesion detection in ectopic or 
challenging cases and thereby facilitate minimally inva-
sive surgery.

For EPAs at prohibitive surgical risk, as in Pt #2, medi-
cal therapy with calcium, vitamin D, and bisphospho-
nates may mitigate hypercalcemia. Bisphosphonate 
inhibits osteoclast-mediated bone resorption, thereby 
reducing calcium release from bone into the circulation 
and contributing to the correction of hypercalcemia. 

Table 2  Serial laboratory analysis changes of Pt #2
Test items Reference range Unit Initial diagnosis of PHPT 1 year after diagnosis 4 years after diagnosis
Calcium, serum 8–10 mg/dL 9.42 10.94 11.1

(2.00-2.50) (mmol/L) 2.35 2.73 2.77
Ionized calcium, serum 4.21–5.41 mg/dL 5.45 5.93 5.81

(1.05–1.35) (mmol/L) 1.36 1.48 1.45
Parathyroid hormone, serum 10–55 pg/mL 386.6 184.8 136.2

(1.1–5.8) (pmol/L) 40.6 19.4 14.3
Creatinine, serum 0.6–1.2 mg/dL 0.61 0.77 0.92

(0.05–0.1) (mmol/L) 54 68 81

Phosphorus, serum 2.3–4.7 mg/dL 2.82 2.79 2.29

(0.7–1.5) (mmol/L) 0.91 0.9 0.74

BMD
(T-score, L1-L3)

≥-1.0　 -1.5 -1.3 -0.7

Abnormal values are shown in bold

Fig. 3  Parathyroid Venous Sampling (PVS) results of Pt #1 (A) and Pt #2 (B). Each location is labeled with its corresponding parathyroid hormone (PTH) 
level and ratio to the peripheral PTH level (reference range: 10–55 pg/mL [1.1–5.8 pmol/L]) of both patients. The peripheral PTH levels of Pt #1 and Pt #2 
are 113.00 pg/mL [12.0 pmol/L] and 175.00 pg/mL [18.6 pmol/L], respectively. In Pt #1 (A), increased ratios of PTH compared to the peripheral levels were 
observed in the upper superior vena cava (SVC) (1.64-fold), highlighted in bold, middle SVC (1.63-fold), and lower SVC (1.7-fold), indicating an ectopic 
parathyroid adenoma (EPA) located under the thyroid, closer to the thoracic region. In Pt #2 (B), a 6.51-fold increase in PTH level at right lower internal 
jugular vein (IJV), highlighted in bold, and a 2.71-fold increase at right convergence of the IJV and brachiocephalic vein (BCV), indicating an EPA located 
in closer to the right pyriform sinus
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Parathyroidectomy generally provides superior long-
term outcomes in fracture prevention and possibly renal 
preservation, although the latter remains debated [11–
13]. The EPA in Pt #2 was located in the retropharyngeal 
space posterior to the right pyriform sinus, an extremely 
rare site with high surgical risk [14, 15]. In one reported 
case, transoral surgery was selected over a transcervical 
one due to the proximity of the recurrent laryngeal nerve 
[14]. For Pt #2, however, both approaches were infeasi-
ble, and surgery was not performed.

Growing evidence supports the high prevalence of 
glucose tolerance disorders and diabetes mellitus in 
patients with PHPT. Although the underlying mecha-
nism remains unknown, one hypothesis is that insulin-
stimulated glucose uptake is decreased as a result of 
increased calcium concentrations [2]. Another hypothe-
sis suggests that a reduced phosphoric acid concentration 

causes an imbalance in energy metabolism, resulting in 
increased insulin resistance [16]. Supporting research 
has demonstrated that parathyroidectomy reduces insu-
lin resistance. According to Duran et al., after curative 
parathyroidectomy, serum levels of calcium (p = 0.001), 
PTH (p < 0.001), insulin (p = 0.003), and homeostatic 
model assessment of insulin resistance (HOMA-IR) (p = 
0.003) decreased, whereas phosphorus levels (p = 0.001) 
increased two months after surgery. No changes in vita-
min D or glucose levels were observed [17]. Similarly, 
Noghani et al. reported a reduced HOMA-IR in 51 of 65 
patients after curative parathyroidectomy [18]. Although 
the underlying mechanisms differ, another report has 
suggested an association between elevated PTH lev-
els and insulin resistance. Muniyappa et al. reported 
that patients with pseudohypoparathyroidism type 1a 
(PHP1a), who exhibit end-organ resistance to high PTH, 

Fig. 4  Technetium-99 m (99mTc) sestamibi (MIBI) SPECT/CT (Single-Photon Emission Computed Tomography/Computed Tomography) of Pt #1 in (A) 
coronal and (B) axial view, and Pt #2 in (C) coronal and (D) axial view. Arrows show the areas that were later localized with Fluorine 18 (18F) fluorocholine 
positron emission tomography/computed tomography (FCH PET/CT), but not successfully localized by MIBI scan initially. Upon retrospective review, 
subtle uptake changes could be observed in these regions, although the findings were not as definite as those on FCH PET/CT
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are insulin resistant and are at a higher risk of diabetes 
mellitus compared with healthy individuals of the same 
age and degree of adiposity [19].

Improved renal function after surgery in Pt #1, as 
shown by the reduction in serum creatinine levels, may 
have been influenced by improved glycemic function. 
However, renal improvement could be directly related 
to parathyroid adenoma resection because PHPT has 
long-term side effects such as kidney function decline. 
Although such progression typically occurs over time, 
the observed improvement suggests a possible acute ben-
efit of adenoma removal. Also, renal improvement may 
enhance insulin resistance by restoring insulin clearance, 
reducing oxidative stress, and mitigating inflammation 
[20]. The correlation and causal relationship between 
renal and metabolic improvements after parathyroidec-
tomy remain unclear and require further investigation.

In conclusion, our study emphasizes the clinical neces-
sity of integrating FCH PET/CT and PVS into standard 
PHPT diagnostic algorithms by sensitively localizing 
with FCH PET/CT and detecting biochemical evidence 
from PVS. This combination will potentially improve 
diagnostic yield and long-term surgical outcomes 
through precise localization, although not all identified 
lesions are amenable to surgical removal. In addition, 
because there is no consensus on whether PTH induces 
or exacerbates insulin resistance, this remains an area 
for further research. Our study calls for future long-term 
studies on the effects of parathyroidectomy on glycemic 
and renal function, and the causal relationship between 
both functions postoperatively. Future studies should 
also explore the performance of alternative tracers, such 
as C11-methionine, in comparison with FCH.
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