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Article history: Primary hyperparathyroidism commonly results from a solitary parathyroid adenoma. A
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clinical symptoms and equivocal findings on standard imaging modalities, in which the

use of [*'C]C-Methionine PET/CT facilitated the preoperative detection of a giant parathy-
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Background

Primary hyperparathyroidism (PHPT) stands as the third most
prevalent endocrine disorder [1] and represents the leading
cause for referrals of hypercalcemic patients to endocrinol-
ogy outpatient clinics [2]. Solitary parathyroid adenoma (PTA)
accounts for nearly 85% of PHPT cases [3,4]. Among the var-
ious types of parathyroid adenomas, the occurrence of gi-
ant parathyroid adenoma (GPA) is infrequent, characterized by
adenomas weighing over 3500 mg [5]. The presence of a GPA
poses clinical and surgical complexities due to elevated levels
of calcium and parathyroid hormone (PTH), as well as poten-
tial mass effects [3]. Histopathological analysis frequently re-
veals the concurrent presence of chief cells and oxyphilic (on-
cocytic) cells within adenomas, a pattern that holds consistent
for the predominant population of parathyroid adenomas [4].
However, rare variants include the water clear cell adenoma,
distinguished by foamy to granular cytoplasm and small vac-
uoles with limited or absent mitochondria [6,7]. Water clear
cell adenoma represents a rare etiology of PHPT [6]. The com-
bination of a GPA with histologically confirmed water clear cell
adenoma is exceptionally uncommon.

Parathyroidectomy stands as the primary treatment rec-
ommendation for young and symptomatic patients [8], em-
ploying minimally invasive techniques to reduce surgical
complications and hospitalization duration. Preoperative lo-
calization of parathyroid adenoma plays a crucial role in the
success of minimally invasive surgery [3]. The European As-
sociation of Nuclear Medicine (EANM) practice guidelines for
parathyroid imaging advocate the use of parathyroid scintig-
raphy with [*®™Tc|Tc-Sestamibi in conjunction with cervi-
cal ultrasonography as the gold standard for preoperative
localization of parathyroid adenoma. In cases where stan-
dard imaging results are negative or inconclusive, second-line
imaging techniques, such as [11C]C-Methionine positron emis-
sion tomography/computed tomography (PET/CT), are recom-
mended [9].

The mechanism underlying the use of [**™Tc]Tc-Sestamibi
scintigraphy for parathyroid adenoma detection relies on the
mitochondrial activity of the cells, potentially limiting its ef-
ficacy in water clear cell adenoma cases characterized by re-
duced or absent mitochondria [7,10]. [\1C]C-Methionine, a PET
radiopharmaceutical involved in the synthesis of the PTH pre-
cursor, exhibits a high positive predictive value (PPV) of 98%
for the detection of hyperfunctioning parathyroid glands [11].

In this case report, we present a patient with an exception-
ally rare GPA of the water clear cell type, highlighting the chal-
lenges encountered during preoperative localization of the
PTA.

Case presentation

A 57-year-old Caucasian male, with a medical history of
primary hypertension and chronic mild renal dysfunction,
was referred to an endocrinology outpatient clinic due to
severe hypercalcemia. Laboratory analyses revealed elevated
serum calcium levels of 3.11 mmol/L (reference range: 2.2-
2.55 mmol/L) and albumin corrected calcium levels of 3.14
mmol/L (reference range: 2.2-2.55 mmol/L). Additionally, the
patient exhibited decreased serum phosphorus levels of 0.61
mmol/L (reference range: 0.71-1.23 mmol/L) and an elevated
PTH level of 19.9 pmol/L (reference range: 1.6-6 pmol/L).
Consequently, given the biochemical diagnosis of primary
hyperparathyroidism, the patient was expeditiously admitted
for the management of hypercalcemia. Initial therapeutic
measures encompassed fluid administration and infusion
of bisphosphonates to establish equilibrium in the levels of
serum corrected calcium. Subsequent to the implementation
of these interventions, there ensued a marginal stabilization
in the serum corrected calcium levels, prompting discharge
of the patient. The patient was subsequently referred for
further diagnostic evaluations, including ultrasound of the

Fig. 1 - (A) Sagittal grayscale ultrasound reveals the presence of an inhomogeneous process in the caudal region of the left
thyroid lobe. The sagittal dimensions of the observed abnormality were approximately 4.3 x 2.7 cm. (B) Sagittal colour
Doppler images do not show any discernible pathological blood supply associated with the observed abnormality. (C)
Thyroid scintigraphy presents a mildly heterogeneous uptake in the left thyroid lobe, but with no definite cold or hot areas
corresponding to the nodule identified by ultrasound in the caudal region.
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Fig. 2 - (A) Immediate [*™Tc]Tc-Sestamibi SPECT show diffuse activity globally in the left thyroid lobe (arrows). (B) Delayed
(2-hour) [®™Tc|Tc-Sestamibi SPECT reveals persistent diffuse activity in the left thyroid lobe (arrows). (C) Delayed coronal
and, (D) axial fused SPECT/CT images show persistent uptake in the posterior-caudal region of the left thyroid lobe, that
could not be reliably separated from the thyroid (arrows). (E) Axial low-dose CT without contrast do not provide evidence of
a parathyroid adenoma. There is no detectable difference in density between the anterior and posterior regions of the
adenoma in the left thyroid lobe. These findings support the hypothesis of a thyroid adenoma rather than a parathyroid

adenoma (arrows).

neck, parathyroid scintigraphy combined with supplementary
thyroid scintigraphy, dual-energy X-ray absorptiometry, and
CT-urography.

The ultrasound examination revealed a sizable caudal nod-
ule measuring 4.3 x 2.7 cm in the left thyroid lobe, charac-
terized by the absence of detectable internal flow as observed
through colour Doppler imaging (Fig. 1). A supplementary thy-
roid scintigraphy was primarily carried out, which did not
show either cold or warm areas correlating to the detected
nodule (Fig. 1). Subsequently, dual-phase [*™Tc]Tc-Sestamibi
single-photon emission computed tomography (SPECT)/CT
demonstrated diffuse increased uptake of sestamibi, which
persisted in the late images. This uptake was localized in
the posterior region of the left thyroid lobe, and could not
be reliably separated from the thyroid on low-dose CT. The
interpretation was that it was more likely to be consistent
with nodular thyroid tissue rather than a PTA (Fig. 2). Given
the equivocal findings from the standard imaging modalities,
the patient was referred for [*!C]C-Methionine PET/CT. This
advanced imaging technique revealed significant methionine
uptake corresponding to a prominent lesion located posterior
to the left thyroid lobe, extending in a caudal direction and

toward the esophagus, consistent with the presence of an ec-
topic GPA (Fig. 3). CT-urography examination showed no evi-
dence of nephrocalcinosis, indicating the absence of calcium
deposition in the renal tissue. Furthermore, dual-energy X-ray
absorptiometry demonstrated mild osteopenia, as evidenced
by T-scores of —0.9 and —1.0 in the lumbar spine and femoral
neck, respectively.

The patient underwent subtotal parathyroidectomy on the
left side, resulting in the normalization of PTH levels both
intra- and postoperatively (decreasing from 32.3 to 3.3 ng/L)
and during follow-up. Concurrently, calcium levels also re-
turned to the normal range. The excised PTA had a weight of
16.8 grams. Histopathological examination revealed a nodu-
lar structure surrounded by a thin connective tissue capsule.
The majority of the structure was composed of cells exhibiting
abundant, clear appearing or faintly eosinophilic cytoplasm,
presence of distinct cell membranes, accompanied by small
hyperchromatic nuclei. These histological features were con-
sistent with a water clear cell adenoma. Immunohistochemi-
cal analysis demonstrated positive staining for chromogranin
in the mentioned cells, with focal positivity for cytokeratin 7
(CK7) (Fig. 4).
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Fig. 3 - (A) Axial [11C]C-Methionine PET, (B) coronal ['C]C-Methionine PET, (C) axial noncontrast CT and (D) coronal
noncontrast CT images demonstrate inhomogeneous, and in some areas, intense methionine uptake. The uptake
corresponds to a larger process located posterior to the left thyroid lobe, extending caudally and toward the esophagus
(position 2-5) [12]. These findings are indicative of a large, partially cystic transformed parathyroid adenoma, suggesting its
probable diagnosis.
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Fig. 4 - (A) Water clear cell parathyroid adenoma was identified utilizing standard hematoxylin and eosin (H&E) staining at a
magnification of 12 times (x12). The adenoma exhibited encapsulation. A peripheral section of normal parathyroid tissue is
evident in the upper left quadrant (indicated by black arrows). (B) The lesional cells found within the water clear cell
parathyroid adenoma exhibit immunoreactivity for chromogranin A. (C) At a magnification of x100, the histological
examination reveals adenoma composed of cells with clear or faint eosinophilic cytoplasm. (D) At a magnification of x200,
cellular analysis demonstrates abundant clear appearing cytoplasm with finely reticulated pattern and distinct cell
membranes. (E) At a magnification of x400, nuclei of the cells appear small and hyperchromatic.
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Conclusions

GPA is an uncommon etiology of PHPT, and only a limited
number of cases has been reported. Wong et al., in a system-
atic review spanning from 1952 to 2021, identified a total of 62
cases of GPA [5]. Water clear cell PTA, a distinct and rare sub-
type of PTA, has been documented in only a handful of cases.
In a review conducted by Mohamed et al., 20 cases of water
clear cell PTA were identified up until 2021 [13]. Furthermore,
another study reported a total of 30 cases of water clear cell
PTA in 28 patients up until the same year [7]. The combina-
tion of water clear cell and GPA represents an exceedingly rare
occurrence, involving a mere 7 patients across both studies
[7,13]. Documenting this rare case is crucial for clinical and re-
search purposes, enhancing our understanding of similar pa-
tients.

Preoperative localization of water clear cell GPA presents
significant challenges. The accurate localization of PTA is cru-
cial for surgical planning, especially when considering mini-
mally invasive approaches, as stated in the international con-
sensus for PHPT management [9]. The recommended first-line
imaging modality is [*®™Tc]Tc-Sestamibi scintigraphy, sup-
plemented by ultrasound. When both modalities are con-
cordant, the PPV for correct localization reaches 97% [14].
[®™Tc]Tc-Sestamibi scintigraphy relies on the accumulation
of radiotracer in cells with abundant mitochondria, exhibit-
ing slower wash-out compared to cells with fewer mitochon-
dria. This characteristic aids in differentiating PTAs composed
of oxyphilic cells with abundant mitochondria [7,10,14]. How-
ever, water clear cell PTAs, characterized by clear cells with
small or missing mitochondria [4], may result in false-negative
[®®™Tc]Tc -Sestamibi scintigraphy findings. In a study by Juh-
lin et al., [?®™Tc|Tc-Sestamibi scintigraphy successfully visu-
alized water clear cell PTAs in only 42% of cases [7]. In the
present case, the utilization of [*™Tc]Tc-Sestamibi scintigra-
phy failed to accurately localize the PTA, as sestamibi accu-
mulation occurred in the left thyroid lobe in the same inten-
sity as in the large PTA. Furthermore, the noncontrast low-
dose CT did not demonstrate typical low Hounsfield unit in
the adenoma [15]. Initially, the observation was inaccurately
identified as indicative of nodular thyroid changes. However,
the absence of SPECT/CT in the thyroid scintigraphy impeded
a precise comparison between the uptake of pertechnetate
and Sestamibi. Previous studies have indicated a correlation
between adenoma size (regardless of histopathological sub-
type) and the detection rate in [**™Tc|Tc-Sestamibi scintig-
raphy, contingent upon the hyperfunctionality of the ade-
noma [10,16,17]. Nevertheless, as demonstrated in the cur-
rent case, the challenge of achieving accurate localization
persists. Although the adenoma in this case exhibited wa-
ter clear cell characteristics, its biochemical activity facili-
tated some detection during [*™Tc]Tc-Sestamibi scintigra-
phy. However, due to its considerable size and the absence
of discernible features indicative of a PTA on CT scan, dif-
ferentiation from thyroid nodules was unfeasible, leading
to an equivocal finding. Wei et al. have identified several
factors contributing to a significant number of cases with
equivocal imaging results in [*™Tc]Tc-Sestamibi scintigra-
phy [18]. Importantly, in cases involving very large PTAs, in-

conclusive findings in [*®™Tc|Tc-Sestamibi scintigraphy can
occur, even though sestamibi retention is observed in the
late images, as exemplified in this particular case. Accord-
ing to The EANM practice guidelines for parathyroid imaging
[9] in case of negative or equivocal standard imaging, second-
line imaging may be performed, such as ['8F]F-Fluorocholine
PET/CT, ['!C]C-Methionine PET/CT, so-called 4-dimensional
computed tomography (4D-CT), magnetic resonance imaging
(MRI), [*8F]F-Fluorocholine PET/4D-CT or [*¥F]F-Fluorocholine
PET/MRI. ['1C]C-Methionine PET/CT was elected as second-
line imaging in this case. [\*C]C-Methionine PET/CT detects
parathyroid adenomas by exploiting their heightened uptake
of radiolabeled methionine, owing to their elevated amino
acid transport and metabolic activity. This selective accumu-
lation enables precise localization with superior sensitivity
compared to traditional imaging methods. The short half-
life of carbon-11 facilitates swift imaging, enhancing the ef-
ficacy of [1C]C-Methionine PET/CT in clinical settings. We-
ber et al. showed presurgical scanning with [*1C]C-Methionine
PET/CT localized hyperfunctioning parathyroid glands in 74%
of patients with negative [*®™Tc|Tc-Sestamibi scintigraphy
[19]. The other study demonstrated the detection of 94% of
pathologic parathyroid tissue using [!C]C-Methionine PET/CT
in a cohort of 17 patients with inconclusive preoperative local-
ization based on [*®™Tc]Tc-Sestamibi scintigraphy and ultra-
sound [12]. According to these studies, it appears that [1C]C-
Methionine PET/CT holds promise as a potentially valuable
modality for cases of inconclusive preoperative localization
with standard imaging.

Histologically, parathyroid glands consist of a chief,
oxyphil, transitional oxyphil, and water-clear cells. The clin-
ical significance and behavior of water-clear cell PTA remain
poorly understood [9]. Some studies suggest that these tumors
may present with distinct clinical features, including larger
tumor size compared to conventional PTAs [7]. However, fur-
ther investigation is needed to determine if these differences
have any prognostic implications or impact on patient out-
comes. Histopathological examination remains the gold stan-
dard for the diagnosis of water-clear cell PTA. Immunohisto-
chemical staining for parathyroid-specific markers, such as
PTH, can help confirm the diagnosis and differentiate it from
other clear cell neoplasms [7,13]. Owing to the scarcity of re-
ported cases in the existing literature, the establishment of
optimal management strategies for water-clear cell PTA re-
mains unclear. Sustained surveillance is imperative to detect
any recurrence or potential progression to parathyroid carci-
noma, an exceedingly rare occurrence [7]. In the present case,
the treatment course encompassed surgical intervention fol-
lowed by a postoperative monitoring period, during which no
complications arose. Subsequent to approximately 18 months
of diligent follow-up, the patient’s care was concluded by the
endocrinology outpatient clinic, as their calcium and PTH lev-
els normalized, and no evidence of neoplastic activity was de-
tected.

This report not only highlights the exceptional rarity of the
case under investigation and the complexities encountered
in preoperative diagnosis but also elucidates the potential for
[?®™Tc|Tc-Sestamibi scintigraphy to yield equivocal findings
in the presence of a significantly large PTA, notwithstanding
its hyperfunctionality. Consequently, alternative second-line
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modalities, such as [*1C]C-Methionine PET/CT, may offer en-
hanced prospects for accurate preoperative localization.

Patient consent

Written informed consent was obtained from the patient for
publication of this case report and accompanying images.
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