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INTRODUCTION

Primary hyperparathyroidism implicates dysfunction of one or more parathyroid glands, leading to excessive production of parathyroid hormone (PTH) and dysregulation of phosphocalcic metabolism. The literature reports rates of 90% single adenoma, 10% multigland disease (multiple adenoma or hyperplasia) and a few cases of other histology such as parathyroid carcinoma [START_REF] Ruda | A systematic review of the diagnosis and treatment of primary hyperparathyroidism from 1995 to 2003[END_REF]. Radical treatment is surgical, on established indications [START_REF] Crouzeix | Primary hyperparathyroidism: new concepts, new recommendations[END_REF][START_REF] Bilezikian | Guidelines for the Management of Asymptomatic Primary Hyperparathyroidism: Summary Statement from the Fourth International Workshop[END_REF].

Minimally invasive surgery has become the attitude of choice, with bilateral neck exploration reserved to multi-gland pathologies [START_REF] Malinvaud | Parathyroid adenoma: surgical strategy[END_REF][START_REF] Westerdahl | Unilateral versus bilateral neck exploration for primary hyperparathyroidism: five-year follow-up of a randomized controlled trial[END_REF]. However, it requires precise preoperative lesion localization. There is no consensual decision-tree in parathyroid imaging. Ultrasound and 99m Tc-sestamibi scintigraphy are the most widely used modalities; each has its pros and cons, performance varying according to series and biases [START_REF] Kuzminski | Update in Parathyroid Imaging[END_REF]. Multi-gland disease is generally recognized as impairing performance [START_REF] Ruda | A systematic review of the diagnosis and treatment of primary hyperparathyroidism from 1995 to 2003[END_REF][START_REF] Kuzminski | Update in Parathyroid Imaging[END_REF][START_REF] Mortenson | Parathyroid exploration in the reoperative neck: improved preoperative localization with 4D-computed tomography[END_REF].

The aim of the present study was to assess performance factors in ultrasonography and 99m Tcsestamibi scintigraphy in minimally invasive surgery for primary hyperparathyroidism.

MATERIAL AND METHODS

A single-center retrospective study included all consecutive patients operated on in the ENT department of the university hospital of Brest, France, between January 2008 and November 2017, with surgery targeting either 2 ipsilateral parathyroid sites (unilateral neck exploration) or a single site (minimally invasive surgery), or else 4 sites (bilateral neck exploration).

Work-up comprised ultrasonography and 99m Tc-sestamibi scintigraphy. Files were selected from the center's medical information department using the health insurance codes KDFA002 and KDQA001.

Exclusion criteria comprised incomplete records, coding error, multiple endocrine neoplasia (MEN) known ahead of surgery, terminal chronic kidney failure (creatinine clearance <15mL/min) and/or dialysis, and no preoperative diagnosis (incidental discovery of primary hyperparathyroidism) or insufficient diagnostic criteria [START_REF] Crouzeix | Primary hyperparathyroidism: new concepts, new recommendations[END_REF].

Two hundred and seventy-three patients underwent the two imaging modalities and were included in the study. Fifty-six of the initial recruitment of 329 patients were excluded: 22 with incomplete files, 6 with MEN known ahead of surgery, 14 with terminal chronic kidney failure and/or dialysis, 6 with coding error, and 6 with no or uncertain diagnosis.

Table 1 shows patient data. There were 52 male (20%) and 218 female patients (80%); mean age, 61 ± 14 years. One hundred and forty-three (52%) were asymptomatic. Seventeen (6%) had multi-gland involvement. After surgery, 257 patients (94%) were cured.

Gland localization on imaging was compared versus intraoperative and biological reference data.

All patients underwent both modalities. They were grouped as showing concordant, discordant or negative imaging results.

Results were concordant when localization and number of pathological glands were similar between imaging modalities, negative when neither imaging modality identified pathologic glands, and otherwise discordant, with 3 discordant subgroups: ultrasound negative/scintigraphy positive (U-/S+), ultrasound positive/scintigraphy negative (U+/S-), or both modalities positive but differing in gland localization and number (U+/S+).

Patient data comprised age, gender, symptomatic primary hyperparathyroidism (urinary symptoms, malignant hypercalcemia, confusion syndrome, bone pain, chondrocalcinosis, acute or chronic calcifying pancreatitis, and other digestive symptoms) or not, in line with recent guidelines [START_REF] Crouzeix | Primary hyperparathyroidism: new concepts, new recommendations[END_REF][START_REF] Bilezikian | Guidelines for the Management of Asymptomatic Primary Hyperparathyroidism: Summary Statement from the Fourth International Workshop[END_REF], preoperative biological data (calcemia, PTH, 24h calciuria, phosphatemia) and relevant history.

Data for the high-resolution ultrasonography and 99m Tc-sestamibi scintigraphy comprised date of scan, lesion size and localization, and interpretation. For scintigraphy, the protocol was also noted: phase, previous scintigraphy, etc. In 123 patients (45%), ultrasonography was performed after scintigraphy. Surgical data comprised date, uni-or bi-lateral exploration, frozen-section biopsy results, lesion localization, definitive pathology result, and lesion size. Lesion volume was estimated from size on histology, on ellipsoid formula. Data were collected for postoperative calcemia and PTH, and for cure (defined by normalized calcemia).

The methodology of Grimaldi et al. [START_REF] Grimaldi | Challenging pre-surgical localization of hyperfunctioning parathyroid glands in primary hyperparathyroidism: the added value of 18F-Fluorocholine PET/CT[END_REF] was used for gland analysis.

In both modalities, all 4 glands were examined. Sensitivity, specificity and positive (PPV) and negative predictive value (NPV) were calculated for each modality and for the two combined when results were similar.

Demographic data (age), preoperative data (calcemia, PTH, asymptomatic primary hyperparathyroidism, and isolated hypercalcemia), surgical data (concomitant thyroid surgery, gland volume, multi-gland involvement) and cure were then compared.

Statistical analyses used SPSS v25 software (IBM Corp, Armonk, NY).

Quantitative variables (age, calcemia, PTH, gland volume) were analyzed on non-parametric Kruskal-Wallis test and parametric ANOVA.

Qualitative variables were analyzed in chi² (asymptomatic primary hyperparathyroidism) or Fisher exact test (concomitant thyroid surgery, multi-gland involvement, isolated hypercalcemia, non-cure) depending on sample size. The significance threshold was set at p <0.05.

RESULTS

PER-PATIENT ANALYSIS

In the 273 patients, sensitivity was 71% and PPV 89% for ultrasound, and respectively 75% and 91% for scintigraphy. When both were concordant (n=177), sensitivity was 84% and PPV 95%.

ANALYSIS BY GLAND LOCALIZATION

Per-gland analysis considered 1,092 glands, 958 of which showed concordant results (Table 2). All performances were better when the two modalities were concordant. Sensitivity showed the greatest improvement, from 70% on ultrasound and 74% on scintigraphy to 81% on the combination.

Combination reduced the false-positive rate, increasing specificity from 97% on ultrasound and 97% on scintigraphy to 99%, and PPV from 89% and 91% to 96%. False positives concerned 26 glands (2.4%) on ultrasound, 21 (1.9%) on scintigraphy and only 7 (0.6%) on combined examination.

False negatives concerned 93 glands (8.5%) on ultrasound, 74 (6.8%) on scintigraphy and 38 (4%) on combined examination.

ANALYSIS OF DISCORDANCE

One hundred and fifty-six of the 273 patients were classified as "concordant", 99 as "discordant" and 18 as "negative". In the "discordant" group, 42 patients had negative ultrasonography (U-/S+), 37 negative scintigraphy (U+/S-) and 20 positive but discordant results (U+/S+) (figure 1).

Comparisons are shown in Table 3.

Analysis of demographic data (age) and preoperative data (calcemia and PTH, asymptomatic hyperparathyroidism, isolated hypercalcemia) found no significant differences between the 3 groups or 3 subgroups.

Analysis of interventional data (concomitant thyroid surgery, gland volume, multi-gland disease) did find significant differences.

Gland volume distribution differed significantly between the 3 groups (p=0.003) and 3 subgroups (p=0.025). In the "concordant group", glands were larger than in the other 2 groups: mean 1,136 ± 1 728 mm 3 , versus 682 ± 864 mm 3 in the "discordant" group and 281 ± 201 mm 3 in the "negative" group. Likewise, glands were larger in the U+/S+ group than in the other 2 groups: mean 1,144 ± 1,243 mm 3 , versus 515 ± 429 mm 3 in U-/S+ and 595 ± 883 mm 3 in U+/S-.

There was an association between imaging results and associated thyroid pathology requiring concomitant thyroid surgery (p=0.03). Concomitant thyroid surgery accounted for 44% of procedures in the "negative" group, versus only 15% and 23% respectively in the "concordant" and "discordant" groups.

Cure rate showed no significant differences between groups (p=0.34) or subgroups (p=0.07).

Unilateral cervical surgery (minimally invasive plus unilateral exploration) was performed in 140 patients (90%) in the "concordant" group, 59 (59%) in the "discordant" group and 4 (22%) in the "negative" group. Ten patients undergoing unilateral cervical surgery were not cured: 7 in the "concordant" group and 3 in the "discordant" group. In 32 patients, bilateral exploration was performed without associated thyroid procedure: 8 (5.1%) in the "concordant" group, 19 (19%) in the "discordant" group, and 5 (28%) in the "negative" group.

Six of the 17 patients without cure showed uninodular thyroid, and 6 multi-gland involvement. The 7 negative explorations were all in the 17 non-cured patients, 4 due to false positive frozen section biopsy.

DISCUSSION

The present study demonstrated benefit of associating ultrasound and 99m Tc-sestamibi scintigraphy for locating pathologic parathyroid glands, notably in reducing the false-positive rate.

When ultrasound and scintigraphy results were discordant or negative, the pathologic gland or glands tended to be smaller and exploration more complicated. Conversely, larger and more functional parathyroid glands were more easily localized.

Detection of thyroid nodules requiring surgery can modify ultrasound and scintigraphy results, with more painstaking and extensive intraoperative exploration. We adopted broad selection criteria, including all primary hyperparathyroidism cases and excluding secondary hyperparathyroidism. Recurrent or persistent hyperparathyroidism was not differentiated. These criteria provided a large cohort, with results easily extrapolated to everyday practice. In Phitayakorn et al.'s article [START_REF] Phitayakorn | Incidence and localization of ectopic abnormal parathyroid glands[END_REF] on the anatomic distribution of ectopic glands in 231 patients, 37 ectopic glands were detected, 18 of which were mediastinal: 2 in the posterosuperior mediastinum, 7 in the thymus, 5 in the anterosuperior mediastinum and 4 in the thyrothymic ligament (7.8% of the cohort).

In the present study, sensitivity was 70% and PPV 89% on ultrasound and 74% and 91% on scintigraphy, in agreement with the literature [START_REF] Ruda | A systematic review of the diagnosis and treatment of primary hyperparathyroidism from 1995 to 2003[END_REF][START_REF] Cheung | A meta-analysis of preoperative localization techniques for patients with primary hyperparathyroidism[END_REF]. In the meta-analysis by Cheung et al.

[10], ultrasound showed 76.1% sensitivity (95%CI, 70.4-81.4%) and 93.2% PPV (95%CI, 90.7-95.3 ), and scintigraphy 78.9% (95%CI, 64-90.6%) and 90.7% (95%CI, 83.5-96%), respectively, although scintigraphy consisted in sestamibi-SPECT. Over the present study period of January 2008 to November 2017, scintigraphy modalities progressed: simple dualphase, dual-phase plus thyroid scintigraphy, dual-phase plus CT, dual-phase plus SPECT, dual-phase SPECT plus thyroid scintigraphy, dual-phase SPECT plus CT (the most frequent: n=155), and eventually dual-phase SPECT plus CT and thyroid scintigraphy. Numbers precluded analysis per modality, but the differences may explain the poorer diagnostic performance in the present study. Studies using different scintigraphy modalities, such as dual-phase dual-isotope iodine 123/technetium Tc 99m sestamibi scintigraphy in Périé et al.'s study [START_REF] Périé | Usefulness of combination of high-resolution ultrasonography and dual-phase dual-isotope iodine 123/technetium Tc 99m sestamibi scintigraphy for the preoperative localization of hyperplastic parathyroid glands in renal hyperparathyroidism[END_REF], showed interesting results.

Group and subgroup analysis involved very variable sample sizes, with likely lack of power; even so, significant differences emerged for gland size and association to thyroid surgery. Philippon et al. [START_REF] Philippon | Bilateral neck exploration in patients with primary hyperparathyroidism and discordant imaging results: a single-centre study[END_REF], whose study contributed to the present design, included only patients with bilateral neck exploration, and also found significant differences in gland weight and thyroid nodule rate, but without association with discordant or negative results or with multigland disease.

Kuzminski et al. [START_REF] Kuzminski | Update in Parathyroid Imaging[END_REF], in a review of the literature, summed up the advantages and limitations of ultrasonography and scintigraphy. Treglia et al. [START_REF] Treglia | Detection rate of (99m) Tc-MIBI single photon emission computed tomography (SPECT)/CT in preoperative planning for patients with primary hyperparathyroidism: A meta-analysis[END_REF], in a meta-analysis of SPECT/CT scintigraphy, found variably significant impact of calcemia, PTH and lesion size, and a strong negative relation between multi-gland disease and the sensitivity of scintigraphy. Impact on sensitivity was also reported for multi-gland disease by Nichols et [START_REF] Erbil | Impact of gland morphology and concomitant thyroid nodules on preoperative localization of parathyroid adenomas[END_REF][START_REF] Liddy | Preoperative Imaging in Primary Hyperparathyroidism: Literature Review and Recommendations[END_REF].

The present findings validate the surgical strategy advocated by Mihai et al. [START_REF] Mihai | Imaging for primary hyperparathyroidism--an evidencebased analysis[END_REF]: in case of concordance, minimally invasive surgery and, in case of discordance, unilateral neck exploration. The diagnostic and therapeutic attitude in case of negative findings on both examinations remains a matter of debate.

We therefore envisage using other imaging modalities to improve preoperative lesion localization precision. 18F-fluorocholine PET scan seems very promising [START_REF] Michaud | A Pilot Comparison of 18F-fluorocholine PET/CT, Ultrasonography and 123I/99mTc-sestaMIBI Dual-Phase Dual-Isotope Scintigraphy in the Preoperative Localization of Hyperfunctioning Parathyroid Glands in Primary or Secondary Hyperparathyroidism: Influence of Thyroid Anomalies[END_REF]. In the present series, 6 patients with negative results underwent 18F-fluorocholine PET on 24 glands, finding 100% for all 4 performance indicators, although interpretation should be cautious, given sample size. The literature on 18 F-fluorocholine PET is growing; for example, Grimaldi et al. [START_REF] Grimaldi | Challenging pre-surgical localization of hyperfunctioning parathyroid glands in primary hyperparathyroidism: the added value of 18F-Fluorocholine PET/CT[END_REF] assessed its added value in case of inconclusive ultrasound and scintigraphy, and suggested indications when ultrasound and scintigraphy results are discordant or negative and in case of persistent or recurrent primary hyperparathyroidism.

Its role, however, remains to be determined in studies including medico-economic aspects.

CONCLUSION

In surgically managed primary hyperparathyroidism, sensitivity in detecting abnormal parathyroid glands was 72% for ultrasound, 74% for scintigraphy and 81% for the combination. Positive predictive value was 90%, 91% and 96%, respectively. Analysis of factors for performance found significant differences for gland size and concomitant thyroid surgery, at respectively p=0.003 and p=0.003 between the 3 imaging results groups (concordant, discordant and negative). 

FIGURE 1 : 1 FIGURE 1 :

 111 FIGURE 1: GROUPS AND SUBGROUPS ACCORDING TO ULTRASOUND AND SCINTIGRAPHY RESULTS

  al. and Scott-Coombes et al. [14,15], lesion size by Scott-Coombes et al., Chiu et al. and Swanson et al. [15-17], and thyroid nodules by Liddy et al. and Erbil et al.
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