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Descrição do Produto


Primary Hyperparathyroidism from Parathyroid Microadenoma: Specific Features and Implications for a Surgical Strategy in the Era of Minimally Invasive Parathyroidectomy Nicolas Goasguen, MD, Mircea Chirica, MD, Natacha Roger, MD, Nicolas Munoz-Bongrand, MD, Sarah Zohar, MD, Severine Noullet, MD, Anne de Roquancourt, MD, Pierre Cattan, MD, PhD, Emile Sarfati, MD The aim of this study was to identify the specific preoperative characteristics of patients with parathyroid microadenoma and to report their outcomes after surgical treatment. STUDY DESIGN: Parathyroid microadenomas (weight ⬍ 100 mg) were identified in 62 (6%) of the 1,012 patients operated on for a parathyroid adenoma between 1995 and 2004. Presentation and outcomes after surgery were compared with those of 124 patients operated on consecutively for parathyroid adenoma (⬎100 mg) during the last year of the study. All patients underwent bilateral surgical exploration of the neck. Success was defined as resection of a pathologic gland combined with normocalcemia at 6 months after operation. Logistic regression was used to test the relationship between groups and potential predictive factors of microadenoma. RESULTS: There were 57 women (92%) and the median age was 57 years (range 29 to 77 years). Median preoperative calcemia and parathyroid hormone (PTH) serum levels were 2.64 mmol/L (range 2.31 to 3 mmol/L) and 79 pg/mL (range 30 to 189 pg/mL), respectively. There was no difference in the clinical presentation between patients with microadenoma and adenoma. Preoperative calcium (p ⬍ 0.001) and PTH serum levels (p ⫽ 0.014) were significantly higher in patients with adenoma. Calcium and PTH serum levels lower than 2.6 mmol/L and 60 pg/mL, respectively, predicted the presence of microadenoma with respective specificities of 0.89 and 0.87. Success rates were similar in the microadenoma and adenoma groups (92% vs 98%; p ⫽ 0.11). CONCLUSIONS: Mild preoperative elevations of calcium or PTH serum levels should warn about the risk of microadenoma. In this setting, intraoperative difficulties should be expected in identifying the pathologic gland, and bilateral neck exploration should be the preferred surgical approach. (J Am Coll Surg 2010;210:456–462. © 2010 by the American College of Surgeons) BACKGROUND:



lateral neck exploration through an anterior cervicotomy under general anesthesia, identification of the 4 parathyroid glands, and resection of the pathologic gland.2 Reported success rates using this approach reached 97% to 98%.3,4 Recently, the advent of preoperative imaging techniques for localizing parathyroid adenomas5-8 has led to the development of minimally invasive parathyroidectomy,9 which can be performed under local anesthesia and consists of a limited direct approach to the pathologic gland without exploration of the remaining parathyroid sites. The decision to use a minimally invasive approach usually relies on preoperative localization of the adenoma by concordant ultrasonography and sestamibi scintigraphy,10 and has been reported to have success rates similar to those with bilateral neck exploration in select patients,11,12 while reducing mor-



Primary hyperparathyroidism (pHPT) is from parathyroid adenoma in up to 85% of patients; multiglandular disease and parathyroid carcinoma are less frequent causes.1 Surgery remains the treatment of choice for patients with pHPT. Historically, the standard operation included a biDisclosure Information: Nothing to disclose. Received September 28, 2009; Revised December 14, 2009; Accepted December 14, 2009. From the Departments of Endocrine and Digestive Surgery (Goasguen, Chirica, Roger, Munoz-Bongrand, Noullet, Cattan, Sarfati), Biostatistics (Zohar), and Pathology (de Roquancourt), Hôpital Saint-Louis, Paris, France. Correspondence address: Pierre Cattan, MD, PhD, Service de Chirurgie Générale, Digestive et Endocrinienne, Hôpital Saint Louis, 1 avenue Claude Vellefaux, 75010, Paris, France.
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bidity, length of stay, and hospital costs.13 This approach is usually contraindicated in patients with multiglandular disease, familial history of pHPT, a large goiter, previous neck surgery, and emergency surgery for a hypercalcemic crisis.10,14 The main characteristic of parathyroid microadenoma is the absence of gland enlargement, rendering intraoperative differentiation between a microadenoma and a normal gland a difficult task. The aim of this study was to identify specific preoperative characteristics of patients with parathyroid microadenoma and to report their outcomes after surgical treatment. Particular attention was accorded to the intraoperative difficulties in identifying the microadenoma and to their potential influence on the choice of surgical approach.



METHODS Between January 1995 and November 2004, 1,012 patients underwent resection of a parathyroid adenoma at the Saint-Louis Hospital in Paris. Sixty-two of these patients (6%) had a microadenoma, defined as a weight of less than 100 mg. These patients were compared with 124 patients operated on consecutively during the year 2004 for a parathyroid adenoma (⬎100 mg). The diagnosis of pHPT relied on an inappropriate secretion of parathyroid hormone (PTH) (normal range 9 to 50 ng/L) in relation to the serum calcium level (normal range 2.20 to 2.55 mmol/L). Measurement of PTH was triggered by hypercalcemia (serum Ca ⬎ 2.6 mmol/L) and/or the following symptoms suggestive of pHPT: nephrolithiasis, bone pain, osteoporosis, asthenia, and hypertension. Surgical treatment of pHPT was proposed to all symptomatic patients and to asymptomatic patients according to NIH guidelines.15 Our policy during the study period was to perform a bilateral cervical exploration through a transversal cervicotomy followed by the identification of the 4-parathyroid glands under general anesthesia in all patients presenting with pHPT. Ultrasonography and sestamibi scintigraphy were not performed systematically for adenoma localization during this period. Since 2005, minimally invasive parathyroidectomy under local or general anesthesia was introduced in our center in select patients with concordant preoperative ultrasonography and sestamibi scintigraphy. Intraoperative PTH monitoring was not used. Tissue sample analysis



The resected adenoma and a biopsy of a normal gland were addressed systematically for frozen section microscopic examination. The presence of dense abnormal parathyroid tissue in the resected adenoma and of normal parathyroid tissue in the biopsy sample, in combination with the mac-
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roscopic evaluation of all parathyroid glands during surgery, allowed ruling out of parathyroid hyperplasia. Definitive diagnosis of adenoma relied on overweight and the presence of high cellular density, low content in stromal fat cells, and the absence or finely dispersed intracytoplasmic fat droplets after Oil Red O staining.16,17 Postoperative management



During the postoperative course, serum calcium levels were measured daily and patients were discharged on postoperative day 2, if they had no hypocalcemia-related symptoms and a calcium serum level greater than 1.9 mmol/L. Otherwise, patients were given postoperative substitution with calcium and vitamin D (alfacalcidol) and were discharged when calcium levels returned to normal values. This treatment was progressively stopped according to calcium level measurement performed on a weekly basis. Postoperative laryngoscopy was performed only if symptoms suggestive of recurrent nerve palsy were present. In case of negative surgical exploration or when postoperative serum calcium did not return to normal values after resection of a pathologic gland, suggesting a missed double adenoma or parathyroid hyperplasia, an early reoperation was performed guided by sestamibi scintigraphy, as previously described.18 Clinical evaluation and measurement of serum calcium were performed at 3 and 6 months after operation, and yearly thereafter. Statistical analysis



Postoperative morbidity, defined as any complication arising before POD 30, was recorded. Definitive postoperative hypoparathyroidism was defined as hypocalcemia associated with undetectable serum levels of PTH (⬍5 pg/mL), persisting beyond 6 months after operation. Success was defined as resection of a pathologic gland, confirmed by final pathology, combined with stable normocalcemia at least 6 months after operation. Persistent pHPT was defined as either persistence in the early postoperative period, or recurrence during the first 6 months after surgery and after an initial normalization, of high serum calcium levels combined with inappropriate secretion of PTH. Recurrent pHPT was defined as the recurrence, after initial normalization, of high serum calcium levels and inappropriate secretion of PTH, 6 months after surgery. Results are reported as median (range), or as counts (proportion). Marginal associations between microadenoma and adenoma were assessed by Wilcoxon rank-sum tests for quantitative variables and Fisher’s exact test for qualitative variables. Univariate and multivariate analyses were performed in order to identify independent predictors of microadenoma. In the univariate analysis, variables were age, gender, bone pain, osteoporosis, renal lithiasis, asthenia, arterial hyper-
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Table 1. Preoperative Characteristics of the 62 Patients with Microadenoma and the 124 Patients with Adenoma Variable



Microadenoma (n ⴝ 62)



Adenoma (n ⴝ 124)



Female, n (%) 57 (92) 96 (77) Previous thyroidectomy, n (%) 12 (19) 14 (11) Age at operation, y, median (range) 57 (29–77) 61 (20–89) Clinical presentation, n (%)* Asymptomatic 12 (19) 22 (17) Asthenia 14 (23) 34 (28) Renal lithiasis 27 (44) 46 (37) Bone pain 16 (26) 31 (25) Osteoporosis 25 (40) 36 (29) Hypertension 17 (27) 48 (38) Calcemia, mmol/L, median (range) 2.64 (2.31–3) 2.82 (2.33–4.84) Parathyroid hormone, IU/L, median (range) 77.5 (30–189) 102 (25–2,971) *Sum is greater than 100 because multiple symptoms were present in most patients.



tension, and preoperative calcium and PTH serum levels. Multiple logistic regression was used to determine independent predictors of microadenoma. All variables achieving statistical significance at a 0.20 level in the univariate analysis were considered in the multiple analysis model. A backward variable selection procedure with p value cut-off at 0.05 was used to identify the set of independent predictors of microadenoma. The validity of the logistic regression models was checked using the le Cessie and van Houwelingen “goodness-of-fit” method.19 Odds ratios with 95% confidence intervals are given. Thereafter, we defined a positive diagnosis as microadenoma and a negative diagnosis as adenoma. We next calculated the sensitivity and the specificity of preoperative calcium and PTH serum levels for several different cut-off points of preoperative calcium and PTH serum levels, respectively. Finally, the correlation test between preoperative PTH serum level and the weight of the initial gland was performed using the Spearman rank order. Statistical analyses were performed using R software, version 2.4. A test was considered significant if p ⬍ 0.05. All p values reported are 2-sided.



RESULTS Patient characteristics



There were 57 women (92%) and the median age was 57 years (range 29 to 77 years). Twelve patients (19%) were asymptomatic at the time of diagnosis. The most frequent symptoms were renal lithiasis (43.5%) and osteoporosis (40.3%). Corresponding variables of the 124 patients with
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Table 2. Multiple Logistic Regression: Identification of Factors Predictive of Microadenoma Variable



Age Gender Hypertension Osteoporosis Renal lithiasis Calcemia, mmol/L Parathyroid hormone, UI/L



Odds ratio



0.99 3.32 0.64 1.83 1.51 0.01 0.98



95% CI



0.97 1.22 0.33 0.96 0.8 0 0.97



p Value



1.01 0.65 9.1 0.08 1.25 0.64 3.47 0.82 2.84 0.22 0.04 ⬍0.001 0.99 0.014



an adenoma are reported in Table 1. Median preoperative calcium serum levels were 2.64 mmol/L (range 2.31 to 3.00 mmol/L) in patients with microadenoma and 2.82 mmol/L (range 2.33 to 4.84 mmol/L) in patients with adenoma. Median preoperative serum PTH levels were 77.5 pg/mL (range 30 to 189 pg/mL) for microadenomas and 102 pg/mL (range 25 to 2,971 pg/mL) for adenomas. Sestamibi scintigrapy (n ⫽ 6), ultrasonography (n ⫽ 6), or both (n ⫽ 25) had been performed in 37 (60%) patients with microadenoma before referral to our center. In these patients, the sensitivities of sestamibi scintigraphy, ultrasonography, and combined scintigrapy and ultrasonograpy in detecting a microadenoma were 23%, 40%, and 41%, respectively. Multiple logistic regression analysis and predictive factors of microadenoma



Univariate analysis identified age, gender, hypertension, osteoporosis, renal lithiasis, preoperative calcemia, and PTH serum levels as factors significantly associated with the probability of finding a microadenoma at the 0.20 level. Among these possibly interdependent covariates, multivariate analysis revealed that only a low elevation of preoperative calcium (p ⬍ 0.001) and PTH (p ⫽ 0.014) serum levels were independent prognostic factors for the presence of microadenoma. Odds ratio and 95% confidence intervals for each of these variables are presented in Table 2. The sensitivity and specificity of preoperative calcium and PTH serum levels for several different cut-off points of preoperative calcium and PTH serum levels are reported in Table 3. Calcium serum levels lower than 2.6 mmol/L predicted a microadenoma with a specificity of 0.89. PTH serum levels lower than 60 pg/mL predicted a microadenoma with a specificity of 0.87. A correlation between weight of all adenomas and preoperative PTH serum level was found (correlation coefficient ⫽ 0.55 [range 0.43 to 0.64]; p ⬍ 10⫺3). Intraoperative findings



Operations were performed by specialized senior endocrine surgeons (ES, PC, NMB) in 78.6% of the patients with a
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Table 3. Sensitivity and Specificity of Preoperative Calcium and PTH Serum Levels to Detect Microadenomas for Several Different Cut-Off Points Variable



Cut–off point of preoperative calcium serum levels, mmol/L 2.50 2.60 2.70 2.80 2.85 2.90 Cut–off point of preoperative PTH serum levels, UI/L 50 60 70 80 90 100 110 120 130



Sensitivity



95% CI



Specificity



95% CI



0.18 0.42 0.63 0.79 0.90 0.95



0.08–0.27 0.30–0.54 0.51–0.75 0.69–0.89 0.83–0.98 0.90–1.00



0.97 0.89 0.74 0.57 0.47 0.42



0.94–1.00 0.83–0.94 0.66–0.82 0.48–0.66 0.38–0.56 0.34–0.51



0.13 0.31 0.42 0.54 0.69 0.77 0.85 0.92 0.96



0.04–0.23 0.18–0.43 0.29–0.56 0.40–0.67 0.57–0.82 0.65–0.88 0.75–0.94 0.85–1.00 0.91–1.00



0.94 0.87 0.81 0.69 0.60 0.55 0.47 0.42 0.37



0.90–0.98 0.81–0.93 0.74–0.88 0.61–0.78 0.51–0.68 0.46–0.63 0.38–0.56 0.33–0.51 0.29–0.46



PTH, parathyroid hormone.



microadenoma and in 49.2% of the patients with an adenoma (p ⫽ 0.0003). The operative time was significantly longer in patients with microadenoma than in patients with adenoma (62.5 minutes [range 30 to 180 minutes] vs 50 minutes (range 20 to 200 minutes); p ⫽ 0.004). A pathologic gland was found in all patients. Two microadenomas were found in 1 patient. Median weights of microadenomas and adenomas were 72 mg (range 42 to 100 mg) and 577 mg (range 113 to 17,000 mg), respectively. Figure 1 shows the macroscopic appearance of a microad-



enoma. Resection of the thyroid gland was associated to the parathyroidectomy in 13 (21%) patients with a microadenoma and in 14 patients (11 %) with an adenoma (p ⫽ 0.10). Postoperative course



Postoperative mortality was nil. One laryngeal nerve palsy (0.8%) and 3 cervical hematomas (2.4%) were observed in the adenoma group. Transient postoperative hypocalcemia was observed in 1 patient with microadenoma and in 3 patients with adenoma (p ⫽ 0.72). No definite postoperative hypoparathyroidism was observed in this series. Median calcium serum levels on postoperative day 2 were 2.23 mmol/L (range 1.93 to 2.65 mmol/L) for microadenoma and 2.24 mmol/L (range 1.84 to 2.54 mmol/L) for adenoma. Outcomes



Figure 1. Resected microadenoma (weight, 72 mg). Scale: millimeter.



The success rates of parathyroidectomy were 92% and 98% for microadenoma and adenoma, respectively (p ⫽ 0.11). Five patients (8%) with microadenoma had persistent pHPT after surgery. Two microadenomas were found in one of these patients, suggesting a multiglandular disease despite the fact that the 2 other glands seemed macroscopically normal. Because of negative postoperative sestamibi scintigraphy, none of these 5 patients underwent reoperation. In the adenoma group, 2 patients had persistent pHPT after surgery. In one of them, a second adenoma was
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found 8 months later and this patient is free of disease. The other patient was not reoperated on because of negative postoperative sestamibi scintigraphy. With a median follow-up of 4.5 years (range 0.1 to 9.5 years), no recurrence of pHPT was observed in either group.



DISCUSSION Between 1980 and 1990 several reports pointed out that pHPT may be due to the presence of small parathyroid adenomas, which “were virtually indistinguishable visually from the normal glands.”20,21 Since then, microadenomas have been defined by size 20 and weight criteria.16 Because the shape and the size of normal parathyroid glands are extremely variable, the weight of the pathologic gland is probably more reliable in defining microadenomas.16 Autopsy and clinical studies reported mean weights of normal parathyroid glands between 32 mg 22 and 46 mg, 23 with maximal weights ranging from 59 mg 22 to 73 mg.23 However, most pathologists consider glandular weight in excess of 40 to 60 mg abnormal.16,17 The upper weight limit to define a microadenoma is also highly variable in the literature, ranging from 60 mg21 to 150 mg.16 We used more restrictive criteria by setting the weight of parathyroid microadenomas between 40 and 100 mg in order to select a highly homogeneous population of patients. In this series, these patients were compared with a group of 124 patients operated on for a parathyroid adenoma during the last year of the study period. Such selection was done in order to get similar numbers of patients for comparative analysis. It is unlikely that the selection mode of the adenoma group might have induced some kind of selection bias because all included patients were operated on consecutively. In addition, a period effect is also improbable because screening protocols and surgical approach did not change during the study period. The choice of the surgical approach in patients with pHPT due to parathyroid microadenoma should take into consideration the difficulties of preoperative and intraoperative identification of the pathologic gland because of its small size. Minimally invasive parathyroidectomy has been recognized as the treatment of choice for pHPT by the International Association of Endocrine Surgeons.10 In patients in whom an adenoma is localized by concordant preoperative ultrasonography and sestamibi scintigrapy, minimally invasive parathyroidectomy results in 97% success and less than 3% conversion to bilateral cervical exploration rates.10 However, because such concordance is present in only half the patients with parathyroid adenoma,6,10,24 indications for a minimally invasive approach have been extended to patients with a single positive preoperative localizing examination, mainly sestamibi scintigraphy.6,25,26 Up to 80% of the patients with pHPT can be
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offered a minimally invasive approach by using this latest policy,24 at the price of a higher rate of conversion to bilateral cervical exploration.25,26 The accuracy of combined ultrasonography and sestamibi scintigraphy in the presence of solitary adenomas is close to 95% to 98%.5-8 Recent studies reported a strong relationship between preoperative calcium serum level, PTH serum level, volume of the gland, and sestamibi uptake.6,27-30 This suggests that the value of preoperative scintigraphy might be reduced for localization of microadenomas. Similarly, the accuracy of ultrasonography for identification of microadenomas is poor because it depends on the size of the adenoma.6 The low diagnostic accuracy of sestamibi scintigraphy (23%), ultrasonography (40%), and combined ultrasonography and scintigraphy (41%) in our study are in accordance with these data. Nevertheless, the design of our study does not allow definitive conclusions to be drawn regarding the effectiveness of imaging studies in localizing microadenomas. Macroscopic assessment of parathyroid glands by an experienced parathyroid surgeon and correct interpretation of intraoperative frozen sections are the cornerstones of successful parathyroidectomy for pHPT. During surgical exploration, the surgeon relies mainly on the gland’s shape, consistency, color, and size to distinguish between an adenoma and a normal parathyroid gland. In the absence of gland enlargement, it is particularly difficult to distinguish between a normal gland, a parathyroid microadenoma, or primary chief cell hyperplasia on the basis of a single gland by gross, microscopic, or ultrastructural features.16,31 An adenoma should be identified by comparison with at least 1 normal gland, and hyperplasia should be diagnosed by identifying abnormal histologic features in at least 3 glands. Therefore, comparative analysis of the 4 parathyroid glands during operation is essential for identification of the abnormal gland in the absence of gland enlargement. We were able to perform such a comparative analysis because all patients in this series underwent bilateral neck exploration. We also found intraoperative microscopic frozen sections examination to be highly helpful in this setting. It confirms that the removed specimen is parathyroid tissue; it gives arguments for the diagnosis of adenoma (higher cellular density, lower content in stromal fat cell, absence or finely dispersed intracytoplasmic fat droplets16,17); and it rules out a multiglandular form of the disease by comparative analysis with the biopsy of a normal gland. An indirect marker of the difficulties encountered to intraoperatively identify a parathyroid microadenoma in this study was the prolonged operative time in the microadenoma group. As reported, operative time was significantly longer in patients with microadenomas compared with patients with adenomas, in



Vol. 210, No. 4, April 2010



spite of operations being performed more frequently by senior surgeons in the former group. This finding could be explained by the difficulties in differentiating between a microadenoma and a normal gland, leading to an increased number of frozen sections per patient in case of microadenoma-related pHPT (data not shown). The main finding of this study was the strong correlation between preoperative serum calcium and PTH values and the probability of finding a microadenoma. Preoperative serum levels of calcium lower than 2.6 mmol/L predicted the presence of a parathyroid microadenoma with a specificity of 89% and preoperative serum levels of PTH lower than 60 pg/mL, with a specificity of 87%. Interestingly, there were no clinically distinctive features between patients with microadenoma and adenoma in this series and notably, rates of asymptomatic patients were similar. This absence of distinctive presentation has been previously suggested.21 Another important finding was the fact that by performing a bilateral neck exploration, the rates of cure were similar for patients with microadenomas and those with adenomas. This proves that at the price of a longer operation, a microadenoma is seldom missed by an experienced parathyroid surgeon, providing that comparative assessment of all parathyroid glands and intraoperative microscopic frozen sections are available. To our knowledge, this is the largest surgical series of parathyroid microadenomas in the English literature, and it allowed the identification of 2 preoperative biologic factors (calcium and PTH serum levels) as being predictive of the presence of parathyroid microadenoma. We also demonstrated that intraoperative identification of parathyroid microadenomas is a difficult challenge, even for trained endocrine surgeons performing a bilateral neck exploration. Therefore, in patients with pHPT and mild elevations of preoperative calcium and/or PTH serum levels, and in the absence of preoperative adenoma localization by concordant ultrasonography and sestamibi scintigraphy, we recommend that a bilateral neck exploration should be performed rather than a minimally invasive procedure. This study has several limitations. First, it is a retrospective study comprising a relatively small number of patients treated during a 10-year period. This fact demonstrates that parathyroid microadenoma-related pHPT is a rare entity; it may also predict the difficulties of performing a randomized controlled study on this topic. Second, preoperative imaging studies were not performed systematically in this series, and this represents a clear limitation to drawing conclusions about their effectiveness in localizing microadenomas. Third, bilateral neck exploration was performed systematically in all patients, so the real impact of the difficulties
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to be encountered during minimally invasive surgery for microadenoma could not be assessed. In conclusion, there are no clinical criteria differentiating patients with parathyroid microadenoma and adenoma. Mild elevations of calcium and/or PTH serum levels should warn about the risk of microadenoma. In this situation and in the absence of precise adenoma localization by concordant preoperative ultrasonography and sestamibi scintigraphy, a bilateral neck exploration rather than a minimally invasive parathyroidectomy should be undertaken. Author Contributions Study conception and design: Goasguen, Chirica, Cattan, Munoz-Bongrand, de Roquancourt, Zohar, Sarfati Acquisition of data: Goasguen, Roger, Noullet, MunozBongrand, Chirica Analysis and interpretation of data: Goasguen, Chirica, Roger, Noullet, Zohar, Cattan, Sarfati, Munoz-Bongrand Drafting of manuscript: Goasguen, Chirica, Cattan, de Roquancourt, Zohar, Noullet, Roger Critical revision: Sarfati, Munoz-Bongrand, de Roquancourt, Cattan
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