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Abstract

Introduction:

Primary hyperparathyroidism is an endocrine disorder that causes disturbances in calcium and
phosphorus metabolism in the human body. The most effective permanent treatment is surgery,
which involves the removal of the affected gland. To locate such small glands, various imaging
diagnostic methods, including nuclear medicine, are currently used. This study aims to review
current imaging protocols for hyperparathyroid glands and compare first- and second-line
methods, particularly in cases of ectopic foci.

Material and methods:

This review was prepared based on articles available on PubMed. The literature review was
conducted wusing the following keywords: primary hyperparathyroidism, primary
hyperparathyroidism imaging, primary hyperparathyroidism US, primary hyperparathyroidism
MIBI, primary hyperparathyroidism PET/CT, primary hyperparathyroidism 4DCT, ectopic
hyperparathyroidism imaging.

The current state of knowledge:

Primary hyperparathyroidism is a condition that can go unnoticed for an extended period. The
diagnosis of the disease is based on laboratory tests, followed by the crucial step of locating the
gland responsible for progressively causing damage to the body over time. Identifying the
hyperactive gland is essential for performing a successful surgery and curing the patient.
However, this often poses a significant challenge, due to the potential for ectopic gland
locations.

Summary:

It is hard to unequivocally state the superiority of one imaging line over the other, as each has
specific pros and cons in specific cases. However, in the case of ectopic foci, the 2nd imaging
line shows promising results.
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Keywords:  primary hyperparathyroidism  imaging, hyperparathyroidism  MIBI,
hyperparathyroidism PET/CT, hyperparathyroidism 4DCT, hyperparathyroidism ultrasound,
ectopic primary hyperparathyroidism

Introduction:

Primary hyperparathyroidism (PHPT) is an endocrine disorder affecting the small parathyroid
glands located behind the thyroid gland. These glands are tiny, measuring approximately 6 mm
by 4 mm (about the size of an apple seed) and weighing around 0.5 g [1, 2]. Parathyroid glands
are typically located posterior to the thyroid, at its upper and lower poles, and anterior to other
neck structures. Humans usually have four parathyroid glands, although studies have shown
that their number can increase to as many as 12. Embryologically, the superior glands develop
from the fourth pharyngeal pouch near the thyroid, while the inferior glands migrate along with

the thymus from the third pharyngeal pouch [3].

PHPT is more common in women than men, with a ratio of approximately 2:1. It affects about
2 in 1000 women and 1 in 1000 men and most commonly occurs in the sixth decade of life [1,
4, 5].

PHPT disrupts calcium and phosphate metabolism in the body by elevating serum parathyroid
hormone (PTH) levels above the physiological range [1]. The pathogenesis of PHPT involves
calcium-sensing receptors (CaSR) located on parathyroid cells, which detect changes in
extracellular calcium levels [4]. These receptors enable the glands to respond appropriately to
the body’s needs. However, clonal proliferation of these cells and reduced reactivity of CaSR

can lead to the development of PHPT [4].

The causes of PHPT can include hyperplasia, adenoma, atypical adenoma, or parathyroid
carcinoma [6]. Most commonly, this condition presents as an adenoma (80-85%), followed by
hyperplasia (15%), while carcinoma and atypical adenoma are the rarest (<5%) [1, 6]. Atypical
adenoma is of particular interest, as it exhibits features of both adenoma and carcinoma. It is
characterized by a thick capsule, the presence of fibrotic trabeculation, atypical cellular nuclei,
and mitotic activity, but lacks invasive growth, metastases, vascular invasion, or infiltration of

surrounding tissues [5, 6].



Ectopic parathyroid glands, located outside their standard anatomical position, can pose
significant diagnostic challenges and must be considered in all cases of hyperparathyroidism
[7]. Such atypical localization may involve one of the standard four glands or an additional,

supernumerary gland [8].

Ectopic parathyroid glands are a common cause of recurrent PHPT, accounting for
approximately 16% of PHPT cases and about 14% of secondary hyperparathyroidism cases [8,
9]. To prevent recurrence and ensure effective surgical treatment, identifying the location of

ectopic glands and implementing appropriate diagnostic measures is crucial [10].

This study aims to compare imaging diagnostic methods used in the first and second lines of
PHPT diagnostics, with particular attention to ectopic parathyroid glands, which present
diagnostic challenges. Accurate localization of hyperfunctioning glands enables successful

surgery and therapeutic outcomes.

Materials and methods:

This review was prepared based on articles available on PubMed that contained the issues of
imaging parathyroid glands including ectopic lesions. Original articles, review articles, case
reports and guidelines were used for this review. The literature review was conducted using the
following keywords: primary hyperparathyroidism, primary hyperparathyroidism imaging,
primary hyperparathyroidism US, primary hyperparathyroidism MIBI, primary
hyperparathyroidism  PET/CT, primary  hyperparathyroidism  4DCT,  ectopic

hyperparathyroidism imaging.
Symptoms

PHPT can present in three clinical forms: symptomatic, asymptomatic, and normocalcemic.
The symptomatic form was the first to be described, while the normocalcemic form was the last
to be identified in patients [11]. PHPT disrupts calcium metabolism, which plays a critical role
in maintaining homeostasis, thereby impacting the body’s overall function. However, this
disease often remains asymptomatic. The asymptomatic form is the most common presentation

in most developed countries [2, 11].



Symptoms associated with PHPT include:

. Osteoporosis and osteopenia,

. Kidney dysfunction and urinary tract stones,

. Cognitive impairments and cardiovascular disease,

. Peptic ulcer symptoms,

. Psychiatric symptoms such as depression, anxiety, and restlessness,

. Generalized weakness, decreased muscle strength, and muscle or joint pain [1,
2,5,12].

Interestingly, the symptomatic form is more commonly observed in men than women within
the affected population [13]. It has also been noted that African Americans tend to have higher
serum calcium and PTH levels, yet paradoxically show less severe bone symptoms on
densitometry (DXA) scans [14]. The most common initial symptoms are kidney stones and
bone weakening [1]. Historically, PHPT was diagnosed in individuals experiencing recurrent
episodes of these two symptoms [2, 4]. The risk of developing either of these symptoms is
similar in both normocalcemic and hypercalcemic forms of the disease [15]. In the

normocalcemic form, symptoms may be subclinical or entirely absent [16].

It is worth emphasizing that symptoms of PHPT may already be present but go unnoticed by
the patient. Changes in the body are often identified during additional diagnostic tests, such as
bone densitometry (DXA) [11, 16].

Diagnostics

The diagnosis of PHPT is based on laboratory test results, which include elevated calcium and
PTH levels in the blood [1, 11, 16]. Diagnosing PHPT is crucial because of the long-term effects
it can have on the body. After laboratory confirmation, the initial imaging modalities typically
include ultrasonography (USG) and scintigraphy, followed by [18F]F-Choline PET/CT and 4D-
CT [17]. Unfortunately, only about 70% of patients undergo adequate preoperative imaging

diagnostics, highlighting the need for optimizing patient management in cases of PHPT [18].



A thorough differential diagnosis is essential during the diagnostic process. A detailed patient
history can help rule out other causes of elevated calcium levels. Particular attention should be
paid to medications or supplements taken by the patient, including thiazide diuretics, lithium,
and vitamin D3, as well as existing conditions such as hyperthyroidism, malignancies,
prolonged immobilization, granulomatous diseases, or adrenal insufficiency, all of which can

contribute to hypercalcemia [1,16,19,20].

Additionally, conditions that result in elevated PTH levels should be considered, such as
familial hyperparathyroidism, familial hypocalciuric hypercalcemia, tumors causing increased
PTH levels, lithium usage, and tertiary hyperparathyroidism [20]. PHPT may also be part of
genetic syndromes such as MEN1, MEN2A, and MEN4 [4].

Effective differentiation and imaging diagnostics are crucial for accurately identifying the

source of PHPT and ensuring successful treatment.
Imaging Diagnostics

Imaging diagnostics play a critical role in the management of patients with PHPT as incomplete
diagnostic workup can lead to unfavorable outcomes and the progression of symptoms.
Unfortunately, this disease is often underdiagnosed, leading to delays in initiating treatment.
According to studies conducted in the United States, 43.7% of patients with elevated calcium
and PTH levels (>= 50 pg/ml) remained undiagnosed [21]. Therefore, precise imaging
diagnostics are crucial to localize the hyperactive parathyroid tissue, which is often challenging
due to the possibility of the gland being located outside its usual anatomical position [9, 17].

Hyperparathyroidism can also be associated with the presence of additional parathyroid glands

[9].

Due to the difficulties in imaging this small gland, imaging diagnostic methods have evolved
over time [22]. Accurate localization of hyperactive parathyroid tissue is essential for
determining whether the patient is a candidate for surgical treatment, which is the only
definitive cure [9,22]. In particular, when ectopic parathyroid tissue is present, preoperative
imaging is of great significance as it allows for minimally invasive parathyroidectomy (MIP),
which is safer for the patient compared to the previously used bilateral open neck exploration
[23].



For preoperative imaging, ultrasound and scintigraphy/SPECT are typically used as the first-
line methods. When these do not provide sufficient information, second-line imaging methods,
such as 18F-fluorocholine PET/CT and 4D-CT, are employed [9, 17]. Accurate and thorough
imaging is essential to plan and execute effective and minimally invasive surgery, improving

the safety and success of the treatment.
Imaging Diagnostics and Surgery in Primary Hyperparathyroidism

Parathyroid surgery has undergone significant changes over the past few decades. Traditional
parathyroidectomy has been largely replaced by MIP techniques, which have led to reductions
in operation time, hospital stay, and postoperative complications, assuming that most patients
suffer from single gland disease (SGD) [24, 25, 26]. The financial aspect also plays a role in
this shift. Studies have shown that bilateral neck exploration is more expensive (9578 USD)
and has a slightly lower success rate (97.3%) compared to MIP using SPECT imaging, where
the cost is lower (8197 USD) and the success rate is higher (98.6%) [22]. Thus, the development
of multidimensional imaging techniques offers many advantages. Moreover, imaging is an
essential tool for the successful implementation of MIP and for the correct classification of

patients for the appropriate procedure [27].

In cases of ectopic parathyroid glands, during bilateral open neck exploration, caution is
advised. For upper glands, the procedure should include careful examination of the posterior
surface of the upper pole, followed by investigation along the tracheoesophageal groove, pre-
esophageal space, and pyriform sinus. When searching for glands in the vicinity of the lower
poles of the thyroid, the procedure should include the path leading to the thymus (anterior

mediastinum), after which the carotid sheath may be assessed and, if necessary, dissected [28].
Ultrasonography in Primary Hyperparathyroidism

USG is commonly the first imaging modality used in the diagnosis of PHPT. It is widely
employed, often in combination with scintigraphy, which provides more reliable results when
both tests are consistent [9]. USG involves the assessment of glandular structure and
appearance, allowing for the detection of gland enlargement, hypoechogenicity, the presence
of fluid collections or cysts [22, 23]. When combined with scintigraphy using [99mTc]Tc-
MIBI, the sensitivity ranges from 81% to 95%, although scintigraphy plays a larger role in the

diagnostic process [8].



The advantages of USG include its low cost and safety for the patient since there is no radiation
exposure [8, 22]. However, limitations include operator-dependent errors, difficulty performing
the procedure in patients with high BMI (increased neck circumference can hinder a proper
examination), restricted ability to image only superficial structures of the neck, and low
sensitivity in detecting ectopic parathyroid glands or multi-gland disease (MGD) [9, 22, 23].
Negative preoperative MIBI scintigraphy or USG results are considered prognostic indicators
of MGD [29]. That said, when conducted by an experienced practitioner, this method is

sensitive and accurate [23, 30].

USG can also be used in performing fine-needle aspiration (FNA) biopsies, which helps in
precisely obtaining tissue samples for cytological analysis, especially in challenging cases [9,
23]. Intraoperative USG can also aid surgeons by allowing precise localization of parathyroid

glands, which can then improve surgical outcomes [22, 31].

USG also plays a role in minimally invasive procedures, such as ablation, used to treat patients
with hyperplastic parathyroid glands who are not candidates for surgery or who decline surgical
treatment [32].

In summary, USG has extensive applications in PHPT diagnosis and management, from initial
disease screening to identifying complications, aiding further diagnostics, and even in some
treatment approaches. However, when it comes to detecting ectopic parathyroid glands, USG
has relatively low sensitivity, ranging from 57% to 76%, due to difficulties in identifying these
glands, especially when they are deeply situated within neck tissues. For first-line imaging,
99mTc-sestamibi scintigraphy is far superior to USG for detecting ectopic parathyroid glands
[9, 33].

Scintigraphy with Tc-99m-MIBI in Primary Hyperparathyroidism

Currently, most medical facilities use scintigraphy with radiotracers such as technetium-99m-
methoxyisobutylisonitrile (Tc-99m-MIBI) alongside USG as a first-line diagnostic method for
PHPT [8, 24, 34]. Additionally, the integration of single-photon emission computed
tomography (SPECT) with computed tomography (CT), through a two-phase protocol, has
enabled clinicians to obtain three-dimensional views of the affected organ, significantly
enhancing the accuracy and sensitivity of diagnostics [8, 24]. These tests complement each

other: USG provides anatomical details, while nuclear medicine reveals functional imaging



[27]. Moreover, Tc-MIBI has an advantage over USG in detecting ectopic and deeply located
parathyroid lesions [10].

Among the numerous radiopharmaceuticals used for locating parathyroid glands, Tc-MIBI is
one of the most commonly employed. The lipophilic cationic complex of Tc-MIBI accumulates
in hyperactive parathyroid tissue due to the increased number of mitochondria in oxyphil cells.
The uptake and retention of Tc-MIBI are influenced by various factors, including the phase of
the cell cycle, blood flow to the tissue, calcium levels, and vascular permeability [8, 27].

In clinical practice, specialists employ different imaging protocols depending on factors such
as the availability of certain tests, time constraints (two-phase MIBI imaging), the use of
multiple radiotracers (dual-isotope subtraction), and the type of acquisition methods (flat-panel
CT, SPECT). This variability makes it challenging to definitively assess the diagnostic accuracy
of each protocol [22, 27].

Scintigraphy is a nuclear medicine technique in which the radiopharmaceutical Tc-MIBI is
administered intravenously, and images are captured using a gamma camera equipped with a
collimator [27, 35, 36]. During the procedure, images of the neck and chest are obtained from
both anteroposterior (AP) and posteroanterior (PA) projections. The scintigrams show the
distribution of the radioisotope in tissues that contain a high density of mitochondria, such as

parathyroid and thyroid tissues, certain tumors, and cardiac muscle cells [35].

Single-Photon  Emission ~ Computed  Tomography (SPECT) in  Primary
Hyperparathyroidism

SPECT (Single-Photon Emission Computed Tomography) uses radiopharmaceuticals that emit
gamma radiation, which is utilized in diagnosing conditions like strokes, seizures, bone
diseases, and infections [37]. In the context of PHPT, SPECT can be used before MIP to detect
parathyroid glands with the lowest uptake, facilitating preservation or partial transplantation of
the gland tissue [10]. This imaging technique enables the creation of three-dimensional images
through a rotating detector that circles the examined object. Importantly, SPECT does not
involve increased exposure to ionizing radiation, though it requires additional time for acquiring

three-dimensional images of a single anatomical area [27, 36, 37].

During scintigraphy or SPECT imaging, two methods can be employed: the two-phase method
and dual-isotope subtraction, both of which are explained below [27].



In the two-phase imaging method, two time points are used: an early phase (10-30 minutes) and
a late phase (90-150 minutes) following the injection of the radiopharmaceutical. The
radiotracer accumulates not only in the parathyroid glands but also in the thyroid. However,
their washout rates differ, which is leveraged in this imaging technique. On delayed images, the

parathyroid glands are more distinctly visible [10, 27].

The dual-isotope subtraction method involves injecting two radioisotopes: lodine 123 or
technetium-99m-pertechnetate and MIBI. The first two radioisotopes are selectively taken up
by the thyroid cells. During the procedure, two different images are obtained and subtracted
from each other. The areas that show persistent uptake correspond to abnormal parathyroid
glands. This method, however, involves an additional dose of radiation [8, 10, 27]. Moreover,
this single-phase dual-isotope technique shows increased sensitivity in detecting multi-gland

disease (MGD) compared to single-isotope two-phase scans [10].

A review of 24 studies over 11 years, utilizing different protocols with 99m Tc-sestamibi,
showed that the estimated sensitivity for SPECT/CT is 86%, while for SPECT, it is only 74%,
and 70% for planar techniques (scintigraphy) [22]. However, the sensitivity of these tests is
dependent on lesion size and the level of PTH in the serum. A retrospective study of PHPT
patients hospitalized between 2011 and 2015 at the Department of Endocrinology and
Metabolism in Shanghai, China, by Minting Zhu et al., demonstrated that sensitivity for USG
and SPECT/CT decreases for lesions <1.3 cm. Additionally, lower sensitivity for SPECT/CT
was observed with PTH levels <252 pg/ml [38].

It’s important to note that while SPECT/CT provides valuable diagnostic information, it also
carries an increased radiation dose, necessitating careful consideration and the use of the lowest

possible radiation dose during CT scans [8, 37].
Tc-MIBI SPECT/CT in Identifying Ectopic Parathyroid Lesions

Tc-MIBI SPECT/CT is essential for identifying the location of ectopic parathyroid nodules [10,
16, 39]. In the previously mentioned retrospective study by Chinese researchers, it was found
that SPECT/CT accurately detected all ectopic lesions [38]. However, it is important to note
that the sensitivity or diagnostic accuracy reported in various studies can differ, influenced by
factors such as the level of expert knowledge and patient population variability [22].
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False positive results can occur for a variety of reasons. Commonly mentioned causes include
thyroid nodules, where tracer washout is prolonged, leading to imaging similar to parathyroid
pathology. Additionally, similar effects can be seen in paragangliomas producing PTH or lymph
node metastases [10, 34]. Tc-MIBI scans, however, tend to have lower sensitivity, with false
negative results particularly in cases of multi-gland disease (MGD), hyperplasia, or very small
adenomas [2, 16, 34].

Ectopic parathyroid glands, as noted earlier, also pose challenges for localization and may
contribute to surgical treatment failure. A rare example of this is the intrathyroidal parathyroid
adenoma (ITPA) [22]. The diagnostic accuracy of USG, MIBI-SPECT scintigraphy, and their
combination in locating ITPA was 89.3%, 64.3%, and 89.3%, respectively, although it is
important to mention that the USG was always performed by an experienced specialist [30].

In summary, Tc-MIBI SPECT/CT has many advantages, including image acquisition
availability and a lower radiation dose compared to 4DCT. Furthermore, it is crucial for
detecting ectopic and deep lesions that may be missed by USG. It is especially preferred for
patients with iodine contrast allergies or renal insufficiency. Disadvantages include longer scan
times due to the need for waiting between time points and higher costs compared to USG or
4D-CT. Additionally, as mentioned, false results can occur due to unusual tracer washout

patterns or the presence of thyroid nodules [27].
PET and PET/CT in Parathyroid Imaging

Positron Emission Tomography (PET) is a nuclear medicine imaging technique that serves as
a second-line diagnostic tool in patients with PHPT. While no specific guidelines exist for the
radiotracers used in PET imaging for PHPT, the most commonly employed
radiopharmaceutical is [18F]-fluorocholine. This marker demonstrates better localization of
hyperactive parathyroid glands compared to another radiotracer, 11C-methionine, also used in

parathyroid imaging [8, 40].

Choline, a component of cell membrane phospholipids, is in high demand in proliferating
tissues. [18F]-fluorocholine, a radioactive labeled form of choline, is absorbed by overactive
parathyroid cells, emitting radiation detected by a gamma camera [17]. PET can be conducted
as a standalone procedure or combined with low-dose CT (PET/CT) to improve results and
limit radiation exposure [17]. PET and CT complement each other, but it is essential to analyze
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the images both before and after attenuation correction to improve diagnostic accuracy and

reduce the potential for artifacts in the CT portion of the scan [8].

PET is particularly beneficial when neck ultrasound and scintigraphy results are inconsistent,
ambiguous, or fail to detect lesions [9]. PET/CT offers superior spatial resolution, providing
faster results and greater patient comfort, all while exposing the patient to a lower dose of
radiation compared to methods like MIBI [41, 42]. PET imaging’s ability to assess whole-body
choline metabolism is especially advantageous when dealing with ectopic parathyroid glands
[17].

PET/CT proves extremely useful for detecting ectopic parathyroid glands. Even when an
ultrasound identifies overactive parathyroid glands, PET may provide additional benefits by
locating ectopic or additional glands that were missed on ultrasound [8]. Similarly, when
scintigraphy with MIBI is positive, PET with choline can reveal the presence of additional

parathyroid glands not detected in the MIBI scan [43].
Challenges in PET Imaging and the Role of PET/CT in Parathyroid Disease

In the context of PET imaging, certain factors can complicate result interpretation. Thyroid
conditions such as inflammation, Graves’ disease, and thyroid nodules may accumulate the
tracer and mimic hyperactive parathyroid glands. Similarly, reactive lymph nodes can also
absorb [18F]FCH, potentially leading to false-positive results indicating ectopic parathyroid
glands. In these cases, additional imaging methods such as CT or MRI may be useful to reduce
the risk of false diagnoses [8].

Another major drawback of PET is its high cost and less widespread availability compared to

other imaging methods [41, 42].

In a 2021 study by Zhu et al., PET/CT with choline was conducted on patients suspected of
having malignant changes with metastases. This approach demonstrated a 100% sensitivity for
locating areas of hyperactive parathyroid tissue [38]. In a 2022 study by Boudousq et al., 72
patients with negative results from ultrasound and scintigraphy underwent PET, which
succeeded in identifying hyperactive parathyroid glands in 70 cases. Regarding specificity,
MIBI scintigraphy showed one more true negative result than PET with choline, but in terms
of sensitivity and accuracy, PET outperformed MIBI and ultrasound (sensitivity: 99.3%,
specificity: 97%, accuracy: 98%) [42].

12



Among the patients analyzed by Boudousq et al., five had ectopic parathyroid glands, and all
these cases were successfully identified by PET with choline, whereas scintigraphy detected
only one of five [42]. Furthermore, only one case yielded a false negative result in PET, which
aligns with the findings of another study by Noltes et al. [18, 42]. The authors of the studies
suggest that PET/CT with choline may be the best diagnostic tool for detecting ectopic
parathyroid glands and should potentially be considered a first-line test [42]. This conclusion
has been reinforced by subsequent studies showing 100% detectability of ectopic parathyroid

glands and greater accuracy in detecting small adenomas, hyperplasia, and MGD [36, 44].

In conclusion, the advantages of PET/CT over other imaging methods lie in its superior
sensitivity, accuracy, and the high recognition of ectopic hyperactive parathyroid glands.
Additionally, PET/CT requires less reliance on the operator’s skills and experience compared

to other imaging modalities [42, 45].
4DCT in Parathyroid Imaging

Multiphasic dynamic contrast-enhanced CT (4DCT) was first introduced in 2006. This method
allows for the visualization of parathyroid tissue morphology both in a standard CT scan
without contrast and after contrast administration. Imaging is done in three or four phases: pre-
contrast, arterial phase (25-30 seconds after contrast injection), venous phase (30 seconds post-
injection), and optionally a delayed venous phase (around 60 seconds) [22]. The characteristic
changes seen in hyperactive parathyroid glands after contrast administration include significant
contrast accumulation and rapid washout [17].

Like PET/CT, 4DCT is generally used as a second-line imaging technique when first-line
methods fail, after unsuccessful surgery, or in cases involving anatomical distortions in the neck
[22, 46]. Sensitivity of 4ADCT after negative first-line imaging results has been reported as 89%,
with a positive predictive value (PPV) of 74% [9].

However, 4DCT has notable drawbacks. It exposes patients to a much higher dose of radiation,
up to 57 times greater than 99mTc-sestamibi scintigraphy. Additionally, iodine-based contrast
agents can pose risks to individuals with kidney dysfunction, allergic reactions, or
hyperthyroidism [9, 17, 22]. To reduce radiation exposure, it is possible to decrease the number
of contrast phases (e.g., two-phase CT), but this could lower the sensitivity of the examination
[17, 22]. Furthermore, the examination requires precise evaluation by an experienced physician

to be effective [9]. Another limitation is the detection of hyperactive parathyroid glands only
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within the scanned area, making it difficult to visualize small or peripheral ectopic lesions,

especially in the presence of thyroid nodules or lesions smaller than 10 mm [9, 22].

Despite these challenges, 4DCT offers advantages such as high anatomical accuracy and spatial
resolution, which, when combined with tissue contrast, allows for improved sensitivity in
differentiating tissues [17, 41]. Additionally, 4DCT is useful in distinguishing benign from
malignant lesions by assessing how parathyroid tissue contrasts with surrounding structures
[41]. Another benefit is that this method is widely available and increasingly accessible globally
[17].

Regarding ectopic parathyroid glands, 4DCT is helpful in their localization, especially due to
its anatomical precision. However, since it is not a whole-body imaging technique, it will miss
ectopic sites located outside of the imaged area, which can limit its usefulness for certain cases
[22, 41]. Nevertheless, a case report highlights the utility of 4DCT in a patient with recurrent
hyperparathyroidism, where 4DCT was the only imaging modality that identified ectopic
parathyroid glands. This was confirmed by selective venous sampling for PTH, enabling precise

surgical intervention [47].

Overall, while 4DCT has limitations, its high anatomical accuracy and resolution, coupled with
its growing availability, make it a valuable tool in specific clinical situations, particularly for

imaging recurrent or ectopic hyperactive parathyroid glands.
Conclusions

Despite advances in imaging technology, there is still no optimal imaging algorithm for
preoperative diagnosis of PHPT. In clinical practice, a variety of methods are used, which
means these algorithms may differ depending on the center and patient. Currently, the most
commonly used combination in diagnosing PHPT is USG and MIBI, mainly due to their low
cost, availability, and widespread use. In recent years, however, there has been growing
popularity of using 4DCT and PET/CT with choline, marking progress in diagnosis, especially

for detecting ectopic parathyroid glands.

The decision on the appropriate imaging method depends on various factors, such as the
preferences of the diagnostic team, the availability of equipment, the cost of the tests, and the
patient’s health condition. Second-line methods, such as PET/CT, show higher sensitivity and
accuracy in diagnosing hyperparathyroidism, particularly in detecting ectopic parathyroid
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glands, and may be considered as a first-line choice in the future. Specifically, PET/CT with
choline has shown promising results in locating ectopic hyperparathyroid lesions, but further
research is needed. MIBI-SPECT/CT still remains a competitive second-line method,

particularly for areas that may go undetected in other studies.

Each of the mentioned methods has its strengths, but also limitations depending on the specific
case and clinical conditions of the patient. Therefore, an individualized approach to each case
IS necessary to select the best imaging method tailored to the specific situation. It is worth noting
that the advancement of imaging technology may still influence improvements in diagnostic

results and the accuracy of parathyroid lesion localization.
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List of abbreviations:

USG — ultrasonography

Tc-99m-(MIBI) — technetium-99m-(methoxyisobutylisonitrile)
PET — positron emission tomography

4ADCT - four dimensional computed tomography
PHPT — primary hyperparathyroidism

CaSR - calcium - sensing receptors

DXA — Dual-energy X-ray Absorptiometry

PTH — parathyroid hormone

MEN1 — multiple endocrine neoplasia type 1
MENZ2A — multiple endocrine neoplasia type 2A
MEN4 — multiple endocrine neoplasia type 4

CT - computed tomography

SPECT - single-photon emission computed tomography
MIP — minimally invasive parathyroidectomy
SGD - single gland disease

BMI — body mass index

MGD — multi gland disease

FNA — fine-needle aspiration

AP — anteroposterior

PA — posteroanterior

ITPA — intrathyroidal parathyroid adenoma

PPV — positive predictive value
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