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Background: Exact preoperative localization is desirable to perform minimally invasive parathyroidectomy 
for hyperparathyroidism (HPT). This study aimed to evaluate the diagnostic values of 99mTc-
methoxyisobutylisonitrile (99mTc-MIBI) single photon emission computed tomography/computed 
tomography (SPECT/CT) of parathyroid glands by analyzing the relationship between lesion weight and 
false-negative (FN) results, as well as to explain the possible reason.
Methods: The data from 314 patients with suspected HPT who underwent 99mTc-MIBI SPECT/CT 
parathyroid imaging between 2011 and 2022 were retrospectively evaluated. The sensitivity, positive 
predictive value (PPV), negative predictive value (NPV), and accuracy of parathyroid 99mTc-MIBI SPECT/
CT were calculated, and the false-positive (FP) and FN findings were analyzed.
Results: Accurate localization by 99mTc-MIBI SPECT/CT was significantly associated with the parathyroid 
hormone (PTH) level. The 99mTc-MIBI SPECT/CT for diagnosis/lesion location reached a sensitivity of 
84.6%/56.8%, a PPV of 97.3%/98.4%, an NPV of only 23.7%/4.18%, and an accuracy of 83.4%/57.1%, 
respectively. The largest diameter, shortest diameter, and lesion volume were lower in the FN group than 
in the TP group. A total of 7 FP cases were found, including 2 cases of thyroid nodules, 4 cases of thyroid 
tissue, and 1 case of hibernoma. A total of 45 FN patients, including 321 FN lesions, were confirmed, of 
which parathyroid hyperplasia accounted for 97.8%. Lesion weights greater than 20 μg were able to be 
detected, but lightweight lesions less than 100 mg were the principal source of FN results, accounting for 
approximately 39.3%. With lesion weights 0–100, 101–300, 301–1,000, and >1,000 mg, the FN rate was 
70.8% (126/178), 51.8% (103/199), 34.6% (81/234), and 8.33% (11/132), respectively.
Conclusions: 99mTc-MIBI SPECT/CT parathyroid imaging provides good sensitivity and high specificity 
in HPT location. Correct localization by 99mTc-MIBI SPECT/CT correlates positively with lesion weight 
and PTH levels. The smaller the lesion, the higher the FN rate in 99mTc-MIBI SPECT/CT parathyroid 
imaging, and lesions weighing less than 100 mg are the main source of FN results in 99mTc-MIBI SPECT/
CT parathyroid imaging.
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Introduction

Hyperparathyroidism (HPT) is a common endocrine 
disorder that results from the autonomous overproduction 
of parathyroid hormone (PTH) by abnormal parathyroid 
glands (1). The diagnosis of HPT and its classification is 
primarily based on plasma biochemical profiling rather than 
imaging. Currently, the only definitive and gold-standard 
treatment for HPT is minimally invasive parathyroidectomy, 
requiring accurate pre-operative localization of the 
hyperfunctioning parathyroid gland (2,3). A number of 
diagnostic modalities can be used pre-operatively, including 
cervical ultrasound (US), 4-dimensional computed 
tomography (4DCT), and 18F-fluorocholine positron 
emission tomography (PET) scans, with each one having 
different accuracy and characteristics (4,5). Cakal et al. 
reported that the sensitivity of cervical US was 89.7% 
and that of 99mTc-methoxyisobutylisonitrile (99mTc-MIBI) 
was 71.8%, and their combined use had a sensitivity of  
92.3% (6). Salhi et al. (7) reported that the positive 
predictive values (PPVs) of the above three imaging 
modalities for parathyroid adenomas were 97.6%, 97.7%, 
and 100%, respectively. Cervical US is widely accepted as 
one of the prescreening methods of choice for localization 
of HPT, followed by 99mTc-MIBI scintigraphy, because 
it is quick, economical, non-invasive, and a reasonably 
sensitive exam for patients. The role of magnetic resonance 
imaging (MRI) and multiphasic dynamic contrast-enhanced 
computed tomography (CT) imaging, termed 4DCT, 
has received increasing attention for HPT localization in 
recent years. However, their disadvantages include reliance 
on hemodynamic and vascular features, and they often 
display non-specific and variable reliability. Moreover, 
4DCT induces high radiation exposure and the need for 
iodinated contrast medium (8), and the dose to the thyroid 
with 4DCT has been reported as about 57 times higher  
(92.0 vs. 1.6 mGy) than that with 99mTc-MIBI SPECT 
imaging (9). Currently, radionuclide imaging includes 99mTc-
MIBI parathyroid scintigraphy and 18F-fluorocholine PET. 
99mTc-MIBI parathyroid scintigraphy includes double-tracer 
imaging subtraction techniques and single-tracer dual-
phase imaging. Several studies have reported that 99mTc-

MIBI dual-phase parathyroid scintigraphy is an acceptable 
imaging method for localizing parathyroid adenoma and is 
superior to US, CT, and MRI (10-13). In recent years, most 
parathyroid scintigraphy has been performed in conjunction 
with single photon emission computed tomography/
CT (SPECT/CT) to provide accurate 3-dimensional 
(3D) anatomical localization, superior to that of CT  
imaging (14). Previous studies have also reported that 99mTc-
MIBI SPECT/CT parathyroid imaging showed higher 
sensitivity, accuracy, and PPV values for solitary parathyroid 
adenoma compared to cervical US or CT. A review of 24 
studies including 1,276 patients using 99mTc-MIBI SPECT/
CT between 2003 and 2014 showed that SPECT/CT was 
superior to SPECT and dual phase planar techniques for 
HPT localization, with a per-patient sensitivity of 86%, 
74%, and 70%, respectively (14). Therefore, the 99mTc-MIBI 
SPECT/CT technique is among the preferred scintigraphic 
methods for localizing hyperfunctioning parathyroid glands, 
especially in ectopic locations (14), is the current standard 
method for detecting HPT (8), and is the conventional 
first-line presurgical imaging method (15)—often in 
conjunction with ultrasound—which is generally accepted. 
If the results of SPECT/CT parathyroid scintigraphy are 
equivocal or negative, an alternative investigation using a 
hybrid PET/CT technique is recommended (15). Recently 
published parathyroid imaging guidelines suggested that 
when possible, 18F-fluorocholine PET/CT was a potential 
“alternative” first-line option for patients with primary 
HPT (8).

To date, investigations into the false-positive (FP) and 
false-negative (FN) rates of 99mTc-MIBI parathyroid scans 
have not been well documented, despite frequent cases being 
encountered in clinical practice. Exploring the factors that 
lead to unsatisfactory results is critical for lesion localization 
before parathyroidectomy. In this study, using postoperative 
pathological findings as the gold standard, we analyzed the 
results of 99mTc-MIBI SPECT/CT in order to highlight 
the factors influencing FPs and FNs and improve the 
preoperative localization of hyperfunctioning parathyroid 
glands. We present this article in accordance with the 
STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1091/rc).
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Methods

Participants

A total of 314 patients (162 women, 152 men; median age 
47.2±13.1 years; range, 13–78 years) with biochemical 
evidence of suspected HPT and excluded multiple endocrine 
neoplasia 1 (MEN1) by other examination who underwent 
a parathyroidectomy at the First Affiliated Hospital of Xi’an 
Jiaotong University between 2011 and 2022 were included. 
Their data were analyzed retrospectively in this investigation 
(Figure 1). The female/male ratio was 1.07 (162 females 
vs. 152 males). All participants underwent parathyroid 
US and 99mTc-MIBI SPECT/CT examination for lesion 
positioning, and contrast enhanced CT examination of the 
neck and mediastinum was also conducted when ectopic 
parathyroid glands were suspected. When the surgeons 
could not identify the parathyroid lesions intraoperatively, 
if an initial diagnosis of secondary HPT had been made, 
intraoperative exploration and total parathyroidectomy 
with autotransplantation were performed mainly based on 

the surgeon’s experience and exploration of the operative 
area. To confirm whether the parathyroid lesions had been 
effectively resected, serial serum PTH tests were performed 
from 20 minutes postoperatively. After parathyroidectomy, 
the width, length, and thickness of each lesion were 
recorded before histopathology examination, then the 
volume of the lesion was estimated according to the 
ellipsoid volume formula as follows: lesion volume (mL) = 
π/6 × width (cm) × length (cm) × depth (cm) (16). A previous 
study showed that the density of diseased parathyroid tissue 
is between 1.049 and 1.069 (17), so the lesion volume was 
assumed to represent lesion weight (1 mL = 1 gram). Serum 
PTH, lesion weight, diameter of HPT, and postoperative 
pathological data were collected from individual medical 
case records and reports. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the institutional 
review board of The First Affiliated Hospital of Xi’an 
Jiaotong University (No. XJTU1AF2021LSL-023, Xi’an, 
China), and the requirement for individual consent for this 

314 patients suspected HPT

99mTc-MIBI SPECT/CT 

parathyroid imaging

Positive 

n=255

Negative 

n=59

Surgery resection

Pathological results                 Patients      Lesions

Parathyroid adenomas            44               45

Parathyroid hyperplasia           249             698

Parathyroid cyst                       2                 2

Parathyroid carcinoma             4                 4

Thyroid lesion                          14               14

Hibernoma                               1                 1

Group                                   True-positive              False-negative

N                                          422                             321 

Lesion largest diameter       1.67±0.825 cm           1.08±0.449 cm

Lesion shortest diameter     0.638±0.402 cm         0.417±0.242 cm

Lesion volume                     1.13±2.10 mL              0.267±0.354 mL

Lesion weight       True-positive       False-negative 

0-100 mg              52                       126

101-300 mg          96                       103

301-1000 mg        153                      81

>1000 mg             121                      11

False-positive

n=7

True-positive 

n=248

True-negative

n=14

False-negative 

n=45

Figure 1 Study flowchart. HPT, hyperparathyroidism; 99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission 
computed tomography/computed tomography.
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retrospective analysis was waived.

99mTc-MIBI SPECT/CT

All patients underwent 99mTc-MIBI SPECT/CT before 
surgery by GE Discovery™ NM/CT 670 Pro SPECT/
CT (GE Healthcare,  Milwaukee,  WI, USA).  The 
acquisition conditions were as follows: low energy general 
collimator, peak of 140 KeV and the window width ±20%, a  
256×256 matrix, and 60 projections were acquired over 360° 
with an acquisition time of 20 seconds per view. Double-
phase scintigraphy of the head, neck, and chest area in the 
anterior view was performed 15 minutes (early phase) and 
120 minutes (delayed phase) after the intravenous injection 
of 740–1,110 MBq (20–30 mCi) of 99mTc-MIBI (Beijing 
Atom High Tech Co. Ltd., Beijing, China), with 500 k 
counts/view. The 99mTc-MIBI SPECT/CT was obtained  
60 minutes after the 99mTc-MIBI injection.

Image analysis

The 99mTc-MIBI SPECT/CT images were interpreted 
independently by two experienced nuclear medicine 
physicians. To ensure the accuracy and reliability of the 
diagnostic results, any disputed results were judged by a 
third nuclear medicine practitioner, and the consensus 
results were used. Positive 99mTc-MIBI SPECT/CT double-
phase scintigraphy used a radioactive focal concentration in 
the early phase and a fixed or increased concentration in the 
delayed phase.

Positive 99mTc-MIBI SPECT/CT lesions showed fixed 
tracer activities in parathyroid regions, extra parathyroid 

regions of the neck, or mediastinum, and a soft tissue mass 
in the corresponding positions.

Judgment standard

TP was defined as a positive 99mTc-MIBI SPECT/CT image 
with postoperative pathology of parathyroid adenoma, 
hyperplasia, cyst or carcinoma; FP was defined as a 
positive 99mTc-MIBI SPECT/CT image with postoperative 
pathology of parathyroid gland; TN was defined as a 
negative 99mTc-MIBI SPECT/CT image with postoperative 
pathology of parathyroid gland; and FN was defined as a 
negative 99mTc-MIBI SPECT/CT image with postoperative 
pathology of parathyroid adenoma, hyperplasia, cyst, or 
carcinoma.

Statistical analysis

The data were analyzed using the software SPSS 18.0 
(IBM Corp., Chicago, IL, USA). Continuous variables 
were expressed as the mean ± standard deviation and were 
analyzed by independent-sample t-tests. The chi-square 
test was used to compare categorical variables. Statistical 
significance was set at P<0.05.

Results

Pathological results

A total of 314 patients with suspected HPT underwent 
99mTc-MIBI SPECT/CT parathyroid imaging and had 
reliable documentation of clinical outcomes. Among 
them, 135 underwent subtotal parathyroidectomy, 
and 179 underwent total  parathyroidectomy with 
autotransplantation. A total of 764 masses were surgically 
removed and pathologically confirmed, and the pathological 
findings are summarized in Table 1.

99mTc-MIBI SPECT/CT parathyroid imaging

99mTc-MIBI SPECT/CT parathyroid imaging was TP in 
248 patients, FP in 7 patients, FN in 45 patients, and TN 
in 14 patients. The demographic characteristics and PTH 
levels of the 99mTc-MIBI SPECT/CT parathyroid imaging 
are shown in Table 2. The PTH level in the positive group 
of 99mTc-MIBI SPECT/CT was significantly higher than 
that in the negative group (t=6.31, P<0.001). PTH levels 
were significantly different between the TN and FN 

Table 1 Pathological results of 314 patients who underwent 99mTc-
MIBI SPECT/CT parathyroid imaging

Parameters Patients Lesions

Parathyroid adenomas 44 45

Parathyroid hyperplasia 249 698

Parathyroid cyst 2 2

Parathyroid carcinoma 4 4

Thyroid lesion 14 14

Hibernoma 1 1

Sum 314 764
99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single 
photon emission computed tomography/computed tomography.
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groups, but not between the TP and FP groups of 99mTc-
MIBI SPECT/CT. Based on patients/lesion locations 
respectively, the sensitivity of 99mTc-MIBI SPECT/CT 
reached 84.6%/56.8%, a PPV of 97.3%/98.4%, a negative 
predictive value (NPV) of 23.7%/4.18%, and an accuracy 
of 83.4%/57.1%, as summarized in Table 3. The largest 
diameter, shortest diameter, and lesion volume were lower 
in the FN group than in the TP group (Table 4).

FNs and FPs in 99mTc-MIBI SPECT/CT

A total of 7 FP cases were found, the pathological findings 
of which included 2 cases of thyroid nodules, 4 cases 
of thyroid tissue, and 1 case of hibernoma (Figure 2), 
respectively. A total of 45 and 321 FN results were identified 
based on patients and lesions, respectively (Table 5), which 
were parathyroid hyperplasia in about 97.8% (314/321), 

mainly associated with multiglandular parathyroid disease 
(Figure 3). In addition, 3 parathyroid adenomas, 2 cysts, and 
2 carcinomas were FN cases, which were single parathyroid 
lesions in 7 patients. Lesions weighing more than  
20 μg could be detected, but lightweight lesions less than  
100 mg were the principal source of FN results, accounting 
for about 39.3% (126/321). It was statistically significant 
that the smaller the lesion weight, the higher the FN rate 
(Table 6). There were 18 and 27 cases of primary HPT and 
secondary HPT, respectively, among the 45 FN cases, and 5 
and 2 cases, respectively, among the 7 FP cases.

Discussion

HPT is a worldwide and common endocrine disorder 
characterized by persistent and excessive elevation of 
PTH, which often raises total serum calcium (Ca) levels 

Table 2 Demographic characteristics and PTH levels of patients who underwent 99mTc-MIBI SPECT/CT (x±SD)

Variables
Group 1 Group 2

True-positive False-positive χ2 or t P value True-negative False-negative χ2 or t P value

Patients (n) 248 7 – – 14 45 – –

Female/male 119/129 4/3 0.009* 0.925 11/3 28/17 0.649* 0.421

Age (years) 47.2±13.4 45.0±14.9 0.420# 0.675 44.6±12.1 48.4±11.6 1.06# 0.295

PTH levels (pg/mL) 1476.2±1123.8 639.4±792.9 1.96# 0.052 68.8±25.0 640.17±570.1 3.73# <0.001

*, chi-square test; #, t-test. PTH, parathyroid hormone; 99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission 
computed tomography/computed tomography; SD, standard deviation.

Table 3 Results of 99mTc-MIBI SPECT/CT parathyroid imaging

Analysis Sensitivity, % (n/N) PPV, % (n/N) NPV, % (n/N) Accuracy, % (n/N)

Based on patient 84.6 (248/293) 97.3 (248/255) 23.7 (14/59) 83.4 (262/314)

Based on lesion 56.8 (422/743) 98.4 (422/429) 4.18 (14/335) 57.1 (436/764)
99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission computed tomography/computed tomography; PPV, 
positive predictive value; NPV, negative predictive value.

Table 4 Comparison of lesion size and volume in the true-positive and false-negative groups of 99mTc-MIBI SPECT/CT (x±SD) 

Variables True-positive (n=422) False-negative (n=321) t P value

Lesion largest diameter (cm) 1.67±0.83 1.08±0.45 11.5 <0.001

Lesion shortest diameter (cm) 0.64±0.40 0.42±0.24 8.74 <0.001

Lesion volume (mL) 1.13±2.10 0.27±0.35 7.30 <0.001
99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission computed tomography/computed tomography; SD, 
standard deviation.
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15 min

120 min

A B

C

Figure 2 99mTc-MIBI parathyroid imaging false-positive result. (A) 99mTc-MIBI planar imaging; (B,C) 99mTc-MIBI SPECT/CT parathyroid 
imaging. A 74-year-old patient diagnosed with primary HPT who underwent double-phase 99mTc-MIBI scintigraphy, and postoperative 
pathological findings show hibernoma. The image (anterior view, 15 and 120 min) shows mild focal tracer uptake in the left neck (arrows). 
Neck ultrasonography shows a hyperechoic nodule lesion measuring 53×15×50 mm3 in the posterior portion of the left neck. Transaxial 
99mTc-MIBI SPECT/CT fusion image (B,C) (60 min after injection) shows abnormal focal concentration in the left neck (arrows) Hibernoma 
is a rare benign tumor and contains abundant mitochondria that are highly active metabolically, leading to intense 99mTc-MIBI accumulation. 
99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission computed tomography/computed tomography. 
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C

Figure 3 99mTc-MIBI parathyroid imaging false-negative result. (A) 99mTc-MIBI planar imaging; (B) the false-negative of 99mTc-MIBI 
SPECT/CT parathyroid imaging; (C) postoperative pathological findings. A 43-year-old male patient repeatedly presented with high serum 
PTH (1,023.0 pg/mL) for several months on examinations. 99mTc-MIBI SPECT/CT parathyroid imaging shows no obvious hyperactivity of 
parathyroid tissue (A,B), and postoperative pathological findings show adenomatous hyperplasia of the parathyroid glands in the left upper, 
left lower, right upper, and right lower gland (C, HE staining, ×100). 99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single 
photon emission computed tomography/computed tomography; PTH, parathyroid hormone; HE, hematoxylin and eosin. 

in blood circulation. Clinically, PTH levels and serum 
Ca concentrations are always required for the initial 
diagnosis, and about 80% of cases can be identified with 
this information. The only definitive treatment of HPT 
is parathyroidectomy, so the importance of preoperative 
positioning cannot be overemphasized in helping to 
minimize the extent of dissection/exploration required.

Usual ly,  the preoperat ive  imaging choices  are 
scintigraphy, high-resolution ultrasonography, CT scan, and 

Table 5 Results of false-negative in 99mTc-MIBI SPECT/CT

False-negative lesions Patients, n (%) Lesions, n (%)

Parathyroid hyperplasia 38 (84.4) 314 (97.8)

Parathyroid adenoma 3 (6.67) 3 (0.94)

Parathyroid cyst 2 (4.44) 2 (0.62)

Parathyroid carcinoma 2 (4.44) 2 (0.62)

Sum 45 (100.0) 321 (100.0)
99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single 
photon emission computed tomography/computed tomography.
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MRI (18), wherein 99mTc-MIBI scintigraphy plays an important 
role and is the first line imaging procedure to identify 
suitable patients undergoing parathyroidectomy (19). 99mTc-
MIBI SPECT/CT parathyroid scintigraphy combines the 
functional glandular tissue abnormalities and the anatomical 
information, which is far more sensitive and accurate 
than the planar or the SPECT scintigraphic techniques 
in the preoperative localization of HPT lesions (20). Our 
data identified that the PPV of 99mTc-MIBI SPECT/CT 
was 98.6%, which is consistent with values reported by a 
meta-analysis based on 18 articles from the last 25 years; 
according to the report, the sensitivities of 99mTc-MIBI 
SPECT/CT, SPECT, and planar scintigraphy were 84% 
[95% confidence interval (CI): 78–90%], 66% (95% CI: 
57–74%), and 63% (95% CI: 51–74%), respectively, and 
the corresponding PPVs were 95% (95% CI: 92–98%), 
82% (95% CI: 73–89%), and 90% (95% CI: 96–99%), 
respectively (20). Therefore, 99mTc-MIBI SPECT/CT 
parathyroid imaging has a very high localization value for 
HPT, and positive imaging can provide valuable guidance 
for parathyroidectomy.

Previous studies on detection rates in 99mTc-MIBI 
parathyroid imaging have yielded heterogeneous results 
because some statistics have been based on lesion detection, 
and others have been based on patient diagnosis. Patients 
with parathyroid hyperplasia may have multiple lesions, and 
our previous study showed that a patient with parathyroid 
hyperplasia had an average of 2.96 lesions (21), which was 
the main reason for the important difference between 
the sensitivity and accuracy of the technique on patient-
based and lesion-based analysis in Table 3. Therefore, the 
sensitivity and accuracy of a lesion-based analysis may 
better reflect the clinical value than those on a patient-
based analysis. To better investigate the causes of FP and 

FN lesions, this study examined the detection rates of 
both patient diagnoses and lesions. Our study showed 
a FP rate, based on patients, of 2.75% (7/255). The 
mechanism of 99mTc-MIBI uptake in the cell has been 
reported to be related to the mitochondria-rich oxyphilic 
cells in parathyroid adenomas (22,23), thyroid tissue, or 
thyroid nodules, which may be the main reason for FPs. 
Hibernoma is a rare benign tumor with an unclear etiology, 
with only 100 cases reported worldwide (24), and to our 
knowledge, there is no report that hibernoma can be 
detected by 99mTc-MIBI scintigraphy. Hibernoma contains 
abundant mitochondria (25,26), leading to intense 99mTc-
MIBI accumulation. Other research has also found that 
hibernomas usually show increased F-18 fluoro-2-deoxy-d-
glucose uptake because of their high metabolic level rather 
than from tumor growth activity (27).

Single parathyroid adenoma is the most common cause 
of HPT, observed in 80% of patients. The likely cause of 
HPT is multiglandular as adenomas or hyperplasias in 15% 
of patients, and it is rarely caused by malignant carcinoma 
(0.5–4% of cases) (28). However, in this study, the 
proportion of parathyroid hyperplasia was higher than that 
of adenoma, which is different from general epidemiology. 
The probable reason for this is that in clinical practice, 
when a single parathyroid adenoma is suspected, it is usually 
treated directly with surgery. In our study, parathyroid 
hyperplasia was most commonly associated with 99mTc-MIBI 
FN cases, and FNs in secondary HPT were more common 
than in primary HPT. The reason is that secondary HPT 
was predominantly multiple lesions, whereas primary HPT 
was predominantly single lesions. Tang et al. reported that 
the sensitivity of MIBI SPECT was 95% for adenoma and 
59% for hyperplasia (29) because hyperplasia is more likely 
to be multiglandular disease than adenoma. Hyperplastic 

Table 6 The relationship between the 99mTc-MIBI SPECT/CT false-negative rate and the total false-negative rate in different groups of lesion 
weight

Lesion weight (mg) True-positive (n) False-negative (n)
False-negative rate in 99mTc-MIBI 

SPECT/CT, % (n/N)
χ2 P value

0–100 52 126 70.8 (126/178) 42.6 <0.001*

101–300 96 103 51.8 (103/199) 4.30 0.038*

301–1,000 153 81 34.6 (81/234) 5.07 0.024*

>1,000 121 11 8.3 (11/132) 56.4 <0.001*

Sum 422 321 43.2 (321/743) – –

*, P<0.05, each group compared to the sum. 99mTc-MIBI, 99mTc-methoxyisobutylisonitrile; SPECT/CT, single photon emission computed 
tomography/computed tomography.
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parathyroid glands are usually smaller than adenoma, 
causing decreased sensitivity of MIBI imaging (30). Previous 
studies have demonstrated that in cases of very small 
HPT glands, FN results might occur with scintigraphy, 
which is in accordance with our findings. As shown in 
Table 4, the mean largest lesion diameter, shortest lesion 
diameter, and lesion volume (weight) in the TP group were  
1.67±0.83 cm, 0.64±0.40 cm, and 1.13±2.10 mL (mg), 
versus 1.08±0.45 cm, 0.42±0.24 cm, and 0.27±0.35 mL (mg) 
in the FN group, respectively, and these differences were 
significant. The correlation between lesion size or weight 
and SPECT/CT detectability has been observed in previous 
reports (31,32). Gimlette et al. (31) reported that deeply 
located and lighter-weight parathyroid adenomas were 
more likely to be FNs on scintigraphy and that parathyroid 
adenomas should weigh at least 300 mg for location by 
thallium-201 scintigraphy. Hayakawa et al. further reported 
that MIBI SPECT/CT could only detect 1 out of 8 lesions 
smaller than 276 μL (13%); in contrast, 9 out of 10 lesions 
equal to or larger than 276 μL (90%) were detected (30). 
However, in our study, 69.5% (148/213) of lesions less 
than 300 mg were detected by 99mTc-MIBI SPECT/CT 
parathyroid imaging. The total FN rate of 99mTc-MIBI 
SPECT/CT in our study was 43.2% (321/743), which is far 
from satisfactory, but it was obvious that with the increase 
in lesion weight, the FN rate decreased. In fact, our results 
show that with lesion weights of 0–100, 101–300, 301–
1,000, and >1,000 mg, the FN rate was 70.8% (126/178), 
51.8% (103/199), 34.6% (81/234), and 8.33% (11/132), 
respectively. In our series, lesion size was the main reason 
for the FN results in 99mTc-MIBI SPECT/CT parathyroid 
imaging, which had higher accuracy than planar mode or 
SPECT mode scintigraphy without CT. Surprisingly, and 
contrary to previous reports, we found in this study that 
HPT lesions weighing at least 20 μg could be detected by 
99mTc-MIBI SPECT/CT, which is smaller than the mean 
weight of 40 mg of a normal parathyroid gland (19). We 
can reaffirm that the 99mTc-MIBI uptake by abnormal 
parathyroid glands is related to the functional activity of 
oxyphil cells, and not the cellularity weight of the glands.

The main pathological type of primary HPT is 
adenoma, whereas that of secondary HPT is hyperplasia. 
In our previous series, we investigated the localization 
value of 99mTc-MIBI SPECT/CT parathyroid imaging for 
primary and secondary HPT. Our findings revealed that 
overexpression of P-glycoprotein or multidrug resistance-
associated protein-1 could result in an efflux of 99mTc-MIBI 
from tumor cells and lead to FN results in dual-phase 

99mTc-MIBI imaging (32), which led to the conclusion that 
the sensitivity of early 99mTc-MIBI dual-phase scintigraphy 
imaging could be higher than that of delayed imaging 
(10,32,33). To maintain consistency with previous studies 
and to later reveal the possible mechanism of FP or FN 
parathyroid imaging, this study correlated 99mTc-MIBI 
SPECT/CT parathyroid imaging with pathological 
findings rather than with clinical diagnosis. 99mTc-MIBI 
uptake has also been linked to increased concentrations 
of mitochondria-rich oxyphil cells (34,35). Several other 
factors, including serum Ca, PTH level, blood flow, and 
MIBI biokinetics of the lesion, together with the secretory 
function and activity of the parathyroid cells, may influence 
lesion detectability in parathyroid scintigraphy (21,36). 
Some drugs, such as non-steroidal anti-inflammatory 
drugs (NSAIDs) and Ca channel blockers, also affect the 
sensitivity of 99mTc-MIBI SPECT, and the sensitivity of 
Tc-99m MIBI dual-phase parathyroid SPECT decreased 
from 96.5% to 75% by NSAIDs therapy (37). Research has 
shown that PTH levels are closely related to the detection 
rate of 99mTc-MIBI imaging (38). Durmuş et al. reported 
that among the biochemical variables, only PTH level 
was found to be significantly increased in the 99mTc-MIBI 
imaging -positive group (39). Blanco-Saiz et al. reported 
that the only factor significantly related to the sensitivity 
of MIBI SPECT/CT was the weight of the gland (40). 
PTH levels are strongly correlated with the detection rate 
of MIBI imaging, which has been confirmed by previous 
research and supported by this study. However, there was 
no significant difference in PTH levels between the TP and 
FP MIBI imaging groups in this study (Table 2). The reason 
may be that the number of FP cases was only 7, which is 
not enough for reliable statistical analysis or to be taken 
seriously; analysis in a larger group is required to obtain 
robust scientific results.

There were several limitations to this study. First, 
it used a nonrandomized, single-center, retrospective 
design. Second, the sample size of the study was small, 
and generalizability might be limited; when the surgeons 
could not identify the parathyroid lesions intraoperatively, 
parathyroidectomy was performed mainly based on the 
surgeon’s experience and exploration of the operative area. 
Finally, studies have shown that the percentage of oxyphil 
cells is a very important factor in positive 99mTc-MIBI 
imaging. Unfortunately, the percentage of oxyphil cells was 
not available in the pathology, which is also a limitation of 
this study. Ince et al. reported that although there was no 
statistically significant difference according to cell type, 
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the content of chief cells and oxyphilic cells in parathyroid 
adenomas tended to decrease in negative or equivocal 
parathyroid scintigraphy, whereas the clear cell rate 
increased (41). This may mechanistically reveal the reason 
of FN MIBI imaging and should be given more attention in 
future.

Conclusions

Our study indicated that 99mTc-MIBI SPECT/CT 
parathyroid imaging provided good sensitivity and high 
specificity in HPT localization; lesions weighing at least 
20 μg could be detected by 99mTc-MIBI SPECT/CT, in 
regard to the hyperfunctional activity of parathyroid cells. 
Correct localization by 99mTc-MIBI SPECT/CT correlated 
positively with lesion weight/size; the smaller the lesion, the 
higher the FN rate, and lesions weighing less than 100 mg 
were the main source of FN results in 99mTc-MIBI SPECT/
CT parathyroid imaging.
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