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Background: Previous studies have demonstrated that 99mTc-sestamibi (99mTc-MIBI) Single-Photon 
Emission Computed Tomography/ Computed Tomography (SPECT/CT) imaging is an effective isotopic 
technique for locating the parathyroid in secondary hyperparathyroidism (SHPT). This study aimed to 
explore further the correlation between 99mTc-MIBI SPECT/CT imaging and SHPT to demonstrate the 
value of 99mTc-MIBI SPECT/CT in evaluating the degree of pathological hyperplasia of the parathyroid 
gland (PG).
Methods: The demographics, surgical records, and follow-up information of 91 patients were recorded and 
analyzed. A total of 216 paraffin-embedded PGs of 54 patients were obtained and analyzed.
Results: Patients with 99mTc-MIBI negative PG(s) had significantly lower preoperative serum phosphorus 
and higher serum calcium levels at 6 months postoperatively compared to those with 99mTc-MIBI positive 
PG(s) (P<0.05). We also found a higher total uptake ratio of the region of interest (URRI) and higher URRI 
max in the hypocalcemia group than in the non-hypocalcemia group. Both URRI total (P=0.003) and URRI 
max (P=0.028) were independent risk factors for hypocalcemia 6 months postoperatively. The URRI values 
of the PGs were significantly positively correlated with glandular weight (R2=0.343, P<0.001), glandular 
volume (R2=0.240, P<0.001), and degree of pathological hyperplasia (P<0.001). However, the URRI value 
of the PGs exhibited a notably weak correlation with proliferating cell nuclear antigen (PCNA) (R2=0.035, 
P=0.006). The area under the receiver operating characteristic curve showed a URRI evaluative value of 
0.771 for diffuse and nodular types in 216 PGs (P<0.001). We further evaluated 167 nodular-type PGs, 
distinguishing between nodular hyperplasia and a single nodule; the URRI evaluative value reached 0.819, 
which was higher than the volume or weight (P<0.001).
Conclusions: The 99mTc-MIBI SPECT/CT scintigraphy results were related to serum calcium levels at 
6 months after total parathyroidectomy with autotransplantation (TPTX+AT), suggesting the occurrence 
of hypocalcemia (6 months after TPTX+AT). More importantly, this technique effectively evaluated the 
pathological hyperplasia of PGs preoperatively, and therefore, could assist surgeons in selecting the PGs with 
the lowest degree of hyperplasia intraoperatively.
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Introduction

Uremic secondary hyperparathyroidism is a complicated 
disease with multifactorial conditions and protean clinical 
manifestations that occur in most patients with advanced 
chronic kidney disease. Phosphate accumulation and 
the trend of hypocalcemia are continuous stimulations 
that contribute to the development and progression 
of hyperparathyroidism, leading to abnormal mineral 
metabolisms, such as metabolic bone disease and 
extraosseous calcification. These factors result in a poor 
quality of life and short life expectancy in patients with 
secondary hyperparathyroidism (SHPT) (1,2). In the early 
stages, the development of SHPT can be controlled by 
maintenance dialysis or pharmacotherapy (3,4). However, 
with the progress of the disease, surgical intervention 
is required when drug therapy becomes ineffective or 
parathyroid hormone (PTH) levels exceed a certain 
range (5,6). The surgical methods of parathyroidectomy 
include total parathyroidectomy (TPTX), subtotal 
parathyroidectomy (SPTX), and total parathyroidectomy 
with autotransplantation (TPTX+AT). Each surgical 
approach has its advantages and limitations, and it should 
be selected based on the management of dialysis and the 
patient's characteristics (7,8).

When performing an SPTX, the partial parathyroid 
gland (PG) with the lowest degree of hyperplasia among 
all PGs needs to be selected for preservation in situ while 
the others are resected. TPTX+AT refers to selecting 
the partial PG with the lowest degree of hyperplasia 
based on total parathyroidectomy and cutting it into  
1 mm3 (approximately) for autotransplantation. Due to the 
heterogeneity of the PGs, the intraoperative frozen section 
diagnosis of a PG just is a reference for the remaining 
PG that is preserved in situ or autotransplantation. 
Preoperatively, a few non-invasive examinations can help 
to select the PG with the lowest degree of hyperplasia (9). 
According to previous studies, the percentage of recurrence 
caused by implanted PG tissue is approximately 13–60% 
(10,11). 

99mTc-sestamibi (99mTc-MIBI) Single-Photon Emission 
Computed Tomography/Computed Tomography (SPECT/
CT) imaging is an effective preoperative examination in 

SHPT, which can provide accurate locations of hyperplasia 
PGs and their relationship with adjacent tissues (12). 
Moreover, it is more precise for locating hyperplastic PGs 
than ultrasonography, with a sensitivity of 70.30%, which 
is higher than that of ultrasonography (61.82%) (13).  
Therefore, we found that the degree of 99mTc-MIBI 
accumulation is related to the degree of pathological 
hyperplasia of the PGs in patients before surgery, which 
helps us to preserve the PG with the lowest degree of 
hyperplasia in SPTX or TPTX+AT intraoperatively.

This study retrospectively analyzed the relationship 
between 99mTc-MIBI SPECT/CT imaging and hyperplastic 
PGs’ clinical and pathological characteristics. We aimed 
to explore the clinical significance and value of 99mTc-
MIBI SPECT/CT scintigraphy in SHPT by evaluating the 
identification of the pathological hyperplasia of PGs. 

Methods 

Patients and methods 

A total of 96 SHPT patients who underwent TPTX+AT at 
the First Affiliated Hospital of Zhejiang University from 
May 2019 to January 2020 were retrospectively enrolled. 
Patients with primary hyperparathyroidism, tertiary 
hyperparathyroidism, and multiple endocrine neoplasms 
were excluded. All matched 96 patients were initially 
treated at our institution without any previous head and 
neck surgery or radiation history. All patients had received 
a successful operation, which was defined as a serum intact 
parathyroid hormone (iPTH) level <300 pg/mL in the first 
postoperative week, following previous studies (14). iPTH 
concentrations were measured using chemiluminescence. 
Serum calcium and serum phosphorus level were measured 
using the colorimetric method. 

Ninety-six patients were followed up, and five were lost 
to follow-up. Thus, the demographics, surgical records, 
and follow-up information of 91 patients were recorded 
and analyzed. Also, a total of 216 paraffin-embedded PGs 
of 54 patients were obtained and analyzed. Among these 54 
patients, three parathyroids were removed in two patients, 
four were removed in 50 patients, and five were removed 
in two patients. Meanwhile, the preoperative 99mTc-MIBI 
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SPECT/CT imaging results of these patients were also 
available. 

This study was conducted following the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
institutional of Clinical Research Ethics Committee of 
the First Affiliated Hospital, Zhejiang University School 
of Medicine (No. IIT20200715). The requirement for 
individual consent for this retrospective analysis was waived.

Surgical approach

All patients underwent TPTX+AT surgery. During the 
operation, all PGs of the patients were explored and 
resected, and the partial PGs with the lowest degree of 
hyperplasia were selected and cut into 1 mm3. Two sites 
were selected for autotransplantation in the forearm muscles 
of the non-fistula hand (5,15,16). 

99mTc-MIBI scintigraphy 
99mTc-MIBI scintigraphy was performed using a SPECT/
CT scanner (GE Medical Systems, 670, Tirat Hacarmel, 
Israel) after intravenous administration of 740 MBq 

99mTc-MIBI (Figures 1,2). Planar images of the neck and 
mediastinum were performed for 15 min (early image) and 
120 min (delayed image). The planar images were obtained 
in a 128×128 matrix with a 20% window centered on the 
140-keV photopeak with a low-energy, high-resolution 
parallel collimator. After delayed image acquisition, 
SPECT/CT was immediately performed with 64 frames 
over 360°; 20 s/frame; 20% window centered around a  
140 keV photopeak; window matrix, 128×128; and zoom, 1.  
The CT acquisition parameters were as follows: 120 kV; 
100–440 mA by automatic exposure control; pitch, 0.938; 
helical thickness, 1.25 mm; detector configuration, 2.5 mm; 
and beam-width, 2.5 mm. 99mTc-MIBI scintigraphy and 
SPECT/CT were analyzed at a workstation (Xeleris™, GE 
Healthcare) that was displayed in the transaxial, coronal, 
and sagittal slices of the CT, SPECT, and fused SPECT/
CT images. Two experienced nuclear medicine doctors 
evaluated the images and reached a final consensus. 

The precise location of each focus was reported 
according to the midline of the thyroid, and abnormal 
parathyroid lesions were divided into four quadrants. The 
regions of interest in the PG and the ipsilateral thymus 
lesion were manually delineated on the SPECT/CT 

Figure 1 Axial CT (A,C,E,G) and SPECT/CT (B,D,F,H) showed four lesions in the back of the thyroid gland that were pathologically 
confirmed to be parathyroid hyperplasia (A,B: superior left parathyroid gland; C,D: inferior left parathyroid gland; E,F: superior right 
parathyroid gland; G,H: inferior right parathyroid gland). The early and delayed phase planar images (I,J) showed 99mTc-MIBI uptake of the 
thyroid lobe and parathyroid gland.
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images and the delayed phase (120 min). The radioactivity 
counts were obtained for the maximum cross lesion to 
represent 99mTc-MIBI uptake of lesions and the ipsilateral 
thymus, and the value of the uptake ratio of the region of 
interest (URRI) was calculated as the radioactivity count 
of the lesion divided by the ipsilateral thymus. 99mTc-MIBI 

negative PG(s) patients had a URRI value of no more than 
1; meanwhile, 99mTc-MIBI positive PG(s) patients had a 
URRI value of more than 1. The URRI total is the sum 
value of the URRI of all glands in a patient, and the URRI 
max is the maximum value of the URRI of all glands in a 
patient.

Figure 2 Axial CT (A,C,E,G) and SPECT/CT (B,D,F,H) showed four lesions in the back of the thyroid gland that were pathologically 
conformed to be parathyroid hyperplasia (A,B: superior left parathyroid gland, URRI =2.35; C,D: inferior left parathyroid gland,  
URRI =0.59; E,F: superior right parathyroid gland, URRI =8.03; G,H: inferior right parathyroid gland, URRI =3.62). The planar images (I) 
showed different 99mTc-MIBI uptake of the parathyroid glands in a patient. URRI, uptake ratio of region of interest.
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Immunohistochemistry (IHC)

The resected specimens were fixed in formaldehyde and 
embedded in paraffin. Sections (4 μm) were processed 
for hematoxylin and eosin and immunohistochemical 
staining. The sections were blocked with 3% hydrogen 
peroxide (H2O2) for 15 min to retrieve the enzyme 
for immunohistochemical staining. The sections were 
then treated with a sodium citrate buffer (pH 6.0; cat.
no.C1010; Solarbio, Beijing, China) for 15 min at 95 ℃ 
and subsequently incubated with antibody proliferating 
cell nuclear antigen (PCNA) (1:5,000; cat no. 2586; 
Cell Signaling Technology, Danvers, MA, USA) at 4 ℃ 
overnight. After washing with Phosphate buffer saline 
(pH 7.2–7.4), the sections were incubated with anti-
immunoglobulin G secondary antibody for 30 min at 37 ℃, 
and Diaminobezidin was added. Finally, the sections were 
washed under running water and stained with hematoxylin.

IHC analysis

Cells in sections expressing PCNA were counted using 
Leica DM4000 (Leica Inc., Germany) under 400× 
magnification, and five fields were selected randomly per 
section. We captured images of the fields using software 
program Leica Application Suite (version 8.0; Leica Inc., 
Germany). Each field was quantified using Image-Pro Plus 
software (version 6.0; MediaCybernetics, Inc., Rockville, 
MD, USA). The mean values are expressed as the number 
of positive cells per sample (Figure 3).

Statistical analysis

Statistical analysis of the anonymized database was 

performed using SPSS version 22.0 software (IBM, 
Armonk, NY, USA). Descriptive statistics for continuous 
variables were presented as mean ± standard deviation. 
Bivariate analysis was conducted with an independent 
sample t-test to compare the mean values. Categorical 
variables were expressed as numbers and percentages 
(%), and Fisher’s chi-square test was used to assess the 
differences between groups. Binomial logistic regression 
analysis was used to assess the risk factors for hypocalcemia 
at 6 months postoperatively. The correlations between the 
URRI value of PG and glandular weight, the URRI value 
of PG and glandular volume, and the URRI values of PG 
and PCNA were examined using linear regression analysis. 
The correlation between the URRI value of PG and 
the hyperplastic pattern of PG was examined using one-
way Analysis of Variance (ANOVA). A receiver operating 
characteristic (ROC) curve was used to validate the 
diagnostic tests, and to test the specificity and sensitivity, 
the area under the curve (AUC), standard error, and 
95% confidence intervals (95% CI) were also calculated. 
Statistical significance was set at P<0.05.

Results 

The relationship between the 99mTc-MIBI information and 
clinical, biochemical results of 91 SHPT patients

The patient’s demographics and clinical characteristics 
are shown in Table 1. Thirty-six (39.56%) patients 
exhibited 99mTc-MIBI negative parathyroid(s). The mean 
6-month postoperative serum calcium of patients was  
2.18±0.26 mmol/L, categorized into two groups based 
on serum calcium levels (higher than or less than  
2.11 mmol/L) at 6 months postoperatively with 36 patients 

Figure 3 An example of PCNA staining (IHC) for different URRIs and degrees of pathological hyperplasia in different parathyroid glands 
of a patient. URRI, uptake ratio of region of interest; PCNA, proliferating cell nuclear antigen.
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in the hypocalcemia group and 55 patients in the non-
hypocalcemia group. 99mTc-MIBI negative PG(s) patients 
had lower preoperative serum phosphorus and higher serum 
calcium levels at 6 months postoperatively compared to 
99mTc-MIBI positive PG(s) patients (all P<0.05, Table 2). 

The baseline characteristics, including sex, age, and time 
on dialysis, showed no difference between the two groups. 
No significant differences were detected between the two 
groups in terms of preoperative serum calcium (P=0.215), 
postoperative serum calcium (P=0.452), postoperative serum 
phosphorus (P=0.728), postoperative iPTH (P=0.252), 
serum phosphorus at 6 months postoperatively (P=0.126), 
and iPTH at 6 months postoperatively (P=0.198).

To clarify the risk factors for hypocalcemia at 6 months 
postoperatively in the entire cohort, patients were 
divided into two groups according to the occurrence of 
hypocalcemia at 6 months postoperatively (Table 3). In 

the hypocalcemia group, the URRI total and URRI max 
were higher than those in the non-hypocalcemia group. 
Further multivariable logistic regression analysis was 
performed to analyze the association between the URRI 
value and hypocalcemia at 6 months postoperatively. 
Since the URRI max was significantly correlated with 
the URRI total, multivariable logistic regression analysis 
was performed separately. Both the URRI total (odds 
ratio =0.857, P=0.003) and URRI max (odds ratio =0.779, 
P=0.028) were independent risk factors for hypocalcemia 
at 6 months postoperatively (Tables 4,5). Thus, a higher 
preoperative 99mTc-MIBI URRI value of the parathyroid 
indicated a higher incidence of hypocalcemia at 6 months 
postoperatively. 

After subgroup analysis regarding whether to use the 
lowest URRI PG for autotransplantation, we found that 
the postoperative iPTH and iPTH levels at 6 months 

Table 1 Demographic and clinical characteristics of 91 patients who underwent total parathyroidectomy with autotransplantation

Characteristic N or mean ± SD

Gender (%)

Male 48 (52.75%)

Female 43 (47.25%)

Age (years) 49±10

Dialysis time (years) 7.69±3.19

Preoperative iPTH (pg/mL) 1,955.73±1,090.83

Postoperative iPTH (pg/mL) 16.31±36.74

iPTH at 6 months postoperatively (pg/mL) 58.89±104.97

Preoperative serum calcium (mmol/L) 2.44±0.23

Postoperative serum calcium (mmol/L) 2.12±0.22

Serum calcium at 6 months postoperatively (mmol/L) 2.18±0.26

Preoperative serum phosphorus (mmol/L) 2.03±0.44

Postoperative serum phosphorus (mmol/L) 1.21±0.46

Serum phosphorus at 6 months postoperatively (mmol/L) 1.30±0.45

URRI total 10.78±4.98

URRI max 4.51±2.50

Patients with 99mTc-MIBI negative parathyroid (s) (%) 36 (39.56%)

1 25 (27.47%)

2 7 (7.69%)

3 4 (4.40%)

iPTH, intact parathyroid hormone; URRI, uptake ratio of region of interest.
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Table 2 Demographic and clinical characteristics of patients with or without 99mTc-MIBI negative parathyroid gland(s)

Characteristic
Presence of 99mTc-MIBI negative parathyroid gland(s)

P value
Yes (n=36) No (n=55)

Gender 0.393x

Male 17 31

Female 19 24

Age* (years) 49±11 49±10 0.815t

Dialysis time* (years) 7.37±3.35 7.90±3.11 0.442t

Preoperative serum calcium* (mmol/L) 2.40±0.18 2.46±0.25 0.215t

Preoperative serum phosphorus* (mmol/L) 1.89±0.44 2.12±0.43 0.015t

Preoperative iPTH* (pg/mL) 1,690.08±1,078.42 2,129.60±1,073.10 0.060t

Postoperative serum calcium* (mmol/L) 2.14±0.28 2.10±0.19 0.452t

Postoperative serum phosphorus* (mmol/L) 1.19±0.41 1.22±0.49 0.728t

Postoperative iPTH* (pg/mL) 10.83±18.50 19.90±44.67 0.252t

Serum calcium at 6 months postoperatively* (mmol/L) 2.25±0.22 2.14±0.28 0.044t

Serum phosphorus at 6 months postoperatively* (mmol/L) 1.39±0.47 1.24±0.43 0.126t

iPTH 6 months postoperatively* (pg/mL) 41.32±72.40 70.39±120.94 0.198t

t, Two-tailed Student-Fisher t-test for unpaired data and equivalent variances; x, χ2 test; *, mean ± SD; iPTH, intact parathyroid hormone.

Table 3 Demographic and clinical characteristics of patients who did or did not develop hypocalcemia at 6 months postoperatively

Characteristic
Hypocalcemia at 6 months postoperatively

P value
Yes (n=36) No (n=55)

Gender 0.199x

Male 16 32

Female 20 23

Age* (years) 52±9 47±11 0.059t

Dialysis time* (years) 7.99±3.02 7.50±3.31 0.478t

Preoperative serum calcium* (mmol/L) 2.46±0.23 2.43±0.23 0.464t

Postoperative serum calcium* (mmol/L) 2.10±0.17 2.13±0.26 0.647t

URRI total* 12.73±5.05 9.51±4.54 0.002t

URRI max* 5.38±2.70 3.93±2.19 0.006t

t, two-tailed Student-Fisher t-test for unpaired data and equivalent variances; x, χ2 test; *, mean ± SD; URRI, uptake ratio of region of interest.

postoperatively were all lower in the autotransplantation 
group with the lowest URRI PG (11.33±17.77 vs. 
22.12±50.30, P=0.193; 41.59±68.50 vs. 79.07±133.87, 
P=0.106); however, the differences were not statistically 
significant (Table 6).

Relationship between the URRI value and the degree of 
pathological hyperplasia in 216 PGs

After analyzing all 216 PGs of 54 patients, the URRI 
values of the PGs were found to be significantly positively 
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correlated with glandular weight (R2=0.343, P<0.001), 
glandular volume (R2=0.240, P<0.001), and degree of 
pathological hyperplasia (P<0.001) (Figure 4). However, the 
URRI value of the PGs exhibited a notably weak correlation 
with PCNA (R2=0.035, P=0.006). These results indicate that 
99mTc-MIBI imaging is closely related to the pathological 
hyperplasia of the PG. 

The location of the 216 PGs was precisely divided into 
superior and inferior groups first according to anatomy, 
followed by the midline of the thyroid. Compared to 
the inferior PGs, the superior glands were more similar 
to the normal PG in terms of the following: degree 
of pathological hyperplasia (P=0.029), lighter weight 
(P=0.002), smaller volume (P<0.001), and less PCNA 
staining (P=0.004) (Table 7). 

At the end of the study, the AUC of the ROC curves 

showed a URRI evaluative value of 0.771 (Figure 5A, Table 8)  
for diffuse and nodular types in the 216 PGs (P<0.001). 
During the evaluation of the nodular subtype (distinguishing 
between nodular hyperplasia and single nodule), the URRI 
evaluative value even reached 0.819 (Figure 5B, Table 9),  
which was higher than the volume or weight in 167 
nodular-type PGs (P<0.001).

Discussion

Surgical treatments play a key role in the management 
of SHPT (5,17-19), and preoperative positioning of 
hyperplastic PGs is crucial for surgical treatment. The 
importance of 99mTc-MIBI imaging in SHPT has been 
well documented in numerous studies and guidelines 
(13,20,21). It is worth noting that 99mTc-MIBI-guided 

Table 4 Multivariable logistic regression for risk factors of hypocalcemia at 6 months postoperatively

Variables Coefficient Standard error P value OR 95% confidence interval

Age (years) −0.034 0.025 0.172 0.967 0.921–1.015

Postoperative serum calcium (mmol/L) 0.433 1.068 0.685 1.541 0.190–12.502

URRI total −0.155 0.052 0.003 0.857 0.773–0.949

OR, odds ratio; URRI, uptake ratio of region of interest.

Table 5 Multivariable logistic regression for risk factors of hypocalcemia at 6 months postoperatively

Variables Coefficient Standard error P value OR 95% confidence interval

Age (years) −0.028 0.024 0.258 0.973 0.927–1.020

Postoperative serum calcium (mmol/L) 0.262 1.047 0.803 1.299 0.167–10.105

URRI max −0.249 0.114 0.028 0.779 0.624–0.974

OR, odds ratio; URRI, uptake ratio of region of interest.

Table 6 Demographic and clinical characteristics of patients who underwent autotransplantation with or without the lowest URRI parathyroid  

Characteristic
Autotransplantation with lowest URRI parathyroid 

P value
Yes (n=49) No (n=42)

Postoperative serum calcium* (mmol/L) 2.11±0.20 2.12±0.26 0.740x

Postoperative serum phosphorus* (mmol/L) 1.25±0.48 1.16±0.44 0.368t

Postoperative iPTH* (pg/mL) 11.33±17.77 22.12±50.30 0.193t

Serum calcium at 6 months postoperatively* (mmol/L) 2.18±0.24 2.18±0.29 0.993t

Serum phosphorus at 6 months postoperatively* (mmol/L) 1.33±0.48 1.26±0.42 0.493t

iPTH at 6 months postoperatively* (pg/mL) 41.59±68.50 79.07±133.87 0.106t

t, two-tailed Student-Fisher t-test for unpaired data and equivalent variances; x, χ2 test; *, mean ± SD; URRI, uptake ratio of region of interest.
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Figure 4 The relationship between the value of parathyroid URRI and glandular weight (A), glandular volume (B), PCNA (C), and 
pathological hyperplasia of PG (D). URRI, uptake ratio of region of interest; PCNA, proliferating cell nuclear antigen.
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Table 7 Specimen characteristics of parathyroid glands 

Characteristic
The location of the parathyroid glands

P value
Superior (n=108) Inferior (n=108)

Pathological hyperplasia 0.029x

Diffuse hyperplasia  12 (11.11%) 5 (4.63%)

Early nodularity hyperplasia 20 (18.52%) 12 (11.11%)

Nodular hyperplasia 70 (64.81%) 76 (70.37%)

Single nodule hyperplasia 6 (5.56%) 15 (13.89%)

Weight* (mg) 724.10±712.59 1,086.06±955.92 0.002t

Volume* (mm3) 418.13±457.30 734.55±696.02 <0.001t

URRI* 2.57±1.69 2.86±1.67 0.209t

99mTc-MIBI −/+ (URRI >1) 14/94 11/97 0.523x

PCNA* 281.81±140.58 347.63±184.31 0.004t

t, two-tailed Student-Fisher t-test for unpaired data and equivalent variances; x, χ2 test; *, mean ± SD; URRI, uptake ratio of region of  
interest; PCNA, proliferating cell nuclear antigen.
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parathyroidectomy can better assist surgeons in locating 
parathyroids more easily, removing all hyperplastic 
parathyroids, as well as improving PTH, blood calcium, 
and phosphorus levels (22). We have been investigating the 
relationship between 99mTc-MIBI imaging semi-quantitative 
analysis and hyperplastic PGs, applying this to clinical 
practice to improve the diagnosis and treatment of SHPT 
patients.

Initially, we found that patients with 99mTc-MIBI-negative 
PGs (particularly those with more than one negative PG) 
often show lower PTH levels and lower intraoperative 
parathyroid gland hyperplasia (PGH). Most of the 99mTc-

MIBI-negative PGs were close to normal in pathological 
hyperplasia. These results confirm our hypothesis: patients 
with 99mTc-MIBI-negative PGs demonstrate lower serum 
phosphorus and iPTH levels preoperatively, while patients 
with all positive PGs imaging exhibit more severe SHPT. 
In addition, the difficulty of surgery is greatly reduced 
for surgeons when a patient's preoperative 99mTC-MIBI 
imaging clearly shows the PG locations. Therefore, 
combining the specific characteristics of each patient 
(including preoperative iPTH, state of dialysis and kidney 
transplantation, drug resistance, etc.) with their 99mTc-MIBI 
imaging can help doctors determine the need for surgery 

Figure 5 ROC curves demonstrating (A) the accuracy of volume, URRI, weight, and location as predictors of diffuse and nodular types in 
216 parathyroid glands, and (B) the accuracy of volume, URRI, weight, and location as predictors of nodular hyperplasia and single nodule 
in 167 parathyroid glands with nodular-type. URRI, uptake ratio of region of interest.
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Table 8 Evaluative performance for a nodular type in 216 parathyroid glands

Factors AUC Standard error 95% CI P value

Location 0.599 0.046 0.510–0.688 0.035

URRI 0.771 0.034 0.706–0.837 <0.001

Volume 0.890 0.025 0.842–0.939 <0.001

Weight 0.895 0.024 0.848–0.942 <0.001

URRI, uptake ratio of region of interest; AUC, area under the curve.

Table 9 Evaluative performance for a single nodule in 167 nodular-type parathyroid glands

Factors AUC Standard error 95% CI P value

Location 0.597 0.064 0.472–0.722 0.152

URRI 0.819 0.048 0.725–0.913 <0.001

Volume 0.692 0.058 0.578–0.805 0.005

Weight 0.735 0.052 0.633–0.837 <0.001

URRI, uptake ratio of region of interest; AUC, area under the curve.
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and the optimal operation time. Moreover, it can also avoid 
unnecessary total or SPTX due to no PG being found, and 
increase the success rate of surgery.

For SHPT patients, hypocalcemia is one of the most 
common complications after PTX (23). Although we 
have given priority to the postoperative monitoring and 
management of serum calcium levels, the incidence of 
hypocalcemia after PTX remains high (24,25). Hypocalcemia 
is the reduction of calcium from circulation (26).  
Severe hypocalcemia can cause bone loss, tremors in the 
hands and feet, cardiac arrhythmia, and sudden death, 
and therefore, early prevention and prompt treatment are 
required. 

Patients who underwent TPTX+AT were followed 
up, and we found that 99mTc-MIBI-positive PG(s) 
patients showed lower serum calcium levels at 6 months 
postoperatively compared to 99mTc-MIBI-negative PG(s) 
patients. Therefore, we conducted further analysis 
to quantify the 99mTc-MIBI imaging of the PGs, and 
subgroup analysis was performed according to the 
occurrence of hypocalcemia (at 6 months postoperatively). 
Further verification showed that the patients’ URRI 
max and URRI total (collectively referred to as URRI) 
were negatively correlated with serum calcium levels 
6 months postoperatively. Patients with higher URRI 
values were more likely to have hypocalcemia at 6 months 
postoperatively than patients with lower URRI values. 
This indicates that patients with obvious 99mTc-MIBI 
scintigraphic visualization have a worse prognosis, and 
timely medical operations should be performed for these 
patients.

In general ,  both SPTX and TPTX+AT require 
selecting the partial PG tissue with the lowest degree 
of hyperplasia among all PGs for preservation in situ or 
autotransplantation (27,28). According to the classification 
of pathological hyperplasia of the PG in SHPT, hyperplastic 
PGs are divided into two types: diffuse type (which has 
a lower degree of hyperplasia) and nodular type (which 
have a higher degree of hyperplasia). The diffuse type 
includes diffuse hyperplasia and early nodular hyperplasia, 
while the nodular type includes nodular hyperplasia and 
a single nodule (29). The hyperplastic parathyroid tissue 
is heterogeneous. Removal of PGH by intraoperative 
frozen section diagnosis cannot represent transplanted 
PGH. When performing SPTX, the selected PG needs 
to be preserved in situ, which increases the difficulty in 
evaluating the degree of hyperplasia. All of the above factors 
could interfere with our judgment of the hyperplastic 

degree of the partial gland to be left. Typically, in clinical 
practice, the partial PG to be left is chosen based on an 
intraoperative frozen diagnosis of another partial PG that 
has been resected, combined with visual judgment or even 
intraoperative magnification judgment (27,30). In this study, 
we found that the analysis of 99mTc-MIBI imaging helps in 
evaluating the degree of PGH before surgery and selecting 
the partial parathyroid tissue (with the lowest degree of 
hyperplasia) for preservation in situ or autotransplantation 
in surgery.

During the embryonic development of PGs, inferior 
PGs originate from the third pharyngeal pouches, while 
the superior PGs originate from the fourth pharyngeal 
pouch. Therefore, the anatomical origins of the superior 
and inferior PGs differ (31,32), which drew our attention to 
the difference between the superior and inferior PGs. We 
found that the superior PGs tended to have a lighter weight, 
smaller volume, lower PCNA expression, and lower degree 
of hyperplasia. Our preoperative 99mTc-MIBI imaging 
showed that the degree of visualization of the superior 
PGs was lower, consistent with previous research (33).  
This may be due to the effect of hemodynamics, gravity, 
and a relatively narrow growth area, leading to slower 
pathological growth in the superior PGs than in the inferior 
PGs (32). From this perspective, we could select the 
superior PGs for preservation if a dilemma in selecting PG 
arises intraoperatively.

Analysis of the 216 PGs of 54 patients verified our 
hypothesis that 99mTc-MIBI imaging is associated with 
the pathological characteristics of the PGs in SHPT, 
including weight, volume, PCNA expression, and degree 
of pathological hyperplasia. Therefore, evaluating the 
degree of PGH by preoperative 99mTc-MIBI imaging could 
help to select the PG and leave it in situ following specific 
conditions during the operation. Our study implied that 
when the degree of pathological hyperplasia of the PGs 
was divided into three types: nodular hyperplasia, single 
nodule, and diffuse type (including diffuse hyperplasia and 
early nodular hyperplasia), the URRI had a better evaluative 
value for the degree of PGH (AUC =0.771). Meanwhile, 
the 167 PGs of the nodular type were divided into nodular 
hyperplasia and single nodule, the URRIs evaluative value 
of PGH was better than that of the naked eye on the 
appearance of the PG (including weight, volume, etc.). It 
is worth noting that this information could be obtained 
through 99mTc-MIBI imaging preoperatively, which could 
help achieve optimal preoperative preparation.

However, this study has several limitations that should be 
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noted. In terms of design, due to the limitations of diagnosis 
and treatment standards, we had to select the partial 
parathyroid tissue (with the lowest degree of hyperplasia) 
for autotransplantation according to the surgeon’s 
experience. The design of a prospective control study to 
compare different 99mTc-MIBI imaging accumulations is 
against the ethics and guidelines. Also, the sample size in 
this study was relatively small, and it was a single-center 
study. Considering these limitations, we hope to conduct a 
prospective randomized controlled study with large sample 
size and long follow-up period in the future to confirm our 
research conclusions.

Conclusions

In general, in addition to the parathyroid location, the 
99mTc-MIBI scintigraphy results were related to the serum 
calcium level at 6 months after TPTX+AT, suggesting the 
occurrence of hypocalcemia (6 months after TPTX+AT). 
More importantly, this technique effectively evaluates the 
pathological hyperplasia of the PGs preoperatively, and 
therefore, could assist surgeons in selecting the PG with the 
lowest degree of hyperplasia intraoperatively.
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