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ABSTRACT
Background: Solitary parathyroid adenoma is the main etiological factor of primary hyperparathyroidism. Perfect preoperative localization is instrumental in ensuring focused parathyroidectomy in order to decrease complications. Objective: This study aims to determine the accurate diagnostic tool between Ultrasonography and Sestamibi Scan to localize preoperative Solitary Parathyroid Adenoma. Methodology: The study embraced a cross-sectional design conducted in the period of July 2022 to June 2023 at BSMMU, Dhaka. Conveniently, 14 PHPT patients with the biochemical diagnosis were added to the study because of a solitary adenoma. This study included 14 patients with ethical considerations. Demographics, clinical presentation, outcomes of imaging, intraoperative findings, and Biochemical Frozen section (BFS). Ultrasonography and Sestamibi Scan result was validated by BFS. The statistical analysis was accomplished with SPSS v22, and sensitivity, specificity, accuracy, PPV, and NPV were computed. Result: The mean age was 32.36 ± 9.76 years, and predominance (71.4%) of male subjects was found. Most often, they presented to the medical center with renal symptoms (64.3%). USG had proper localization in 66.6% of cases with left lower lesions, 66.7% of right lower lesions, and 100-percent of right upper lesions, but false-negative to medial superior adenomas. Sestamibi scan revealed concordance between peroperative findings and scan findings of 100% at all sites. The validity test against BFS showed USG sensitivity 75.0%, specificity 50%, accuracy 71.4%, PPV 90.0 percent and NPV 25.0%. Sestamibi was sensitive with 100.0%, specificity of 0.0%, accuracy of 85.7%, PPV of 85.7% and NPV of 0.0. Conclusion: According to the diagnosis accuracy, Sestamibi scan had a better diagnosis accuracy than USG, especially for ectopic adenomas. The combination of the two modalities would result in superior preoperative localization of solitary parathyroid adenoma, leading to optimization of surgical results.
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INTRODUCTION

Parathyroid gland adenoma is referred to as a benign, non-cancerous, and encapsulated neoplasm of the chief or oncocytic parathyroid parenchymal cells [1]. Although it is non-cancerous, it can cause several health issues, such as primary hyperparathyroidism, leading to skeletal and kidney-related health diseases [2]. Primary Hyperparathyroidism is considered the third most prevalent thyroid disorder [3] after diabetes mellitus, with a frequency rate of 80-85% worldwide [4]. Parathyroid adenoma is a part of parathyroid disease that can be caused by long-term calcium deficiency or a clinical history of radiation therapy [5]. Surgical removal of the Solitary Parathyroid Adenoma is the preferred treatment procedure to get rid of associated health issues [1]. Appropriate identification of preoperative identification of localized solitary parathyroid adenoma is necessary for performing focused parathyroidectomy with minimal invasion, shorter operation period, and fewer complications. In 95% of primary hyperparathyroidism cases, the surgery becomes successful, and the major cause of surgical failure in the rest of the cases is ectopic glands and anatomic variations in location [6]. The two most common preoperative diagnostic approaches to detect Solitary Parathyroid Adenoma are parathyroid ultrasonography [7] and Sestamibi Scan [8] in Bangladesh [9]. The parathyroid ultrasound scan is cost-effective, safe, and highly accessible in the Bangladeshi context, where the sestamibi scan provides functional localization with success regarding metabolic activity [10]. Nevertheless, the sensitivity of the diagnosis depends on the patient population, disease pattern, and operator expertise. The combination of both modalities is typically recommended to enhance the accuracy of localization and the rate of surgical success [11]. During minimal invasive parathyroidectomy, there is another procedure used, named Biochemical Frozen section (BFS), with a high sensitivity, specificity, and accuracy rate to localize the parathyroid gland [12]. This technique is costly and time-consuming. Research data comparing the magnitude of diagnostic accuracy of pre-surgical ultrasonography and sestamibi scan in the localization of solitary adenoma of the parathyroid glands is limited in Bangladesh. The current study intends to compare and contrast the effectiveness of ultrasonography versus sestamibi scan in the preoperative localization of Solitary Parathyroid Adenoma with Biochemical Frozen section (BFS) in a tertiary care center in Bangladesh.

METHODOLOGY

A cross-sectional study with 14 participants of Primary Hyperparathyroidism (PHPT) was conducted in the Department of General Surgery, Bangabandhu Sheikh Mujib Medical University. The study timeline was July 2022 to June 2023, and the study included participants while maintaining all ethical considerations. A convenient sampling method was applied for sample collection, and the participants were enrolled by following study-specific inclusion and exclusion criteria.

Inclusion criteria

· There is no age limit for participant enrolment.
· Biochemically confirmed case of Primary Hyperparathyroidism (PHPT) caused by a single parathyroid adenoma.
· Patients are willing to provide written informed consent for undergoing USG and a sestamibi scan.

Exclusion criteria

· Detection of malignancy.
· Patient diagnosed with Double adenomas (DA) or multi-gland disease (MGD) or hyperplasia.
· History of recurrent hyperparathyroidism, intra-thyroid parathyroid adenoma, and ectopic parathyroid adenoma in the mediastinum needing thoracotomy.
· An associated parathyroid adenoma with other neck pathology needs exploration.
· Lack of informed consent.

The interviewer administered structured questionnaires and collected data considering the variables: age, sex, clinical features, laboratory investigation, USG of neck findings, sestamibi scan, peroperative findings, biochemical frozen section, postoperative follow-up, and events (till hospital period and over the telephone during homestay). USG and Sestamibi scan  were done within the period of 4-6 weeks prior to surgery. The routine preoperative optimization involved optimization of comorbidities and adjustment of metabolic disturbances. The findings of the USG and Sestamibi scan of adenoma location were compared against the results of the Biochemical Frozen section, which was considered the gold standard, to validate the procedure. 
After data collection, Statistical Package for Social Sciences (SPSS) version 22.0 was used for data analysis. The statistical terms included in this study are mean, percentages, standard deviations, etc. Statistical analysis - Test of validity was performed. A p-value<0.05 was interpreted as statistically significant.

RESULT

This study included 14 patients via a convenience sampling method. All study subjects underwent both ultrasonography and a sestamibi scan to localize a preoperative Solitary Parathyroid Adenoma. 


Figure 1: Demographic distribution of participants, sex (n=14)

Figure 1 shows the gender distribution of patients, which shows that male patients were approximately 2.5 times more likely more likely to develop Solitary Parathyroid Adenoma than females. The male-to-female ratio in this study is 2.5:1.
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Table 1: Demographic distribution of participants, age (n=14)

	Age group (years)
	Frequency (n)
	Percentage (%)

	11–20
	3
	21.4

	21–30
	3
	21.4

	31–40
	5
	35.6

	41–50
	3
	21.4

	Total
	14
	100%

	Mean ± SD
	32.36 ± 9.76

	Range (min, max)
	18, 45



Figure 2 and Table 1 combine the age variables of participants. The maximum age recorded for this study was 45, while the minimum age of study subjects was 18 years. The mean age for all 14 participants documented is 32.36 ± 9.76. The most prevalent to Solitary Parathyroid Adenoma patients age group is 31-40 years. The rest of the groups show similar numbers of participants’ enrolment history regarding age distribution.


Figure 3: Patients' distribution according to the presenting complaints (n=14)

Figure 3 reveals the participants' complaints during hospital admission. The majority of participants (64.3%) admitted to the hospital with a complaint of renal dysfunction, whether the memory impairment is less but not negligible (21.4%) complaints by the study subjects.

Table 2: Preoperative imaging versus intraoperative findings (n=14)

	Location
	USG of neck (%)
	Sestamibi (%)
	Intraoperative (%)

	Left lower
	–
	6 (42.9)
	6 (42.9)

	Left upper
	–
	1 (7.1)
	1 (7.1)

	Right lower
	–
	4 (28.6)
	3 (21.4)

	Right upper
	–
	–
	1 (7.1)

	Superior mediastinal
	–
	3 (21.4)
	3 (21.4)



Table 2 showcase that Sestamibi scan had a high correlation with peroperative results, especially with ectopic superior mediastinal adenoma yet USG was not able to detect many lesions especially ectopic or deep-seated glands. Sestamibi scans, however, showed that all four cases (28.6%) were present in the right lower area. The perioperative data, in contrast, showed that 1 (7.1%) was in the right upper region and 3 (21.4%) were in the right lower region. Similar to that, it was discovered that 1(7.1%) of the patients in this study had adenoma in their right & left sides, and right (medial & lateral) respectively.

Table 3: Association between USG findings and per-operative location (n=14)

	Per-operative site
	USG matched
	Percentage match

	Left lower (n=6)
	4
	66.6

	Left upper (n=1)
	0
	0

	Right lower (n=3)
	2
	66.7

	Right upper (n=1)
	1
	100

	Superior mediastinal (n=3)
	1
	33.3



Table 3 indicates that the USG correctly diagnosed 66.6% adenoma of the left lower, 66.7% adenoma of the right lower, and 100 percent adenoma of the right upper as compared to the peroperative results. Left upper lesions are all misclassified, whereas superior mediastinal lesions were identified in 33.3 percent of cases. Normal scans of occurrence had been there in spite of the intraoperatively detected adenomas.

Table 4: Association between sestamibi scan findings and per-operative location (n=14)

	Per-operative site
	Sestamibi matched
	Percentage match

	Left lower (n=6)
	6
	100

	Left upper (n=1)
	1
	100

	Right lower (n=3)
	3
	100

	Right upper (n=1)
	1
	100

	Superior mediastinal (n=3)
	3
	100



Table 4 shows the association between sestamibi findings with perioperative findings. It was observed that all (100.0%) patients had left lower sestamibi in per-operative left lower, 1(100.0%) patients had left upper in sestamibi scan, in peroperative left upper, 3(100.0%) patients had right lower sestamibi in peroperative right lower and 1(100.0%) in peroperative right upper and 3(100.0%) in superior mediastinal.

Table 5: Diagnostic performance of USG and sestamibi scan compared with Biochemical Frozen section (n=14)

	Parameter
	USG
	Sestamibi
	Biochemical Frozen section

	Sensitivity (%)
	75.0
	100.0
	100.0

	Specificity (%)
	50.0
	0.0
	100.0

	Accuracy (%)
	71.4
	85.7
	100.0

	PPV (%)
	90.0
	85.7
	100.0

	NPV (%)
	25.0
	0.0
	100.0



Table 5 shows the validity test of USG has a sensitivity of 75.0%, specificity 50.0%, accuracy 71.4% and positive predictive value 90.0% and negative predictive value 25.0%. The validity test of Sestamibi has a sensitivity of 100.0%, a specificity of 0.0%, an accuracy of 85.7%, positive predictive values of 85.7% and negative predictive values of 0.0%. The validity test of biochemical frozen section has a sensitivity of 100.0%, specificity 100.0%, accuracy 100.0%, positive predictive values 100.0% and negative predictive values 100.0%.

DISCUSSION

The study on the preoperative localization of Solitary Parathyroid Adenoma aims to determine the accurate diagnostic procedure between parathyroid ultrasonography and Sestamibi Scan by comparing them with Biochemical Frozen section, whose accuracy rate is 99.2% [13]. This study found that the maximum number of patients with Solitary Parathyroid Adenoma is male, with a rate of 71.4%. Thompson LDR et al., 2019 published that the male-female ratio is 203:1 for this disease [1], which aligns with the current study, showcasing the ratio 2.5:1. The age distribution chart shows that most of the patients (35.6%) belong to the 31–40 years of age range with a mean age of 32.36 ± 9.76 years. NAYCI AE et al., 2023 indicated the mean age of Solitary Parathyroid Adenoma is 57.4±13.3 years [14], which does not agree with the current study. Irkorucu O et al., 2016 also found the mean age of solitary parathyroid adenoma is 54 + 13 years. The differences in the mean age could be predicted as a result of a single-center-based study, or several environmental factors can be associated. 64.3% of patients presented at the hospital with renal impairment-related complaints, 35.7% with bone and abdominal issues, respectively, 28.6% experienced muscle weakness and fatigue, and 21.4% patients suffered from memory impairment. Parathyroid adenoma is mostly asymptomatic, but hypercalcemia, bone pain, fatigue, polyuria, nephrolithiasis, constipation, and neuropsychiatric disturbance are some common associated health complexes that a patient can manifest [5]. Sestamibi scans and USG were evaluated before surgery in the current study. Adenoma locations were also determined through intraoperative evaluations. First of all, this study found that the precision of a USG in pinpointing the precise location of parathyroid adenomas was constrained. Only 28.6% of individuals who had left or right side USG assessment had their adenomas confined. This implies that precise preoperative localization using a USG alone may not be possible. Sestamibi scans, in contrast, demonstrated greater accuracy, accurately identifying 92.9% of patients. This is in line with earlier studies that demonstrated the value of sestamibi scans in the localization of parathyroid adenoma [15]. However, the most accurate localization was achieved through preoperative assessments, with a 100% localization in this study. This aligns with the findings of several other studies that emphasize the reliability of intraoperative findings in guiding the surgeon to the precise location of the adenoma [15]. This study also found a subset of patients (21.4%) whose sestamibi scans and intraoperative assessments agreed on the diagnosis of adenomas in the superior mediastinum. This emphasizes the necessity of a thorough preoperative assessment that takes into account unique adenoma sites, which might not be seen by conventional imaging techniques. In comparison with the Biochemical Frozen section, which shows 100% accuracy among all investigations, USG shows 75% of sensitivity, where the sensitivity rate of Sestamibi scan is 100% but the specificity is 0. On the other hand, with 50% of specificity, USG shows 71.4% accuracy, 90% of PPV, and a 25% NPV rate. The useful aspect of USG was examined in a meta-analysis by Cheung et al., 2012 who discovered that it had a per-patient pooled sensitivity or detection rate of 76.1% and a positive predictive value (PPV) of 93.2% [16]. In Sestamibi scan, accuracy is higher than USG (85.7%), PPV is lower (85.7%), and NPV is irrelevant in this diagnostic tool. Solorzano et al., 2006 discovered that the performance characteristics of USG and sestamibi scan were equivalent in an observational cohort research [17]. The individual clinical situation and the availability of resources will determine the preoperative localization technique used in parathyroid adenoma instances. Despite its moderate sensitivity, USG can still be useful because of its non-invasiveness and comparatively high PPV. Sestamibi scan, on the other hand, should be used with caution due to its high sensitivity but poor specificity, which can result in needless exploratory surgery.   

CONCLUSION

Sestamibi scan and ultrasonography are still useful preoperative methods of localizing solitary parathyroid adenomas. The sensitivity, specificity, and accuracy observed in the Sestamibi scan were high, especially in ectopic lesions, as compared to USG, which had a moderate specificity. A combination of the two imaging modalities will not only improve localization but also improve surgical planning. The targeted parathyroidectomy, mediated by accurate localization, results in improved outcomes in the form of decreased morbidity and improved cosmetic results.

LIMITATION

The small sample size and single-center setting are the major limitations of this study. The shortened period of data collection limited patient diversity. Additionally, the imaging operator's expertise might affect diagnostic results.



Abbreviation

USG: Ultrasonography
PHPT: Primary Hyperparathyroidism
BFS: Biochemical Frozen Section
PPV: Positive Predictive Value
NPV: Negative Predictive Value
MGD: Multigland Disease
DA: Double Adenoma
BSMMU: Bangabandhu Sheikh Mujib Medical University
SPSS: Statistical Package for Social Sciences
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Presenting complaints

Column1	
Renal symptoms 	Bone symptoms	Abdominal symptoms	Muscle weakness 	Fatigue	Memory impairment 	0.64300000000000002	0.35699999999999998	0.35699999999999998	0.28599999999999998	0.28599999999999998	0.214	


Sex distribution of  the participants 
Column1	71.4%
28.6%

Male	Female	71.400000000000006	28.6	

Age distribution of the participants

Percentage	
11-20 years	21-30 years	31-40 years	41-50 years	0.214	0.214	0.35599999999999998	0.214	






