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Abstract 

Background/Objectives: Accurate preoperative localization of hyperfunctioning parathyroid tissue 

is essential for minimally invasive parathyroidectomy. Conventional planar dual-phase 99mTc-

sestamibi scintigraphy is widely used but shows reduced diagnostic accuracy in patients with thyroid 

nodules or ectopic glands. Hybrid triple-head SPECT/CT integrates functional and anatomical 

imaging and may improve lesion detection. This study evaluated the diagnostic performance of 

triple-head SPECT/CT compared with planar scintigraphy and explored correlations between 

biochemical markers and imaging positivity. Methods: A retrospective single-center study included 

90 adults referred for suspected primary hyperparathyroidism between January 2021 and August 

2025. Demographic data, laboratory parameters (PTH, total and ionized calcium, 25-hydroxyvitamin 

D), and imaging results were collected. Diagnostic accuracy was assessed in patients with surgical 

confirmation or robust clinical verification. Correlations between biochemical markers and imaging 

positivity were analyzed using Pearson correlation coefficients. Results: SPECT/CT demonstrated 

significantly higher sensitivity than planar scintigraphy (62.5% vs. 14.3%) and an excellent negative 

predictive value (95.1%), whereas planar imaging showed slightly higher specificity (79.5%). Ionized 

calcium correlated significantly with SPECT/CT positivity (r = 0.39; p = 0.009), while PTH and 25-

hydroxyvitamin D showed no significant association. SPECT/CT accurately localized ectopic 

parathyroid glands and lesions in patients with coexisting thyroid nodularity, overcoming 

limitations of planar imaging. Several lesions undetected by planar scintigraphy were identified on 

SPECT/CT, supporting its role in anatomically complex or subtle cases. Conclusions: Triple-head 

SPECT/CT provided superior diagnostic performance over planar scintigraphy for preoperative 

localization in primary hyperparathyroidism, particularly in patients with thyroid nodularity or 

ectopic glands. Ionized calcium may serve as a complementary predictor of lesion detectability. These 

findings support hybrid SPECT/CT as the preferred first-line imaging modality, facilitating targeted 

minimally invasive surgery and optimizing surgical planning. 
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1. Introduction 

Primary hyperparathyroidism (PHPT) is one of the most common endocrine disorders and 

represents the leading cause of chronic hypercalcemia in outpatient practice [1,2]. Most cases are 

caused by a single parathyroid adenoma, but multiglandular disease, ectopic glands, or atypical 

anatomy are not uncommon [3, 4]. A safe and effective surgical treatment for PHPT relies on the 

surgeon correctly locating all abnormal parathyroid glands [5]. Accurate preoperative localization of 

hyperfunctioning parathyroid tissue is essential for successful minimally invasive 

parathyroidectomy (MIP), as it allows surgeons to reduce operative time, avoid unnecessary neck 

exploration, and minimize the risk of persistent or recurrent disease [6,7]. For many years, dual-phase 

planar 99mTc-sestamibi scintigraphy has been the standard imaging technique for preoperative 

localization in PHPT [8,9] . Its widespread use reflects its availability, simplicity, and established 

diagnostic protocols [10]. However, planar imaging has important limitations. Its sensitivity 

decreases in patients with small adenomas, multiglandular disease, cystic degeneration, or 

concurrent thyroid nodules. These factors increase the likelihood of false-negative or equivocal 

results, which can complicate surgical planning and reduce the success of minimally invasive 

approaches [11]. Hybrid imaging with single-photon emission computed tomography fused with 

computed tomography (SPECT/CT) addresses some of these limitations by combining functional and 

anatomical information [11-14]. SPECT/CT allows three-dimensional visualization of lesions, better 

anatomical correlation, and attenuation-corrected evaluation of tracer uptake. This technique has 

been shown to improve lesion localization compared with planar imaging, particularly in patients 

with ectopic glands, complex neck anatomy, or coexisting thyroid pathology [15-17]. Despite its 

advantages, reported sensitivity and specificity vary across studies due to differences in imaging 

protocols, patient populations, and reference standards [18]. While emerging modalities such as 18F-

fluorocholine PET/CT or 4D-CT show excellent sensitivity, their high cost and limited availability 

restrict their use in routine clinical practice [18-19]. Biochemical markers, including intact parathyroid 

hormone (PTH), total and ionized calcium, and 25-hydroxyvitamin D, are central to the diagnosis of 

PHPT and may influence radiotracer uptake [20]. It is hypothesized that higher calcium levels or 

elevated PTH may correspond to larger or more metabolically active adenomas, which could 

improve lesion detectability [20-22]. However, evidence on the predictive value of these biochemical 

parameters for imaging success remains inconsistent, and few studies have evaluated their 

association with planar versus SPECT/CT imaging in real-world, unselected patient populations. The 

University Clinical Center of Kosovo (QKUK), as the national referral center, provides care for all 

patients with suspected PHPT, regardless of disease complexity or thyroid status. This offers a unique 

opportunity to evaluate imaging performance in a consecutive, real-world cohort that reflects 

everyday clinical practice. The present study therefore aimed to directly compare planar ⁹⁹mTc-

sestamibi scintigraphy with triple-head SPECT/CT for preoperative localization of hyperfunctioning 

parathyroid tissue in PHPT and to investigate whether biochemical markers can predict imaging 

positivity. These findings may help optimize first-line imaging strategies and guide surgical planning 

in routine clinical practice. 

2. Materials and Methods 

2.1. Study design and setting 

This retrospective observational cohort study was conducted at the Department of Nuclear 

Medicine, University Clinical Center of Kosovo (UCKK), Prishtina. All consecutive adult patients 

referred for suspected parathyroid disease or hyperparathyroidism between January 2021 and 

August 2025 were included. Clinical data were obtained from the institutional electronic registry and 

comprised patient characteristics, biochemical values (intact PTH, total calcium, ionized calcium, and 

25-OH vitamin D), and—when available—ultrasound and DEXA findings. Nuclear medicine data 
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included structured reports from dual-phase planar 99mTc-sestamibi scintigraphy and hybrid 

SPECT/CT examinations acquired within the same diagnostic workflow [23-24]. 

2.2. Radiopharmaceutical Preparation and Radiolabeling Procedure  

Radiopharmaceutical preparation was performed using the commercially available MIBI kit 

(Monrol), designed for myocardial, parathyroid, and breast imaging following radiolabeling with 

technetium-99m. Each vial contained a standardized formulation composed of 1.0 mg 

methoxyisobutylisonitrile (MIBI), 0.075 mg stannous chloride dihydrate, 1.0 mg L-cysteine 

hydrochloride monohydrate, 2.6 mg sodium citrate dihydrate, and 20 mg D-mannitol, ensuring 

optimal chelation efficiency and stability of the final complex. Radiolabeling was achieved by adding 

5 mL of sterile sodium pertechnetate (99mTcO₄⁻) solution to the lyophilized vial, with a maximum 

allowable activity of up to 400 mCi (14.8 GBq). The mixture was gently agitated for approximately 

one minute and subsequently heated in a boiling water bath for 12 minutes to facilitate complete 

complexation. After controlled cooling to room temperature, the final 99mTc-MIBI preparation 

demonstrated high radiochemical stability for at least six hours’ post-reconstitution, permitting 

reliable administration and image acquisition within routine clinical workflow.  

2.3. Imaging Equipment  

Hybrid SPECT/CT examinations were performed on the AnyScan TRIO SPECT/CT system 

(Mediso Medical Imaging Systems, Budapest, Hungary), equipped with a triple-detector SPECT 

configuration to enable high-resolution functional imaging and precise anatomical localization of 

parathyroid lesions, including ectopic glands (Figure 1,2). The system incorporates the TheraMax 

platform with the MaX/123-15.9 high-performance detection module, optimized to enhance photon 

sensitivity, improve lesion contrast, and ensure robust diagnostic accuracy in nuclear medicine 

applications. For comparison, planar dual-phase 99mTc-sestamibi scintigraphy was performed using 

a Siemens dual-head gamma camera (Siemens Healthcare, Erlangen, Germany), installed in 2009, 

with image acquisition parameters standardized across the study population (Figure 1,2). 

 

Figure 1. AnyScan TRIO SPECT/CT with triple SPECT detectors Mediso (courtesy Mediso company). 
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Figure 2. Siemens gamma camera dual head E-cam (courtesy from Nuclear Medicine Department –Prishtina-

Kosovo). 

2.4. Imaging Protocols  

Planar dual-phase 99mTc-sestamibi scintigraphy consisted of early and delayed anterior 

acquisitions of the neck and upper mediastinum following intravenous tracer administration. 

Imaging matrices and acquisition parameters were standardized for all patients to ensure 

comparability across the cohort. Hybrid SPECT/CT was performed sequentially after planar imaging, 

using low-dose CT for anatomical correlation and attenuation correction, followed by iterative 

reconstruction of SPECT data. Interpretation criteria required focal radiotracer persistence or 

increased uptake relative to surrounding thyroid and background structures on both early and 

delayed phases, in either orthotopic or ectopic parathyroid locations. CT information supported 

precise lesion localization and discrimination from thyroid nodules or non-specific uptake [23,24] 

2.5. Endpoints and Statistical Analysis  

The primary endpoint was modality-specific detectability, categorized as positive or negative 

for each imaging technique. Diagnostic accuracy metrics (true positive, false positive, true negative, 

false negative classifications), including sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV), were calculated in the subset of patients with histopathological 

confirmation or robust clinico-biochemical validation. Associations between biochemical parameters 

and imaging positivity were evaluated using Pearson correlation coefficients, with statistical 

significance set at α=0.05. 

3. Results 

3.1. Cohort characteristics 

A total of 90 consecutive patients were included in the analysis. The mean age was 56.7 ± 12.4 

years (range 23–82), and the majority were female (83.3%). Biochemical measurements showed 

considerable variability, with a mean PTH level of 338.8 ± 512.6 pg/mL (range 1–3144), mean total 

serum calcium of 2.56 ± 0.42 mmol/L, mean ionized calcium of 1.35 ± 0.21 mmol/L, and mean 25-

hydroxyvitamin D of 20.3 ± 11.5 ng/mL. Thyroid ultrasonography revealed coexisting thyroid 

nodularity in a substantial proportion of patients, reflecting the high prevalence of multinodular 

goiter in the region. Baseline demographic and biochemical characteristics of the study population 

are summarized in Table 1. 

Variable Mean ± SD   Range Units 

Age 56.7 ± 13.0 23–82 Years 

Female sex — — 75 (83.3%) 

PTH 336.1 ± 564.3 1.98–3144 pg/mL 
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Total calcium 2.55 ± 1.46 — mmol/L 

Ionized calcium 1.35 ± 0.21  — mmol/L 

25-OH Vitamin D 20.7 ± 8.8 — ng/mL 

*PTH statistics exclude qualitative values reported above the analytical measurement range (“punktat”). 

3.2. Diagnostic performance  

Within the reference-confirmed cohort, hybrid SPECT/CT demonstrated substantially higher 

diagnostic performance than planar scintigraphy, particularly with respect to sensitivity and negative 

predictive value (Table 2). The enhanced performance of hybrid imaging is attributable to its superior 

anatomical detail, improved spatial resolution, and attenuation correction, which collectively 

increase reader confidence and reduce equivocal interpretations. The added value of SPECT/CT was 

especially notable in patients with ectopic parathyroid tissue or concomitant thyroid nodularity, 

clinical scenarios in which planar imaging often cannot reliably differentiate parathyroid from 

thyroid activity. Among the 90 patients with positive scintigraphic studies, 70 were surgically 

confirmed to harbor a parathyroid adenoma or ectopic gland. Conversely, four patients 

demonstrated positive scintigraphic findings but negative results on ultrasound-guided fine-needle 

aspiration, representing false-positive outcomes likely related to adjacent thyroid uptake or 

interpretive difficulties in nodular goiter (Figures 3,4). In addition, several lesions not visualized on 

planar imaging were correctly detected by SPECT/CT, further underscoring its importance in 

identifying subtle tracer retention or deep mediastinal disease. Collectively, these results support the 

adoption of SPECT/CT as the preferred preoperative imaging modality, particularly when minimally 

invasive parathyroidectomy is anticipated. 

3.2.1. Representative Clinical Case 1 

A 71-year-old female with biochemically confirmed primary hyperparathyroidism (intact PTH 

154 pg/mL, hypercalcemia, vitamin D insufficiency) underwent dual-phase planar 99mTc-sestamibi 

scintigraphy. Early imaging revealed focal radiotracer uptake at the inferior pole of the right thyroid 

lobe, with persistent activity on delayed images suggestive of a right inferior parathyroid adenoma 

(Figure 3). However, interpretation was limited by coexisting thyroid nodularity. Subsequent hybrid 

SPECT/CT, acquired approximately 90 minutes after tracer administration, localized a well-defined 

extracapsular lesion inferior to the right thyroid lobe (Figure 4). CT co-registration clearly 

distinguished the parathyroid adenoma from adjacent thyroid nodules, providing definitive 

anatomical localization. The triple-detector system’s improved photon-detection efficiency and 

angular sampling resulted in enhanced lesion conspicuity, particularly in the setting of subtle tracer 

retention. 

 

Figure 3. Parathyroid Scintigraphy Imaging planar (courtesy from Department of Nuclear Medicine-Kosovo). 
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Figure 4. SPECT CT with triple detectors (courtesy from Department of Nuclear Medicine-Kosovo). 

3.2.2. Representative Clinical Case 2 

A 62-year-old male with biochemical evidence of primary hyperparathyroidism (PTH 215 

pg/mL, hypercalcemia, low–normal vitamin D) exhibited persistent focal tracer retention inferior to 

the right thyroid lobe on dual-phase planar imaging. Hybrid triple-detector SPECT/CT performed 90 

minutes post-injection precisely localized the focus and confirmed an extracapsular right inferior 

parathyroid adenoma (Figures 5, 6). The hybrid dataset effectively differentiated the lesion from 

heterogeneous thyroid parenchyma and reduced interpretive uncertainty. This case further 

demonstrates the incremental diagnostic contribution of SPECT/CT, particularly in patients with 

mild biochemical abnormalities or complex cervical anatomy. Early and delayed planar 99mTc-

sestamibi imaging in a 62-year-old male with biochemical evidence of primary hyperparathyroidism 

revealed a well-defined focus of persistent radiotracer uptake inferior to the right thyroid lobe, 

consistent with a hyperfunctioning parathyroid lesion. A triple-detector SPECT/CT acquisition 

performed 90 minutes after tracer administration provided precise anatomical localization, 

confirming a right-sided parathyroid adenoma adjacent to the lower pole of the thyroid gland. The 

hybrid dataset clearly distinguished the adenoma from surrounding thyroid tissue and substantially 

reduced the interpretive limitations inherent to planar imaging. This case highlights the incremental 

diagnostic utility of SPECT/CT in preoperative localization and individualized surgical planning. 

(Images courtesy of the Department of Nuclear Medicine, Prishtina, Kosovo.) 

 

 Figure 5. Parathyroid Scintigraphy Imaging planar (courtesy from Department of Nuclear Medicine-Kosovo). 
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Figure 6. SPECT CT with triple detectors (courtesy from Department of Nuclear Medicine-Kosovo). 

3.3. Diagnostic Performance 

In the reference-standard subset, triple-head SPECT/CT demonstrated substantially higher 

sensitivity than planar 99mTc-MIBI scintigraphy (62.5% vs. 14.3%), confirming its superior ability to 

detect hyperfunctioning parathyroid tissue. SPECT/CT also achieved a high negative predictive value 

(NPV) of 95.1%, indicating strong reliability in ruling out disease when findings were negative. In 

contrast, planar imaging showed markedly reduced detectability and contributed disproportionately 

to false-negative results. Specificity and positive predictive value (PPV) for SPECT/CT appeared 

modest when calculated across the entire cohort (62.4% and 12.5%, respectively). However, these 

metrics must be interpreted within the clinical context: nearly all patients had biochemically and/or 

surgically confirmed primary hyperparathyroidism, resulting in a very small number of truly 

disease-negative individuals (<10%). This high pretest probability artificially lowers specificity 

estimates and increases the proportion of scans categorized as false positives. Particularly, several 

cases labeled as “false-positive” occurred in patients who did not undergo surgery, reflecting a lack 

of definitive verification rather than true imaging inaccuracy. These patterns are consistent with 

previously reported diagnostic behavior of SPECT/CT in high-prevalence referral populations. Table 

2 summarizes performance indices for both modalities. 

Table 2. Diagnostic performance of planar 99mTc‑MIBI and SPECT/CT (reference‑standard subset). 

Modality TP FP TN FN 
Sensitivity 

(%) 

Specificity 

(%) 
PPV (%) NPV (%) 

Planar 

99mTc-MIBI 
1 17 66 6 14.3 79.5 5.6 91.7 

SPECT/CT 5 35 58 3 62.5 62.4 12.5 95.1 

Diagnostic performance of triple-detector SPECT/CT and dual-phase planar 99mTc-MIBI 

scintigraphy in patients with suspected primary hyperparathyroidism at a single national center. 

SPECT/CT exhibited markedly higher sensitivity (62.5%) and negative predictive value (95.1%) 

compared with planar scintigraphy (14.3% and 91.7%, respectively), reflecting superior detection of 

hyperfunctioning parathyroid lesions, including ectopic glands and cases with thyroid nodularity. 

Although planar scintigraphy demonstrated higher specificity (79.5% vs. 62.4%), this finding should 

be interpreted cautiously due to the low number of true negative cases and high disease prevalence. 

Positive predictive values were low for both modalities, owing to the limited number of histologically 

confirmed negative findings (Figure 7). 
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Figure 7. Diagnostic performance of triple-head SPECT/CT versus planar 99mTc-MIBI scintigraphy. 

3.4. Biochemical Correlations 

Ionized calcium exhibited the strongest and most clinically significant association with 

SPECT/CT detectability, reflecting its direct influence on cellular metabolic activity and 

mitochondrial density in oxyphil-rich parathyroid adenomas. This mechanistic link showed 

biochemical severity particularly hypercalcemia as the primary determinant of radiotracer retention 

and functional visibility on sestamibi imaging, whereas isolated elevations in PTH do not reliably 

indicate the cellular energetic status required for tracer uptake. In contrast, planar scintigraphy 

demonstrated no consistent biochemical correlations, highlighting its susceptibility to false-negative 

results in mild disease or in the presence of nodular thyroid pathology. These observations support 

a calcium-guided approach to selecting hybrid imaging, establishing SPECT/CT as the preferred first-

line modality for precise preoperative localization in primary hyperparathyroidism.SPECT/CT also 

showed superior diagnostic performance, particularly for the detection of ectopic parathyroid glands 

(Figure 8), reinforcing its clinical utility as a first-line localization strategy in contexts where surgical 

planning relies on accurate preoperative mapping. Full statistical correlation outputs are provided in 

Tables 3–4. 

Table 3. Correlation between biochemical parameters and SPECT/CT positivity (Pearson r, p‑value). 

Parameters r p‑value 

PTH +0.18 0.099 

Total calcium +0.26 0.054 

Ionized calcium +0.39 0.009 

25‑OH Vitamin D +0.12 0.428 

Table 4. Correlation between biochemical parameters and planar positivity (Pearson r, p‑value). 

Parameters r p‑value 

PTH +0.09 0.423 

Total calcium +0.03 0.834 

Ionized calcium +0.27 0.083 

25‑OH Vitamin D −0.09 0.524 
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Figure 8. Diagnostic performance comparison between planar scintigraphy and SPECT/CT in the full cohort. 

4. Discussion 

In this consecutive, real-world cohort of patients with suspected primary hyperparathyroidism 

(PHPT), hybrid 99mTc-sestamibi SPECT/CT provided substantially improved lesion localization 

compared with conventional planar scintigraphy [25-27].. The benefit was especially evident in 

patients with coexisting thyroid nodularity or ectopic parathyroid glands [28-30]. In these 

anatomically complex cases, CT co-registration enhances lesion delineation, reduces interpretive 

uncertainty, and allows for more precise preoperative localization [31]. This level of accuracy has 

clear clinical relevance, as it can guide targeted minimally invasive surgery, reduce operative time, 

limit the extent of dissection, and lower the risk of persistent or recurrent disease. By combining 

functional and anatomical information, SPECT/CT overcomes limitations of planar scintigraphy, 

which can be confounded by overlapping structures or variable tracer uptake in thyroid tissue [32,33]. 

These observations are consistent with previous reports supporting the superiority of hybrid imaging 

in challenging anatomical or functional scenarios and reinforce its role as a first-line modality for 

preoperative localization [34-36]. Our biochemical analyses further support these imaging results. 

Ionized calcium levels demonstrated a strong and statistically significant association with SPECT/CT 

positivity, reflecting the underlying mechanism of sestamibi uptake in mitochondrial-rich oxyphil 

cells within hyperfunctioning parathyroid tissue [37-38]. This indicates that functional activity, rather 

than circulating hormone concentration alone, primarily determines detectability on imaging. In 

contrast, PTH showed only a weak and non-significant relationship, showing its limited predictive 

value when interpreted alone, likely due to confounding effects of renal function, vitamin D status, 

and compensatory glandular activity [39]. Similarly, 25-hydroxyvitamin D levels did not correlate 

with SPECT/CT positivity, in agreement with previous studies showing that vitamin D deficiency is 

common across PHPT severity and does not independently influence sestamibi uptake [40-41]. 

Importantly, none of the biochemical markers correlated with planar scintigraphy positivity, further 

demonstrating the limited sensitivity of planar imaging, particularly in mild hypercalcemia or in 

patients with thyroid nodularity [38,42] 

Collectively, these findings support the reliability of SPECT/CT as a functional anatomical tool, 

with ionized calcium providing complementary predictive information [43]. These results are 

consistent with current European and international guidelines, which recommend prioritizing hybrid 

functional–anatomical imaging for patients with high pretest probability of PHPT or discordant 

ultrasound results [44].Ectopic gland localization remains a key indication for SPECT/CT, as it allows 

accurate anatomical mapping and facilitates minimally invasive surgical approaches [45-46]. 

Accurate preoperative identification of both typical and ectopic lesions can reduce the extent of 
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surgical exploration, decrease operative complications, and improve postoperative outcomes [47]. 

Although SPECT/CT significantly improved sensitivity in our cohort, a modest reduction in 

specificity was observed, consistent with reports of false-positive uptake in multinodular goiter or 

cystic/dystrophic thyroid lesions [48-49]. These findings show the need to interpret SPECT/CT results 

carefully in the context of coexisting thyroid pathology. Emerging evidence suggests that 18F-

fluorocholine PET/CT may offer additional value in particularly complex or discordant cases, 

although its routine use is limited by accessibility and cost considerations [50]. Despite the slight 

decrease in specificity, the very high negative predictive value observed in this study (95.1%) 

confirms SPECT/CT as a reliable method to exclude hyperfunctioning parathyroid tissue and avoid 

unnecessary bilateral neck exploration [51-52]. The use of triple-detector SPECT/CT in this study 

provides further advantages, including improved spatial resolution and shorter acquisition times 

compared with earlier dual-detector systems [53-54]. This technological improvement is particularly 

relevant for centers incorporating hybrid imaging into routine PHPT assessment, allowing precise 

lesion detection without compromising workflow efficiency [46, 55-56]. Overall, these findings show 

the value of hybrid SPECT/CT as the preferred preoperative localization strategy in PHPT. 

Combining biochemical assessment with advanced functional–anatomical imaging supports optimal 

surgical planning, reduces operative morbidity, and improves patient outcomes. Future research 

should focus on larger, multicenter studies to validate these findings and establish standardized 

imaging protocols for PHPT. Combining SPECT/CT with advanced biochemical or molecular 

markers may further refine patient selection and improve preoperative planning. Additionally, cost-

effectiveness analyses comparing hybrid SPECT/CT with other emerging imaging techniques would 

help guide clinical decision-making and resource allocation. Such work will contribute to optimizing 

preoperative localization, facilitating minimally invasive surgery, and improving outcomes for 

patients with primary hyperparathyroidism. 

5. Conclusions 

In this study, hybrid triple-detector 99mTc-sestamibi SPECT/CT demonstrated superior 

preoperative localization of hyperfunctioning parathyroid tissue compared with conventional planar 

scintigraphy, particularly in patients with ectopic glands or coexisting thyroid nodularity. The 

combination of functional and anatomical imaging resulted in higher sensitivity and negative 

predictive value, which facilitated precise surgical planning, minimized unnecessary dissection, and 

supported minimally invasive parathyroidectomy. Ionized calcium levels, rather than PTH or 

vitamin D alone, showed the strongest association with SPECT/CT detectability, reflecting the 

mechanistic link between hypercalcemia and radiotracer uptake. These findings reinforced the role 

of hybrid SPECT/CT as the preferred first-line imaging modality for PHPT evaluation and 

underscored the need for multicenter studies and cost-effectiveness analyses to further optimize 

preoperative imaging strategies and patient management. 
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