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Abstract

Aim: This study aimed to compare conventional planar 9mTc-MIBI scintigraphy with hybrid SPECT/CT
imaging for the preoperative localization of parathyroid adenoma in patients with suspected primary
hyperparathyroidism. The purpose of this study was to evaluate whether the addition of SPECT/CT improves
diagnostic accuracy and anatomical localization, particularly in ectopic lesions and anatomically complex
cases.

Methods: This retrospective observational study included 42 patients referred to the Nuclear Medicine
Department of the University Clinical Center of Kosovo from March 2024 to January 2025, with suspected or
biochemically confirmed primary hyperparathyroidism. All patients underwent dual-phase planar 99mTc-
MIBI scintigraphy and hybrid SPECT/CT during the same diagnostic procedure. Planar images were acquired
at 15, 60, 90, and 120 minutes after injection of the radiopharmaceutical 99mTc-MIBI, and SPECT/CT was
obtained approximately 160 minutes after administration of the same radiopharmaceutical.

Results: All 42 patients underwent both imaging modalities. Planar scintigraphy showed 22 true-positive, 13
true-negative, 4 false-positive, and 3 false-negative findings, corresponding to a sensitivity of 88.0%,
specificity of 76.5%, PPV (positive predictive value) of 84.6%, NPV (negative predictive value) of 81.3%, and
accuracy of 83.3%. Hybrid SPECT/CT demonstrated 24 true-positive, 15 true-negative, 2 false-positive, and 1
false-negative finding, with higher sensitivity (96.0%), specificity (88.2%), PPV (92.3%), NPV (93.8%), and
accuracy (92.9%).

Conclusion: There is improvement in the ability to localize as well as increase in diagnostic certainty by using
hybrid SPECT/CT compared to plain planar scintigraphy. The most benefit from hybrid SPECT/CT has been
seen in the detection of ectopic parathyroid adenoma, in cases adjacent to the thyroid gland, and in those cases
that require pre-operative localization.

Keywords: 99mTc-MIBI, SPECT/CT, radiopharmaceutical, primary hyperparathyroidism, dual phase
scintigraphy, parathyroid adenoma, PTH.

1. Introduction

Hyperparathyroidism is a disorder caused by one or more overactive parathyroid glands and is
commonly classified as primary or secondary. In approximately 80% of patients, primary
hyperparathyroidism is caused by a solitary parathyroid adenoma, while 10-15% of cases are
related to multiglandular hyperplasia. Parathyroid carcinoma is rare, accounting for only 3—4%
of cases. Primary hyperparathyroidism (PHPT) remains one of the main causes of persistent
hypercalcemia in outpatient practice and routine clinical work [1,2]. Secondary
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hyperparathyroidism is commonly seen in patients with chronic renal failure and results from
compensatory overproduction of parathyroid hormone [35].

In most cases, elevated PTH (parathyroid hormone) levels are caused by a single parathyroid
adenoma; however, ectopic localization and anatomical variation may occur in a minority of
patients, including lesions located in the upper thorax [3,4]. For surgical treatment to be
successful, the hyperfunctioning parathyroid gland must be precisely localized and removed
[5]. Therefore, accurate preoperative imaging plays a critical role in the success of minimally
invasive parathyroidectomy. It reduces unnecessary neck dissection, shortens operative time,
and reduce the risk of persistent or recurrent disease [6,7].

99mTc-MIBI planar scintigraphy has traditionally been used as a standard imaging method for
preoperative localization in PHPT [8,9,23]. This modality remains widely used because of its
lower cost, broad availability, ease of use, and simple acquisition protocol [10]. Despite these
advantages, planar scintigraphy has well-known limitations. Reduced localization accuracy
may occur in small adenomas, multiglandular parathyroid disease, cystic degeneration, or
nodular thyroid disease. For these reasons, planar imaging may produce false-negative results
and complicate surgical decision-making [11].

Hybrid SPECT/CT (single photon emission computed tomography/computed tomography)
imaging can overcome several limitations of planar scintigraphy by combining functional and
anatomical information in a single examination [11-14]. The main advantages of hybrid
SPECT/CT include three-dimensional imaging, improved anatomical correlation, attenuation
correction, and more precise localization of radiopharmaceutical uptake. These factors are
particularly important for detecting ectopic glands, lesions in complex neck anatomy, and
parathyroid lesions associated with thyroid pathology [15-17]. Although newer imaging
methods such as 18F-fluorocholine PET/CT (positron emission tomography/computed
tomography) and 4D-CT show high diagnostic sensitivity, their routine clinical use remains
limited by availability and cost [18,19].

Biochemical parameters such as PTH, total calcium, ionized calcium, and 25-hydroxyvitamin
D play an important role in the diagnosis of PHPT and may influence the pattern of
radiopharmaceutical uptake [20—22]. At the University Clinical Center of Kosovo (UCCK),
hybrid SPECT/CT is used in routine clinical practice to improve diagnostic confidence and
provide accurate anatomical localization.

2. Methods

2.1 Study design and setting: This study was performed in the Nuclear Medicine Department
of the University Clinical Center of Kosovo (UCCK). Clinical and imaging information was
obtained retrospectively from the department electronic database. The study included patients
referred between March 2024 and January 2025 with suspected or biochemically confirmed
primary hyperparathyroidism who underwent dual-phase planar scintigraphy and hybrid
SPECT/CT in the same diagnostic procedure. Patients were excluded from this study if they
had incomplete clinical information, incomplete imaging or unavailable follow-up data. In this
study, particular attention was given to the added value of hybrid SPECT/CT which combines
functional SPECT findings with low dose CT-based anatomical information of the lesion. For
the patients who underwent surgery, histopathology was the reference standard, whereas for
non-operated patients without positive findings in imaging, clinical and biochemical follow-up
was used. This aspect needs to be taken into consideration when analyzing specificity-related
values.
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2.2 Imaging Equipment: Hybrid SPECT/CT three dimensional imaging was carried out on a
triple-head SPECT/CT device fitted with LEHR (Low Energy High Resolution) collimators.
Planar scintigraphy was performed using a double-headed gamma camera with LEHR
collimators, which provided two-dimensional functional imaging. The imaging protocol was
standardized and held constant throughout the study period for reproducibility and comparison
across patients. Improvement in diagnosis was mainly due to the use of hybrid SPECT/CT
fusion and anatomical localization rather than detector quantity alone (Figure 1).

Figure 1. Imaging systems used in the study. (A) Hybrid SPECT/CT system used for tomographic functional
imaging and low-dose CT anatomical localization. (B) Dual-head gamma camera used for conventional planar
99mTc-MIBI scintigraphy. The diagnostic comparison in this study was focused on the added value of hybrid

SPECT/CT fusion rather than detector configuration alone.

2.3 Radiopharmaceutical Preparation: Radiopharmaceutical preparation was performed using
a commercially available MIBI kit and sterile sodium pertechnetate (99mTcO4").

The preparation was gently mixed and heated in a boiling water bath for 12 minutes. After
cooling at room temperature, the radiopharmaceutical remained radiochemically stable for at
least 6 hours.

For clinical imaging, 555-740 MBq of 99mTc-MIBI was administered, with dose adjustment
according to patient body weight and institutional protocol.

2.4 Imaging Protocols: Planar imaging of the neck and upper mediastinum was performed
according to a standardized dual-phase 99mTc-MIBI protocol. Anterior planar images were
acquired at approximately 15, 60, 90, and 120 minutes after injection using LEHR collimators,
a 256 x 256 matrix, and a 140 keV #+10% energy window. SPECT/CT was acquired at
approximately 160 minutes after injection without patient repositioning, using a 360° rotation,
a 128 x 128 matrix, 120 projections, and 20-25 seconds per projection. Low-dose CT of the
neck and upper mediastinum was performed immediately afterward for anatomical localization
and attenuation correction, without intravenous contrast.

2.5 Data Analysis: Diagnostic performance was estimated by calculation of the number of true
positives, false positives, true negatives, and false negatives. Sensitivity, specificity, PPV, NPV,
and overall diagnostic accuracy were calculated for both planar scintigraphy and hybrid
SPECT/CT. Ectopic parathyroid adenomas were considered positive findings. The reference
standard for diagnosis was histopathological examination for those patients who were treated
with surgery. In patients who did not undergo surgery and imaging findings were negative, the
final classification was done according to the further clinical course and follow-up, which
included either persistence or normalization of biochemical parameters and treatment thereafter.
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This approach was used in line with routine clinical practice; however, there is a possibility of
partial verification bias as not all patients were confirmed by surgery or histopathology.
Therefore, specificity, NPV, and overall diagnostic accuracy should be interpreted with caution.
Correlation analysis between biochemical parameters and imaging positivity was not performed
in the final analysis due to lack of complete biochemical data in some patients. Thus, the final
analysis was restricted to diagnostic performance only.

2.6 Image Processing: SPECT data reconstruction was performed with iterative OS-EM
reconstructions with 2 iterations and 10 subsets, followed by Gaussian post-filtering with an
HWHM of 8-10 mm. CT based attenuation correction, scatter correction and resolution
recovery were applied. Multi-planar and hybrid SPECT/CT images were examined. Quality
control of both the gamma camera and SPECT/CT systems was performed regularly, including
calibration, uniformity testing, and spatial resolution assessment according to institutional
protocols.

3. Results

3.1 Patient and biochemical characteristics: The study included 42 patients with a mean age
of 58.0 + 14.0 years (range, 23-76 years). Female patients accounted for approximately three
quarters of the cohort. The biochemical profile was consistent with primary
hyperparathyroidism, with elevated intact PTH and calcium values and relatively low 25-
hydroxyvitamin D levels. The demographic data of the study population are shown in Table 1,
which include the age distribution and gender distribution.

Table 1. Population characteristics

Variable Mean = SD Range Unit / n (%)
Age 58.0+14.0 23-76 years
Female Sex - - 32 (76.2%)

Table 2 provides biochemical data of the study population. PTH levels were greatly increased
and had a wide variability, indicating high activity of the parathyroid glands. The total and
ionized calcium concentrations were increased, confirming the presence of hypercalcemia.
Mean levels of 25-hydroxyvitamin D were relatively low, which indicates vitamin D
insufficiency.

Table 2. Biochemical data

Variable Mean = SD Range Unit / n (%)
Intact PTH* 545.4 + 879.8 27.7-3144 pg/mL
Total calcium 2.45+£0.32 1.80-2.91 mmol/L
Ionized calcium 1.32+0.27 1.00-1.98 mmol/L

25 'hyd“’]’;y“tamm 212496 8.1-39.1 ng/mL

* PTH data do not include qualitative results for the values that exceeded the detection limit of
the test

3.2 Comparative diagnostic performance: Diagnostic performance was analyzed in the full
study cohort (n = 42). Planar scintigraphy showed 22 true-positive, 13 true-negative, 4 false-
positive, and 3 false-negative findings, corresponding to a sensitivity of 88.0%, specificity of
76.5%, PPV of 84.6%, NPV of 81.3%, and overall accuracy of 83.3%.
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In comparison, hybrid SPECT/CT demonstrated 24 true-positive, 15 true-negative, 2 false-
positive, and 1 false-negative finding, with higher sensitivity (96.0%), specificity (88.2%), PPV
(92.3%), NPV (93.8%), and accuracy (92.9%). Overall, SPECT/CT reduced both false-negative
and false-positive findings and showed superior diagnostic performance for preoperative lesion
localization (Table 3).

Table 3. Comparative diagnostic performance of planar 99mTc-MIBI scintigraphy and hybrid SPECT/CT using
the available reference standard.

Modalit | TP | FP | TN | FN | Sensitivi | Specifici | PPV | NPV | Accurac
y ty ty % % Yy %

Planar 22 04 13 03 88.0 76.5 84.6 | 81.3 83.3

SPECT/ | 24 02 15 01 96.0 88.2 923 | 93.8 92.9
CT

Table 3 shows that hybrid SPECT/CT outperformed planar *mTc-MIBI scintigraphy with a
higher number of correct true-positive and true-negative classifications and fewer misclassified
cases overall.

Because histopathological confirmation was not available for all non-operated patients,
specificity-related measures should be interpreted cautiously because of possible partial

verification bias. Figure 2 summarizes the comparative diagnostic performance of planar
99mTc-MIBI scintigraphy and hybrid SPECT/CT.

Comparative Diagnostic Performance (Reference-Standard Subset, n = 42)
I Planar 99mTc-MiBI [l Hybrid SPECT/CT

100 96.0

92.3 93.8 92.9

80

60 -

40 -

Percentage (%)

20 4

0
Sensitivity Specificity PPV NPV Accuracy

Figure 2. Diagnostic efficacy of triple-head SPECT/CT compared with planar *mTc-MIBI scintigraphy

3.2.1 Clinical study cases:

The two illustrative cases were selected for their educational value, because they demonstrate
situations in which hybrid SPECT/CT provides additional anatomical information beyond
planar scintigraphy, particularly in ectopic or anatomically challenging lesions.

Clinical Case 1. A O6l-year-old female with biochemically confirmed primary
hyperparathyroidism (PTH, 110 pg/ml), dual-phase planar 99mTc-MIBI scintigraphy was done,
which demonstrated persistent focal tracer uptake in the lower cervical region, suspicious for
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parathyroid adenoma. Subsequent hybrid SPECT/CT precisely localized the lesion in the lower
neck/supraclavicular region, separate from the thyroid bed, thereby improving anatomical
definition and diagnostic confidence. The triple-detector configuration enabled improved lesion
visualization through higher photon-detection efficiency and enhanced angular sampling,
particularly in the presence of radiopharmaceutical retention (Figure 3).

it

Figure 3. Combined planar and hybrid parathyroid imaging in the same patient. (A) Focal persistent
radiopharmaceutical uptake in the lower neck/upper mediastinal region. A sagittal section of the CT scan (B) of
the neck and thorax provides anatomy of the organs where the red arrow shows the lesion localization site. Image
(C) shows only the fused coronal SPECT images and the localization of the lesion presented with high
concentration of the radiopharmaceutical. (D) An axial SPECT/CT image showing exact localization of an

ectopic parathyroid gland.

Clinical Case 2: A 39-year-old female who had high levels of PTH (95 pg/mL) and
hypercalcemia underwent a 99mTc-MIBI radiopharmaceutical scan. Planar dual-phase
scintigraphy revealed persistent uptake of radiotracer indicating an ectopic parathyroid gland.
The SPECT/CT imaging, done about 160 minutes after injection of the radiopharmaceutical,
revealed the precise location of the lesion in the right lateral thorax/right axillary area, later
confirmed to be an ectopic parathyroid adenoma on histopathological examination (Figure 4).
This case highlights the additional diagnostic value provided by hybrid SPECT/CT for the
localization of ectopic parathyroid lesions, especially those located outside the cervical or
mediastinum areas where planar scintigraphy may be insufficient for accurate pre-operative
localization of the lesion.
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Figure 4. Combined planar and hybrid SPECT/CT parathyroid imaging in a 39-year-old woman with primary
hyperparathyroidism. A) Early planar *"Tc-MIBI scintigraphy demonstrates uptake limited to the thyroid gland,
with no definite ectopic focus identified. (B) Axial CT image shows the ectopic lesion in the right lateral
thoracic/right axillary region (red arrow). (C) Coronal fused SPECT/CT image demonstrates focal tracer uptake
corresponding to the lesion. (D) Axial fused SPECT/CT image further confirms the ectopic parathyroid adenoma

3.3 Semi-quantitative analysis for lesion-to-background ratio: Semi-quantitative analysis
demonstrated increased radiopharmaceutical uptake in the target lesion, with a target-to-
background ratio (TBR) of 3.78, calculated from the mean lesion counts relative to the average
mean background counts of the adjacent reference regions (Figure 5).
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Figure 5. Fused coronal SPECT/CT showing localization of the target parathyroid lesion using 99mTc-MIBI. A

semi-quantitative analysis was carried out with ROIs selected manually, in which ROI 2 is located on the lesion

and ROI 1 and ROI 3 are selected in the adjacent background region. The target to background ratio (TBR) was

determined by taking the mean counts of the ROI on the lesion (73.43 counts) and dividing it by the mean counts
of the two background ROIs (23.04 and 15.80 counts), resulting in a TBR value of 3.78.

4. Discussion and Conclusions

Hybrid SPECT/CT using 99mTc-MIBI radiopharmaceutical, improved lesion localization
compared with planar scintigraphy alone. This improvement can be explained mainly by the
combination of tomographic functional imaging with low-dose CT-based anatomical
correlation. In the present study, SPECT/CT increased sensitivity from 88.0% to 96.0% and
specificity from 76.5% to 88.2%.

Although hybrid SPECT/CT showed better diagnostic performance than planar scintigraphy,
these findings should be interpreted in the context of several methodological and clinical
factors. The improvement was mainly related to better anatomical localization and reduction of
equivocal findings, rather than to functional information alone. False-negative findings may
occur in small adenomas, multiglandular disease, cystic or poorly functioning adenomas,
intrathyroidal lesions, multinodular goiter, and lesions with rapid 99mTc-MIBI
radiopharmaceutical washout [33,34,42]. False-positive findings may be caused by thyroid
nodules, multinodular goiter, thyroid adenomas, lymph nodes, or other cervical lesions with
increased radiopharmaceutical uptake [33,39,40,42]. Therefore, SPECT/CT should be
interpreted together with biochemical findings, ultrasound, surgical assessment, and follow-up
data.

The improvement was particularly relevant in patients with ectopic glands, thyroid nodules, or
complex cervical anatomy, where planar images may be limited by overlapping structures and
non-specific thyroid uptake [27-29].

These findings are consistent with published literature and current EANM recommendations,
which support the use of 99mTc-MIBI SPECT/CT for accurate detection and localization of
hyperfunctioning parathyroid tissue in primary hyperparathyroidism [24].

The diagnostic values observed in the present study are generally in agreement with previous
reports showing that SPECT/CT improves localization accuracy compared with planar 99mTc-
MIBI scintigraphy [8,11,28,29]. Earlier studies and meta-analyses have reported that the main
advantage of SPECT/CT is its ability to combine functional uptake with anatomical CT
information, especially in ectopic glands, posteriorly located adenomas, lesions near the thyroid
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gland, and patients with complex cervical anatomy [28—-30]. In our study, the increase in
sensitivity from 88.0% to 96.0% and specificity from 76.5% to 88.2% supports this concept.
However, the relatively small sample size and incomplete histopathological verification in non-
operated patients may have influenced the estimated specificity and negative predictive value.
Therefore, our results should be considered supportive rather than definitive and should be
confirmed in larger prospective studies.

Previous studies have also shown that SPECT/CT improves diagnostic confidence compared
with planar imaging, mainly because it combines functional radiopharmaceutical uptake with
anatomical localization in a single examination [8,11,25,28]. Low-dose CT is crucial for
defining lesion localization, reducing interpretive uncertainty, and supporting accurate
preoperative mapping [31,32]. This may support targeted minimally invasive
parathyroidectomy, reduce unnecessary bilateral neck exploration, shorten operative time, and
lower the risk of persistent or recurrent disease [5—7,36-38]. Patients with associated thyroid
nodules and ectopic parathyroid glands may show a more pronounced benefit from SPECT/CT
imaging [28-30].

Recent studies have reported excellent diagnostic performance for newer imaging modalities,
particularly 18F-fluorocholine PET/CT, 11C-methionine PET/CT and 4D-CT. In particular,
11C-methionine has been reported as a useful option for detecting parathyroid lesions,
especially in selected cases where conventional imaging or other radiopharmaceuticals are
negative or inconclusive [26]. 18F-fluorocholine PET/CT may provide higher sensitivity in
selected difficult cases, especially when conventional imaging is negative or discordant, while
4D-CT can provide detailed anatomical information in complex or re-operative cases
[9,18,19,41]. Nevertheless, these methods may be limited by availability, cost, PET
radiopharmaceutical access, and, in the case of 4D-CT, radiation exposure. In this context,
99mTc-MIBI SPECT/CT remains a practical and clinically valuable method, especially in
centers where advanced PET-based parathyroid imaging is not routinely available.

Accurate localization of ectopic parathyroid tissue remains one of the strongest clinical
indications for hybrid SPECT/CT [27-29,36-38]. The triple-head SPECT/CT system may
provide practical advantages related to photon-detection efficiency and acquisition time;
however, the main diagnostic benefit in this study was attributed to hybrid SPECT/CT fusion
and anatomical localization rather than detector configuration alone [43,44].

Overall, our findings support the routine use of 9mTc-MIBI SPECT/CT as an important
adjunct to planar scintigraphy and ultrasound for preoperative localization of parathyroid
adenomas, particularly in ectopic, anatomically complex, or surgically challenging cases.

In conclusion, 99mTc-MIBI SPECT/CT demonstrated higher diagnostic performance than
planar scintigraphy in this study and improved preoperative localization of parathyroid
adenomas. The method provides clinically useful functional and anatomical information,
supports minimally invasive surgical planning, and remains especially important in healthcare
settings where 18F-fluorocholine PET/CT is not routinely available. Further multicenter studies
with larger patient populations and complete histopathological verification are needed to
confirm these findings and to better define the optimal imaging algorithm for primary
hyperparathyroidism.
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