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Key points • Obesity is associated with an increased prevalence of nodular and neoplastic thyroid diseases. • The specific morbidity of thyroidectomy does not appear to be influenced by obesity. Post-operative complications are mainly urinary tract-related and wound complications, especially infectious. • Patients who have undergone bariatric surgery are at greater risk of severe hypocalcemia after total thyroidectomy: special attention must be paid to pre-operative vitamin D deficiencies, and peri-operative vitamin D and calcium supplementation must be systematically prescribed. • Conversely, an obese patient with persistent hypocalcemia following thyroidectomy should not undergo malabsorptive bariatric surgery. • Levothyroxine (T4) doses should be adjusted in obese patients and the starting dose should be based, not on the actual observed weight, but on the ideal weight. • The weight loss induced by bariatric surgery is associated with a reduction in T4 requirements. To treat hypothyroidism in patients postgastric bypass, a liquid form of T4 can be administered. • For patients undergoing radioactive iodine therapy, the dose of I131 should not be modified; bariatric surgery does not modify the absorption of iodine.

Thyroid surgery in obese patients: a review of the literature

Summary

The incidence of obesity in the general population has tripled in the past four decades. The number of bariatric surgeries performed annually has quadrupled in the past ten years due to this obesity epidemic. Concomitantly, the number of patients who are obese or who have undergone bariatric surgery and have become candidates for thyroid surgery has also increased considerably. Among patients undergoing thyroidectomy in the French population, the proportion of obese patients currently represents 10 to 20%. In addition, the frequency of benign and malignant thyroid pathologies seems to be increased by obesity, with a Hazard Ratio of around 1.8 for thyroid cancers in obese women. While obesity does not seem to influence the specific post-operative morbidity of thyroidectomy, a history of malabsorptive bariatric surgery should encourage the greatest caution in patients who need to undergo thyroid surgery since it is associated with a significant risk of severe hypocalcemia (> 60% in some studies) requiring intravenous calcium supplementation in about 20% of cases.

In the latter situation, peri-operative vitamin D-calcium supplementation is essential. In addition, the replacement dose of Levothyroxine (T4) intended for replacement must also be adapted in obese patients, calculated not from the actual weight but from the ideal weight. The objective of this review is to discuss the influence of obesity on the evolution of nodular and neoplastic thyroid pathologies, on the morbidity of thyroid surgery as well as on post-operative drug treatments. The impact of bariatric surgery on these different aspects is also discussed.

Introduction

The prevalence of obesity has tripled in the general population between 1975 and 2016 [START_REF] Angelantonio | Body-mass index and all-cause mortality: individualparticipant-data meta-analysis of 239 prospective studies in four continents[END_REF] and has become a major public health problem. If this trend continues, the number of obese candidates for thyroid surgery is likely to grow in similar proportion. Obese patients today represent 10 to 20% of thyroidectomized patients in the French cohorts [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF].

The number of bariatric surgeries has quadrupled in the past ten years [START_REF] Debs | Trends of bariatric surgery in France during the last 10 years: analysis of 267,466 procedures from 2005-2014[END_REF] and it is logical to assume that obese patients or those who have undergone bariatric surgery will also be more numerous among patients requiring thyroid surgery.

Changes in stomach acidity in restrictive surgery such as sleeve gastrectomy (SG), combined with absorptive changes in malabsorptive surgeries like gastric bypass (GBP), can affect the bioavailability of many drugs [START_REF] Padwal | A systematic review of drug absorption following bariatric surgery and its theoretical implications[END_REF]. This could have an impact on the necessary dose of T4 for replacement therapy after total thyroidectomy, as well as on vitamin D and calcium supplementation, and even on the absorption of I 131 for radiotherapy after thyroid cancer.

The objective of this review is to study the influence of obesity on nodular and neoplastic thyroid pathologies, on the morbidity of thyroid surgery, and on necessary hormonal replacement or adjuvant treatments (iodine 131 ). The impact of bariatric surgery on these different aspects? is also discussed.

Does obesity influence the prevalence of thyroid conditions?

o Obesity and the prevalence of thyroid nodules Thyroid morphology and function are significantly influenced by obesity. The thyroid volume is greater in women with a body mass index (BMI) > 40 kg/m² compared to a control population [START_REF] Cappelli | Morbid obesity in women is associated to a lower prevalence of thyroid nodules[END_REF]. This volume is proportional to lean body mass, which increases along with fatty mass in the obese patient. Fatty mass is defined as the weight represented by fat in the body, measurable by techniques such as impedancemetry or biphotonic X-ray absorptiometry [START_REF] Pietiläinen | Agreement of bioelectrical impedance with dual-energy X-ray absorptiometry and MRI to estimate changes in body fat, skeletal muscle and visceral fat during a 12-month weight loss intervention[END_REF], while lean mass is calculated by subtracting fatty mass from the total body mass.

Regarding thyroid nodules, a 2019 case-control study of 67 severely obese patients paired with 67 control patients highlighted an increase in the prevalence of nodules, often multiple, in patients with a BMI > 35 kg/m² [START_REF] Siqueira | Thyroid nodules in severely obese patients: frequency and risk of malignancy on ultrasonography[END_REF]. In this study, 65% of the nodules in obese patients were purely cystic on ultrasound, with no malignancy. In contrast, in another study involving 108 obese women with a BMI >30 kg/m², non-cystic nodules were less common in obese patients, but were larger (0.9 +/-1.2 ml vs. 0.4 ± 0.5 ml, p <0.005) [START_REF] Cappelli | Morbid obesity in women is associated to a lower prevalence of thyroid nodules[END_REF]. This increase in nodular dystrophy and in the overall volume of goiter may be linked to obesityrelated insulin resistance [START_REF] Harikrishna | The impact of obesity and insulin resistance on thyroid cancer: A systematic review[END_REF].

o Obesity and prevalence of thyroid cancer

A link has been well established between obesity and many types of cancer (colon, breast, endometrium, kidney, esophagus, gastric cardia) [START_REF] Bianchini | Overweight, obesity, and cancer risk[END_REF] and has led some authors to study the incidence of thyroid cancer in obese people.

Compared to a control population, the echostructure of thyroid nodules in obese patients does not seem to be more frequently suspicious [START_REF] Cappelli | Morbid obesity in women is associated to a lower prevalence of thyroid nodules[END_REF]. Over the past decade, modern imagery has led to a considerable increase in the fortuitous detection of thyroid carcinomas (mainly microcarcinomas), but this does not explain the more frequent detection of larger or more advanced cancers, suggesting the influence of factors other than the more widespread use of imaging.

Studies in women using a BMI threshold of > 30 kg/m² to define obesity have shown a link between obesity and the risk of developing thyroid cancer (all histological types combined) (Hazard Ratio (HR) between 1.75 (95% CI: 1.03-2.94) and 1.86 (95% CI: 1.19-2.91)) [START_REF] Meinhold | Nonradiation risk factors for thyroid cancer in the us radiologic technologists study[END_REF][START_REF] Guignard | Alcohol drinking, tobacco smoking, and anthropometric characteristics as risk factors for thyroid cancer: a countrywide case-control study in New Caledonia[END_REF]. These results have been validated by several meta-analyses [START_REF] Maso | A pooled analysis of thyroid cancer studies. V. Anthropometric factors[END_REF][START_REF] Schmid | Adiposity and risk of thyroid cancer: a systematic review and meta-analysis: Adiposity and thyroid cancer[END_REF]. On the other hand, despite this increased prevalence, it has not been shown that thyroid cancers are associated with more severe histoprognostic characteristics or a higher risk of recurrence in obese people [START_REF] Paes | The relationship between body mass index and thyroid cancer pathology features and outcomes: a clinicopathological cohort study[END_REF]. This could be due to the fact that BMI does not take into account the fat distribution profile [START_REF] Paes | The relationship between body mass index and thyroid cancer pathology features and outcomes: a clinicopathological cohort study[END_REF]. Other studies using markers that take the obesity profile into account, such as visceral obesity [START_REF] Tulinius | Risk factors for malignant diseases: a cohort study on a population of 22,946 Icelanders[END_REF] or waist circumference [START_REF] Kitahara | Body fat distribution, weight change during adulthood, and thyroid risk in the NIH-AARP Diet and Health Study[END_REF],

have highlighted this increased risk of cancer and have underlined the link between visceral obesity and thyroid cancer.

In males, these results are more controversial because this correlation is inconsistent in various studies [START_REF] Oh | Effects of excess weight on cancer incidences depending on cancer sites and histologic findings among men: korea national health insurance corporation study[END_REF][START_REF] Engeland | Body size and thyroid cancer in two million Norwegian men and women[END_REF]. This may be related to the fact that men are less subject to thyroid cancer and therefore represent lower numbers in the studies.

Papillary cancer accounts for 80% of thyroid cancer cases. The results of previous studies that include all types of thyroid cancer combined, mainly reflect the relationship between obesity and this differentiated sub-type of thyroid cancer. When considering papillary cancers exclusively, a Korean study of 1,551 patients showed a four-fold increase in the incidence of papillary macrocancers (size > 1cm) when the BMI increases by 0.3 kg/m² per year (Odds ratio 4.00 [95% CI: 2.91-5.4]) [START_REF] Hwang | Annual average changes in adult obesity as a risk factor for papillary thyroid cancer: a large-scale case-control study[END_REF]. The severity of papillary cancer appears to be influenced by high BMI. Three retrospective studies in 2012, 2013 and 2014 involving 443, 2,057 and 1,216 patients, respectively, found that subjects with a BMI > 30 kg/m² had a greater risk of micro-invasion [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Kim | Associations between body mass index and clinico-pathological characteristics of papillary thyroid cancer[END_REF] and were more often diagnosed at advanced stages (TNM 3 and 4) [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Kim | Associations between body mass index and clinico-pathological characteristics of papillary thyroid cancer[END_REF][START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF]. Patients with a high BMI also had a higher rate of persistent or recurrent cancer after surgery, but only for papillary macro-carcinomas (18.7% with BMI > 30 kg/m² vs. < 10% with BMI < 30 kg/m²) [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF].

Other histological types of thyroid cancer have been less studied. A 2015 metaanalysis of retrospective studies of papillary, follicular, medullary and anaplastic cancers reported a relative risk of 1.26 (95% CI: 1.15-1.39), 1.29 (95% CI: 1.08-1, 53), 0.5 (95% CI: 0.27-0.91) and 1.93 (95% CI: 1.23-3.03), respectively [START_REF] Wang | Obesity and risk of thyroid cancer: evidence from a metaanalysis of 21 observational studies[END_REF].

This meta-analysis seems to indicate that obesity is associated with a decreased risk of medullary cancer, whose histological origin and pathophysiology differ fundamentally from that of differentiated thyroid cancers [START_REF] Wang | Obesity and risk of thyroid cancer: evidence from a metaanalysis of 21 observational studies[END_REF]. The mechanisms involved in this "protective effect" are still unknown and deserve further study.

o Pathophysiology of thyroid cancer in the obese patient

Little is known about the pathophysiological mechanisms that might explain the association between obesity and thyroid cancer. They have mainly been discussed for papillary cancers. An elevated level of thyroid stimulating hormone (TSH) is known to promote carcinogenesis of differentiated thyroid tumors. However, up to 20% of clinically obese euthyroid patients have an elevated TSH level without modifying thyroid hormones [START_REF] Gajda | Diagnosis and treatment of thyroid disorders in obese patients -what do we know?[END_REF]. Elevated TSH (socalled hyperthyrotropinemia) is mainly caused by dysfunction of thyroid hormone feedback suppression of the pituitary secretion of TSH [START_REF] García-Solís | Thyroid hormones and obesity: a known but poorly understood relationship[END_REF], considered as an adaptive mechanism aimed at increasing energy expenditure and consequently preventing weight gain. In fact, in experimental studies, obese patients have a decrease in the expression of thyroid hormone receptors in the central nervous system and in peripheral tissues [START_REF] Fontenelle | Thyroid function in human obesity: underlying mechanisms[END_REF]. Leptin, an enteral hormone whose secretion is increased in the obese patient because it is proportional to the quantity of adipose tissue, also plays a central role in the elevation of TSH by directly stimulating the secretion of thyrotropin releasing hormone (TRH) in the hypothalamus [START_REF] Gajda | Diagnosis and treatment of thyroid disorders in obese patients -what do we know?[END_REF]. The increase in leptin concentration is also directly implicated in thyroid carcinogenesis [START_REF] Schmid | Adiposity and risk of thyroid cancer: a systematic review and meta-analysis: Adiposity and thyroid cancer[END_REF].

In addition, some authors have shown that insulin resistance, frequently associated with obesity, is implicated in the development of thyroid cancer by promoting the activation of the IGF1 receptor (Insulin Growth Factor 1) [START_REF] Harikrishna | The impact of obesity and insulin resistance on thyroid cancer: A systematic review[END_REF].

Finally, the difference in results observed between men and women indicates a possible role of gonadal hormonal levels. In this sense, the risk of cancer seems to be increased in obese menopausal women, due to the increased risk of visceral obesity after the onset of menopause [START_REF] Kitahara | Body fat distribution, weight change during adulthood, and thyroid risk in the NIH-AARP Diet and Health Study[END_REF][START_REF] Hwang | Annual average changes in adult obesity as a risk factor for papillary thyroid cancer: a large-scale case-control study[END_REF].

o Bariatric surgery and thyroid nodules Since bariatric surgery improves the main mechanisms involved in thyroid carcinogenesis in obese patients as discussed above, in particular, by decreasing the concentrations of leptin and TSH [START_REF] Gadiraju | Levothyroxine dosing following bariatric surgery[END_REF], could bariatric surgery influence the development of thyroid pathologies? To our knowledge, only one study has investigated whether GBP influences the risk of developing thyroid nodules [START_REF] Zhang | Effect of laparoscopic roux-en-y gastric bypass surgery on thyroid hormone levels in chinese patients, could it be a risk for thyroid nodules?[END_REF]. This study does not conclusively define the cancer risk after bariatric surgery, but suggests an increased risk of progression in size of preexisting nodules, particularly in patients whose plasma T3/T4 ratio is low after surgery. The impact of bariatric surgery on thyroid carcinogenesis therefore remains unknown to date.

What are the special features of thyroid surgery in the obese patient?

o Thyroidectomy in the obese patient While it is tempting to think that thyroid surgery in obese patients should be associated with more complications, few studies have evaluated this. The main results of these studies are summarized in Table 1. Only some of these reported morbidity related to overweight and obesity in thyroid surgery as the main objective the analysis [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF][START_REF] Buerba | Thyroidectomy and parathyroidectomy in patients with high body mass index are safe overall: Analysis of 26,864 patients[END_REF][START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF]. Their interpretation is limited by their retrospective nature [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF][START_REF] Specht | Characteristics of patients having thyroid surgery under regional anesthesia[END_REF][START_REF] Caulley | Risk factors for postoperative complications in total thyroidectomy: A retrospective, risk-adjusted analysis from the National Surgical Quality Improvement Program[END_REF]. Several of these studies lack power due to the infrequent nature of complications after thyroid surgery and the prior calculation of number of patients [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF][START_REF] Specht | Characteristics of patients having thyroid surgery under regional anesthesia[END_REF][START_REF] Philippe | Feasibility criteria for total thyroidectomy in outpatient surgery[END_REF]. Two studies also included overweight patients (BMI 25-30 kg/m²) [START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF]. Only one prospective American study of 18,825 thyroidectomized patients that included 7,425 obese patients [START_REF] Buerba | Thyroidectomy and parathyroidectomy in patients with high body mass index are safe overall: Analysis of 26,864 patients[END_REF] had a methodology that provided level 2 evidence, however the study did not specifically address the complications of thyroid surgery. The level of evidence from the other studies is 4.

In general, operative time for thyroidectomy increased with increasing BMI in the study by Buerba et al. [START_REF] Buerba | Thyroidectomy and parathyroidectomy in patients with high body mass index are safe overall: Analysis of 26,864 patients[END_REF], suggesting that the surgery is more difficult. Similar results were observed in a prospective French study and a retrospective American study [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Specht | Characteristics of patients having thyroid surgery under regional anesthesia[END_REF]. Harari et al. reported a non-significant increase in operating time [START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF]. The total time spent in the operating room is longer in the obese patient [29 and seems to be linked to a significant increase in the anesthetic induction time [START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF].

The study by Buerba et al. showed that general post-operative complications were increased in the obese patient (Odds ratio 1.5 95% CI: 1.0-2.1); the main morbidity was related to incisional complications (Odds ratio 2.3 95% CI: 1.9-4.9) when the BMI was greater than 30 kg/m²), and to urinary tract infections (Odds ratio 2.2 95% CI: 1.1-4.4) when BMI was > 35 kg/m²) [START_REF] Buerba | Thyroidectomy and parathyroidectomy in patients with high body mass index are safe overall: Analysis of 26,864 patients[END_REF]. This increased risk was only present in obese patients older than 70 in a retrospective highpower study of 40,025 thyroidectomy patients, including 18,054 obese patients [START_REF] Caulley | Risk factors for postoperative complications in total thyroidectomy: A retrospective, risk-adjusted analysis from the National Surgical Quality Improvement Program[END_REF]. Results were not statistically significantly when the number of patients was lower [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF].

Post-operative pain was not greater in the obese patient [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF].

Studies of the specific complications of thyroidectomy showed that hypocalcemia, whether transient or permanent, did not occur more frequently in obese patients, but the level of evidence was low [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Philippe | Feasibility criteria for total thyroidectomy in outpatient surgery[END_REF] show similar results in overweight patients [START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF]. Only Trésallet et al. [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF] have shown an increased incidence of permanent (and not transient) recurrent nerve paralysis in their series (2.8% versus < 1% when BMI <30 kg/m²). This result, which could be explained by greater stretching of the recurrent nerve stretch due to increased operative difficulties, could also be linked to a higher preoperative prevalence of recurrent nerve paralysis due to more invasive cancers, as suggested by Harari et al. [START_REF] Harari | Risk of Advanced Papillary Thyroid Cancer in Obese Patients[END_REF]. The absence of pre-operative vocal cord examination in this last cohort as well as the lack of increased recurrent nerve paralysis in the study by Blanchard et al. [START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF], study of thyroidectomy for benign pathologies, are arguments in favor of the second hypothesis.

Post-operative hematomas are not more frequent in obese [START_REF] Trésallet | The incidence of papillary thyroid carcinoma and outcomes in operative patients according to their body mass indices[END_REF][START_REF] Blanchard | Impact of body mass index on post-thyroidectomy morbidity[END_REF][START_REF] Philippe | Feasibility criteria for total thyroidectomy in outpatient surgery[END_REF] or overweight patients [START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF][START_REF] Milone | Thyroidectomy in high body mass index patients: A single center experience[END_REF].

It is important to take into account the fact that these studies focusing on the specific complications of thyroid surgery in the obese patient were carried out at expert centers, thus inducing a potential bias in patient selection of the included patients. The specific morbidity of thyroid surgery therefore deserves further study.

o Bariatric surgery and thyroidectomy Roux-en-Y GBP leads to decreased absorption of calcium and vitamin D, which takes place mainly in the duodenum and the proximal jejunum that are excluded by GBP. In combination with other factors such as lack of sun exposure, reduced caloric intake (and therefore vitamin D) after this surgery leads to an increase in the prevalence of vitamin D deficiency compared to that of the general population [START_REF] Spartalis | Post-thyroidectomy hypocalcemia in patients with history of bariatric operations: current evidence and management options[END_REF].

Strict attention must therefore be paid to the preservation of the parathyroid glands during total thyroidectomy in obese patients. Few studies have focused on the risk of hypocalcemia after thyroidectomy in obese people. The most recent systematic review of the literature [START_REF] Spartalis | Post-thyroidectomy hypocalcemia in patients with history of bariatric operations: current evidence and management options[END_REF] showed that this risk was only analyzed in 87 patients with a history of GBP, including numerous case reports.

The principal series are summarized in Table 2 although their level of evidence is low in view of the small number of patients included. Chereau et al. observed post-operative hypocalcemia in 60% of 15 post-GBP patients who underwent total thyroidectomy, compared to 15% in thyroidectomy patients with no history of bariatric surgery [START_REF] Chereau | Hypocalcemia after thyroidectomy in patients with a history of bariatric surgery[END_REF]. This hypocalcemia was permanent in 67% of the cases and required intravenous calcium supplementation in 27% of the patients. The studies of Dequanter et al. [START_REF] Dequanter | Recalcitrant hypocalcemia after total thyroidectomy and bariatric surgery[END_REF] and McKenzie et al. [START_REF] Mckenzie | Recalcitrant hypocalcemia after thyroidectomy in patients with previous Roux-en-Y gastric bypass[END_REF], which included 14 and 19 patients respectively, highlighted a higher risk of symptomatic hypocalcemia (38% and 21% respectively vs. 0% in the control patients). The duration of hospital stay was significantly longer in the obese, suggesting a difficult correction of hypocalcemia usually requiring intravenous supplementation (18% and 21% respectively). Conversely, Droeser et al. [START_REF] Droeser | Hypoparathyroidism after total thyroidectomy in patients with previous gastric bypass[END_REF] did not observe this increased risk of hypocalcemia in their cohort of 25 patients. The high rates of post-operative hypoparathyroidism in the control patients in this nationwide study (4.1% of the controls required intravenous treatment post-operatively and 4.7% were still receiving calcium supplementation six months after surgery) suggest that much surgery was performed in non-expert centers, making the comparison questionable with the interest group, whose patients were probably managed in expert centers.

The assessment of the risk of hypocalcemia after total thyroidectomy in post-GBP patients is therefore based on case reports or series with only small numbers of patients. There is no recommendation for the management of these patients. The authors believe that, given these risks, thyroid surgery should be performed before performing bariatric surgery. In this perspective, it would be appropriate for thyroid assessment to be part of the clinical work-up before bariatric surgery, with a TSH assay as well as a cervical ultrasound.

When thyroidectomy is necessary in a post-GBP patient, the implementation of vitamin D and calcium supplementation must be anticipated, if necessary intravenously. The recommendations proposed by several authors are summarized in Table 3. Special attention must be paid to vitamin D deficiency, which must be corrected in the pre-operative period, and to calcium supplementation, which should be systematically considered before thyroid surgery [START_REF] Mckenzie | Recalcitrant hypocalcemia after thyroidectomy in patients with previous Roux-en-Y gastric bypass[END_REF]. Some even recommend systematic intra-operative calcium supplementation [START_REF] Manco | Hypocalcemia complicating near-total thyroidectomy in patients with coexisting lipid malabsorption due to biliopancreatic diversion[END_REF][START_REF] Durr | Severe hypocalcemia complicating thyroid surgery after Roux-en-Y gastric bypass procedure[END_REF]. Some teams strongly recommend systematic postoperative treatment with calcium and calcitriol [START_REF] Manco | Hypocalcemia complicating near-total thyroidectomy in patients with coexisting lipid malabsorption due to biliopancreatic diversion[END_REF][START_REF] Goldenberg | Thyroidectomy in patients who have undergone gastric bypass surgery[END_REF]. Oral calcium supplementation must be taken with meals to promote absorption, and the use of antacids should be limited as much as possible to maintain gastric acidity conducive to calcium absorption [START_REF] Manco | Hypocalcemia complicating near-total thyroidectomy in patients with coexisting lipid malabsorption due to biliopancreatic diversion[END_REF]. Finally, when intravenous supplementation fails to correct hypocalcemia, it may be necessary to consider reversing the GBP [START_REF] Goldenberg | Thyroidectomy in patients who have undergone gastric bypass surgery[END_REF].

In post-GBP patients requiring thyroid surgery, the surgical strategy for preventing long-term hypocalcemia may include the possibility of sub-total thyroidectomy in order to guarantee preservation of the superior parathyroid glands. Conversely, the advisability of bariatric surgery in a patient with permanent post-thyroidectomy hypocalcemia must be questioned. In all likelihood, permanent post-thyroidectomy hypocalcemia should contraindicate malabsorptive bariatric surgery of the GBP type.

For patients who have undergone restrictive bariatric surgery like SG, the risk of hypocalcemia, although less studied, also seems to be increased. Chereau et al. noted hypocalcemia in 30% of these patients (n = 11). However, these results were not statistically significant compared to the control group (15%) [START_REF] Chereau | Hypocalcemia after thyroidectomy in patients with a history of bariatric surgery[END_REF]. The decrease in stomach acid associated with partial gastrectomy is thought to be associated with poor absorption of ionic calcium [START_REF] Goldenberg | Thyroidectomy in patients who have undergone gastric bypass surgery[END_REF].

After thyroidectomy, does thyroid hormone replacement therapy need to be modified in the obese patient? o Obesity and T4 medication

After total thyroidectomy, it is essential to assess the effectiveness of thyroid replacement therapy with Levothyroxine, a tetraiodothyroxine (T4) analog, by measuring the serum TSH level. The prescribed replacement dose of Levothyroxine is usually 1.6 µg/kg. However, several studies have shown that this dose/weight ratio should be reduced in the obese patient [START_REF] Glymph | Levothyroxine replacement in obese hypothyroid females after total thyroidectomy[END_REF][START_REF] Santini | Lean body mass is a major determinant of levothyroxine dosage in the treatment of thyroid diseases[END_REF]. Indeed, calculation of the necessary dosage of T4 should be based on the lean body mass [START_REF] Santini | Lean body mass is a major determinant of levothyroxine dosage in the treatment of thyroid diseases[END_REF] where T4 de-iodination into the active hormone triiodothyroxine (T3) takes place. Conversely, T4 requirement is not correlated with body fat. Basing dosage on total weight, which contains proportionally less lean mass in the obese subject, therefore leads to overestimation of the required T4 dose.

In line with this, the results of a retrospective low-powered study (32 patients) showed that at the usual replacement dose (1.6 µg/Kg), 47% of obese patients were hyperthyroid due to over-replacement (versus 20% of control subjects), and suggested that treatment should therefore be initiated at a lower dose in these patients (1.25 µg/kg) [START_REF] Glymph | Levothyroxine replacement in obese hypothyroid females after total thyroidectomy[END_REF]. In a retrospective study of 122 patients, Ojomo et al. [START_REF] Gkotsina | Improved levothyroxine pharmacokinetics after bariatric surgery[END_REF] proposed an adapted T4 replacement protocol that decreases as the BMI increases. Several studies nevertheless suggest that basing replacement dosage on ideal weight allows a more exact calculation [START_REF] Glymph | Levothyroxine replacement in obese hypothyroid females after total thyroidectomy[END_REF][START_REF] Santini | Lean body mass is a major determinant of levothyroxine dosage in the treatment of thyroid diseases[END_REF]. Using the formula [Ideal weight = 45.5 + 2.3 x ([height (cm]/2.54) -60)], Glymph et al.

proposed initiating T4 dosage in the obese patient at 2.3 µg/kg of ideal weight [START_REF] Glymph | Levothyroxine replacement in obese hypothyroid females after total thyroidectomy[END_REF].

o Bariatric surgery, replacement therapy and radioactive iodine therapy

The required replacement dose of T4 has been shown to be lower after restrictive surgery such as SG [START_REF] Gkotsina | Improved levothyroxine pharmacokinetics after bariatric surgery[END_REF], and was unchanged or reduced after malabsorptive Roux-en-Y GBP surgery [START_REF] Gadiraju | Levothyroxine dosing following bariatric surgery[END_REF]. The measurement of body composition shows that lean mass as well as fatty mass decrease after bariatric surgery, thereby decreasing the T4 requirements [START_REF] Fierabracci | Weight loss and variation of levothyroxine (L-T4) requirements in hypothyroid obese patients after bariatric surgery[END_REF].

Few studies have attempted to analyze the absorption of T4 after GBP, but plasma T4 concentration is not reduced after GBP, which indicates that absorption is not impaired [START_REF] Gkotsina | Improved levothyroxine pharmacokinetics after bariatric surgery[END_REF]. Indeed, intestinal absorption of T4 occurs mainly at the level of the jejunum and ileum, which are not affected by many types of bariatric surgery. The rare cases of hypothyroidism seen after bariatric surgery seem to be due mainly to decreased gastric acidity leading to poor dissolution of the drug. To avoid this, liquid formulations of Levothyroxine can be used [START_REF] Fallahi | TSH normalization in bariatric surgery patients after the switch from l-thyroxine in tablet to an oral liquid formulation[END_REF].

After resection of intermediate-and high-risk, differentiated thyroid cancers, radiotherapy with radioactive I 131 is routinely used to totalize thyroidectomy. Does the dosage of I 131 need to be adjusted after bariatric surgery? The study by Manousou et al. including 788 patients showed that urinary iodine excretion was not reduced after SG or GBP, indicating that there was no decrease in iodine absorption [START_REF] Manousou | Iodine status after bariatric surgery-a prospective 10-year report from the swedish obese subjects (SOS) study[END_REF]. There is therefore no scientific rationale indicating that the dosage of I 131 should be modified in obese patients who have undergone bariatric surgery.

Perspectives for the future

The feasibility of new thyroidectomy techniques, in particular the recent boom in trans-oral thyroidectomy, needs to be assessed. A recent study suggests that there is no obesity-related excess morbidity in robotic trans-oral thyroidectomy [START_REF] Tai | Obesity may not affect outcomes of transoral robotic thyroidectomy: subset analysis of 304 patients[END_REF]. The impact of obesity on the morbidity and efficacy of thermoablative techniques for benign thyroid nodules is worth studying. One team suggested that high BMI would have no impact on the effectiveness of radio frequency thermoablation [START_REF] Oddo | Quality of life in patients treated with radiofrequency ablation for thyroid nodules[END_REF], but this treatment needs to be evaluated on a larger scale in obese patients.

Conclusions

The increase in the prevalence of obesity in the general population has been accompanied by an increased frequency of nodular and neoplastic thyroid pathologies. The number of bariatric surgery patients has also increased.

There are no specific recommendations regarding the surgical management of thyroid disease in these patients. To minimize the risk of major post-operative hypocalcemia, thyroid surgery should precede bariatric surgery. If thyroidectomy is necessary after bariatric surgery, it should only be considered after normalization of the plasma vitamin D concentration. Even though obesity is associated with a longer operative time, it does not seem to be associated with an increase in specific thyroidectomy complications. Finally, the doses of replacement therapy in these patients should be adjusted based on ideal rather than actual weight. Finel et al [START_REF] Finel | Thyroidectomy in patients with a high BMI: a safe surgery?[END_REF] 2014 • Post-operative events including: hemorrhagic, respiratory, wound, and cerebrovascular complications, need for re-intubations, hypocalcemia, recurrent laryngeal nerve palsy;

Tables

• ** Post-operative events including: pulmonary, neurologic, cardiovascular, and infectious complications, rehospitalizations, operative site infections, wound complications the need for blood transfusion or reoperation, patient death;

• *** Undefined general post-operative morbidity 

  . The prospective study by Finel et al. and the retrospective study by Milone et al. appeared to

  thyroidectomy; P : Partial thyroidectomy; NS: No statistically significant difference between groups for the criteria studied; RNP: Recurrent laryngeal nerve palsy; OD: Mean operative duration (from incision to closure); OR: Odds ratio ; CI 95%: 95% confidence interval

Table 1 . Studies reporting post-operative complications from thyroid surgery in obese and/or overweight patients Authors Year Design Population studied General complications Complications specific to thyroidectomy Others Trésallet et al. [2] 2014

 1 

						• Hypocalcemia: NS	
			Cohort study Retrospectiv Monocentric e	• Thyroidectomies for papillary cancer, (176 obese patients) • 1206 total patients (PT 4%)	-	• Post-operative NS • Permanent RNP: 1% vs bleeding:	-
						2,8% (BMI>30) p=0,01	
	Blanchard et al. [3]	2019	Cohort study Prospective Multicentric	• TT for benign pathologies • 1310 patients (290 obese patients)	Post-operative pain: NS	• Transient and permanent RNP: NS • Hematoma: NS	Longer OD (107 ± 46.30 min in obese vs. 96 ± 40.08 min, p=0.0209)
	Harari et al [22]	2012	Cohort study Retrospectiv	• TT for papillary thyroid cancer	All complications combined*: NS (univariate analysis)	OD: NS

• Post-operative abscess: NS

• Transient RNP: NS

• Hypocalcemia: NS

Table 2 . Synthesis of published studies reporting the risk of hypocalcemia after total thyroidectomy in patients post-Roux-en-Y gastric bypass

 2 

Goldenberg et al. [START_REF] Goldenberg | Thyroidectomy in patients who have undergone gastric bypass surgery[END_REF] Calcium citrate (1800-2500 mg/j) and vitamin D3 (400-800 mg/day) for 4-6 weeks before surgery Calcium citrate continued for 14 days, followed by calcium carbonate for another 7-14 days