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Abstract
Primary hyperparathyroidism (pHPT) is the third most frequently seen endocrine disease and it is the most common cause of
hypercalcemia seen in ambulatory patients. PHPT is most often (80%-85%) caused by a single parathyroid adenoma, followed
by double adenoma (4%-5%), multiple gland hyperplasia (10%-15%), and parathyroid carcinoma (<1%). The diagnosis of pHPT
is biochemically established and the only curative treatment is surgery. Since the cause of pHPT is typically single-gland disease,
it is possible to determine the majority of pathological glands with preoperative localization methods and use the minimally
invasive parathyroidectomy (MIP) approach. MIP has become the standard treatment for pHPT in selected patients. There are
both noninvasive and invasive preoperative localization methods. Noninvasive methods currently used include ultrasonography
(US), parathyroid scintigraphy, 4-dimensional computed tomography (CT), magnetic resonance imaging, and positron emission
tomography-CT with 18F-fluoroquinolone and 11C-methionine. Preoperative invasive localization methods include parathyroid
hormone (PTH) measurement with fine-needle aspiration biopsy, lateralization with PTH measurement via bilateral jugular vein
sampling, selective venous sampling, and parathyroid arteriography. The aim of this study was to evaluate preoperative localization studies used in cases of pHPT.
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P

rimary hyperparathyroidism (pHPT) is characterized by
autonomic excessive parathyroid hormone (PTH) production, an increase in PTH and calcium (Ca) levels due to
impaired regulation of Ca metabolism, or “inappropriately
normal” levels of Ca or PTH.[1, 2] PHPT is the third most common endocrine disease and is the most common cause
of hypercalcemia seen in outpatient departments.[3] Most
often, (80%-85%) pHPT is caused by a single parathyroid
adenoma, followed by double adenoma (4%-5%) multiglandular hyperplasia (10%-15%), and parathyroid cancer
(<1%).[4] The diagnosis of pHPT is biochemically established
and the only curative treatment is surgery.

Historically, many patients present with and are diagnosed
based on obvious signs and symptoms of pHPT. In the early
1970s, the use of automatic blood analyzers became widespread and the number of patients diagnosed during routine
blood tests for other purposes increased. Today, many patients may not have the classic signs or symptoms associated
with pHPT at the time of diagnosis and are diagnosed as asymptomatic or minimally symptomatic. A parathyroidectomy
is indicated for all symptomatic patients with renal and bone
manifestations.[5] In the treatment of asymptomatic pHPT,
there are criteria for a surgical indication, and they are revised
periodically according to the evidence in the literature.[6]
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Surgery is always an option, even in patients with asymptomatic disease or those who do not meet the standard
criteria for surgical indication, because surgery is the only
definitive treatment for pHPT.[6] In addition, many authors
believe that surgical treatment should be considered independently of chronological age in all patients with asymptomatic pHPT with minimal perioperative risk and adequate life expectancy.[7]
In the last quarter of the last century, ultrasonography (US)
and scintigraphy began to be used as preoperative imaging modalities. As technology advanced, these methods
evolved and new imaging modalities have been introduced. It is now possible to determine the majority of pathological glands using preoperative imaging methods in the
majority of pHPT patients.
Intraoperative PTH measurements and other intraoperative
methods are now being used to increase the success rates
of parathyroidectomy procedures. Surgical treatment has
shifted from bilateral neck exploration (BNE) to minimally
invasive parathyroidectomy (MIP) with the help of imaging
methods and intraoperative PTH measurements. Today,
MIP has become the standard treatment for selected pHPT
patients who have positive imaging. However, BNE is still
the gold standard in the surgical treatment of pHPT.[8]

Basic Principles of Parathyroid Imaging in Primary
Hyperparathyroidism
Parathyroid imaging should not be performed for all patients diagnosed or suspected of pHPT. The diagnosis of
pHPT is established biochemically. Imaging modalities are
not used to confirm or exclude the diagnosis of pHPT, or in
the determination of any surgical indication. Furthermore,
negative imaging has not been associated with the disease
being asymptomatic or a mild clinical course. There is no
place for imaging in pHPT patient, who does not have an
indication for surgery or cannot be operated on.
After establishing a surgical indication, a patient is referred
to surgery, preferably to an experienced surgeon. Parathyroid imaging should be performed according to the surgeon's preference to determine the operation plan at the
surgical center. Negative imaging is not a contraindication
for parathyroid surgery.[9,10] However, 90% of endocrinologists request at least 1 or more imaging studies before referring the patient to the surgeon with the imaging results.[11]

Noninvasive Localization Studies
Ultrasound
A description of preoperative parathyroid US was first reported by Arima et al.[12] in 1975. Since then, experience in
US technology and parathyroid imaging has increased tre-
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mendously. In parallel with this growth, the use of US has
become increasingly widespread and has become the first
imaging method to be applied, together with scintigraphy,
in preoperative imaging. US is an inexpensive, widely available, portable, radiation-free imaging technique with good
anatomical resolution and sufficient sensitivity for initial
imaging.[9, 13, 14] Additional thyroid pathology is observed in
29% to 51% of the patients with pHPT, and US also allows
for the evaluation of thyroid pathologies.[9]
A percutaneous biopsy can be performed if necessary. The
need for simultaneous thyroid surgery can be reduced from
30% to 6% with a fine-needle aspiration biopsy (FNAB)
sample obtained from thyroid nodules.[9]
Generally, a 5 to 15 MHz high-frequency linear probe
should be used. For an US evaluation, the patients should
be placed in the supine position with their neck extended
and a pillow placed under the shoulder. Longitudinal and
transverse images should be obtained and the entire neck
should be examined.[9] Particular attention should be paid
to the posterior and inferior border of the thyroid. Potential ectopic parathyroid pathologies should be investigated
from the neck to the superior mediastinum.[9]
Normal parathyroid glands cannot be visualized with US.
[9, 13, 14]
Classic US findings of parathyroid adenoma include
well-circumscribed, homogenous, ovoid, hypoechoic
structures compared to the thyroid tissue.[13,14] They are
gen-erally 0.8 to 1.5 cm in length.[9] However, it should be
kept in mind that different images, such as cystic degeneration, calcification, intralesional bleeding , and fibrosis may
be observed.[13] Doppler imaging may help to distinguish
suspected parathyroid lesions from the thyroid and lymph
nodes. A parathyroid adenoma typically has peripheral rim
vascularity and an asymmetric blood flow increase compared with the neighboring thyroid. The appearance of a
polar feeding artery is important to differen-tiate the parathyroid gland from the lymph node. Lymph nodes usually
have a hilar blood flow.[9, 13] The presence of a feeding artery
seen with US increases the sensitivity by 10% and the accuracy by 54%.[9]
In a meta-analysis of 19 studies, the sensitivity of US was
reported as 76.1% and the positive predictive value (PPV)
was 93.2%.[15] It has also been said that the use of a contrast
agent in US increased sensitivity; the sensitivity of contrastenhanced US has been described as 95.9%, and in patients
with negative scintigraphy, it was reported to be 96.3%.[16]
US demonstrates a high sensitivity in experienced hands.
The main disadvantage of US is that it is operator-dependent. The effect on the evaluation of ectopic, and especially
mediastinal, glands is limited.
However, axial rotation of the patient's head or breathing
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incidence of detection of ectopic adenomas.[9] US is not as
sensitive in the detection of slightly enlarged glands or the
evaluation of intrathyroidal glands.[13, 14]
Staged compression may increase the detection rate of
small adenomas by up to 27%. Parathyroid adenomas are
less exposed to compressive forces than the surrounding
tissue.[9] The presence of a multinodular goiter decreases
the sensitivity. The efficacy of US in obese patients is low.
[13,14]
Multiglandular disease also decreases the sensitivity.
In a review that evaluated more than 20.000 cases, the sensitivity decreased from 78.5% to 34.9% in multiglandular
disease, and to 16.2% in cases with double adenoma.[17]

Parathyroid Scintigraphy
Parathyroid scintigraphy is another of the initial preoperative imaging methods. Parathyroid scintigraphy was first
performed in 1983 by Young et al.[18] and described as thallium 201-Tc99m substraction scintigraphy. In 1989, the
use of Tc99m sestamibi scintigraphy, which used lipophilic
sestamibi accumulating in the mitochondria-rich oxyphilic
cells of the parathyroid gland was reported.[19] This agent
greatly increased the sensitivity of scintigraphy and is still
preferred in parathyroid scintigraphy. Several protocols are
used in parathyroid scintigraphy; however, most frequently,
single-agent 2-phase or 2-agent single-phase techniques
are used.[13]
The introduction of the single-photon emission computed
tomography (SPECT) application in sestamibi scintigraphy, and the combination of SPECT images with CT images (SPECT-CT fusion images) increased the sensitivity of
the method and enabled more convenient localization of
pathological glands with ectopic localizations. Both thyroid and parathyroid tissue have demonstrated uptake of
Tc99m sestamibi. In 60% to 85% of parathyroid adenomas,
sestamibi washout is slower when compared with normal
thyroid and parathyroid tissue.[20] Due to this characteristic feature of sestamibi, single-isotope, dual-phase, planar
scintigraphy performed within the first 10 to 30 minutes after sestamibi injection can reveal uptake in the thyroid and
a pathological parathyroid, while in scintig-raphies taken
within 90 to 180 minutes, secondary to wash-out from thyroid, uptake of the drug by the parathyroid is more conspicuously visualized.
However, it can be difficult to detect parathyroid adenomas occupying 15% to 40% of the gland due to rapid
washout.[14] It has been reported that when the "pin hole"
imaging was added to dual-phase scintigraphy, the sensitivity increased from 54% to 89%, but the specificity decreased from 89% to 77%. However, this technique now is
little-used following the introduction of SPECT-CT.[21] Du-al-
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phase, single-isotope scintigraphy has advantages over US
in that it is not as operator-dependent, and it can detect
ectopic and deeply entrenched posterior lesions.[14] The
sensitivity of sestamibi scintigraphy in single adenomas is
88.4%, while it decreases to 44.5% in multiglandular hyperplasia and 30% in double adenomas.[17]
Three-angle images can be obtained using the SPECT
method in scintigraphy. Since SPECT increases sensitivity,
use of SPECT with standard planar images has been recommended. The combined use may increase the detection
rate of ectopic and deep-seated parathyroid ad-enomas,
especially in the cervical region. SPECT images can reveal
parathyroid lesions behind thyroid pathologies that cannot
be seen in planar images. Hyperplasic lesions with a small
diameter may cause false-negative SPECT images. Lesions
greater than 1.5 cm in size may be more easily localized.
In dualphase scintigraphy, the time of application of SPECT
is controversial. However, many centers that obtain SPECT
images in the early phase in order to view parathyroid adenomas have shorter wash-out times.[21]
The recently introduced SPECT-CT method allows for the
integration of SPECT images and conventional X-raybased
CT images for both anatomical and functional evaluation in
a single image. SPECT/CT increases the quality of anatomical localization and demonstrates the relationship of the
pathological gland to adjacent structures.[14] In parathyroid
adenomas localized in the mediastinum, in obese patients,
or if there is a mild retention in the gland, CT increases the
sensitivity of SPECT in the localization of the gland. In addition, it positively contributes to the identification of lesions in atypical ectopic localizations in the neck, such as
retropha-ryngeal and retroesophageal regions.[21]
As with SPECT, there is no consensus about the timing of
taking images using SPECT-CT. Early or delayed images, or
both, can be obtained. SPECT-CT increases the exposure to
the radiation when compared to conventional CT.[14] However the use of contrast medium for CT is still controversial,
Mc Coy et al.[22] reported in their study of large series that
the use of a contrast agent for CT did not increase sensitivity in detection of the parathyroid pathology.
In a meta-analysis of 18 studies, the sensitivity and PPV
for planar scintigraphy were 63% and 90%, 66% and 82%
for SPECT, and 84% and 95% for SPECT-CT, and SPECT-CT
was found to be the superior method.[23] In a single-center,
large-scale study of 1388 patients with pHPT who were
evaluated before any intervention, 755 SPECT-CT and 633
SPECT examinations were compared. Sensitivity (96% vs
91%), PPV (90% vs 85%), and accuracy of SPECT-CT (83% vs
77%) were higher in a single-gland disease. Although the
authors stated that negative imaging rates in multiglandu-
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lar diseases were similar with both techniques, the accuracy of predicting multiglandular disease was better with
SPECT-CT (36% vs 22%; p=0.04). In addition, SPECT-CT was
found to have greater sensitivity (68% vs. 49%) and PPV
(53% vs. 37%) than SPECT for multiglandular disease.
The researchers stated that when patients having singlegland disease and bilateral exploration due to a thyroid
disease were excluded, there was much less need for BNE
based on SPECT/CT images compared with SPECT examination. The researchers stated that SPECT/CT provided a
more reli-able operative guideline for both single and multiglandular disease.[22] In another metaanalysis, 24 studies were evalu-ated and ectopic lesions were detected in
between 4% and 20% of the patients, and SPECT/CT was
found to be supe-rior to SPECT in the detection of ectopic
lesions.[24]
The use of Ca channel blockers reduces the uptake of sestamibi by parathyroid cells and decreases the sensitivity
of SPECT.[14] Iochemical values and severity of the disease
can also affect the sensitivity. Scintig-raphy is more likely
to yield positive results in the presence of high serum Ca
levels, high PTH levels, and vitamin D de-ficiency. The presence of oxyphilic cells in parathyroid adenoma is thought
to be necessary to obtain positive results with scintigraphy.Indeed, when the oxyphilic cell content is >20%, the
likelihood of obtaining positive results with scintigraphy
increases 4-fold. Radionuclide retention is regulated by
the multidrug resistance system, and specifically by P-glycoprotein. There is a significant correlation between a high
P-glycoprotein level and negative scintigraphy.[25]
Thyroid nodules, thyroiditis, and enlarged cervical lymph
nodes may cause false positivity findings as a result of delayed washout.[13] Thyroid nodules are the most common
cause of false positivity. Rapid washout is seen in some 15%
to 40% of parathyroid adenoma cases, and it is very difficult
to detect these glands with scintigraphy.[20] A dual isotope
(dual radiotracer) technique has been recommended to reduce false positivity due to sestamibi retention in the thyroid nodule and to increase the sensitivity in multiglandular
disease. This method includes applying both Tc99msestamibi and the isotopes I-123 or Tc99m-pertechnetate which
demonstrate uptake only in the thyroid gland.
A digital subtraction technique is applied to images obtained with the 2 isotopes.[26] It has been reported that this
method is faster and more sensitive than dual-phase scintigraphy. It increases the sensitivity from 79% to 94% and
decreases the false positivity rate from 10% to 3%. Since
the thyroid cannot be visualized in patients who have undergone thyroid surgery, patients with thyroiditis, pa-tients
in whom iodinated contrast agent was used, or those treat-
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ed with L-thyroxine treatment, this method can be ap-plied
for other indications.[21] Use of the dual isotope tech-nique
is recommended in the European Society of Nuclear Medicine guidelines because the method is more sensitive in
multiglandular disease and because it can visualize thyroid
nodules.[27]
Dual phase scintigraphy or SPECT-CT can be also used. İt
has been reported that the sensitivity and PPV of SPECTCT
increase up to 95% and 97%, respectively.[28, 29] Furthermore, in a prospective comparative study, the diagnostic accuracy of pinhole dual (sestamibi and iodine) phase
parathyroid subtraction scintigraphy was found to be
greater than that of single-agent, dual-phase scintigraphy,
4-dimensional (4D)-CT, and US.[30]

Combination of Ultrasonography and Scintigraphy
US and scintigraphic methods are the most commonly
used techniques for initial imaging. In many centers, these
2 imaging methods are routinely combined before primary
intervention.[31] The combination of US and scintigraphic
methods increases the sensitivity.[32]
The combination of SPECT or SPECT-CT and US performed
by an experienced ultrasonographist is considered to be an
optimal com-bined option.[33]

Four-Dimensional Computed Tomography
Conventional CT has a lower sensitivity in the imaging of
a pathological parathyroid gland than other imaging modalities. According to the American Society of Endocrine
Surgeons, although the sensitivity of the 4D-CT protocol
is lower in multiglandular disease, its use is increasing.[10]
Use of 4D-CT in parathyroid imaging was first reported in
the literature in 2006.[34]
Four-dimensional CT is a dynamic phase CT method. The 3
dimensions used are axial, coronal, and sagittal multiplanar
imaging. The fourth dimension is based on the evaluation
of the contrast enhancement of the parathyroid perfusion
characteristics; i.e., from the noncontrast phase to the arterial and late venous phase.[13, 21]
The image characteristics of the adenoma or hyperplastic
gland increase and peak with the use contrast in the arterial phase, and it is reduced or completely cleared in the
venous phase.
In an analysis of 2 studies in which 4D-CT was performed
in patients who were undergoing a parathyroidectomy,
the sensitivity, and PPV of 4D-CT was 89.4% and 93.5%, respectively.[14] Although 4D-CT is used as the first imaging
modality in some centers, it is also oftentimes used to solve
problems in challenging cases where previous images
yielded negative or inconsistent results.[35] In cases where
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US and scintigraphy did not localize the lesion, or the results were contradictory, the sensitivity, and PPV of 4D-CT
have been reported to be 67% to 89% and 65% to 97%,
respectively.[36–38]
The sensitivity has been reported to range between 43%
and 67% in multiglandular disease.[38, 39]
The sensitivity and PPV of 4D-CT have been reported to be
50% to 88% and 69% to 100%, respectively, in patients undergoing unsuccessful exploration.[38, 40, 41] The performance
of 4D-CT has been found to be superior to scintigraphy and
US.[14]
The main disadvantages of this method are the relatively
high radiation exposure of the patient and the inexperience of some radiologists with this technique.[14]
Mahajan et al.[42] found that the estimated annual level of
background radiation exposure for an individual was about
3 mSV. The radiation dose in 4D-CT and SPECT scintigraphy
in their study was 10.4, and 7.8 mSV, respectively. The thyroid was exposed to a 57-times greater dose of radiation
with 4D-CT when compared with SPECT scintigraphy. (92.0
vs. 1.6 mGy).
The risk of 4D-CT-related thyroid cancer developing in a
20-year-old woman exposed to this radiation dose was
estimated as nearly 0.1%. Nonetheless, reservations about
the radiation dose still remain, and in many centers 4D-CT
is used as a secondary or confirmative study in problematic primary cases or as an imaging modality in reoperative
cases, rather than as the first-stage imaging method.[13]

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is used less frequently
because its accuracy is similar to US and scintigraphic
methods. Similar to 4D-CT, it is used as a secondary imaging method to solve problems.[13] It has been reported
that MRI detected abnormal parathyroid glands in 74% of
44 cases with persistent pHPT.[43] Although MRI does not
contain radiation and provides comprehensive anatomical
information, including ectopic areas, motion artifacts that
may occur due to the length of time required for shooting
limit the contribution of MRI, especially in secondary interventions.[9] Recent advances in technology and technique
have led to promising results assessing the hypervascular
structure of a parathyroid adenoma with dynamic images.
Although MRI imaging performed using a 3 Tesla (3T) MRI
device with high-resolution has a lower sensitivity and PPV
when compared with Tc99m sestamibi scintigraphy, MRI
was found to have detected parathyroid adenoma in 57%
of patients with negative scintigraphy results in 1 study.[44]
In other research, the sensitivity and PPV of 3T MRI (97.8%
vs 93.7%) were greater than those of US (89.1% vs 93.1%)
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and scintigraphy (83.6% vs 95%), but similar to those of US
and scintigraphy combination (93.4% vs 95%). MRI scans
could visualize 6 of 8 adenomas missed with scintigraphy,
and 2 of 7 adenomas overlooked using US. Combined use
of US and MRI detected all of the enlarged parathyroid
glands in multiglandular disease. MRI was also able to visualize 7 of 7 ectopic adenomas. The authors stated that
preoperative localization of parathyroid adenoma had high
diagnostic power and MRI could be preferred to select appropriate patients for MIP.[45]
Recently, it has been reported that dynamic multiphase
4D-MRI based on the evaluation of parathyroid perfusion properties such as 4D-CT has a 96% accuracy in distinguishing parathyroid lesions from thyroid and lymph
nodes.[46] The sensitivity and PPV value of 4D-MRI was reported to be 90% to 93% and 90%, respectively, in cases of
reoperation.[47, 48]
Although these new MRI studies have yielded promising
results, additional studies are needed for routine use of MRI
instead of US, scintigraphy, or 4D-CT. It may be considered
instead of 4D-CT particularly in difficult cases where exposure to radiation is contraindicated.

PET-CT
In recent years, PET-CT studies with 18F-fluorocholine and
11C-methionine have been shown to be particularly promising for visualization in difficult parathyroid cases.[13, 14]
Methionine is precursor amino acid for PTH and choline is
the precursor for cell membrane synthesis.[13] In a recent
meta-analysis, the sensitivity and PPV of methionine in the
localization of parathyroidism was reported to be 69% and
98%, respectively.[49] In recent years, the sensitivity and PPV
of PET-CT studies with fluoroquinolone to detect parathyroid lesions was reported as 93% to 100% and 90% to 100%,
respectively.[50–52]
In a recent study involving 29 patients who had undergone
neck surgery, the lesion detection rates of 4DCT and fluorocholine PET-CT were evaluated. The sensitivity of fluorocholine PET-CT was found to be greater than that of 4D-CT
regarding the number of lesions (96% vs 75%) and patients
(85% vs 63%), respectively. The authors suggested that in
patients with neck surgery; fluorocholine PET-CT is a promising method, while 4D-CT is a confirmatory imaging modality.[53]
In a meta-analysis of 11 studies on fluorocholine PET-CT, the
rate of detection of lesions was determined to be 97% in
patient-based analysis and 94% in lesionbased analysis. The
investigators identified this study as the most promis-ing
examination for imaging pHPT and stated that it could replace sestamibi scintigraphy in parathyroid imaging.[54]
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In patients with persistent or recurrent disease with negative imaging results who are scheduled for reoperation,
fluorocholine PET-CT has begun to take its proper place as
one of the imaging methods that may be considered for
visualization of the parathyroid gland before invasive procedures.

Invasive Localization Studies
Measurement of Parathormon with Fine-Needle
Aspiration Biopsy
In some cases, it may be necessary to confirm whether the
suspect parathyroid nodule is definitively the parathyroid.
Parathyroid and thyroid nodules may be confused in imaging methods; however, a precise distinction of parathyroid
tissue from thyroid follicle cells can be difficult even in cytological examination.[10] US or CT-guided FNAB was performed for suspected lesions based on US and CT results,
and the aspirate obtained was washed with 1 cc saline. PTH
in the irrigation fluid was measured to diagnose the lesion
(PTH washout test).[55]
In the literature, the sensitivity, and specificity of a PTH
washout test has been reported as 75% to 100% and 75%
to 100%, respectively, and the diagnostic value is greater
than that of cytology. A high PTH value is specific for parathyroid tissue, but it does not contribute to the differentiation of parathyroid adenoma from cancer.[10] It is a method
that can increase the likelihood of detecting a pathological
parathyroid gland, especially before secondary surgical intervention. It can confirm suspected lesions observed on
US in scintigraphynegative reoperated cases, and thus it
may allow for more focused surgery.[56]

Measurement of Parathormone in Blood Samples
Obtained via Bilateral Jugular Vein Sampling
In this method, with the aid of preoperative US or intraoperatively, the PTH level of a blood sample obtained from
both jugular veins at the lowest level of
the neck possible is measured to lateralize the pathological
gland. If the PTH value is 10% higher on 1 side of the neck
than in the contra-lateral side, the test is considered positive.[57] This method is generally recommended to lateralize
the lesion in scintig-raphy-negative patients undergoing
primary surgery and with the intention to perform MIP, if
possible. Ito et al.[58] reported that it would provide an additional contribution to localization in most cases and could
be used particularly in scintigraphy-negative cases.[58] Carneiro-Pla asserted that in suspect lesions detected with
US performed by a surgeon, if US-guided bilateral venous
sampling yields a positive result then sestamibi scintigraphy may eliminate and shorten the preoperative evalua-
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tion process.[59] Barc-zynski et al.[60] sampling was the most
appropriate method to detect a solitary adenoma suitable
for MIP.[61] In a prospective, casecontrolled study, Alvarado
et al.[62] found a 56% positive lateralization in a study with
both positive and negative pHPT patients, and a positive
lateralization of 76% in the group with total thyroidectomy
in patients without parathyroid disease. Among 30 scintigraphy-negative patients, 17 had positive lateralization:
in 11, the side of the adenoma was accurately lateralized
and in 5 patients, bilateral disease was detected despite
lateralization findings. In the remaining patient, the lesion
was detected on the contralateral side. Of 13 patients who
could not undergo lateralization, 3 had bilateral disease
and 10 had a solitary parathyroid adenoma. Seventeen of
30 scintigraphy-positive patients also had a positive lateralization: in 15, the parathyroid adenoma was lateralized
accurately, while in 2 cases the parathyroid adenoma was
detected on the contralateral side. The authors suggested
that bilateral venous sampling should not be used as an
additional test for focused parathyroidectomy, and that
standard BNE should be performed in scintigraphy-negative patients.[61] It has been reported that this method alone
or together with intraoperative US had a sensitivity of 77%
to 80% and specificity of 65% to 71% and increased the rate
of accurate localization from 33% to 65%. The major disadvantage of this method is that the pathological lesion may
be below the area of venous sampling or located in the mediastinum. The contribution of this method in primary cases may be questioned. However, it may be considered as an
additional method in persistent or recurrent cases, before
or in the absence of more complicated techniques, such as
selective venous sampling. These interventions should be
performed in patients with persistent or recurrent HPT or
when noninvasive methods yielded negative results in patients who have undergone severe neck surgery that previously deformed the anatomy.

Selective Venous Sampling
Selective venous sampling (SVS) is an invasive procedure
which is almost always applied to the persistent or recurrent HPT patients having discordant or negative
noninvasive imaging modalities.
In SVS, a venous angiography is performed and blood samples are drawn from the brachiocephalic vein, internal jugular vein, and the points where thyroid veins drain into the
jugular vein. Blood samples collected through a thin catheter inserted into thyroid veins or more proximal parts of the
venous anastomoses closer to the thyroid gland is called
superselective venous sampling. A 2-fold increase in PTH
value relative to the PTH level in a peripheral vein is considered a positive result in SVS. This value is much higher in
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superselective venous sampling.[63] In a recent meta-analysis of 12 studies of selective venous sampling performed
in patients with recurrent or persistent HPT, the sensitivity,
specificity, and positive likelihood ratio were found to be
74%, 41%, and 1.55%, respectively. The sensitivity, positive
likelihood ratio, and positive posttest probability of SVS
were significantly higher than those of noninvasive methods. Among SVS methods, superselective venous sampling
has the highest sensitivity, accuracy, and positive posttest
probability.[64] In a study that included 28 patients who had
previously undergone surgical exploration and in whom
pathological glands could not be localized using other
imaging modalities, the sensitivity of SVS for lateralization was 93.3%, the PPV was 66.7%, and accuracy rate was
63.6%. When combined with 4D-CT, SVS has been reported
to increase sensitivity from 50% to 95% and accuracy from
55% to 91% compared to 4D-DT alone.[65]

Parathyroid Arteriography
In parathyroid arteriography, both the common carotid artery and inferior thyroid arteries are catheterized from the
femoral artery, and the results are evaluated based on the
appearance of hypervascular blush in the parathyroid lesion with the delivery of a contrast agent. The true and false
positivity rate has been reported as 59% and 9%, respectively.[66] It has more of a historical importance today, since
4D-CT and 4D-MRI have begun to be used.

Conclusion
Preoperative localization studies should be performed for
all patients with pHPT with an indication for surgery. Today,
pathological parathyroid glands can be localized in 80%
to 90% of patients with pHPT using preoperative imag-ing
methods. MIP has become the standard treatment for pHPT
in selected patients with positive imaging. Surgical treatment with a BNE is still the gold standard.
The first choice of imaging is the combination of US and
scintigraphy for patients who will undergo their first intervention. In cases where these imaging modalities yield
negative results or in noncompliant patients, innovative
methods such as 4D-CT or fluorocholine PET-CT are recommended for an additional contribution in some centers, but
usually a BNE is performed. Invasive procedures have no
place in primary cases. In patients with persistent or recurrent pHPT, scintigraphy and 4D-CT, fluorocholine PET-CT, or
MRI may be applied after US. Invasive localization studies
can be performed in cases with negative results.
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