
ABSTRACT

Objective: To assess and compare the diagnostic ability of ultrasound (US) and 99 mTc-MIBI planar scintigraphy in a combination with single-
photon-emission computed tomography/computed tomography (SPECT/CT) for the pre-operative evaluation of primary hyperparathyroidism.

Methods: We retrospectively reviewed 60 patients who underwent parathyroidectomy for primary hyperparathyroidism. All patients had to undergo 
pre-operative Tc-99m MIBI planar scintigraphy+SPECT/CT and US examinations to be included in the study. All US examinations were performed by 
the single experienced operator. The diagnostic accuracy of the imaging methods was assessed by using the surgical pathology as a reference method.

Results: Surgical pathology revealed solitary parathyroid adenoma in 54 patients and multiglandular disease in five patients (hyperplasia in four patients 
and adenoma in one patient). The sensitivity and the diagnostic accuracy of US in detecting solitary adenoma were 88.9% and 87.2%, respectively, while 
the sensitivity and the diagnostic accuracy of Tc-99m MIBI planar scintigraphy+SPECT/CT were 96.3% and 94.5%, respectively. However, the combination 
of the two methods was able to detect all solitary adenomas. The overall diagnostic accuracy of US, Tc-99m MIBI planar scintigraphy+SPECT/CT, and 
the combination of the modalities for solitary lesions and multiglandular disease were 86.6%, 90%, and 96.6%, respectively.

Conclusion: The US and Tc-99m MIBI planar scintigraphy+SPECT/CT had an excellent diagnostic ability in assessing patients with primary 
hyperparathyroidism in the pre-operative period; however, the combination of these methods showed even a more superior diagnostic accuracy 
and sensitivity, reaching up to 96.6% and 98.3, respectively. We highlight that the combination of these two methods should always be preferred 
in the pre-operative assessment of parathyroid adenoma.
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INTRODUCTION

Hyperparathyroidism is defined as an increased level of parathy-
roid hormone and can be classified as primary, secondary, and ter-
tiary hyperparathyroidism. Over functioning of the gland itself due 
to adenoma or hyperplasia is classified as primary hyperparathy-
roidism (PHPT), and approximately 80% of PHPT cases occurs due 
to parathyroid adenomas (1). Although PHPT typically involves the 
musculoskeletal system, particularly bones, the disease can mani-
fest with diverse clinical symptoms and findings, including peptic 
ulceration, alterations in the mental status, and nephrolithiasis (1, 
2). Traditionally, conventional bilateral neck exploration was the 
method of choice for the operation, but there has been a recent 
trend toward minimally invasive parathyroidectomy (MIP), mostly 

given the technological advancements of the pre-operative imag-
ing methods (3-6). The success of MIP has been endorsed by many 
studies, showing that while MIP has comparable curative rates with 
the traditional approaches, it also offers lower complication rates, 
reduced costs, substantially shorter operation and post-operative 
hospitalization time, and better cosmetic results (4-6).

Conventional ultrasound (US) and 99 mTc-MIBI scintigraphy are 
the most widely used modalities in the pre-operative evaluation 
of the patients with suspicion of PHPT secondary to parathyroid 
disease. To date, many studies have investigated and favored the 
diagnostic value of these two methods in detecting parathyroid 
adenomas, although a considerably wide range of sensitivity has 
been reported (7-11). 
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Herein, we aimed to assess and compare the diagnostic value of 
pre-operative US and 99 mTc-MIBI planar scintigraphy in com-
bination with single-photon-emission computed tomography/
computed tomography (SPECT/CT) for the pre-operative evalu-
ation of PHPT.

METHODS

A local ethics committee approved this retrospective study, 
which was carried out from January 2006 to January 2018. A need 
of informed consent was waived by the ethic board for the ret-
rospective review of the clinical and radiologic data of patients. 
A total of 60 patients with clinically and biochemically proven 
PHPT (increased intact PTH, increased serum calcium, and nor-
mal kidney functions) were included in the study. All patients had 
to have a pre-operative US and 99 mTc-MIBI+SPECT/CT scan 
to be eligible for the study. Patients with recurrent or persistent 
hyperparathyroidism, a history of former thyroid or parathyroid 
operation, and a history of any neck malignancy were excluded 
from the study.

99 mTc-MIBI+SPECT/CT and US examinations
Dual-phase parathyroid scintigraphy using the 99 mTc-MIBI was 
utilized for all patients. First, 740 MBq of 99 mTc-MIBI were given 
to patients, and then immediate (at 10 minutes) and delayed (at 
180 minutes) images were obtained. The immediate phase com-
prised static images of the chest on the anterior plane at 10 min-
utes, and static images of the neck on the anterior, left and right, 
and left oblique planes at 5 minutes after the injection. All acqui-
sitions were handled using a low-energy, high-resolution parallel-
hole collimator with a matrix size 256x256 and a 1.85x zoom level. 
Afterward, static anterior left and right oblique plane images were 
obtained from a distance of 10 cm from the patient’s skin using a 
five pinhole collimator mm in diameter (matrix size, 256x256; 2.19x 
zoom). A dual-head gamma camera (Siemens) that was adjusted 
to 140 keV and had a 10% width (range, 133–147 keV) was used 
for all planar imaging. Approximately 1 hour after the 99 mTc-MI-
BI administration, the neck and the upper thorax of the patients 
were examined with a SPECT/CT (SIEMENS INTEVO 6 xSPECT) 
equipped with a dual-head gamma camera (matrix size, 128x128), 

which was combined with the CT system positioned on the same 
gantry. The CT system parameters were 2.5 mA and 130 kVp, 2x2.5 
mm collimation, and 10 mm sections reconstructed in a 256x256 
matrix. The delayed images consisted of the same acquisitions as 
for the immediate phase 5 min pinhole and parallel hole images.

Two discriminative features of parathyroid adenomas were used 
when interpreting scintigraphy examinations: 1) Both thyroid 
parenchyma and parathyroid adenomas show the 99 mTc-MIBI 
uptake during the early phases; however, normal thyroid gland 
showed faster wash-out compared to the adenomas, while ade-
nomas showed fixed 99 mTc-MIBI uptake during the later phases; 
and 2) occasionally, parathyroid adenomas might also show more 
prominent tracer uptake during the early phases (12). Figure 1 
shows a 99 mTc-MIBI planar scintigraphy+SPECT/CT image of a 
patient with adenoma.

The same observer with over 20 years of thyroid and parathyroid 
ultrasound experience performed all US examinations. The patients 
were directed to lay in a comfortable supine position, hyperextend-
ing their necks for the US evaluation. The operator performed all ex-
aminations with the same device (LOGIQ E9 with XDclear, General 
Electric (GE) Healthcare, Wauwatosa, WI, USA) using a linear array 
transducer (ML6-15) with a frequency range 12-15 MHz. The observ-
er examined the neck putting a particular focus on posterior neigh-
borhoods of the upper and the lower parts of the thyroid lobes. 
Given the more diverse presentation of the lower quadrant adeno-
mas, the observer delicately explored the paratracheal regions, the 
area around the carotid artery, and deep regions of the neck and 
superior mediastinum using the oblique craniocaudal view. The ob-
server identified parathyroid adenomas by their oval-shaped, solid, 
and hypoechogenic appearance compared to thyroid parenchyma. 
In equivocal cases, a Doppler US was also applied to identify the 
feeder artery, which commonly stems from the inferior thyroid ar-
tery and giving it an arc- or rim-like vascular appearance (10). The 
observer noted whether the adenoma was present, and if pres-
ent, the exact location of the lesion, as located in the right-upper, 
right-lower, left-upper, and left-lower pole of the parathyroid gland. 
Moreover, if more than one lesion was detected, the observer also 
noted that lesion. The incidental or previously known pathologies of 
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Figure 1. a, b. Tc-99 m MIBI dual-phase planar (a) and SPECT/CT (b) images of a patient with a 13x8 mm parathyroid adenoma (arrows) located on 
the right lower quadrant of the gland. Please note that the images are ordered from left to right and up to bottom as representing early through 
the late phases of the examination

a b



the thyroid gland that were identified during the examination were 
also indicated for a further diagnostic workup.

Surgery
All the procedures were performed under general anesthesia. Pa-
tients with solitary parathyroid adenoma and without additional 
thyroid pathology were operated by one of the three surgeons in 
our institute using minimal invasive parathyroidectomy in light of 
the pre-operative US and 99 mTc-MIBI planar scintigraphy+SPECT/
CT. The surgeons applied total or unilateral thyroidectomy opera-
tion with a more extensive surgical approach in appropriate cases. 
The adenoma location according to US and scintigraphy findings 
was presented as four quadrants: the right-upper, right-lower, left-
upper, and left-lower quadrant. The surgeons started the opera-
tion by placing an approximately 2-3 cm transverse incision line 
over the proper localization of the adenoma. To prevent damage, 
the recurrent laryngeal nerve was carefully monitored during the 
procedure. If a thyroid operation was necessary or the disease 
was multiglandular, a total thyroidectomy with a more extensive 
neck exploration was performed rather than MIP. The success of 
the operation was determined by measuring the intraoperative in-
tact parathyroid hormone levels in which the reduction of the PTH 
<50% was accepted as an adequate removal. All of the patients 
were discharged within 2 days after the operation, and no signifi-
cant complications were encountered.

Statistical Analysis
All statistical analyses were performed using the Statistical Pack-
age for Social Sciences 21 version (IBM Corp.; Armonk, NY , USA). 
All continuous variables were presented as the mean standard 
deviation unless otherwise specified. Pre- and post-operative 
PTH, Ca, and p levels were compared using the paired Student’s 
t-test. The sensitivity, specificity, and diagnostic accuracy of the 
US and 99 mTc-MIBI scintigraphy were calculated accepting the 
surgical pathology as a reference method for both per lesions. 
The true positive (TP) result was defined as correct identification 
of the parathyroid adenoma side and the level (i.e., if the imag-
ing study identified a lesion in the right-upper quadrant of the 
disease and the surgery confirmed the presence, then the diag-

nosis was classified as TP). If the pre-operative imaging correctly 
assessed the side but incorrectly interpreted the level, that case 
was accepted as the false negative (FN). False-positive results 
were defined as a pre-operative positive lesion in the relevant lo-
cation despite negative surgical findings. The following formulas 
were used the calculate sensitivity, TP/(TP+FN); specificity, TN/
(TN+FP); and diagnostic accuracy, (TP +TN)/(TP+TN+FP+FN).

RESULTS

A total of 60 patients, 9 male (15%) and 51 female (85%), with a mean 
age of 54.78+12.80 years were enrolled in the study. Detailed demo-
graphics, and pre- and post-operative biochemical and histological 
findings of the patients are listed in Table 1. Among 60 patients, 54 
had solitary parathyroid adenoma (90%), while five patients (8.3%) 
had a multiglandular disease, and all of them were hyperplasia. All 
patients with solitary parathyroid adenoma underwent MIP, except 
for patients who had a combination of thyroidectomy and parathy-
roidectomy during the same session. Pre-operative US identified 
48/54 (88.9%) of the solitary adenoma, while pre-operative 99 mTc-
MIBI planar scintigraphy +SPECT/CT was able to identify all solitary 
adenomas except for two patients (96.3%). The solitary adenoma 
missed by the scintigraphy was detected on the pre-operative US. 
Hence, the combination of pre-operative US and 99 mTc-MIBI pla-
nar scintigraphy+SPECT/CT correctly identified all the solitary para-
thyroid adenomas. Among five patients with multiglandular disease, 
one had right upper and lower, one had right lower and left upper, 
two had right lower and left lower, and one had a four-quadrant dis-
ease. US was able to identify all multiglandular involvements in four 
out of five patients (80%) except for the patients with glandular hy-
perplasia involving all quadrants of the gland. Among these five pa-
tients, 4 had parathyroid hyperplasia, and one had two parathyroid 
adenomas. US was able to correctly identify two out of four of these 
glandular involvements, yet given to our methodology, this case was 
accepted as FN. The 99 mTc-MIBI planar scintigraphy+SPECT/CT 
detected the pathology in three out of five patients (60%) with multi-
glandular disease. The 99 mTc-MIBI planar scintigraphy+SPECT/CT 
also could not detect all quadrants in patients with multiglandular 
disease involving all quadrants and entirely missed the pathology 
in the other patient. In one patient, both the US and 99 mTc-MIBI 
planar scintigraphy identified a solitary nodule in the right parathy-
roid gland, yet surgical exploration could not detect abnormal para-
thyroid tissue. This patient was scheduled for a follow-up after the 
operation. Table 2 demonstrates the sensitivity and diagnostic ac-
curacy of the US, 99 mTc-MIBI planar scintigraphy+SPECT/CT, and 
a combination of these modalities for solitary parathyroid adenoma; 
Table 3 shows findings of the imaging modalities and the final re-
sults of the pathological specimen for multiglandular disease; and 
Table 4 shows an overall sensitivity and diagnostic accuracy of the 
US and 99 mTc-MIBI planar scintigraphy+SPECT/CT in detecting 
parathyroid pathology.

DISCUSSION

In the present study, we demonstrated that while the 99 mTc-
MIBI planar scintigraphy+SPECT/CT had a slightly better sensi-
tivity (91.5% vs. 88.1%) and diagnostic accuracy (90% vs. 86.6%) 
compared to US in identifying parathyroid pathology in patients 
with PHPT, both of the methods showed sufficient success in ac-
curately determining the location of the pathology. Furthermore, 
a combination of these methods provided an even better diag-
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Figure 2. US image of a patient with a parathyroid adenoma 
located on the left lower quadrant of the gland (arrow). The lesion 
is hypoechogenic with well-defined borders showing a characteristic 
extrathyroidal feeding vessel (short arrow)



nostic value (diagnostic accuracy 96.6% and sensitivity 98.3%) for 
the pre-operative evaluation of the parathyroid lesions.

Ultrasound (US) and 99 mTc-MIBI planar scintigraphy are the stan-
dard imaging methods for the pre-operative assessment in the 
patients with PPTH. In the past century, pre-operative utilization 
of these modalities was deemed unnecessary for the evaluation 
of parathyroid adenoma since the primary approach to parathy-
roid adenoma involved a bilateral conventional surgical explora-
tion of the neck (3, 13). However, the main trend in the surgical 
approach for parathyroid adenomas has shifted toward minimally 
invasive procedures substantially depending on the pre-opera-
tive imaging studies (4-6). Many studies have explored the diag-
nostic value and the role of the US, 99 mTc-MIBI planar scintigra-
phy, and also the 99 mTc-MIBI planar scintigraphy+SPECT/CT in 
the pre-operative investigations of the patient with PHPT.

The reported sensitivity of US has considerably varied among 
the studies. In the present study, the overall sensitivity of US was 
88.1%, which was favorably comparable to most of the previous 
reports with a reported sensitivity range 44%-90% (14-21). We 
suggest that several factors might have led to this wide gap be-
tween the studies. First, US is considerably an operator-depen-
dent modality; hence, the experience of the operator seems to 
be a one of the critical factors resulting in this difference (20, 22). 
Second, the previous works were conducted within a substan-
tially long timeline; therefore, the technological advancements of 
the US units might also play an essential role in this issue (14-21).

Furthermore, the location of the parathyroid adenomas might also 
lead to this difference. It has been well-known that ectopic locations 
such as the upper mediastinum and the retroesophageal area, or 
deep location of the adenoma, pose particular challenges for the 
sonographic evaluation (23, 24). In our study, only two of the 59 pa-
tients with surgically proven parathyroid pathology had adenomas 
located in the upper mediastinum, and US failed to detect both of 
these lesions, in line with the several previous works (4, 23, 24).

Besides from the evaluation of the parathyroid lesions, US 
also had several advantages over the 99 mTc-MIBI planar 
scintigraphy+SPECT/CT. First, US has a better spatial resolu-
tion, which allowed the operator to investigate potential thyroid 
pathology simultaneously, and this advantage might be quite 
helpful in endemic areas for thyroid disease (25). For instance, 
31.7% of the patients in our study cohort underwent total or 
unilateral thyroidectomy in combination with parathyroid sur-
gery for their additional thyroid pathology. As in conjunction 
with the several previous works, US showed a better diagnostic 
performance in multiglandular disease compared to scintigra-
phy, and correctly detected all the pathological quadrants in 
four out of five of the patients (80%) (25-27). US is also a cost-
effective, portable, non-radiation-bearing modality with wide-
spread availability compared to scintigraphy. Moreover, US also 
could increase the confidence of the surgeons by confirming 
scintigraphic findings and, hence, aid surgeons tailoring the 
best surgical strategy for MIP.

Despite US advantages, the 99 mTc-MIBI planar scintigraphy is 
commonly accepted as the gold standard modality for the pre-
operative evaluation of patients with PHPT (12). The reported 
sensitivity and diagnostic accuracy of the 99 mTc-MIBI planar 
scintigraphy was substantially higher compared to US in the pre-
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Variables Findings p

Age 57.78+12.80 (26-86) -

Gender  -

Female 51 (85%) 

Male 9 (15%) 

Pre-operative Ca (mg/dL) 11.08+0.95 (8.6-13.6) <0.0001

Post-operative Ca (mg/dL) 9.14+0.79 (7.6-11.2) 

**Pre-operative PTH (pmol/l) 136 (76.75) <0.0001

**Post-operative PTH (pmol/l) 26 (14.8) 

Pre-operative P (mg/dL) 2.70+0.52 (1.9-4.2) NS

Pre-operative P (mg/dL) 2.71+0.52 (1.9-4) 

Multiglandular disease  -

Yes 5 (8.3%) 

No 55 (91.7%) 

Ectopic Parathyroid Adenoma  -

Yes 2 (3.3%) 

No 58 (96.7%) 

Thyroid pathology  

Present 19 (31.7%), 13 Nodular - 
 goiter (68.4%), 6 Papillary 
  carcinoma (31.6%) 

Absent 41 (68.3%) 

Average weight of the 574.9+329.94 (114-2160) - 
surgical specimen (mg) 

Location of the adenoma  

Right upper quadrant 4 (7.2%) 

Right lower quadrant 21 (38.1%) 

Left upper quadrant 8 (14.5%) 

Left lower quadrant 22 (36.7%) 

**Calculated as median (IQR)

Table 1. Demographics, clinical characteristics, pre- and 
post-operative biochemical findings of the study cohort

  Diagnostic 
Modalitiy Sensitivity accuracy

Ultrasound 88.9% 87.2%

99mTc MIBI+ SPECT/CT 96.3% 94.5%

99mTc MIBI+ SPECT/CT 100% 98.1% 
combination with US

*US=ultrasound, 99mTc MIBI+ SPECT/CT=Technetium-99m sestamibi in 

combination single photon-emission computed tomography/computed 

tomography

Table 2. Sensitivity and diagnostic accuracy of imaging 
methods in detecting solitary parathyroid adenoma



vious works (25-28). The 99 mTc-MIBI planar scintigraphy is also 
superior to US in detecting ectopic lesions, and in our study, the 
99 mTc-MIBI planar scintigraphy+SPECT/CT was able to show 
two ectopic parathyroid adenomas, where US failed to do so. 
One of the main disadvantages of the 99 mTc-MIBI planar scin-
tigraphy is its lower spatial and anatomical resolution compared 
to US, which is currently substantially alleviated by the addition 
of SPECT/CT to the planar imaging (30). In our study, we did not 
compare planar imaging with the cross-sectional method, yet the 
reported diagnostic accuracy of SPECT/CT was higher in previ-
ous works (30). In the present work, the main flaw of the 99 mTc-
MIBI planar scintigraphy+SPECT/CT was exposed by multiglan-
dular disease in conjunction with the previous reports (25-27). 
Several authors advocated that dominant increased function of 
one of the pathological glands in multiglandular disease might 
reduce the reached tracer to the others, which substantially limits 
the detection of the glands. Increased expression of a multidrug 
resistance protein, glycoprotein P, is also considered to limit the 
MIBI uptake in these patients. P-glycoprotein is coded by the 
multidrug resistance gene located at the 7th chromosome and 
results in increased wash-out of the MIBI (30, 31).

There were several limitations to our study. First, the study was ret-
rospectively designed; hence, our findings should be evaluated 
with precaution. Second, we did not compare SPECT/CT with the 
planar imaging, as mentioned in the previous paragraphs. Third, 
we had only two patients with ectopic parathyroid adenoma and 
five patients with multiglandular disease, which substantially lim-
ited us to draw a definite conclusion concerning the diagnostic 
value of the US and 99 mTc-MIBI planar scintigraphy+SPECT/
CT in these patients. Finally, we did not investigate the ability of 
imaging methods to detect pathology compared to adenomas 
weight.

CONCLUSION

Ultrasound (US), in the hands of a skilled and experienced operator, 
and the 99 mTc-MIBI planar scintigraphy+SPECT/CT had separately 
an excellent diagnostic ability in assessing patients with PHPT in the 
pre-operative period; however, the combination of these methods 
showed an even superior diagnostic accuracy and sensitivity reach-
ing up to 96.6% and 98.3, respectively. We highlight that although 
both of these methods could be separately used as a pre-operative 
guide for the MIP, their combination should always be preferred.
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