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Case Study 

Primary hyperparathyroidism (1°HPTH) is a common condition that affects the thyroid gland and can be 

diagnosed by endocrinologists. Imaging studies are often obtained to determine the disease etiology and direct 

operative planning. Early efforts at parathyroid localization were limited, but the benefits of focused 

parathyroidectomy, such as shorter operative times, lower incidence of post-operative hypocalcemia when 

unexplored parathyroids are left in situ, and decreased risk of recurrent laryngeal nerve injury, have 

Abstract 

Clinical Background: The incidence of hyperparathyroidism, especially primary 

hyperparathyroidism, has increased over the last decade due to improvements in diagnostic 

procedures and the increase in parathyroid surgery aimed at developing minor surgical planes. A 

prerequisite for targeted parathyroidectomy is prior surgery in the area of suspected parathyroid 

pathology. Therefore, parathyroid imaging modalities and protocols have multiplied, leading to 

confusion regarding their indications and applications. 

Research: Data from clinical trials and reviews published since 2000 have been reviewed and 

supplemented with targeted studies using biomedical data repositories. We also benefit from our 

general diagnosis. Many variations exist, and many additional non-imaging techniques, such as 

computed tomography and magnetic resonance imaging, have been described. The good 

anatomical details of 4D CT should be balanced against the main radiation of the thyroid gland. 

Invasive intravenous PTH sampling and parathyroid arteriography have an important place in the 

management of cases. Multidisciplinary collaboration between endocrinologists, surgeons and 

radiologists is good because there is a lot of heterogeneity in the image. Conclusion: Parathyroid 

localization is suitable for surgical candidates. Important points to consider when selecting 

imaging studies include availability, cost, radiation exposure, local expertise and accuracy. Other 

important factors include the patient's pathology and whether the disease is relapsing or refractory. 

Imaging procedures are offered in patients with primary hyperparathyroidism. 
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encouraged the development of improved localization techniques. Parathyroid gland size, number, and 

location are some of the most variable features of human anatomy. The most typical arrangement is of two 

sets of paired glands adjacent to the posterior thyroid gland. The superior glands are derived from the fourth 

branchial pouch and are less common in patients with PTH hypersecretion from an adenoma due to negative 

feedback. Most glands are ovoid or bean-shaped, but elongated and multilobed glands are not uncommon. 

Supernumerary glands occur in up to 13% of patients. 

The vast majority of parathyroid disease is benign and manifest by excess secretion of PTH, resulting in 

hypercalcemia. 1°HPTH is the most common disease of the parathyroids and most often results from a single 

adenoma consisting of a clonal population of proliferating cells. About 10-15% of 1°HPTH results from 

multigland disease (MGD) in the form of 4-gland hyperplasia or, less commonly, 2 independent (“double”) 

adenomas. Secondary hyperparathyroidism (2°HPTH) is a state of abnormal PTH secretion due to a known 

stimulus, while tertiary hyperparathyroidism (3°HPTH) implies the development of autonomous, unregulated 

PTH secretion. 

 

 

Fig 1: The study uses sagittal and transverse ultrasounds to identify hypoechoic ovoid parathyroid adenomas 

in patients with a single adenoma. Sagittal ultrasounds show the adenoma is inferior and slightly posterior to 

the left lobe of the thyroid and the sternohyoid/sternothyroid muscles, while transverse ultrasounds show the 

adenoma posterior to the left thyroid lobe. 
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Surgery is the treatment of choice for symptomatic 1°HPTH, but some patients with 1°HPTH who meet 

specific criteria may be followed without surgery if certain recently reviewed guidelines are met. Medical 

therapy is the preferred initial treatment for 2°HPTH and 3°HPTH, but surgery is often required when medical 

treatment fails. In 1°HPTH, the operative approach is determined by etiology, with resection of the causative 

adenoma appropriate for single gland disease, 3.5-gland resection surgery used in most cases of MGD, and 

total parathyroidectomy with immediate heterotopic parathyroid autotransplantation. Bilateral cervical 

implantation (BCE) is a well-established approach with a cure rate in excess of 95% in the best centers. 

It is crucial to consider parathyroid imaging as an adjunct to surgical therapy because imaging has no role in 

patients who are not surgical candidates. No localization procedure should be regarded as diagnostic, as aging 

has limited ability to differentiate between etiologies of parathyroid pathology and rarely contributes to 

therapeutic decision making. If the initial choice of operative approach is BCE due to the presence of 

concurrent thyroid pathology, high suspicion of MGD, surrogate preference, or other reasons, preoperative 

imaging is not required because all 4 parathyroid glands are usually identified intraoperatively. 

Localization modality have proliferated, and studies examining their efficacy can be difficult to interpret due 

to heterogeneous definitions used to evaluate effectiveness. In almost all cases of “negative” imaging, an 

experienced endocrine surgeon will find disease during exploration. Therefore, any study evaluating 

parathyroid imaging that does not include correlation with operative findings and cure rates cannot by 

definition ascribe true positive or negative findings. 

Ultrasound is a diagnostic tool used to examine parathyroid adenomas, which are homogeneous, hypoechoic 

structures that are ovoid and.8–1.5 cm in length. It was first described in the late 1970s and is performed using 

a high-resolution transducer with a frequency of 5–15 MHz. The patient is positioned supine with the neck 

extended, and Doppler images are obtained to identify ectopic glands. Enlarged parathyroids appear as 

homogeneous, hypoechoic structures that are ovoid and.8–1.5 cm in length. Cystic degeneration is present in 

1–2% of enlarged glands, although very large adenomas may be irregularly shaped. Doppler images assist in 

distinguishing suspected parathyroid glands from alternative structures because parathyroid adenomas 

typically have a peripheral rim of vascularity and asymmetrically increased blood flow compared to the 

thyroid. 
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Ultrasound has an overall sensitivity of 70–80% in patients with a single adenoma, and specificity in excess 

of 90%. It is inexpensive and widely available, does not expose the patient to ionizing radiation, and has 

satisfactory sensitivity to be employed as a first-line imaging study. Furthermore, it permits concomitant 

evaluation for thyroid pathology, which occurs in 29–51% of 1°HPTH patients. Ultrasound also facilitates 

percutaneous biopsy, and preoperative sonography combined with fine-needle aspiration (FNA) of thyroid 

nodules can reduce the need for simultaneous thyroid surgery from 30% of 1°HPTH patients to 6% (30). 

However, sonography is limited by body habitus and gland morphology. Parathyroid gland size and volume 

are key predictors of ultrasound detection sensitivity by 10% and accuracy by 54% (22). Graded compression 

can improve visualization of small adenomas up to 27% of the time because adenomas are less compressible 

than surrounding tissue (23) and adjuctive techniques such as axial rotation of the patient’s head or swallowing 

may improve visualization of ectopic adenomas by shifting them into the sonographer’s view. Scintigraphy, 

another diagnostic tool, was first reported in 1983 and has since been extensively studied. The description of 

technetium 99m (99mTc)-sestamibi scintigraphy in 1989 greatly increased the utilization and sensitivity of 

nuclear imaging and remains the agent of choice. Sestamibi scintigraphy has several advantages, including 

being widely available, having less ambiguity or operator dependence in interpreting the results compared to 

sonography, being relatively inexpensive, and featuring a wide field of view to assess for ectopic glands. 

 

Fig 2:  99mTc-sestamibi scintigraphy reveals left lower parathyroid adenoma, with physiological uptake in 

heart, thyroid, submandibular, and parotid glands. Sensitivity ranges from 54-96%, best with adjunctive 

SPECT techniques. 

The clearest disadvantage of sestamibi scintigraphy is the potential for false-positive results. Both benign and 

malignant thyroid nodules can cause incorrect characterization of sestamibi nuclear imaging; a nodular thyroid 
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reduces sensitivity by 15–39% (36, 37). Follicular and Humphrey cell thyroid neoplasms are particularly prone 

to sestamibi accumulation (38), and inflammationary thyroiditis and cervical lymphadenopathy are other 

common causes of false-positive scans. Overall, effectiveness of 99mTc-sestamibi imaging is strongly 

correlated with adenoma size, with gland weight of < 600–800 mg associated with false-negative results. 

Greater aberrations in serum PTH, calcium, and vitamin D levels have also been correlated with improved 

scan effectiveness. 

A wide variety of sensitivities have been reported for 99mTc-sestamibi parathyroid scintigraphy, ranging from 

54 to 96%. In a meta-analysis of 20 225 patients with 1°HPTH, Ruda et al found an overall sensitivity of 88% 

for detection of a single adenoma. Sensitivity decreased to 45 and 30% in patients found to have 4-gland 

hyperplasia or double adenomas, respectively. 

Sestamibi scintigraphy is a versatile diagnostic technique used to detect and visualize parathyroid tumors. One 

of the most useful variants is 3-dimensional single-photon emission computed tomography (SPECT), which 

assists surgical exploration by demonstrating lesion location in all three dimensions and allows visualization 

of posterior adenomas in the retroesophageal position that is otherwise masked by thyroid tracer uptake. This 

results in improved sensitivity vs planar imaging, with a positive predictive value of 78.9 and 90.7% for 

sestamibi-SPECT. 

Additional variants in sestamibi scintigraphy include dual-phase imaging, which adds an early image 

acquisition phase at 10-15 minutes after sestamibi administration in addition to the standard 90- to 180-minute 

window. This allows localization of tracer uptake in relation to the thyroid and can visualize the uncommon 

parathyroid adenoma that exhibits rapid sestamibi washout not visible on late phase images. Dual-phase 

imaging results in a small gain in sensitivity vs single-phase protocols, while subtraction imaging is performed 

by adding a second thyroid-specific radiopharmaceutical such as 99mTc-pertechnetate or 123Iodine to allow 

digital subtraction of the thyroid signal from 99mTc-sestamibi signal. 

An emerging technique involves the combination of 99mTc-sestamibi SPECT scintigraphy and computed 

tomography (CT). Although the timing of the hybrid SPECT/CT protocol results in CTimages of less detail 

than conventional diagnostic CT, the improvement in anatomical detail over SPECT alone is notable. This 

results in improved differentiation between spurious sources of 99mTc-sestamibi uptake such as the thyroid 

or cervical lymph nodes and also provides improved anatomical formation for ectopically located parathyroid 
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adenomas. A comprehensive study by Lavely et al (42) examined 110 patients with 1°HPTH who underwent 

dual-phase 99mTc-sestamibi with planar, SPECT, and SPECT/CT imaging. Early SPECT/CT in combination 

with any modality for delayed imaging emerged as the best overall protocol, with an accuracy of 

approximately 86%. 

Positron emission tomography (PET) has also been evaluated in patients with 1°HPTH for preoperative 

localization. Fluorodeoxyglucose-PET detects increased glucose metabolism and has a reported sensitivity in 

1°HPTH of 86%, but it has not been widely employed. A PET/CT hybrid technique using 11C-methionine 

has also been recently described. Sensitivity approximates standard 99mTc-sestamibi scintigraphy 

(approximately 83%), but has an increased sensitivity for MGD (67%). 

Conventional CT for parathyroid localization has generally been inferior to other modalities, with a mean 

sensitivity of approximately 40-70%. However, recent developments have emerged, such as 4D-CT, which 

relies upon the perfusion characteristics of parathyroid adenomas and has been shown to be highly effective 

in cases of reoperative neck surgery. 4D-CT has been shown to be an effective primary localization study for 

all patients with 1°HPTH, correctly localizing the quadrant of the neck in 85.7% of cases. 

Magnetic resonance (MR) has a reported sensitivity for abnormal parathyroid glands ranging from 43-71%. 

The chief advantages of MR are lack of radiation, detailed anatomical information, and the ability to widely 

evaluate ectopic glands. However, MR is largely limited to an adjunctive role during reoperative cases because 

it is costly and prone to motion artifact due to lengthy image acquisition times. 

Catheter-based identification of abnormal parathyroid glands involves two distinct methodologies: selective 

venous sampling (SVS) and parathyroid arteriography. In recurrent or persistent hyperparathyroidism or 

patients who have undergone significant nonparathyroid cervical surgery, the benefit of parathyroid 

localization outweighs the risks of invasive techniques, such as catheter injury, hematoma, contrast-induced 

nephropathy, anaphylaxis, and stroke. 

SVS is the "gold standard" invasive technique, typically obtained via the femoral vein. Serial blood samples 

are drawn from the superior vena cava and bilatary brachiocephalic, internal jugular, vertebral, thymic, 

superior, middle, and inferior thyroid veins. PTH is assayed in each sample, and the data are analyzed for a 

gradient indicative of parathyroid location. In-suite utilization of a rapid PTH assay improves response time 

and data fidelity, as well as facilitating additional sampling. Sensitivity of SVS in reoperative cases of patients 
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with 1°HPTH ranges from 71–90%. 

Parathyroid arteriography is both complementary and an adjunct to SVS, with contrast media infusion near 

the thyrocervical trunk demonstrating abnormal parathyroid tissue as a hypervascular blush and guiding 

operative exploration and confirm a grain suggested by SVS. Arteriography can be especially valuable in 

patients with prior neck surgery where the usual parathyroid venous drainage can be profoundly altered. 

Image-guided confirmation of suspicious lesions has also been demonstrated using ultrasound- or CT-guided 

FNA. A PTH assay is performed on the FNA aspirate to determine whether the index lesion is a parathyroid 

gland. An on-site rapid PTH assay allows quick turnaround and rebiopsy if necessary for inconclusive results. 

Positive identification of a suspicious gland also implies a focused operative approach. Wire-guided explora-

tions after CT- or ultrasound-guided localization have also been described. 
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