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 Primary hyperparathyroidism (PHPT) is 
characterized by hypercalcemia in association 
with an elevated or inappropriately normal 
parathyroid hormone (PTH) level.

 routine biochemical testing has increased the 
numbers of asymptomatic diagnoses. The 
incidence increases with age, and 
postmenopausal women are disproportionately 
affected (2). Individuals of African American 
descent are at greater risk.

https://pubs.rsna.org/doi/10.1148/rg.210170#r2


 More than 95% of all cases of PHPT are 
sporadic, and ionizing radiation and chronic 
lithium therapy are known environmental risk 
factors .

 Approximately 5% of cases occur as part of 
inherited or familial syndromes in which 
causal genes are recognized. These entities 
include multiple endocrine neoplasia (MEN) 1, 
MEN 2A, and MEN 4 syndromes; tumor jaw 
syndrome; and familial isolated PHPT



 Glands are composed primarily of chief cells 
with fat and thin fibrous capsules dividing the 
gland into lobules. 

 There are also Oxyphil cells which are larger 
than the chief cells that have acidophilic 
cytoplasm due to mitochondria with no 
secretory granules. 

 Stromal fat is also present



 Parathyroid tissue may have a pseudofollicular
pattern resembling thyroid follicles

 however it is differentiated from thyroid tissue 
in that it lacks birefringent calcium oxalate 
crystals detectable by polarized light 
microscopy



 he culprit glands causing PHPT consist of 
either one or a combination of these cell types, 
although chief cell adenomas are the most 
common



 in humans, there are typically 4 paired 
parathyroid glands, two superior and two 
inferior. 

 However, 10% of people have 2-3 glands, 5% of 
people have 5 glands, and 0.2% of people have 
6 glands and the number of supernumerary 
glands in humans has ranged up to 11 in an 
autopsy series 



 fewer than four glands were reported in 3%–
6% of individuals, and more than four glands 
were found in 5%–13% **

 As many as 16% of parathyroid glands are 
ectopic in location (Fig 3), more commonly the 
inferior glands than the superior

https://pubs.rsna.org/doi/full/10.1148/rg.2020190190#fig3a


 Normal glands measure a few millimeters, 
weigh an average of 35 mg (5), and are difficult 
to visualize with imaging.

 The average size of a normal parathyroid is 5 ×
3 × 1 mm; normal glands weigh between 40 
and 50 mg.** 

 The normal shape of the parathyroid gland is 
ovoid or bean shaped and it measures 4-6 mm 
in length, 2-4 mm in width and 1-2 mm in 
thickness**

https://pubs.rsna.org/doi/10.1148/rg.210170#r5


 They are thus infrequently identified at 
imaging



 The superior parathyroid glands lie close to the 
upper pole or interpolar region of each thyroid 
lobe

 while the inferior glands abut the lower pole of 
each lobe in approximately 84%–95% of cases 
(6).



https://pubs.rsna.org/doi/10.1148/rg.210170#r6


 The remaining glands are seen in a variety of 
ectopic locations between the angle of the 
mandible and the mediastinum.

 A meta-analysis involving eight studies (6) 
showed that approximately 3%–12% of glands 
were in ectopic neck locations and up to 5% 
were mediastinal, predominantly intrathymic.

 Ectopic parathyroid tissue has an incidence as 
high as 35% **

https://pubs.rsna.org/doi/10.1148/rg.210170#r6


 It is a common cause of persistent or recurrent 
HP and failure of parathyroid surgery

 The superior and inferior glands are derived 
from the fourth and third branchial pouches, 
respectively.



 There is greater variation in the locations of 
inferior glands owing to their prolonged 
embryologic course of descent with the 
thymus.

 Therefore, ectopic inferior glands are found 
anywhere along the migration path of the 
thymus, generally caudad to the carotid 
bifurcation. 

 These glands are usually medial to the path of 
the carotid arteries. 



 These glands are usually medial to the path of 
the carotid arteries. They can arise in an 
undescended submandibular position, along 
the thyrothymic ligament, and elsewhere in the 
anterior superior mediastinum, or they may be 
intrathyroid or intrathymic.



 Ectopic superior glands are less common and 
tend to be found more posteriorly in a 
retroesophageal or paraesophageal location. 

 Sites include the tracheoesophageal groove, 
carotid sheath, and posterior superior 
mediastinum down to the aortopulmonary
window (7). 

https://pubs.rsna.org/doi/10.1148/rg.210170#r7


 A parathyroid gland, whether normal or 
abnormal, surrounded entirely by thyroid 
parenchyma with no capsule is considered an 
intrathyroidal parathyroid

 occurs due to aberrant migration of the 
parathyroid glands during embryogenesis



 The incidence of true functioning 
intrathyroidal parathyroid gland represents 
less than 1% of all hyperparathyroidism cases 
in a large series (37, 38) 

 with 3:1 female predominance. 

 Over 400 cases of intrathyroidal parathyroid 
adenoma have been described in case reports 
and series,

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B37
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B38


 In approximately 80% of cases, PHPT is caused 
by a solitary eutopic or ectopic adenoma (Fig 
2). Multigland disease, including multiple 
adenomas and four-gland hyperplasia, 
accounts for 15%–20% of PHPT cases. 
Parathyroid carcinoma is rare

https://pubs.rsna.org/doi/10.1148/rg.210170#fig2
https://pubs.rsna.org/doi/10.1148/rg.210170#fig2


 In parathyroid hyperplasia there is typically 
more than one gland involved

 Hyperplastic parathyroid cells may show 
clonality and involve mainly the chief cells

 Parathyroid hyperplasia can be sporadic or in 
patients with a history of prior radiation to the 
neck. 



 In the setting of MEN1 or 2A patients may 
begin with multigland hyperplasia and 
progress to multiple adenomas. 

 Hyperplasia of parathyroid adipose tissue is 
rare.



 In primary chief cell hyperplasia, there is 
increased production of PTH associated with 
MEN1 or MEN2A. 

 There is no association with MEN2B. 

 Parathyromatosis, when microscopic foci of 
hyperplastic parathyroid tissue are found in 
the neck, is associated with chief cell 
hyperplasia and prior surgery (



 Cystic parathyroid lesions often contain turbid 
or colored fluid, present at all ages, and can be 
diagnosed by FNA where high PTH is found in 
the fluid (42). 

 Cysts measure 1-10 cm and are unilocular, and 
thin walled.

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B42


 Functional parathyroid cysts are more common 
than nonfunctional parathyroid cysts 

 (44). Patients are usually normocalcemic and 
present with an asymptomatic neck mass, 
including in the low cervical region and 
anterosuperior mediastinum. 

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B44


 They may occur in a hyperplastic gland (45), 
due to cystic degeneration within an adenoma, 
or within heterotopic salivary gland-like tissue

 Cystic parathyroid lesions are a common cause 
of false negative results on molecular imaging.

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B45


 Parathyroid adenoma (PA) typically involves a 
single gland and represents neoplasia of 
parathyroid cells with nuclear pleomorphism
more common than in hyperplasia (48).

 Chief cells within parathyroid adenomas are 
most commonly responsible for elevated PTH 
levels (49–51). 

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B48
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B49
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B51


 Parathyroid adenomas more commonly 
involve the inferior glands over superior 
glands.

 Simultaneous adenomas can occur involving 
multiple glands (54). 

 Parathyroid adenoma can mimic follicular 
thyroid neoplasm at FNA.

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B54


 The incidence of parathyroid adenoma has 
increased over the past 50 years, perhaps due 
to routine biochemical testing

 with adenomas often detected early in 
asymptomatic patients. 

 Most are sporadic cases of unknown etiology. 



 Women are more frequently affected 

 it is common for adenomas to occur in the 30s-
60s

 The condition is most commonly diagnosed in 
the fifth through seventh decades of life** 

 a common endocrine disorder affecting 
approximately one in 500 women and one in 
2,000 men. 



 Syndromes associated with parathyroid 
adenoma include hyperparathyroidism jaw 
tumor syndrome (HRPT2 gene germline 
mutation) 

 and multiple endocrine neoplasia (MEN1 > 
MEN2A) (54). 

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B54


 Another rare cause of primary 
hyperparathyroidism is familial hypocalciuric
hypercalcemia

 an autosomal dominant condition that 
produces PTH-dependent hypercalcemia. 

 It is associated with mild parathyroid 
hyperplasia, but subtotal parathyroidectomy is 
not an effective treatment and is 
contraindicated in these cases.



 Risk factors include radiation exposure and 
long-term lithium therapy



 numerous studies comparing unilateral with 
bilateral approaches have shown similar 
success rates when preoperative imaging is 
highly suggestive of single-gland disease 
[7, 15–18]. 

 Cases of suspected multiglandular disease and 
those with equivocal preoperative localization 
still require the traditional bilateral cervical 
approach

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF7
https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF15
https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF18


 because imaging studies have been shown to 
have low sensitivity for the detection of 
hyperplasia and double adenomas.

 In addition, the surgical treatment for 
hyperplasia requires a bilateral approach; 

 moreover, double adenomas are bilateral in 
most cases



 imaging is also important in the small 
percentage of cases of failed initial 
parathyroidectomy. 

 Failures are most commonly due to undetected 
multiglandular disease 

 but may also be due to ectopic glands or 
incomplete resection of a parathyroid tumor. I



 Parathyroid carcinoma is rare.

 At a large tertiary cancer center within the 
United States, a study identified only 20 
patients over a 15-year

 Conventional structural imaging may be 
helpful to identify this entity as it is typically 
poorly circumscribed, which can distinguish it 
from parathyroid adenoma



 The mean diameter of parathyroid carcinomas 
at histopathology is suggested to be 3.4 cm 
with a weight of 19.2 g (60),

 The role of imaging in parathyroid carcinoma 
is primarily for evaluation of metastatic disease 
for which FDG PET/CT has demonstrated 
promise

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B60


 Rarely, neoplasms can involve the parathyroid 
through metastasis or direct involvement. 

 the most common primary malignancies were 
breast carcinoma (66.9%), melanoma (11.8%), 
and lung carcinoma (5.5%)



 Patients with metastatic parathyroid lesions 
typically had widespread metastatic disease 
and were reported to develop abnormal 
calcium homeostasis even greater than those 
with primary parathyroid disease. 

 Thyroid neoplastic disease is reported to 
typically secondarily involve the parathyroid 
gland by direct extension



 Imaging has no role in the diagnosis of PHPT, 
but it enables assessment of complications and 
aids in treatment planning. 

 Guidelines recommend abdominal imaging to 
detect nephrocalcinosis or nephrolithiasis, and 
dual-energy x-ray absorptiometry to screen for 
reduced bone mineral density



 The parathyroid gland was discovered as an 
anatomic entity in humans less than 150 years 
ago. Its function was completely unknown for 
many years. 

 When Von Recklinghausen described a case of 
a bone abnormality termed ‘osteitis fibrosa
cystica’ in 1891, he was not aware of the cause1. 

 What he described is what we now know as a 
brown tumor or ‘Von Recklinghausen disease 
of bone’. 

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#note1


 In his autopsy note for this case, he 
mentioned “at the left side of the neck below the 
thyroid gland a reddish brown lymph node is 
found” prior to any known connection between 
these two entities



 he importance of accurate localization is 
illustrated in the case of Captain Martell. He 
underwent 5 unsuccessful parathyroid 
surgeries between 1926 to 1930. Finally, the 
sixth operation was successful, and a 
parathyroid adenoma was removed from the 
mediastinum (13–15). This patient illustrates 
the importance of pre-surgical localization.

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B13
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B15


 Glands are composed primarily of chief cells 
with fat and thin fibrous capsules dividing the 
gland into lobules. 

 There are also Oxyphil cells which are larger 
than the chief cells that have acidophilic 
cytoplasm due to mitochondria with no 
secretory granules. 

 Stromal fat is also presen



 Management for patients with 
hyperparathyroidism is complex and multi-
disciplinary

 The question radiologists are asked to answer 
is not “Does the patient have PHPT?” but 
rather “Where is the abnormal parathyroid 
tissue located?”



 Without a positive finding on imaging, it is 
unlikely that clinicians refer patients for 
definitive surgery 



 The ideal parathyroid imaging professional is a 
vital contributor to a successful MIP program 
who substantially impacts patient care by 
aiding in the realization of MIP benefits



 The ideal parathyroid imaging professional is 
comfortable with and able to correlate the 
findings obtained from various imaging 
modalities and uses detailed knowledge of 
parathyroid embryology and anatomy to 
maximize chances of accurate and confident 
preoperative localization.



 Parathyroid imaging is cost saving

 For instance, a study from Frank et al. in 2020 
found that whereas bilateral neck exploration 
costs $9578 with a success rate of 97.3%, single 
photon emission computed tomography 
(SPECT) imaging and minimally invasive 
parathyroidectomy (MIP) cost $8197 with a 
success rate of 98.6% (66). 

https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.760419/full#B66


 Contrary to some claims undermining the 
utility of preoperative imaging, the American 
Head and Neck Society (AHNS) Endocrine 
Section emphasized the necessity of precision 
preoperative localization to avoid unnecessary 
repeat operation 

 and to address the concurrent thyroid 
pathology, which can be identified on 
parathyroid imaging, in the same operation



 The preferred localization technique is based 
on local expertise and availability.

 Guidelines for localization are flexible to reflect 
this variation



 however, US in combination with 99mTc-
sestamibi scanning or four-dimensional (4D) 
CT is recommended

 as it is considered the most cost-effective 
approach for initial investigation of 
parathyroid adenomas



 The most commonly performed and widely 
accepted imaging modalities for preoperative 
localization are US, nuclear medicine imaging, 
and multiphase (so-called four-dimensional 
[4D]) CT **



 Sonography and 99mTc-sestamibi scintigraphy 
are the dominant imaging techniques for 
preoperative location of parathyroid 
adenomas. **

 Numerous studies comparing these techniques 
suggest similar sensitivities and specificities for 
solitary adenoma detection



 Localization accuracy is also improved when 
both studies are obtained preoperatively 

 Contrast-enhanced CT and MRI can also 
effectively locate parathyroid adenomas 

 but are less commonly used for preoperative 
location 

 and are more commonly used in the setting of 
failed parathyroidectomy for the detection of 
suspected ectopic—often mediastinal—glands. 



 Rarely, cross-sectional imaging will be used if 
the findings at sonography and 99mTc-sestamibi 
scintigraphy are discordant.



 Each technique has advantages and 
disadvantages, with complementary rather 
than competing roles 

 Second- and third-line modalities are 
considered in cases of difficult localization, 
repeat surgery, and contraindication to first-
line techniques. 



 These modalities include MRI, PET/CT with 
radiotracers such as fluorine 18 (18F)-
fluorocholine, and venous sampling with or 
without parathyroid arteriography.



 Imaging reports should detail the location, size, 
and number of all candidate lesions

 the depth of the lesion from the skin surface

 the relationship of the lesion with neighboring 
structures, including the major vessels, thyroid 
gland, trachea, and esophagus; variant 
anatomy; and the lesion’s vascular supply if it 
is identified (17,18).

https://pubs.rsna.org/doi/10.1148/rg.210170#r17
https://pubs.rsna.org/doi/10.1148/rg.210170#r18


 US is inexpensive, readily available, and free of 
ionizing radiation.

 The cost of neck ultrasound is approximately 
$200, with other imaging studies costing over 
$1000

 By now, it is widely recognized that ultrasound 
can be helpful as a quick, well tolerated, cost 
effective first line imaging exam for patients 
with primary HP. 



 Ultrasound is rarely the only preoperative 
imaging examination performed, and should 
not be relied upon in isolation in the usual 
standard of care for these patients.



 Reported sensitivities for the detection of 
solitary parathyroid adenomas with 
preoperative sonography range from 72% to 
89% in recent large series **



 A meta-analysis encompassing 54 studies 
performed between 1995 and 2003 calculated 
sonographic sensitivities for the detection of

 solitary adenoma, hyperplasia, and double 
adenoma to be 79%, 35% and 16% respectively.



 retrospectively studied 226 patients with 
primary hyperparathyroidism and found 
preoperative sonography correctly identified 
all abnormal glands 77% of the time **



 The study of Milas et al. [38] involved 350 
patients, and sonography correctly identified 
the site in 72% of patients. 

 Although ultrasound is highly operator 
dependant in the detection of parathyroid 
adenomas, it has a sensitivity of 84% in the 
hands of an experienced sonologist

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF38


 These studies suggest the importance of a 
detailed knowledge of cervical anatomy and of 
operator experience in the successful use of 
sonography for preoperative localization.



 Multiple studies confirm the poor sensitivity of 
sonography for the detection of double 
adenomas. 

 In the study of Haciyanli et al. [39], 21 of 287 
consecutive patients were found to have 
double adenomas.

 A retrospective analysis of preoperative 
sonography showed a 40% sensitivity for 
detection of both adenomas [39]. 

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF39
https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF39


 Similarly, Sugg et al. [40] found 23 cases of 
double adenoma in 233 consecutive patients, 
and sonography had a 23% sensitivity. 

 The similarly low sensitivities seen with 99mTc 
sestamibi, a relatively operator-independent 
technique, might suggest double adenomas are 
an inherently different disease process than the 
typically easily shown solitary adenoma. 

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF40


 Given the significant operator dependence of 
parathyroid sonography, comparisons between 
studies is particularly difficult



 identification of a single adenoma should not 
lead to a false sense of satisfaction of search



 In our recent experience, a high-quality 
sonographic examination is often sufficient for 
preoperative mapping of adenomas; nuclear 
medicine studies, although still routinely 
performed before attempted focused resection, 
often add little, although they may be helpful 
when sonography is nondiagnostic (e.g., with 
ectopic parathyroid adenomas)



 Turning the patient’s head may help identify 
ectopic glands within the tracheoesophageal 
groove and deep paraesophageal regions. 

 Even with use of these maneuvers, the 
identification of these ectopic “blind spots” is 
hampered by poor beam penetration. 



 Some ectopic glands can be difficult to detect 
sonographically, particularly those in the 
retrotracheal region, because of the poor 
acoustic window caused by the tracheal air 
column. 

 Sonography has poor sensitivity for detecting 
ectopic glands in the mediastinum as well.



 Concomitant thyroid disease also contributes to 
imaging pitfalls. 

 Enlarged multinodular thyroid glands can limit 
the sonographic evaluation of parathyroid 
adenomas

 Anatomy is distorted and posterior nodules 
may mimic parathyroid disease



 The rare intrathyroid parathyroid gland is 
difficult, if not impossible, to distinguish from 
a thyroid nodule.



 US is less effective for detecting multigland
disease

 a systematic review of 20 225 cases showed 
sensitivity decreasing to 35%, as compared 
with a sensitivity of 78% for the detection of 
solitary adenomas (20). 

https://pubs.rsna.org/doi/10.1148/rg.210170#r20


 Given the possibility of supernumerary glands, 
use of a systematic approach is imperative, 
even after an abnormal gland is identified.



 Normal parathyroid glands are small and flat, 
measuring only a few millimeters transversely 

 Because these glands are not readily identified 
at imaging, an easily visible gland is suspicious 
for underlying disease.

 The normal parathyroid gland is difficult to 
reliably identify on ultrasound**



 The small size and deep location of the normal 
parathyroid gland makes it non-identifiable on 
ultrasound **



 Abnormal glands are typically homogeneously 
hypoechoic relative to the thyroid gland 

 with a well-defined hyperechoic capsule

 Internal heterogeneity can result from fat, 
hemorrhage, or calcification. however, cystic 
degeneration is present in 1%–2% of cases. 



 Doppler US assessment may reveal a feeding 
polar artery and peripheral arch of 
hypervascularity



 In contrast, lymph nodes have a hilar blood 
supply, hypoechoic cortex, and echogenic 
hilum.







 US-guided fine-needle aspiration (FNA) biopsy 
with PTH estimation can be diagnostic 

 However, this is recommended for 
inconclusive or repeat surgery cases only

 as complications such as hematoma, post-FNA 
fibrosis, or seeding can occur in up to 5% of 
cases



 They also suggest that in rare instances, PTH 
assay of an ultrasound guided fine needle 
aspiration (FNA) of an indeterminate lesion 
along the posterior aspect of the thyroid can 
have a benefit **

 . There is however a risk of seeding 
parathyroid tissue **

 and in most cases FNA of parathyroid lesions 
is not necessary or recommended. **



 Parathyroid carcinomas are usually larger.

 The only reliable feature that suggests 
malignancy is invasion of surrounding 
structures 

 If malignancy is suspected, FNA biopsy is 
contraindicated owing to the risk of seeding.



 In cases in which a more definitive preoperative 
localization is necessary and sonographic findings 
are equivocal, sonographically guided fine-needle 
aspiration (FNA) of the suspected gland with 
subsequent PTH assay has been shown to be a safe 
and highly specific 

 A study by Stephen et al. [28] of 57 preoperative 
sonographically guided FNAs in 54 patients found 
a specificity of 100% and no false-positive findings. 

 The three false-negative FNAs occurred when 
small glands were sampled..

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF28


 Although PTH aspiration is rarely necessary 
for routine cases

 this procedure can be particularly helpful in 
cases in which prior thyroid or parathyroid 
surgery has distorted neck anatomy 

 or when preoperative confirmation of unusual-
appearing or ectopic glands is needed. 



 A theoretic complication of the procedure is 
seeding of abnormal parathyroid tissue along 
the biopsy track, resulting in an entity known 
as parathyromatosis. 

 This has been described in cases of recurrent 
hyperparathyroidism after parathyroidectomy 
in which the capsule of the parathyroid gland 
was disrupted during the procedure. 



 However, a study by Kendrick et al. [31] 
followed 81 patients after percutaneous 
parathyroid FNA for a mean of 5.8 years and 
found no cases of parathyromatosis

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF31


 US can simultaneously depict thyroid nodules

 Thyroid assessment is used to guide the 
surgical approach if a suspicious intrathyroid
nodule is found ipsilateral to a parathyroid 
adenoma, in which case hemithyroidectomy
can prevent repeat surgery. 



 This is relevant because of the risk of coexistent 
papillary thyroid cancer or the rare association 
of medullary thyroid cancer with PHPT in 
hereditary syndromes




9mTc–sesta-methoxyisobutylisonitrile, or 99mTc-
sestamibi, accumulates in mitochondria-rich 
cells, including :

 myocardial cells; malignant cells; and 
overactive parathyroid glands. 



 The accumulation of 99mTc-sestamibi in 
overactive parathyroid glands predominantly 
relates to their oxyphil cell content 

 The radiotracer uptake also depends on other 
factors, such as blood supply, calcium levels, 
and expression of proteins such as P-
glycoprotein and multidrug resistance–
associated protein (16).

https://pubs.rsna.org/doi/10.1148/rg.210170#r16


 Typically, parathyroid adenomas show focal 
increased radiotracer uptake during the early 
phase that persists at delayed phase imaging, 
in contrast to background thyroid activity, 
which shows washout 



 In a meta-analysis (23), the pooled sensitivity 
of 99mTc-sestamibi SPECT for single-gland 
disease (78.9%) was comparable to the pooled 
sensitivity of US (76.1%)

 The reported sensitivity of 99mTc-sestamibi 
scintigraphy is similar to that of sonography. 
Recent large series using SPECT show 
sensitivities for detection of solitary adenomas 
in the range of 68–95% **

https://pubs.rsna.org/doi/10.1148/rg.210170#r23


 The meta-analysis ,included 96 studies, 
between 1995 and 2003 , calculated the 
sensitivity for detection of solitary adenomas at 
88% **

 Similar to sonography, sensitivities for 
detection of hyperplasia and double adenomas 
were low, calculated at 44% and 30% 
respectively



 A preoperative approach that combines both 
the anatomic information of sonography and 
the physiologic information of scintigraphy has 
been shown to predict the presence and 
location of solitary adenomas more accurately 
than either technique alone



 Both techniques remain similarly insensitive 
for the detection of multiglandular disease and 
double adenomas

 ugg et al. [40] retrospectively studied 
preoperative imaging findings in 23 of 233 
patients found to have multiglandular disease 

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF40


 and found that even when combining both 
techniques, multiglandular disease was 
correctly predicted in 30% of patients, single-
gland disease was incorrectly predicted in 30%, 
abnormal parathyroid glands were not located 
in 30%, and discordant results were provided 
in 10%. 



 Haciyanli et al specifically studied double 
adenomas and found combined techniques 
were only 60% sensitive



 Sonography has the advantage of being more 
specific regarding the site of an adenoma in 
relation to the thyroid gland.

 Scintigraphy clearly has an advantage in the 
detection of ectopic glands, particularly in the 
mediastinum.



 In a different study involving 184 patients (24), 
combining 99mTc-sestamibi scintigraphy with 
US significantly improved the sensitivity (81% 
[US and 99mTc-sestamibi scintigraphy 
combined] versus 70% [US alone] and 64% 
[99mTc-sestamibi scintigraphy alone]), and 
concordant imaging improved the surgical 
success.

https://pubs.rsna.org/doi/10.1148/rg.210170#r24


 . Lumachi et al reviewed preoperative 
sonography and 99mTc-sestamibi, found a 
combined sensitivity of 95% versus 80% for 
sonography and 87% for scintigraphy alone**

 Similarly, Siperstein et al. [37] predicted 79% 
surgical success in their prospective study 
combining both techniques versus 74% for 
sonography and 68% for scintigraphy alone. 

https://ajronline.org/doi/10.2214/AJR.06.0938#core-REF37



99mTc-sestamibi scanning, as compared with 
US, can also depict potential ectopic sites with 
higher sensitivities (25). The detection of 
multigland disease is a recognized limitation, 
and oxyphil-poor adenomas can show reduced 
radiotracer uptake

https://pubs.rsna.org/doi/10.1148/rg.210170#r25


 Knowledge of the causes of false-positive and 
false-negative findings is important





 Parathyroid four-dimensional (4D) CT is an 
increasingly used and powerful tool for 
preoperative localization of abnormal 
parathyroid tissue in the setting of primary 
hyperparathyroidism



 However, many radiologists find the 
interpretation of these examinations to be an 
intimidating challenge



 Four-dimensional CT involves a three-phase 
protocol 

 that includes a noncontrast arterial and delayed 
(venous) phase study in which the fourth 
dimension is time. 

 The mechanism behind 4D CT is the 
enhancement pattern, which acts as a surrogate 
for the lesion’s perfusion



 Although other institutions have modified 
protocols and performed imaging with two or 
four phases

 a systematic review of 34 studies (33) 
concluded that a three-phase protocol is best 
for balancing performance with radiation 
exposure.

https://pubs.rsna.org/doi/10.1148/rg.210170#r33


 4D CT is contraindicated in patients

 who are allergic to contrast medium or 

 are undergoing radioiodine therapy for thyroid 
cancer. 

 The risk of contrast agent–induced 
nephropathy makes renal failure a relative 
contraindication.



 The most important 4D CT information to the 
surgeon includes :

 number, size, and specific location of 
candidate parathyroid lesions with respect to 
relevant surgical landmarks; 

 the radiologist’s opinion and confidence level 
regarding what each candidate lesion 
represents.



 and the presence or absence of ectopic or 
supernumerary parathyroid tissue, concurrent 
thyroid pathologic conditions, and arterial 
anomalies associated with a nonrecurrent
laryngeal nerve



 Among US, nuclear medicine and 4D CT :

 4D CT has been shown to have several 
advantages, 

 including superior diagnostic performance in 
most comparative studies as well as relative 
effectiveness in challenging clinical scenarios, 
such as nonlocalizing US and/or nuclear 
medicine imaging results multi glandular 
disease (MGD) and recurrent PHPT



 Three-phase 4D CT, as compared with 99mTc-
sestamibi SPECT/CT, has been shown to 
facilitate superior localization. 

 In a retrospective study involving 400 patients 
,it was more sensitive for both single-gland 
(92.5% vs 75.1%) and multigland (58.2% vs
30.8%) disease 

 In another smaller study (42), improved 
detection of smaller adenomas (Fig 15) and 
ectopic glands was described. 

https://pubs.rsna.org/doi/10.1148/rg.210170#r42
https://pubs.rsna.org/doi/10.1148/rg.210170#fig15


 There remain difficulties in identifying glands 
in multigland disease and concurrent thyroid 
goiter



 However, in order for the potential advantages 
of 4D CT to be realized for a given patient, the 
interpreting radiologist must have the requisite 
knowledge and expertise to provide an 
accurate interpretation, and many radiologists 
find 4D CT image interpretation to be 
intimidating, time-consuming, and difficult.



 No matter how many candidate lesions are 
found, there is always the risk that an 
additional unidentified parathyroid lesion is 
present

 Descriptions of candidate lesions are most 
useful when accompanied by the radiologist’s 
opinion of what the lesion represents and level 
of diagnostic confidence. 



 If other parathyroid imaging has been 
performed, careful review of these images, 
particularly US images, for concordance with 
the putative 4D CT image interpretation results 
may substantially improve diagnostic 
confidence. 



 Diagnostic confidence (or lack thereof) has 
implications for the operative plan and in 
certain high-risk scenarios (eg, reoperative
neck) may impact whether an operation is 
offered at all.



 Appropriate concerns have been raised 
regarding patient radiation exposure with a 
three-phase protocol 

 However, we believe the benefits of increased 
diagnostic accuracy (38) likely outweigh the 
small attributable risk (39) in the typical 
middle-aged patient with PHPT

https://pubs.rsna.org/doi/full/10.1148/rg.2020190190#r38
https://pubs.rsna.org/doi/full/10.1148/rg.2020190190#r39


 Parathyroid adenomas are lower in attenuation 
than the normal (iodine-containing) thyroid 
gland on non–contrast enhanced images. 

 In the setting of chronic hypothyroidism 
,parathyroid adenomas may appear similar in 
attenuation to that of abnormal thyroid gland 
on non–contrast-enhanced images



 On contrast-enhanced images, adenomas are 
classically described as exhibiting higher 
attenuation than the thyroid in the arterial 
phase and lower attenuation than the thyroid 
(washing out) in the venous phase 

 However, this classic appearance is seen in 
only 20% of adenomas 



 In another described enhancement pattern, the 
adenoma has a lower degree of arterial 
enhancement than the thyroid gland but with 
greater washout during the delayed phase 

 A small proportion of adenomas show 
enhancement and washout similar to those of 
the thyroid gland. Underlying cystic change



 In addition to varied enhancement patterns 
parathyroid adenomas may also exhibit cystic 
foci, fat deposition, or calcification 

 Knowledge of these variant appearances 
maximizes lesion detection. 

 Finally, the presence of a polar vessel increases 
confidence that a lesion is of parathyroid 
origin, as opposed to the hilar blood supply of 
a lymph node.



 MGD is also more likely when no parathyroid 
lesions are identified (88% specificity) (23). 

 Parathyroid lesions in MGD also tend to be 
smaller. 

 More specifically, the largest candidate lesion 
identified at 4D CT measuring less than 7 mm 
is 79% specific for MGD, even when only a 
single lesion is identified (23). 

https://pubs.rsna.org/doi/full/10.1148/rg.2020190190#r23
https://pubs.rsna.org/doi/full/10.1148/rg.2020190190#r23


 Imaging features favoring MGD are worth 
emphasizing to the surgeon because of the 
implications for the operative plan

 Parathyroid carcinoma is rare and difficult to 
diagnose preoperatively. 



 Markedly elevated parathyroid hormone is 
suggestive clinical features, and parathyroid 
calcifications on images should raise suspicion, 
especially in large parathyroid lesions.











 In a meta-analysis of 14 studies of choline PET 
(12 with use of 18F-fluorocholine and two with 
use of 11C-choline) :

 high sensitivities (95%) were reported

 and a systematic review of 16 studies in 
which 18F-fluorocholine PET/CT was used 
showed sensitivities ranging from 80% to 100%.





 The latter study highlighted the superiority 
of 18F-fluorocholine PET/CT, as compared with 
first-line imaging :

 in the diagnosis of hyperplasia or multiple or 
ectopic adenomas and its specific role when 
first-line investigations yielded negative or 
inconclusive results. 



 Another recently published meta-analysis of 
119 comparative studies involving the use of 
two or more imaging modalities and 8495 
patients :

 showed that choline PET/CT, as compared 
with other modalities, had the best 
performance in patient- and lesion-based 
localization analyses



 Ectopic mediastinal adenomas can also be 
detected more clearly with choline PET/CT, as 
compared with 99mTc-sestamibi scanning,

 because the higher photon energies of PET, as 
compared with the gamma radiation from 
SPECT, are less attenuated by bone



 Other advantages of choline PET/CT 
over 99mTc-sestamibi SPECT/CT include a 
shorter acquisition time and lower radiation 
dose

 Limited head-to-head comparisons of 4D CT 
versus 18F-fluorocholine PET/CT have shown 
similar or superior sensitivities with PET/CT



 Choline PET radiotracers lack specificity 
because of their intrinsic pharmacologic 
properties, and inflammatory, infective, and 
malignant processes also show uptake

 Benign and malignant thyroid nodules can be 
choline avid and mimic intrathyroid adenomas.

 Diffuse choline uptake is seen with thyroiditis 
or Graves disease, concealing intrathyroid
adenomas.



 Lymph nodes can cause false-positive results,

 but they may also mask adenomas when they 
are found adjacent to these parathyroid lesions 
in clusters (Fig 22). 

 Cystic adenomas show reduced uptake and 
may cause false-negative results.

https://pubs.rsna.org/doi/10.1148/rg.210170#fig22
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