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Background: Functional parathyroid cysts (FPCs) are rare and difficult to diagnose with noninvasive
methods. The aim of this study was to evaluate the diagnostic value of " Tc-methoxyisobutylisonitrile (" Te-
MIBI) single-photon emission computed tomography/computerized tomography (SPECT/CT) parathyroid
imaging in the diagnosis of FPCs and to account for its performance.

Methods: The data from 10 patients with suspected parathyroid cysts (PCs) who underwent ""Te-MIBI
SPECT/CT parathyroid imaging between 2012 and 2022 were retrospectively evaluated. The diagnostic
value of ”"Te-MIBI SPECT/CT parathyroid imaging for FPCs was analyzed.

Results: Surgical resection was performed in six cases and parathyroid puncture was performed in four
cases. The sensitivity of " Te-MIBI SPECT/CT for FPCs was 100.0% (3/3), with a specificity of 100.0%
(7/7) and an accuracy of 100.0% (10/10). The postoperative pathological findings in three cases of FPCs
were parathyroid adenoma, parathyroid adenoma with hemorrhage, and parathyroid adenoma with cystic
degeneration, respectively. The diagnostic accuracy of ultrasound and CT for PCs was only 22.22% (2/9)
and 25.0% (1/4), respectively, and neither modality could indicate whether the cysts were functional or not.
Conclusions: " Tc-MIBI parathyroid SPECT/CT imaging has a high value in the diagnosis of FPCs in
patients with suspected PCs, and an intense ring-shaped accumulation of radioactivity in the cyst wall on

" Te-MIBI imaging suggests that the patient may have FPCs.
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Introduction

Parathyroid cysts (PCs) are relatively rare clinical
lesions, which were first described in 1880 via autopsy by
Sandstrém (1) and first reported via surgical treatment
in the neck in 1905 by Goris (2). Clinically, PCs can be
divided into two categories according to their hormonal
activity: functional PCs (FPCs) and non-FPCs (NFPCs).
There are about 218 articles in the literature reporting
359 cases of PCs from 1905 to 2016 (3). Common sites
for PCs are the anterior neck and mediastinum, and PCs
have been reported to account for 1-5% of neck masses (3).
In most cases, PCs present with nonspecific symptoms.
An asymptomatic mass in the neck is the most common
clinical presentation of PC and can sometimes be confused
with thyroid nodules, with compressive symptoms being
the second most common clinical presentation. NFPCs are
often found incidentally, while FPCs may be a rare cause of
primary hyperparathyroidism (PHPT), with an estimated
prevalence of 2.32% (41/1,769) reported in a large surgical
case series by McCoy et al. (4). Therefore, the accurate
diagnosis of PCs is difficult in clinical practice. The two
diseases have been treated differently: patients with NFPCs
have generally undergone PC resection and puncture
suction or injection of the sclerosing agent after puncture
aspiration (5,6), but for those with FPCs, surgical resection
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Key findings

e ”"Te-methoxyisobutylisonitrile (*"Tc-MIBI) parathyroid single-
photon emission computed tomography/computed tomography
imaging has a high value in the diagnosis of functional parathyroid
cysts (FPCs) in patients with suspected parathyroid cysts (PCs).

What is known and what is new?

® FPCs are rare and difficult to diagnose with noninvasive methods,
and the clinical use of **"Tc-MIBI imaging for the diagnosis of
FPCs is rare, with varying conclusions in case reports.

e “™e-MIBI parathyroid imaging has a high value for the localization
of hyperparathyroidism.

* In patients with suspected PCs or elevated cystic fluid parathyroid
hormone, an intense ring-shaped accumulation of radioactivity in
the cyst wall on **"Te-MIBI imaging suggests that the patient may
have FPCs.

What is the implication, and what should change now?

e FPCs can be diagnosed clinically using " Tc-MIBI parathyroid
imaging.

¢ Future studies with large samples should be performed to further
confirm the value of *"Te-MIBI imaging in FPCs.

© Gland Surgery. All rights reserved.

33

is the only effective treatment.

Ultrasound (US) has been found to be the most useful
diagnostic tool for PCs, followed by US-guided fine needle
aspiration. US is simple and inexpensive and can detect
cystic lesions of the parathyroid gland and differentiate
them from solid lesions. It is used as a primary screening
tool for PCs in clinical practice and is the modality of
choice for guiding fine needle aspiration. Other imaging
techniques used to locate PCs include plain radiography,
computed tomography (CT), and magnetic resonance
imaging (MRI), with surgical exploration being a useful
diagnostic tool in some cases.

Hyperparathyroidism (HPT) is a common endocrine
disorder resulting from the autonomous overproduction
of parathyroid hormone (PTH) by abnormal parathyroid
glands (7). The most common causes of PHPT are
parathyroid adenomas (~85%), followed by parathyroid
hyperplasia (~15%) and parathyroid cancer (<1%) (8), with
PC being an extremely rare cause. It is easy to locate a cyst
lesion by using examinations of US, CT, or MRI of the
neck, but it can be difficult to determine whether the PCs
are FPCs or NFPCs.

" e-methoxyisobutylisonitrile (""" Tc-MIBI) can be taken
up by mitochondria-rich oxyphil cells in parathyroid lesions,
and scintigraphy is based on this principle (9,10); in the
case of a single parathyroid adenoma, sensitivity varies from
80% to 100% (11). However, it is often difficult to detect
nonfunctioning ectopic parathyroid glands (12). Currently,
nuclear " Tc-MIBI imaging is one of the most accurate and
reliable means of preoperative parathyroid imaging (13).
It plays an important role in HPT not only due to its high
sensitivity and detection rate for localizing parathyroid
tissue but also due to its ability to aid in assessing the
degree of parathyroid hyperplasia before surgery and in
selecting partial parathyroid tissue for preservation in situ
or in autotransplantation during surgery (14). In a meta-
analysis of 1,236 cases who underwent """ Tc-MIBI single
photon emission CT/CT (SPECT/CT) parathyroid imaging
before PHPT, the detection rate of "™ Tc-MIBI SPECT/
CT imaging for PHPT was 88% (95% CI: 84-92%) (15).
#"e-MIBI SPECT/CT scintigraphy is the current standard
method for detecting hyperfunctioning parathyroid glands (16)
and is used as a conventional first-line presurgical imaging
method (17), which is typically supplemented by US. PET/
CT has recently emerged as a complementary second-line
imaging technique with the advantage of a higher resolution
and a shorter acquisition time than SPECT/CT (18)
while ""F-fluorocholine (18F-FCH) has been proven to
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10 patients with
suspected PCs

Y

#™c-MIBI SPECT/CT
parathyroid imaging

Surgery resection +
Clinical symptoms

Y
*™e-MIBI SPECT/CT

Positive Negative
FPCs 3 (true-positive) 0 (false-negative)
NFPCs 0 (false-positive) 7 (true-negative)

Y

The sensitivity of *"Tc-MIBI SPECT/CT for FPCs: 100.0% (3/3)
The specificity of “™Tc-MIBI SPECT/CT for FPCs: 100.0% (7/7)
The accuracy of *™Tc-MIBI SPECT/CT for FPCs: 100.0% (10/10)

Figure 1 Study flowchart. PC, parathyroid cyst; *"Te-MIBI,
" Tc-methoxyisobutylisonitrile; SPECT, single-photon emission
computed tomography; CT, computed tomography; FPC,
functional parathyroid cyst; NFPC, non-FPC.

be superior to *"Tc-MIBI in previous studies (19-21);
however, the disadvantages of PET/CT are that cyclotron-
produced radionuclides for PET/CT parathyroid imaging
are relatively expensive, and there are no standardized
guidelines for image acquisition (16).

Therefore, " Te-MIBI may be useful in differentiating
between FPCs and NFPCs, yet reports of FPCs diagnosed
with " Te-MIBI SPECT/CT are rare. This study was thus
conducted to summarize the initial experience of 10 cases
of PCs diagnosed with " Tc-MIBI SPECT/CT and with
CT and US for comparison. The aim of this study is to
highlight the value of *"Tc-MIBI SPECT/CT in the
diagnosis of FPCs and its possible imaging mechanisms,
to improve the understanding of FPC imaging with *"Tc-
MIBI, and to expand the clinical application of *"Tc-
MIBI SPECT/CT. We present this article in accordance
with the STARD reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-273/rc).

Methods
Research participants

Ten patients, including three males and seven females,
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admitted to the First Affiliated Hospital of Xi’an Jiaotong
University School of Medicine between 2012 and 2022 for
suspected PCs were examined. They had an age range of
20-81 years and a mean age of 50.0+16.2 years. Patient data
were analyzed retrospectively (Figure 1). Three cases were
admitted with symptoms of HPT; one with abnormal thyroid
hormone levels; and the other six cases with incidentally
discovered neck masses, which were asymptomatic or with
nonspecific symptoms. PC was defined as elevated PTH
level in the cystic fluid or parathyroid cells on puncture fluid
cytology. FPC was defined as PC with a clinical diagnosis
of PHPT or with biochemical changes of PHPT before
surgery but excluding vitamin D deficiency, malabsorption,
renal disease, and drug-induced factors. In contrast, NPC
was defined as PCs with normal serum PTH levels before
resection. The clinical diagnosis included FPCs in three
cases and NFPCs in seven cases. This study retrospectively
analyzed the patients’ serum PTH, serum calcium, and
serum phosphorus in addition to the results of US, CT,
and """ Te-MIBI SPECT/CT parathyroid imaging. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Institutional Review Board of the First Affiliated
Hospital of Xi’an Jiaotong University, Xi’an, China (No.
XJTU1AF2021LSL-023), and individual consent was waived
for this retrospective analysis.

*"Te-MIBI SPECT/CT

Anterior and posterior planar images of the neck and thorax
were acquired with 500 k counts/view 15 min (early phase)
and 120 min (delayed phase) after an intravenous injection of
740 MBq (20 mCi) of ”"Te-MIBI (Beijing Atom High Tech
Co., Ltd., Beijing, China), and a 360° SPECT/CT image
was acquired 30 min after intravenous injection. Images were
acquired using a Siemens Symbia T16 SPECT/CT scanner
(Siemens Healthineers, Erlangen, Germany) equipped with
a low-energy, high-resolution collimator (collection energy,
140 KeV; energy window width), a 128x128 matrix, a 360°
rotation, a 6° step-and-shoot technique, an acquisition time
of 30 s per frame, and a zoom factor of 1.45. The transverse,
coronal, and sagittal sections were reconstructed with
attenuation correction using Hann filters (cutoff frequency
=10) to produce SPECT images.

Image analysis

The ""Tc-MIBI SPECT/CT images were visually
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Table 1 Preoperative laboratory findings and demographic characteristics of 10 patients with PCs

Patient Gender Age Serum PTH PTH in cystic Serum calcium  Serum phosphate TH/TSH TPO-Ab
No. (years)  (15-65 pg/mL) fluid (pg/mL)  (2.1-2.51 mmol/L) (0.9-1.5 mmol/L) (IU/mL)
1 Female 41 290.8 >5,000 2.64 0.75 N/N -

2 Male 68 1,714 - 2.83 0.65 - -

3 Female 81 853 2,050 3.3 0.52 - -

4 Female 49 46.94 1,395 2.25 1.21 /N >3,000
5 Female 52 51.38 3,080 2.36 1.1 N/N <15.0
6 Female 41 58.06 1,787 2.22 1.12 N/N <15.0
7 Male 50 50.38 1,529 2.3 1.03 - -

8 Male 51 23.7 205.6 2.26 1.36 N/N -

9 Female 47 74.3 1,152 2.34 1.03 - -

10 Female 20 47.6 - 2.2 1.13 N/N -

1, increase. PC, parathyroid cyst; PTH, parathyroid hormone; TH, thyroid hormone; TSH, thyroid-stimulating hormone; TPO-Ab, thyroid

peroxidase antibody; N, normal.

interpreted by two experienced nuclear medicine physicians
working independently, and consensus was reached on the
findings. Positive " Te-MIBI SPECT/CT was considered
to be a cystic lesion in the parathyroid gland, neck, or
mediastinum on CT imaging but no *"Te-MIBI uptake at
the cystic lesion site combined with increased "™ Tc-MIBI
uptake in the peripheral margins on SPECT imaging.

Statistical analysis

The data were analyzed using SPSS version 18.0 (IBM
Corp., Armonk, NY, USA). Continuous variables are
expressed as the mean + standard deviation and were
analyzed with the independent samples 7-test. Statistical
significance was set at P<0.05.

Results

The laboratory and demographic characteristics of the
10 patients are shown in 7ible 1. Preoperatively, all 10 patients
had a palpable mass in the neck, and serum thyroid hormone
levels and thyroid-stimulating hormone (T'SH) tests were
performed in 5 cases. All of 10 cases underwent ”"Te-MIBI
SPECT/CT parathyroid imaging, 9 cases underwent
US examination of the neck, and 4 cases underwent CT
examination of the neck and upper mediastinum.

© Gland Surgery. All rights reserved.

Pathological results

The postoperative pathological findings in three cases of
FPCs were parathyroid adenoma, parathyroid adenoma
with hemorrhage, and parathyroid adenoma with cystic
degeneration, respectively. Three of the seven NFPC cases
underwent treatment via operations, two of which were
due to recurrence of the cysts after repeated aspiration,
with lesion sizes of 28 mm x 16 mm x 30 mm and 30 mm
x 25 mm x 10 mm, respectively; one was due to obvious
compression symptoms, with a lesion size of 51 mm x 39 mm
x 60 mm. In the remaining four cases, no surgery was
performed, and parathyroid puncture results were available.

The results of US, CT, and **"Te-MIBI SPECT/CT
parathyroid imaging

The diagnostic accuracy of US and CT for cystic lesions
was 55.56% (5/9) and 75.00% (3/4), respectively, whereas
the accuracy for PCs was only 22.22% (2/9) and 25.0%
(1/4), respectively; neither modality could indicate whether
the cysts were functional or not. The results of " Te-MIBI
parathyroid SPECT/CT imaging from the 10 patients are
shown in Table 2. The sensitivity of " Tc-MIBI SPECT/
CT for FPCs was 100.0% (3/3), with a specificity of 100.0%
(7/7) and an accuracy of 100.0% (10/10). In three cases
of FPCs, ™ Tc-MIBI parathyroid SPECT/CT imaging
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Table 2 Results of US, CT, " Tc-MIBI SPECT/CT parathyroid imaging, pathological findings, and clinical diagnosis in 10 patients with PCs

Patient Lesion " Te-MIBI Clinical
us CT Treat t Pathol
No. size (mm) SPECT/CT reatmen athology diagnosis
1 79x22 Ring-shaped Cystic mass in Tumor of the right  Surgical Parathyroid adenoma with FPCs
accumulation of  right neck thyroid excision intracapsular hemorrhage
radioactivity
2 46x31 Ring-shaped Thyroid adenoma  Cyst in the left Surgical Parathyroid adenomatous FPCs
accumulation of  of the left lobe with lobe of the thyroid excision hyperplasia with cystic
radioactivity cystic degeneration degeneration
3 59x37 Ring-shaped Lymphatic duct Parathyroid cyst in  Surgical Parathyroid adenoma with  FPCs
accumulation of  cysts not exclusive the right lobe excision cystic degeneration
radioactivity of hemangiomas
4 28x16x30 Negative Parathyroid Cyst below the left Surgical PCs NFPCs
enlargement lobe of the thyroid excision
5 51x39x60 Negative Parathyroid - Surgical PCs (right lobe) NFPCs
enlargement excision
6 34x25 Negative PCs - Nonsurgical ~ PCs* NFPCs
7 22x21x31 Negative Parathyroid - Nonsurgical ~ PCs* NFPCs
enlargement
8 - Negative - - Nonsurgical ~ PCs* NFPCs
9 14x8x20  Negative Parathyroid - Nonsurgical PCs* NFPCs
enlargement
10 30x25x10 Negative Left-lower PCs - Surgical PCs (left-lower lobe) NFPCs
excision

*, the result of US-guided fine needle puncture. US, ultrasound; CT, computed tomography; *™Tc-MIBI, *™Tc-methoxyisobutylisonitrile;
SPECT, single-photon emission CT; PC, parathyroid cyst; FPC, functional PC; NFPC, non-FPC.

showed "™ Tc-MIBI concentrations in the periphery of
the cyst (Figure 2), and the postoperative pathological
findings were parathyroid adenoma, parathyroid adenoma
with hemorrhage, and parathyroid adenoma with cystic
degeneration, respectively. In seven cases of NFPCs, no
""Te-MIBI uptake lesions were found in the periphery of
the cysts (Figure 3); of these seven patients, three underwent
surgery, which yielded a pathological diagnosis of PCs, and
the remaining four cases underwent parathyroid puncture
instead of surgery, with the puncture findings indicating the
presence of PCs.

Follow-up

One of the six surgically resected patients was lost to follow-
up; serum PTH, serum calcium, and serum phosphorus
levels were normal in five cases at 3 years. In one case, " Te-
MIBI SPECT/CT parathyroid imaging was normal at 6 and
14 months postoperatively, respectively. At postoperative

© Gland Surgery. All rights reserved.

months 32, 37, and 39, respectively, the serum PTH levels
were 26.2, 32.2, and 26.2 pg/mL (15-65 pg/mL); the serum
calcium levels were 2.25, 2.21, and 2.13 mmol/L (2.1-
2.51 mmol/L); and the serum phosphorus levels were 1.05,
1.06, and 0.92 mmol/L (0.9-1.5 mmol/L). One patient had
a cystic fluid PTH level of 1,152 pg/mL and a serum PTH
level of 74.3 pg/mL, but a normal serum calcium level led
to an initial misdiagnosis of FPCs. However, later follow-up
results indicated that serum 25-hydroxyvitamin D, serum
PTH, serum calcium, and serum phosphorus levels were
normal, and parathyroid US and the US-guided fine needle
puncture results indicated PCs. Therefore, the diagnosis
was changed to NFPCs.

Discussion

HPT is divided into PHPT and secondary HPT.
Common causes of PHPT include parathyroid adenoma,
parathyroid hyperplasia, and parathyroid cancer, but PCs

Gland Surg 2024;13(1):32-44 | https://dx.doi.org/10.21037/gs-23-273
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Figure 2 The positive result of " Te-MIBI parathyroid imaging for FPCs cases. A 41-year-old woman with a neck mass and elevated
PTH levels for 5 months, cyst fluid PTH >5,000 pg/mL, serum PTH 290.8 pg/mL, serum phosphorus 0.75 mmol/L, and serum calcium
2.64 mmol/L. (A) Thyroid B-mode US showed a cystic mass in the right neck. (B) CT enhancement imaging showed a possible tumor
(arrow) in the right thyroid gland. (C) " Te-MIBI parathyroid planar imaging of 20 and 120 min showed focal *"Tc-MIBI uptake in the
lower right thyroid region (arrows). (D-F) SPECT/CT tomosynthesis imaging showed no obvious radionuclide uptake in the upper part
of the lesion, but there was abnormal radionuclide uptake in the lower part of the lesion (arrows), suggesting a lower right HPT with
cystic degeneration. Pathology indicated (right) parathyroid adenoma with hemorrhage. Ant, anterior; Post, posterior; """ Te-MIBI, *"Te-
methoxyisobutylisonitrile; FPC, functional parathyroid cyst; PTH, parathyroid hormone; US, ultrasound; CT, computed tomography;
SPECT, single-photon emission computed tomography; HPT, hyperparathyroidism.
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Figure 3 The negative result of *"Tc-MIBI parathyroid imaging for cases with NFPCs. (A) CT imaging. (B) The negative imaging of
#"Te-MIBI planar imaging. (C) The negative imaging of parathyroid *"Te-MIBI SPECT/CT. A 47-year-old female patient with normal
serum PTH level on examination (47.6 pg/mL). (B,C) *"Tc-MIBI planar and SPECT/CT parathyroid imaging showed no significant
hyperparathyroid tissue (arrows); postoperative pathological findings showed PCs in the left-lower lobe, and the clinical diagnosis was
NFPCs. " Te-MIBI, *"Te-methoxyisobutylisonitrile; NFPC, non-functional parathyroid cyst; CT, computed tomography; SPECT, single-
photon emission computed tomography; PTH, parathyroid hormone; PC, parathyroid cyst.
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are an exceedingly rare etiology, with an incidence of only
0.08% to 3.4% among all parathyroid lesions (22). In a
retrospective study of 6,621 patients undergoing neck US
for various reasons, only 5 PCs were diagnosed, and the
overall prevalence of PCs was 0.075% in an unselected
population (23). McCoy et al. reported an incidence of
PCs lesions of 3% (48/1,769) in a large sample of patients
treated for PHPT (4).

There are currently around 300 reports of PCs in the
literature, with PCs accounting for fewer than 0.01% of all
cervical masses (24). Clinically, PCs are classified as NFPCs
and FPCs according to serum calcium, serum phosphorus,
and serum PTH levels. A network meta-analysis of 218
articles, reporting 359 well-documented cases of PCs,
showed that NFPCs were more frequent, representing
61.6% (220/357) of the total number of patients, and
had a female predilection (male =26.5%, female =73.5%;
P<0.0001), whereas FPCs had a slight predominance in
the female population (male =48.5%, female =51.5%;
P<0.001) (3). Clinically, NFPCs and FPCs usually present
as a cervical mass, and their preoperative diagnosis is
difficult; moreover, FPCs may also manifest with symptoms
and signs, such as hypercalcemia and renal or bone damage,
that are characteristic of high PTH levels.

The PTH level in the cystic fluid is critical in the
diagnosis of PCs. It is generally accepted that during fine
needle aspiration biopsy of the cyst, extraction of a thin,
clear, and colorless fluid is highly suggestive of PC; if the
PTH level is elevated in the cystic fluid or the puncture
fluid cytology shows parathyroid cells, the patient also
can be diagnosed with PCs (25,26). Regardless of whether
the diagnosis is FPCs or NFPCs, PTH in cystic fluid can
reach up to two times to thousands of times the normal
level, and it has been suggested that the diagnosis of PCs
can be established if the PTH level in cystic fluid is higher
than its serum level (25) or higher than 1,500 ng/L (27).
Albertson er al. (28) further summarized the diagnostic
criteria for FPCs as follows: (I) the patient has clinical
manifestations and biochemical changes of HPT before
surgery; (II) the remaining parathyroid gland, except for
the cyst, is normal; (III) pathological examination confirms
that the cyst wall contains the parathyroid tissue; and (IV)
the hyperthyroidism is cured after surgery. However, issues
concerning the puncture fluid of PCs remain controversial.
It has been argued that the puncture fluid is not conducive
to complete surgical resection, as it can increase the chance
of recurrence and potentially lead to the implantation of

© Gland Surgery. All rights reserved.
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parathyroid cells in the tissue, resulting in relapse (29).

The pathogenesis of PCs is not completely clear, and a
number of theories have been proposed (30-33): (I) PCs
develop from the third or fourth branchial cleft remnant
during the embryo development process; (II) according to
retention theory, increased production or blocked secretion
of PTH leads to the emergence of retention cysts; (IIT) PCs
are the residue of the third pharyngeal pouch (Kursteiner
tube) during the embryonic period; (IV) PCs are fused by
microcysts within the parathyroid gland or are a large cyst
formed by progressive enlargement of a microcyst; (V)
PCs are caused by cystic degeneration of the parathyroid
adenoma or hemorrhage within the parathyroid adenoma.

The clinical application of *"Tc-MIBI imaging for the
diagnosis of FPCs is rare, and its results are mixed. Ippolito
et al. (34) considered that PCs had no function and that
FPCs were caused by cystic degeneration of the parathyroid
adenoma or PCs combining with parathyroid adenoma.
Makino et al. reported that ”"Te-MIBI was only taken up by
the cyst wall of FPCs, suggesting that the mass originated
from the parathyroid gland (35), and their study included an
intense ring-shaped accumulation of radioactivity in the cyst
wall on *"Te-MIBI imaging in three cases of FPC, further
confirming this view.

In our study, a 41-year-old female (Figure 2) had a neck
mass and elevated PTH levels for 5 months, cystic fluid
PTH >5,000 pg/mL, serum PTH 290.8 pg/mL, serum
phosphorus 0.75 mmol/L, and serum calcium 2.64 mmol/L.
Thyroid US suggested a cystic mass in the right neck. In
chest CT, there was a low-density shadow in the lower
part of the right thyroid lobe, which stretched downward
into the right superior mediastinum. Regarding CT
enhancement, the right thyroid showed a long striped
cystic low-density lesion, with a size of about 79 mm x
22 mm, and the CT value was about 39 Hounsfield units
(HU); a patchy shadow with slightly higher density could
be observed in the lower margin of the lesion, the CT
value was about 149 HU, and disordered, small-blood-
vessel shadows were observed. The lower margin of the
lesion was involved downward to the area at level of the
bronchial bifurcation behind the superior vena cava in the
mediastinum, and the lesion was closely associated with the
trachea and adjacent blood vessels, suggesting a possible
tumor in the right thyroid. """ Te-MIBI parathyroid planar
imaging and SPECT/CT tomosynthesis imaging showed
an intense ring-shaped accumulation of radioactivity in the
cyst wall (Figure 2). A translucent cyst was intraoperatively
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observed in the posterior lower part of the right thyroid
lobe and extended along the right wall of the trachea toward
the right superior mediastinum, and it was lobulated and
had spacers. The cystic fluid was clear, the cystic wall was
thin and did not adhere to the surrounding tissue, and
the parathyroid adenoma tissue was visible underneath
the cystic wall. Pathology (Figure 2, right panel) indicated
parathyroid adenoma with hemorrhage.

Ippolito er al. (34) suggested that NFPCs are
nonfunctional, whereas FPCs are pseudocysts, essentially
caused by cystic degeneration or hemorrhage and
necrosis of the parathyroid adenoma. Since NFPCs may
be caused by the fusion of microcysts or the fusion of
embryonal remnants, """ Tc-MIBI imaging does not show
nuclear uptake in the diagnosis of NFPCs. Ippolito et al’s
perspective may account for the """ Tc-MIBI imaging being
negative in NFPCs and positive in FPCs. Our study also
confirms the above view that *"Tc-MIBI imaging is useful
for the diagnosis of FPCs but has difficulties in diagnosing
NFPCs. Meanwhile, the uptake of *"Tc-MIBI is mainly
related to the solid portion after cystic degeneration of
parathyroid adenoma. When the solid portion is small,
microscopic pathological changes may be similar to those
of PCs and manifest as a thin-walled cyst with a single
lumen. Therefore, it has been suggested (34) that the FPCs
reported in the literature might have arisen due to the cystic
degeneration of parathyroid adenoma.

Among the typical causes of HPT, parathyroid adenoma
and hyperplasia are common and easily distinguished
clinically from PCs. Parathyroid carcinoma is also highly
rare and characterized by extremely high serum PTH and
serum calcium levels; most parathyroid carcinomas are
functional, and the symptoms are related to the severity
of hypercalcemia. US and CT are quite effective in
distinguishing a solid lesion from a cystic lesion (36) and
can differentiate PCs from parathyroid carcinoma. Rare
cases of cystic parathyroid carcinoma have been reported
(37-39), and the differential diagnosis between PCs and
cystic parathyroid adenocarcinoma is highly challenging
because both essentially have similar preoperative clinical
presentations and laboratory results, such as typical
symptoms of PHPT, elevated serum PTH and calcium
levels, and very high concentrations of PTH in the cystic
fluid. US and CT can also make it difficult to determine
whether PCs are FPCs or NFPCs. In this study, three cases
of FPCs were diagnosed and localized with *"Te-MIBI
SPECT/CT imaging, whereas, US and CT respectively
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diagnosed these cases as neck cystic mass; thyroid adenoma
with cystic degeneration; and lymphatic duct cyst and
thyroid tumor, thyroid cyst, and parathyroid cystic
degeneration. The sensitivity of " Tc"-MIBI SPECT/CT
for FPCs reported by McCoy et al. (4) was 68% (25/37), but
in this study, it was 100.0%, which may be related to the
small number of cases examined. The sensitivity of SPECT/
CT for FPCs is higher than that of CT and US. This
indicates that " Te-MIBI has high sensitivity and specificity
for the diagnosis or localization of FPCs, with advantages
that cannot be matched by US and CT. Therefore, """ Tc-
MIBI parathyroid imaging may be the preferred noninvasive
diagnostic or localization method when FPCs are suspected
in clinical practice. Although "™ Te-MIBI SPECT/CT
parathyroid imaging demonstrates good performance
for the localization of FPCs, potential drawbacks must
be considered before adopting this modality for the
diagnosis or localization of FPCs. According to current
guidelines (16), preoperative imaging is not recommended
for diagnostic purposes but only for the localization of
abnormal parathyroid glands in patients with HPT. In this
study, seven patients with elevated serum PTH and normal
serum calcium levels underwent *"Tc SPECT/CT for
various reasons, and it is debatable whether it was necessary.

In contrast, seven cases with NFPCs had negative
?"Te-MIBI SPECT/CT imaging, suggesting that
" Tc-MIBI imaging has no value in the diagnosis of
NFPCs. In this study, one patient with NFPCs who was
initially misdiagnosed with normocalcemic PHPT had a
significantly elevated cystic fluid PTH level (1,152 pg/mL),
mildly elevated PTH levels in three tests, and consistently
normal calcium levels, and thus vitamin D deficiency,
malabsorption, and renal disease-related and some drug-
related secondary HPT conditions were excluded. In
the follow-up of this patient, normocalcemic PHPT was
suspected, and it was suggested that drugs affecting PTH
levels such as bisphosphonates, anticonvulsants, diuretics,
lithium, denosumab, and phosphorus be excluded in the
follow-up. Subsequently, in a more recent follow-up study,
this patient’s serum 25-hydroxyvitamin D, PTH, calcium,
and phosphorus levels were reported to be normal, and
the results of parathyroid US and US-guided fine needle
puncture showed PCs. Therefore, the diagnosis of this
patient was changed from normocalcemic PHP'T to NFPCs.
The definition of normocalcemic PHPT is the persistently
elevated serum PTH levels in the presence of consistently
normal albumin-corrected and ionized calcium levels after
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exclusion of other causes of PTH elevation (40), and it
is most widely accepted as being an early form of classic
PHPT (40). According to the European Expert Consensus
Statement, normocalcemic PHPT can be considered when
there is a persistent biochemical signature (>3 months) of
elevated PTH levels in a setting of consistently normal
total, albumin-adjusted, and/or free ionized calcium
levels according to serial laboratory measurements and
when all secondary causes of PTH elevation have been
excluded (41). Cusano et 4/. followed up with 108 patients
provisionally identified as normocalcemic PHPT for
8 years: only 1.6% (1/64) were confirmed, and 20% (13/64)
went on to show evidence of normocalcemic PHPT (42).
Normocalcemic PHPT is an exclusionary diagnosis that can
only be considered after careful evaluation of the causes of
secondary HPT and should be made with great caution.

False-negative ""Tc-MIBI parathyroid scans in FPCs
did not occur in this study possibly due to the small number
of cases, but these have been reported previously. Ak and
Acikalin (43) reported a case of confirmed 30 mm x 42 mm
x 35 mm FPCs by pathological findings, and Yalcin ez a/. (44)
reported a case of 24 mm x 19 mm x 16 mm FPCs without
?"Te-MIBI uptake. The most likely reason for this is that
?"Te-MIBI uptake is mainly related to a low abundance of
parathyroid cells remaining after the cystic degeneration
of the parathyroid adenoma. If the solid part is small, the
microscopic pathological changes may be similar to those
in PCs and may manifest as a thin-walled cyst with a single
lumen. The mass contains a large amount of cystic fluid and
lacks blood supply, which may be another reason for false-
negative *"Te-MIBI images. Additionally, the reasons for
false-negative results of *"Te-MIBI imaging may be related
to the following factors (45,46): (I) the parathyroid lesions
are too small; (II) the cells express excessive P-glycoprotein,
resulting in increased " Tc-MIBI transport in cells that
accelerates elution; and (III) the proportions of chief cells
and acidophilic cells contained in the parathyroid adenoma
are too low, or the mitochondrial density in the PCs cells
is low.

Several limitations to this study should be noted. First, in
terms of design, we employed a single-center, retrospective,
nonrandomized design due to ethical and guideline
restrictions. Second, the sample size in this study was
relatively small due to the low incidence of PCs, which is a
significant limitation, and thus the generalizability of our
findings may be limited. Therefore, given these limitations,
a large-sample, long-term study should be performed in
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the future to further confirm the value of MIBI imaging in
FPCs.

If the results of SPECT/CT parathyroid scintigraphy are
negative, equivocal, or inconsistent with US findings, or if
HPT persists or recurs after surgery, alternative evaluation
with the hybrid PET/CT technique is recommended (18).
There is an increasing amount of evidence suggesting that
PET/CT has high sensitivity in localizing hyperfunctioning
parathyroid glands. In the study of Mathey ez 4/., 18F-FCH
showed a significantly higher sensitivity and accuracy
compared with ''C-methionine and could diagnose a higher
number of cases; it was thus considered the preferred
modality for localizing of PHPT lesions (17). Recently
published parathyroid imaging guidelines suggest that
18F-FCH PET/CT is a potential alternative first-line
option in patients with PHPT when its implementation is
possible (16) and may be helpful for future applications of
PET/CT in the diagnosis or localization of NFPCs.

Conclusions

PCs can be accurately diagnosed via histological
examination or elevated PTH levels in the cystic fluid.
According to current guidelines and clinical practice,
the role of SPECT/CT parathyroid scintigraphy is to
localize hyperfunctional parathyroid lesions. In our study,
parathyroid imaging with *"Tc-MIBI was proven to be
highly valuable in the diagnosis or localization of FPCs. In
patients with PHPT or elevated cystic fluid PTH levels,
parathyroid imaging with "™ Tc-MIBI showing no uptake of
"™ Tc-MIBI in the cystic lesion site combined with increased
uptake of " Tc-MIBI in the peripheral margins suggests
that the patient may have FPCs.
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