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Abstract: This study aimed to investigate the relationship between quantitative and volumetric
parameters of technetium-99-methoxyisobutylisonitrile (99mTc-MIBI) single-photon emission com-
puted tomography/computed tomography (SPECT/CT) imaging and hormonal and biochemical
markers in primary hyperparathyroidism (PHPT) patients with single adenoma. In this retrospective
study, 70 patients with a single adenoma who underwent 99mTc-MIBI imaging for the diagnosis of
PHPT were examined. Early and delayed MIBI lesion/background ratios (eLBR and dLBR), early
and delayed lesion/thyroid ratio (eLTR and dLTR), and retention index (RI) were calculated as
planar dual-phase scintigraphy parameters. Adenoma volume (Svol) and parathormone (PTH)/Svol
ratio were measured as SPECT/CT-derived parameters. Calcium levels exhibited a positive cor-
relation with eLBR (r = 0.33, p < 0.001), dLBR (r = 0.29, p = 0.01), dLTR (r = 0.31, p < 0.001), and
PTH/Svol (r = 0.38, p < 0.001). PTH did not correlate with planar parameters and Svol. Among
the imaging parameters, only the PTH/Svol ratio showed a negative correlation with phosphorus
levels (r = −0.29, p = 0.02). For predicting disease severity, the PTH/Svol ratio exhibited similar
diagnostic performance to PTH and phosphorus levels but outperformed the eLBR and dLBR. Both
planar and SPECT-derived parameters can provide valuable insights into the functional status of the
parathyroid adenoma and the associated disease severity. PTH/Svol ratio, combining imaging and
laboratory findings to provide a more comprehensive approach to patient care, could be an exciting
new indicator.

Keywords: primary hyperparathyroidism; dual-phase parathyroid scintigraphy; SPECT/CT;
quantitative analysis; parathyroid adenoma volume

1. Introduction

Primary hyperparathyroidism (PHPT) is the most common form of hyperparathy-
roidism (HPT), characterized by the excessive production of parathormone (PTH) by the
parathyroid glands, and frequently leads to hypercalcemia [1]. Usually, PHPT is the result
of a single parathyroid adenoma (80%), although it can also come about from multiple
adenomas, parathyroid hyperplasia, or rarely, parathyroid carcinoma (<1%). Multigland
disorder (MGD), characterized by multiple adenomas or hyperplasia of multiple glands,
is encountered in 15–20% of those with PHPT [2]. Therefore, accurately determining the
location of abnormal parathyroid glands using imaging methods plays a crucial role in
surgical planning and success [3].

The technetium-99m methoxyisobutylisonitrile (99mTc-MIBI) dual-phase scintigra-
phy (DPS) is retained longer in parathyroid adenomas compared to healthy thyroid and
parathyroid tissues [4,5]. Therefore, it is commonly used in clinical practice to determine the
localization of parathyroid adenoma. However, serum calcium levels reflecting the sever-
ity of PHPT might induce variations in 99mTc-MIBI kinetics by affecting the membrane
potential [6]. Few studies have indicated a positive correlation between serum calcium
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and PTH levels and adenoma volume in patients with parathyroid adenomas [7–10]. On
the other hand, we have not encountered a study that evaluates the relationship between
quantitative and volumetric parameters of 99mTc-MIBI and the hormonal and biochemical
markers of PHPT.

We hypothesized that there might be a positive relationship between the functional
status of PHPT and the quantitative and volumetric parameters of 99mTc-MIBI. Therefore,
this study aimed to investigate the relationship between quantitative and volumetric
parameters of 99mTc-MIBI imaging and hormonal and biochemical markers in PHPT
patients with single adenoma.

2. Materials and Methods

Following the principles set forth in the Declaration of Helsinki, this retrospective
study was conducted at the Samsun Gazi State Hospital Nuclear Medicine Department
from January 2019 and March 2023. The study received approval from the local ethics
committee (Approval Date: April 2023, Decision No. 2023000119).

2.1. Study Population

A total of 79 patients who underwent 99mTc-MIBI DPS imaging for the diagnosis of
PHPT during the study period were retrospectively examined. Inclusion criteria encom-
passed patients exhibiting a solitary adenoma, corroborated by biochemical, pathological,
and imaging indications of HPT, and without a history of using calcium-decreasing medi-
cations. Exclusion criteria were documented multinodular goiter (MNG) (n = 3), secondary
hyperparathyroidism (n = 4), and MGD (n = 2). After the exclusion process, 70 patients
(mean age: 56.2 ± 13.1; range: 24–84 years), including 54 women and 16 men, exhibiting
evidence of PHPT, with a single adenoma and a positive 99mTc-MIBI test, were included in
the analysis.

According to the current guideline, the calcium level defined for parathyroidectomy
criteria in non-symptomatic PHPT is 1.0 mg/dL higher than the maximum limit of nor-
mal [11]. Accordingly, patients were divided into two categories based on the severity of
disease: mild (with calcium levels ranging from 10.5 to 11.5 mg/dL; n = 50) and marked
hypercalcemia (with calcium levels exceeding 11.5 mg/dL; n = 20) [9,12].

2.2. Study Protocol

The demographic, clinical, and imaging data were extracted from the electronic records
of the patients.

Although dual-phase parathyroid scintigraphy is a time-consuming procedure for
nuclear medicine practitioners and patients, it is recognized in clinical practice that most
parathyroid adenomas retain their activity and become more visible in delayed images [13].
Therefore, all patients underwent early and late 99mTc-MIBI DPS. All patients were re-
ceptive to the Dual-Time-Point (DTP) protocol. They were informed in advance about the
90-min. duration for the delayed scan, and their feedback indicated that the extended study
was generally well-tolerated. Patients were repositioned on the second scan. Although
one-to-one image matching is not required for quantitative analysis in both early and
delayed imaging, consistent positioning was achieved in the subjects for both scans. In
the SPECT/CT phase, no mismatches were observed as the patient was fixed on the table
during both SPECT and CT acquisition. In 29 cases where a single adenoma was visually
identified in early and delayed planar scintigraphy, single-photon emission computed
tomography/computed tomography (SPECT/CT) was not performed to avoid the unnec-
essary risk of additional radiation exposure. For the 41 cases where an adenoma was not
distinctly identified in both early and delayed planar scintigraphy, SPECT/CT imaging
was conducted. The early and delayed planar 99mTc-MIBI DPS images and reconstructed
cross-sectional SPECT/CT images were viewed and analyzed by consensus between two
nuclear medicine physicians.
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2.3. Parathyroid Imaging

Based on a guideline outlining comprehensive techniques for parathyroid imaging,
both 99mTc-MIBI DPS and SPECT/CT were utilized [13]. 99mTc-MIBI DPS was performed
immediately after intravenous injection of a dose of 600–900 MBq. Early (10 min after
injection) and delayed (90 min) planar images were acquired using a SPECT/CT gamma
camera. SPECT/CT acquisitions were made after the delayed planar images with the
patient in the same position with 64 projections over 180◦ in a circular orbit. The acquisition
time per step was 30 s. SPECT images were reconstructed on 128 × 128 matrices using a
Butterworth pre-processing filter and an iterative algorithm (ordered-subset expectation
maximization). After SPECT acquisition, a spiral CT scan was performed for anatomical
localization and attenuation correction without contrast enhancement. CT was performed
as a low-dose CT scan without contrast enhancement during free breathing (100 kVp,
80 mAs/slice, collimation 20 × 1.25 mm, rotation time 0.66 s, pitch 1.5, matrix 512 × 512).
SPECT, CT, and their fusion images were displayed in transverse, coronal, and sagittal
planes. To ensure the same region of the body is represented in each of the numbered slices
of every projection, it is preferable to register all three sets together. This approach facili-
tates the most dependable comparison between image sets for anatomical and functional
correlation, ensuring the semi-automated volume of interest (VOI) of the localized lesion is
both accurate and reproducible (Figure 1).

2.4. 99mTc-MIBI DPS Image Analysis

Abnormal hyperfunction of the parathyroid gland was considered to be focal areas of
increased uptake with either delayed washout over time or fixed uptake that persisted on
delayed imaging [13]. Lesions were localized according to six regions: lower left (n = 21),
lower right (n = 16), upper left (n = 2), upper right (n = 7), intrathyroidal (lower middle
right (n = 8), lower middle left (n = 5), upper middle right (n = 3), or ectopic (mediastinum
or deep cervical; n = 8).

From the early and delayed planar DPS images, a region of interest (ROI) for the
uptake lesion of the parathyroid adenoma was manually drawn using an image analysis
tool. Another ROI of the same size and shape was reproduced in both the contralateral
thyroid area and contralateral background cervical region (Figure 1A). The parathyroid
adenoma/thyroid gland uptake ratio (LTR) was calculated as the ratio between the mean
counts of the ROIs of the parathyroid adenoma and the contralateral thyroid gland [7].
Early LTR (eLTR) and late LTR (dLTR) were only used to calculate the retention index (RI)
according to the following equation: RI = eLTR − dLTR/eLTR. The lesion/background
uptake ratio (LBR) was calculated as the ratio between the mean counts of the ROIs of the
parathyroid adenoma and the contralateral background cervical area. The early LBR (eLBR)
and delayed LBR (dLBR) uptake ratios were expressed as radiopharmaceutical uptake of
the adenomas.

The parathyroid adenoma volume (Svol) was measured as a SPECT-derived parameter
via the volumetric SPECT option of the device (InterViewTM XP processing software,
version 3.08.008.0000, Anyscan-SC, Mediso Ltd., Budapest, Hungary). A spherical or
ellipsoid isocontour VOI was semi-automatically drawn around the focal uptake from
the three orthogonal slices of reconstructed SPECT images with an image analysis tool
for deducing the Svol (Figure 1B). A previously determined optimal threshold percentage
of 40% was applied for parathyroid adenomas. Subsequently, the Parathormone/Svol
(PTH/Svol) ratio was calculated.

To ensure the reproducibility and accuracy of the results, all planar and SPECT/CT
parathyroid scans were retrospectively reviewed by two nuclear medicine specialists who
were blinded to all clinical, radiological, and laboratory data. The final results were deter-
mined through consensus. In imaging measurements, the intraclass correlation coefficient
for both intraobserver and interobserver variability ranged between 0.83 and 0.95 [14].
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Figure 1. (A) Calculation of early lesion to background ratio (eLBR), early lesion to thyroid ratio
(eLTR); delayed lesion to background ratio (dLBR) and delayed lesion to thyroid ratio (dLTR) from the
region of interest (ROI). (B) Determination of parathyroid adenoma volume (Svol) from the SPECT
imaging using semi-automated volume of interest option.

2.5. Statistical Analysis

Data, expressed as mean ± standard deviation (SD) or percentage were analyzed using
SPSS software (version 22.0, IBM Corp., Armonk, NY, USA). Normally distributed data are
presented as mean ± standard deviation (SD), non-normally distributed data as median
(min–max), and categorical data as number (%). Independent t-test or Mann–Whitney U test
was used to compare two independent groups, depending on the assumption of normality.
Spearman’s rho correlation analysis was used for correlation analysis. ROC curve analysis
was performed to determine the discriminative ability of the variables for disease severity
and to determine the optimal cut-off values by the Youden index method [15]. Differences
were considered statistically significant at p-values < 0.05.

3. Results

The characteristics of the patients and descriptive statistics for all variables are shown
in Table 1. Twenty-eight patients underwent surgical procedures, followed by histopatho-
logical analysis.
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Table 1. Demographic and clinical findings of PHPT patients.

Variables Study Population
n = 70

Demographic findings
Age, year 56.23 ± 13.14
Gender, n (%)

Male 16 (22.90)
Female 54 (77.10)

Severity of hypercalcemia, n (%)
Mild 50 (71.40)
Severe 20 (28.60)

Laboratory findings
Parathormone, ng/L 128.30 (33.10–888.00)
Calcium, mg/dL 11.02 ± 0.71
Phosphorus, mg/dL 2.71 (1.61–5.30)
25 (OH) vitamin D, µg/L 14.20 (4.20–52.20)

Localization of adenoma, n (%)
Lower left 21 (30.00)
Lower right 16 (22.90)
Lower middle right 8 (11.40)
Upper right 7 (10.00)
Lower middle left 5 (7.10)
Upper middle right 3 (4.30)
Upper left 2 (2.90)
Ectopic 8 (11.40)

Planar imaging parameters
eLBR 2.61 ± 0.67
eLTR 1.33 ± 0.32
dLBR 2.06 (0.22–4.01)
dLTR 1.28 (0.13–2.32)
RI 0.03 [(−0.90)–0.96]

SPECT imaging parameters n = 41
Svol, cm3 2.10 (0.64–8.23)
PTH/Svol ratio, ng/L/cm3 55.06 (6.97–288.33)

Data are mean ± standard deviation or median (min–max), or number (%). eLBR, early lesion to background ratio;
eLTR, early lesion to thyroid ratio; dLBR, delayed lesion to background ratio; dLTR, delayed lesion to thyroid ratio;
PTH/Svol ratio, parathormone to scintigraphic volume ratio; RI, retention index; Svol, scintigraphic volume.

PTH levels displayed a significant positive correlation with PTH/Svol levels (r = 0.59,
p < 0.001). Calcium levels exhibited a positive correlation with radiopharmaceutical up-
take parameters (r = 0.33, p < 0.001 for eLBR, r = 0.29, p = 0.01 for dLBR, and r = 0.31,
p < 0.001 for dLTR) and PTH/Svol (r = 0.38, p < 0.001) (Figure 2). Calcium levels did not
show a correlation with eLRT (r = 0.21, p = 0.28) and RI (r = 0.18, p = 0.23). Among the
imaging parameters, only the PTH/Svol ratio showed a negative correlation with phos-
phorus levels (r = −0.29, p = 0.02). In addition, a positive correlation was found between
radiopharmaceutical uptake parameters and Svol (r = 0.40, p < 0.001 for eLBR, r = 0.45,
p < 0.001 for dLBR), but they were not correlated with PTH/Svol (Figure 2) (Table 2). There
was a negative correlation between PTH/Svol and RI (r = −0.55, p < 0.001). However, there
was no statistically significant correlation between functional markers and either Svol or RI
(Table 2).
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ceutical uptake.

The median PTH, mean eLBR, median dLBR, median dLTR, and median PTH/Svol
values were lower in mild hypercalcemia group compared to marked hypercalcemia group,
while the median phosphorus levels were higher. The levels of Svol and RI did not show
significant differences between the groups (Table 3).
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Table 2. Correlations between functional markers and imaging parameters.

Variables Svol † PTH/Svol Ratio † eLBR dLBR RI

Parathormone
r 0.20 0.59 0.09 0.08 0.06
p-value 0.25 <0.001 0.66 0.79 0.80

Calcium
r 0.12 0.38 0.33 0.29 0.18
p-value 0.46 <0.001 <0.001 0.01 0.23

Phosphorus
r −0.08 −0.29 −0.15 −0.20 −0.05
p-value 0.62 0.02 0.29 0.15 0.87

25 (OH)
vitamin D

r 0.12 −0.17 −0.11 −0.05 0.02
p-value 0.46 0.32 0.32 0.87 0.99

eLBR
r 0.40 −0.07 - 0.70 −0.14
p-value <0.001 0.69 - <0.001 0.26

eLTR
r −0.04 0.21 0.60 0.38 −0.43
p-value 0.79 0.20 <0.001 0.01 <0.001

dLBR
r 0.45 −0.19 0.70 - 0.20
p-value <0.001 0.30 <0.001 - 0.17

dLTR
r 0.28 −0.10 0.49 0.49 0.62
p-value 0.08 0.54 <0.001 <0.001 <0.001

RI
r 0.61 −0.55 −0.14 0.20 -
p-value <0.001 <0.001 0.26 0.17 -

Svol †

r - −0.66 0.40 0.45 0.61
p-value - <0.001 <0.001 <0.001 <0.001

† It was analyzed in 41 patients. eLBR, early lesion to background ratio; eLTR, early lesion to thyroid ratio; dLBR,
delayed lesion to background ratio; dLTR, delayed lesion to thyroid ratio; PTH/Svol ratio, parathormone to
scintigraphic volume ratio; RI, retention index; Svol, scintigraphic volume.

Table 3. Comparison of functional markers and imaging parameters based on the severity of hyper-
calcemia.

Variables

Severity of Hypercalcemia

p-ValueMild Marked
(10.50–11.49 mg/dL) (>11.50 mg/dL)

n = 50 n = 20

Parathormone, ng/L 119.50 (33.10–374.00) 172.00 (74.80–888.00) 0.002
Phosphorus, mg/dL 2.85 (1.98–4.83) 2.32 (1.61–5.30) 0.001
25 (OH) vitamin D, µg/mL 14.75 (4.20–52.20) 11.90 (6.72–37.40) 0.471
Planar imaging parameters

eLBR 2.51 ± 0.64 2.91 ± 0.63 0.020
eLTR 1.29 ± 0.33 1.42 ± 0.32 0.092
dLBR 1.92 (0.22–4.01) 2.28 (1.65–3.68) 0.038
dLTR 1.24 (0.13–1.87) 1.43 (0.89–2.32) 0.010
RI 0.01 [(−0.90)–0.96] 0.07 [(−0.14)–0.60] 0.132

SPECT imaging parameters n = 29 n = 12
Svol, cm3 2.20 (0.64–8.23) 2.27 (0.70–5.67) 0.682
PTH/Svol ratio, ng/L/cm3 45.44 (6.97–158.60) 84.56 (19.22–288.33) 0.017

Data are mean ± standard deviation or median (min–max). eLBR, early lesion to background ratio; eLTR, early
lesion to thyroid ratio; dLBR, delayed lesion to background ratio; dLTR, delayed lesion to thyroid ratio; PTH/Svol
ratio, parathormone to scintigraphic volume ratio; RI, retention index; Svol, scintigraphic volume.

The ROC curve analysis demonstrated that PTH, phosphorus, eLBR, dLBR, dLTR,
and the PTH/Svol ratio are significant markers in predicting the severity of the disease.
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Accordingly, PTH (68.42% sensitivity, 80.00% specificity), phosphorus (73.68% sensitiv-
ity, 73.91% specificity), and the PTH/Svol ratio (72.70% sensitivity, 62.10% specificity),
which had different sensitivities and specificities, possessed similar AUC values (0.76,
95% CI = 0.64–0.85 for PTH vs. 0.75, 95% CI = 0.58–0.87 for phosphorus vs. 0.75, 95%
CI 0.58–0.87 for PTH/Svol ratio; p > 0.05) (Figure 3). However, the AUC values of these
parameters were higher than the AUC values of eLBR (0.68, 95% CI = 0.56–0.78), dLBR
(0.66, 95% CI 0.54–0.77), and dLTR (0.66, 95% CI = 0.54–0.76). On the other hand, Youden
index values were similar for PTH (0.48), Phosphorus (0.47), and eLBR (0.45), and were
markedly higher than the PTH/SVOL ratio (0.35) (Table 4).
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Most adenomas were located in the lower left, followed by the lower right. The
mean serum calcium level was higher in adenomas localized on the lower right side when
compared to those located on the lower left side (11.28 ± 0.72 vs. 10.74 ± 0.79 mg/dL,
p = 0.05), while median phosphorus level was lower (2.40 vs. 3.10 mg/dL, p = 0.01). The
mean eLBR level was higher in adenomas localized on the lower right side when compared
to those located on the lower left side (2.76 ± 0.59 vs. 2.38 ± 0.47, p = 0.04) (Table 5).
No relationship was detected between functional markers and imaging parameters and
adenomas in other locations.
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Table 4. Cut-off values, sensitivity, and specificity of the variables in the prediction of severe disease.

Variables AUC (95% CI) Cut-Off
Value p-Value Sensitivity

(%)
Specificity

(%)
Youden
index

Parathormone 0.76 (0.64–0.85) >150.00 <0.001 68.42 80.00 0.48
Phosphorus 0.75 (0.58–0.87) <2.53 <0.001 73.68 73.91 0.47
25 (OH) vitamin D 0.56 (0.43–0.68) <15.57 0.22 76.47 45.67 0.22
Planar imaging parameters

eLBR 0.68 (0.56–0.78) >2.54 0.01 85.00 60.00 0.45
eLTR 0.62 (0.49–0.73) >1.45 0.13 45.80 79.17 0.25
dLBR 0.66 (0.54–0.77) >2.13 0.03 65.00 66.00 0.31
dLTR 0.66 (0.54–0.76) >1.40 0.01 60.00 75.00 0.35
RI 0.62 (0.49–0.73) >0.07 0.11 50.00 68.80 0.19

SPECT imaging parameters
Svol 0.54 (0.38–0.70) <1.50 0.68 41.67 79.31 0.21
PTH/Svol ratio 0.75 (0.58–0.87) >58.35 0.01 72.70 62.10 0.35

eLBR, early lesion to background ratio; eLTR, early lesion to thyroid ratio; dLBR, delayed lesion to background
ratio; dLTR, delayed lesion to thyroid ratio; PTH/Svol ratio, parathormone to scintigraphic volume ratio; RI,
retention index; Svol, scintigraphic volume.

Table 5. Comparisons between groups according to adenoma localization.

Variables

Anatomic Localization

p-ValueLower Right
n = 16

Lower Left
n = 21

Parathormone, ng/L 126.00 (67.10–888.00) 135.00 (33.10–346.00) 0.28
Calcium, mg/dL 11.28 ± 0.72 10.74 ± 0.79 0.05
Phosphorus, mg/dL 2.40 (2.10–3.60) 3.10 (1.93–4.83) 0.01
25 (OH) vitamin D, µg/mL 12.15 (9.52–37.40) 16.20 (4.20–52.20) 0.58
Planar imaging parameters

eLBR 2.76 ± 0.59 2.38 ± 0.47 0.04
eLTR 1.46 ± 0.28 1.30 ± 0.37 0.14
dLBR 2.01 (0.22–3.46) 1.90 (1.56–3.30) 0.34
dLTR 1.34 (0.13–2.17) 1.20 (0.88–2.30) 0.08
RI 0.01 [(−0.90)–0.24] 0.02 [(−0.40)–0.60] 0.55

SPECT imaging parameters
SVOL, cm3 1.50 (0.64–3.70) 1.84 (1.00–4.54) 0.36
PTH/Svol ratio,

ng/L/cm3
84.22 (35.14–227.97) 62.10 (31.06–288.33) 0.42

Data are mean ± standard deviation or median (min–max). eLBR, early lesion to background ratio; eLTR, early
lesion to thyroid ratio; dLBR, delayed lesion to background ratio; dLTR, delayed lesion to thyroid ratio; PTH/Svol
ratio, parathormone to scintigraphic volume ratio; RI, retention index; Svol, scintigraphic volume.

4. Discussion

This study stands as a pioneering effort, offering a comprehensive quantitative and
volumetric scintigraphic analysis, elucidating the relationship between secretory capa-
bilities and radiopharmaceutical uptake in the preoperative phase. Although previous
research has investigated associations of adenoma magnitude and PTH measurements
with the radiopharmaceutical uptake, the PTH/Svol has not been previously surveyed.
In this research, a novel composite such as PTH/Svol was implemented for the first time,
and examinations were conducted in accordance with disease severity. There was a signifi-
cant relationship between functional parameters and both the quantitative and volumetric
parameters of 99mTc-MIBI. Among the imaging parameters, PTH/Svol was associated
with both the functional status of the parathyroid adenoma and the severity of the disease.
Moreover, PTH/Svol exhibited a notable ability in forecasting marked hypercalcemia.

A meta-analysis demonstrated that the sensitivity of the 99mTc-MIBI DPS, SPECT/CT
imaging for investigating solitary parathyroid adenoma, was ascertained to be 86%. This
method is the most proficient for diagnosing functional parathyroid adenoma [16]. In
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addition to diagnosing a lesion, parathyroid imaging can be used for functional eval-
uation of a parathyroid adenoma, as 99mTc-MIBI binds to mitochondria based on the
membrane potential [6,10,17]. Previous studies have reported a significant relationship
between MIBI positivity and adenoma volume with calcium and PTH levels [6–10,18,19].
Radiopharmaceutical uptake significantly correlated with only serum calcium level, but
functional markers were not correlated with Svol. These findings suggest that eLBR and
dLBR might serve as imaging indicators, reflecting the effects of the parathyroid adenoma
on calcium metabolism.

In MIBI scintigraphy, which is a functional imaging method, the volume of the ade-
noma can affect scan sensitivity. A prior study indicated that adenomas identified using
MIBI scintigraphy were of a larger size compared to those that went undetected [20].
Conversely, several studies have indicated that the radiopharmaceuticals uptake was not
significantly correlated with the size of the parathyroid adenoma [21,22]. On the other
hand, it has been expressed that adenoma weight and serum PTH concentrations were
also significant predictors for MIBI positivity [23,24]. Interesting findings revealed from a
comprehensive study of patients with the uniglandular parathyroid disease are that a high
PTH level, pathologic parathyroid gland volume, weight, and oxyphil cell content were all
significantly associated with MIBI positivity [20]. The PTH per unit weight of the adenoma
may be significantly lower in larger adenomas [25]. This hypothesis was confirmed by
an in vitro study, which found that cells from larger glands released PTH at a lower rate
than those from smaller adenomas [26]. Furthermore, larger adenomas may have a greater
portion of nonfunctional spaces within the gland [25,27,28]. These factors may explain
why there was no significant correlation between PTH/Svol and the radiopharmaceuti-
cal uptake in the current study. However, functional status of the parathyroid adenoma
demonstrated a significant correlation with PTH/Svol, which suggests that the volume
of metabolically active tissue may be a more effective marker than the simple metabolic
volume. PTH/Svol is related to the functional load of the entire adenoma and is a novel
measurable parameter that could possibly be composed of cross-sectional imaging and a
functional hormonal marker.

While imaging parameters predicted disease severity with acceptable sensitivity,
among these parameters, PTH/Svol demonstrated superior diagnostic performance. In
clinical practice, it is critical to take note that the radiopharmaceutical uptake can indicate
its size and capability, but not its sufficient PTH secretory potential. In a study using
pathological volume, the PTH/volume ratio was found significantly lower in the MIBI
positive group than in the MIBI negative group [29]. Therefore, it is noteworthy that this
study found that the radiopharmaceutical uptake was positively related to the anticipated
quantitative parameter Svol, but only the PTH/Svol parameter, which is a marker that
may express the PTH secretory ability of an adenoma, was interlinked with all of the
functional biochemical and hormonal characteristics. According to a comparative analysis
of the ROC curve and Youden Index, quantitative analysis of PTH/Svol and eLBR showed
similar diagnostic performance to PTH and phosphorus. Therefore, these parameters
can be considered as innovative scintigraphic parameters that may be useful regarding
patient management in clinical practice. The current study which encompassed the MIBI
positive entire group also demonstrated that the ratio of PTH/Svol was lower in larger
volume adenomas. Furthermore, as PTH/Svol was negatively correlated with RI, a low
RI may point to a more productive adenoma, while a high RI may propose a less effective
one. These findings also underscore the clinical importance of both early and delayed
protocols [13]. There was a significant difference in eLBR, dLBR, and dLTR levels based
on the severity of hypercalcemia. Furthermore, these parameters demonstrated superior
diagnostic performance in predicting disease severity compared to Svol levels. Notably, the
Youden index for dLTR was higher than that for eLTR. These findings suggest that delayed
screening is necessary in PHPT cases.

An incremental value SPECT/CT over planar imaging for localization of abnormal
parathyroid tissue in patients with primary hyperparathyroidism has been demonstrated
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in many studies [30,31]. In a meta-analysis study, the test performance of dual-phase
99mTc-sestamibi SPECT/CT in predicting the localization of parathyroid adenoma showed
an estimated pooled sensitivity of 0.86 (95% CI = 0.81–0.90). SPECT/CT exhibited higher
sensitivity compared to both SPECT (0.74; 95% CI = 0.66–0.82) and planar (0.70; 95%
CI = 0.61–0.80) techniques [16]. In this study, no significant differences in volumetric
parameters of SPECT imaging were observed between adenomas localized on the lower
right and lower left sides. Additionally, adenomas localized in other regions had a limited
sample size. Therefore, a comparison could not be made among all adenoma locations. On
the other hand, in a recent study, it was reported that lower localized adenomas were larger
in volume and weight than upper localized adenomas and that the detection ratio was
higher for these reasons [32]. In comparing functional and imaging indicators in adenomas
located on the lower right and lower left, the data of Ca, P, and eLBR indicate the lower
right adenomas to be more functional.

This research has several limitations. It is a retrospective analysis in one clinic, and
the likelihood of selection prejudice cannot be ruled out, despite the fact that the pictures
were examined by readers unfamiliar with other clinical and pathological information.
As this study was mainly based on scintigraphic volumetric measurements, only MIBI
positive patients were included in the study and MIBI negative patients were not cared
for. One limitation of this study is that it excluded the patients with MGD from its pool
of participants. Only patients with single-gland disease were studied due to the desire to
achieve clearer results in the volumetric study. Additionally, due to the fact that not all
participants had pathology results available, it was not possible to compare imaging pa-
rameters with pathologic cellular type, adenoma volume, and adenoma weight. Moreover,
the current study’s findings might be less conclusive due to the limited patient sample
size. Therefore, larger prospective studies are needed to ascertain the effectiveness of the
volumetric analysis method in evaluating parathyroid adenoma using SPECT/CT.

5. Conclusions

This study indicates a positive correlation between calcium levels and certain imaging
parameters (eLBR, dLBR, dLTR, and PTH/Svol). However, the PTH/Svol ratio was the
only imaging parameter that showed a relationship with phosphorus levels. Despite being
an older parameter, the RI lacked an association with functional markers and inversely
correlated with PTH/Svol. Therefore, the combined use of early and delayed planar 99mTc-
MIBI DPS and SPECT/CT scans can provide valuable insights into both the functional status
and disease severity of a parathyroid adenoma and may serve as more reliable indicators.

Author Contributions: Conceptualization, G.S.; Methodology, G.S. and S.E.O.; Supervision, G.S.;
Formal Analysis, G.S. and S.E.O.; Resources, G.S. and S.E.O.; Data Curation, G.S. and S.E.O.; Writing—
Original Draft Preparation, G.S.; Writing—Review & Editing, S.E.O. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ondokuz Mayis University Clinical Research Ethics Committee
(Date: April 2023, Decision No: 2023000119).

Informed Consent Statement: The need for informed consent was waived under the approval of the
Local Ethics Committee due to the retrospective design.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bilezikian, J.P.; Bandeira, L.; Khan, A.; Cusano, N.E. Hyperparathyroidism. Lancet 2018, 391, 168–178. [CrossRef] [PubMed]
2. Insogna, K.L. Primary Hyperparathyroidism. N. Engl. J. Med. 2018, 379, 1050–1059. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(17)31430-7
https://www.ncbi.nlm.nih.gov/pubmed/28923463
https://doi.org/10.1056/NEJMcp1714213
https://www.ncbi.nlm.nih.gov/pubmed/30207907


Diagnostics 2023, 13, 3182 12 of 13

3. Nasiri, S.; Soroush, A.; Hashemi, A.P.; Hedayat, A.; Donboli, K.; Mehrkhani, F. Parathyroid adenoma Localization. Med. J. Islam.
Repub. Iran 2012, 26, 103–109. [PubMed]

4. Hindie, E.; Ugur, O.; Fuster, D.; O’Doherty, M.; Grassetto, G.; Urena, P.; Kettle, A.; Gulec, S.A.; Pons, F.; Rubello, D.; et al. 2009
EANM parathyroid guidelines. Eur. J. Nucl. Med. Mol. Imaging 2009, 36, 1201–1216. [CrossRef]

5. Jorna, F.H.; Hollema, H.; Hendrikse, H.N.; Bart, J.; Brouwers, A.H.; Plukker, J.T. P-gp and MRP1 expression in parathyroid tumors
related to histology, weight and (99m)Tc-sestamibi imaging results. Exp. Clin. Endocrinol. Diabetes 2009, 117, 406–412. [CrossRef]

6. Mshelia, D.S.; Hatutale, A.N.; Mokgoro, N.P.; Nchabaleng, M.E.; Buscombe, J.R.; Sathekge, M.M. Correlation between serum
calcium levels and dual-phase (99m)Tc-sestamibi parathyroid scintigraphy in primary hyperparathyroidism. Clin. Physiol. Funct.
Imaging 2012, 32, 19–24. [CrossRef]

7. Calva-Cerqueira, D.; Smith, B.J.; Hostetler, M.L.; Lal, G.; Menda, Y.; O’Dorisio, T.M.; Howe, J.R. Minimally invasive parathyroidec-
tomy and preoperative MIBI scans: Correlation of gland weight and preoperative PTH. J. Am. Coll. Surg. 2007, 205, S38–S44.
[CrossRef]

8. Bindlish, V.; Freeman, J.L.; Witterick, I.J.; Asa, S.L. Correlation of biochemical parameters with single parathyroid adenoma
weight and volume. Head Neck 2002, 24, 1000–1003. [CrossRef]

9. Im, H.J.; Lee, I.K.; Paeng, J.C.; Lee, K.E.; Cheon, G.J.; Kang, K.W.; Chung, J.K.; Lee, D.S. Functional evaluation of parathyroid
adenoma using 99mTc-MIBI parathyroid SPECT/CT: Correlation with functional markers and disease severity. Nucl. Med.
Commun. 2014, 35, 649–654. [CrossRef]

10. Melloul, M.; Paz, A.; Koren, R.; Cytron, S.; Feinmesser, R.; Gal, R. 99mTc-MIBI scintigraphy of parathyroid adenomas and its
relation to tumour size and oxyphil cell abundance. Eur. J. Nucl. Med. 2001, 28, 209–213. [CrossRef]

11. Bilezikian, J.P.; Khan, A.A.; Potts, J.T., Jr.; Third International Workshop on the Management of Asymptomatic Primary Hyperthy-
roidism. Guidelines for the management of asymptomatic primary hyperparathyroidism: Summary statement from the third
international workshop. J. Clin. Endocrinol. Metab. 2009, 94, 335–339. [CrossRef] [PubMed]

12. Akirov, A.; Gorshtein, A.; Shraga-Slutzky, I.; Shimon, I. Calcium levels on admission and before discharge are associated with
mortality risk in hospitalized patients. Endocrine 2017, 57, 344–351. [CrossRef]

13. Greenspan, B.S.; Dillehay, G.; Intenzo, C.; Lavely, W.C.; O’Doherty, M.; Palestro, C.J.; Scheve, W.; Stabin, M.G.; Sylvestros, D.;
Tulchinsky, M. SNM practice guideline for parathyroid scintigraphy 4.0. J. Nucl. Med. Technol. 2012, 40, 111–118. [CrossRef]
[PubMed]

14. Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155–163. [CrossRef] [PubMed]

15. Fluss, R.; Faraggi, D.; Reiser, B. Estimation of the Youden Index and its associated cutoff point. Biom. J. 2005, 47, 458–472.
[CrossRef]

16. Wong, K.K.; Fig, L.M.; Gross, M.D.; Dwamena, B.A. Parathyroid adenoma localization with 99mTc-sestamibi SPECT/CT: A
meta-analysis. Nucl. Med. Commun. 2015, 36, 363–375. [CrossRef]

17. Chiu, M.L.; Kronauge, J.F.; Piwnica-Worms, D. Effect of mitochondrial and plasma membrane potentials on accumulation of
hexakis (2-methoxyisobutylisonitrile) technetium(I) in cultured mouse fibroblasts. J. Nucl. Med. 1990, 31, 1646–1653.

18. Gungor, S.; Dede, F.; Can, B.; Keskin, H.; Aras, M.; Ones, T.; Erdil, T.Y.; Turoglu, H.T. The value of parathyroid scintigraphy on
lesion detection in patients with normocalcemic primary hyperparathyroidism. Rev. Esp. Med. Nucl. Imagen Mol. 2022, 41, 86–90.
[CrossRef]

19. Silov, G.; Ozdal, A.; Erdogan, Z.; Turhal, O.; Karaman, H. The relationship between technetium-99m-methoxyisobutyl isonitrile
parathyroid scintigraphy and hormonal and biochemical markers in suspicion of primary hyperparathyroidism. Mol. Imaging
Radionucl. Ther. 2013, 22, 8–13. [CrossRef]

20. Durmus, E.T.; Atmaca, A.; Kefeli, M.; Mete, O.; Canbaz Tosun, F.; Baycelebi, D.; Polat, C.; Colak, R. Clinicopathological variables
that correlate with sestamibi positivity in uniglandular parathyroid disease: A retrospective analysis of 378 parathyroid adenomas.
Ann. Nucl. Med. 2022, 36, 33–42. [CrossRef]

21. Khorasani, N.; Mohammadi, A. Effective factors on the sensitivity of preoperative sestamibi scanning for primary hyperparathy-
roidism. Int. J. Clin. Exp. Med. 2014, 7, 2639–2644.

22. Cermik, T.F.; Puyan, F.O.; Sezer, A.; Firat, M.F.; Berkarda, S. Relation between Tc-99m sestamibi uptake and biological factors in
hyperparathyroidism. Ann. Nucl. Med. 2005, 19, 387–392. [CrossRef] [PubMed]

23. Westerdahl, J.; Bergenfelz, A. Sestamibi scan-directed parathyroid surgery: Potentially high failure rate without measurement of
intraoperative parathyroid hormone. World J. Surg. 2004, 28, 1132–1138. [CrossRef] [PubMed]

24. Goldstein, R.E.; Billheimer, D.; Martin, W.H.; Richards, K. Sestamibi scanning and minimally invasive radioguided parathyroidec-
tomy without intraoperative parathyroid hormone measurement. Ann. Surg. 2003, 237, 722–730; discussion 730–731. [CrossRef]
[PubMed]

25. Williams, J.G.; Wheeler, M.H.; Aston, J.P.; Brown, R.C.; Woodhead, J.S. The relationship between adenoma weight and intact
(1-84) parathyroid hormone level in primary hyperparathyroidism. Am. J. Surg. 1992, 163, 301–304. [CrossRef]

26. Cantley, L.K.; Ontjes, D.A.; Cooper, C.W.; Thomas, C.G.; Leight, G.S.; Wells, S.A., Jr. Parathyroid hormone secretion from dispersed
human hyperparathyroid cells: Increased secretion in cells from hyperplastic glands versus adenomas. J. Clin. Endocrinol. Metab.
1985, 60, 1032–1037. [CrossRef]

https://www.ncbi.nlm.nih.gov/pubmed/23482497
https://doi.org/10.1007/s00259-009-1131-z
https://doi.org/10.1055/s-0028-1105925
https://doi.org/10.1111/j.1475-097X.2011.01048.x
https://doi.org/10.1016/j.jamcollsurg.2007.06.322
https://doi.org/10.1002/hed.10165
https://doi.org/10.1097/MNM.0000000000000102
https://doi.org/10.1007/s002590000406
https://doi.org/10.1210/jc.2008-1763
https://www.ncbi.nlm.nih.gov/pubmed/19193908
https://doi.org/10.1007/s12020-017-1353-y
https://doi.org/10.2967/jnmt.112.105122
https://www.ncbi.nlm.nih.gov/pubmed/22454482
https://doi.org/10.1016/j.jcm.2016.02.012
https://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.1097/MNM.0000000000000262
https://doi.org/10.1016/j.remnie.2020.12.007
https://doi.org/10.4274/Mirt.21931
https://doi.org/10.1007/s12149-021-01681-w
https://doi.org/10.1007/BF03027403
https://www.ncbi.nlm.nih.gov/pubmed/16164195
https://doi.org/10.1007/s00268-004-7484-3
https://www.ncbi.nlm.nih.gov/pubmed/15490068
https://doi.org/10.1097/01.SLA.0000064362.58751.59
https://www.ncbi.nlm.nih.gov/pubmed/12724639
https://doi.org/10.1016/0002-9610(92)90007-E
https://doi.org/10.1210/jcem-60-5-1032


Diagnostics 2023, 13, 3182 13 of 13

27. Randhawa, P.S.; Mace, A.D.; Nouraei, S.A.; Stearns, M.P. Primary hyperparathyroidism: Do perioperative biochemical variables
correlate with parathyroid adenoma weight or volume? Clin. Otolaryngol. 2007, 32, 179–184. [CrossRef]

28. Kamani, F.; Najafi, A.; Mohammadi, S.S.; Tavassoli, S.; Shojaei, S.P. Correlation of biochemical markers of primary hyperparathy-
roidism with single adenoma weight and volume. Indian. J. Surg. 2013, 75, 102–105. [CrossRef]

29. Kong, S.H.; Kim, J.H.; Kim, S.W.; Shin, C.S. Radioactive Parathyroid Adenomas on Sestamibi Scans: Low Parathyroid Hormone
Secretory Potential and Large Volume. Endocrinol. Metab. 2021, 36, 351–358. [CrossRef]

30. Patel, C.N.; Salahudeen, H.M.; Lansdown, M.; Scarsbrook, A.F. Clinical utility of ultrasound and 99mTc sestamibi SPECT/CT for
preoperative localization of parathyroid adenoma in patients with primary hyperparathyroidism. Clin. Radiol. 2010, 65, 278–287.
[CrossRef]

31. Huang, Z.; Lou, C. (99m)TcO(4)(−)/(99m)Tc-MIBI dual-tracer scintigraphy for preoperative localization of parathyroid adenomas.
J. Int. Med. Res. 2019, 47, 836–845. [CrossRef] [PubMed]

32. Carral, F.; Jimenez, A.I.; Tome, M.; Alvarez, J.; Diez, A.; Partida, F.; Ayala, C. Factors associated with negative (99m)Tc-MIBI
scanning in patients with primary hyperparathyroidism. Rev. Esp. Med. Nucl. Imagen Mol. 2021, 40, 222–228. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1365-2273.2007.01447.x
https://doi.org/10.1007/s12262-012-0428-5
https://doi.org/10.3803/EnM.2020.823
https://doi.org/10.1016/j.crad.2009.12.005
https://doi.org/10.1177/0300060518813742
https://www.ncbi.nlm.nih.gov/pubmed/30556441
https://doi.org/10.1016/j.remnie.2021.01.007
https://www.ncbi.nlm.nih.gov/pubmed/34218884

	Introduction 
	Materials and Methods 
	Study Population 
	Study Protocol 
	Parathyroid Imaging 
	99mTc-MIBI DPS Image Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

