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I. Introduction

Primary hyperparathyroidism (PHTP) is the most common cause of hypercalcaemia 

in the outpatient setting. Over the past few decades, the clinical profile of PHPT has 

drastically changed from “bones, stones, groans and psychic moans" to an almost 

asymptomatic disease. Progress in pre-operative localisation studies, surgical 

techniques and intra-operative PTH (IOPTH) monitoring has increased cure rates 

following initial surgery for PHPT to 93-100% (1-3). Despite the progress in initial 

surgery for PHPT, management of persistent and recurrent primary 

hyperparathyroidism remains a challenge.

In this thesis we report the incidence of persistent PHPT after initial surgery for 

primary hyperparathyroidism in our hospital over a period of 24 year. We describe 

the demographic, clinical, biochemical, surgical and pathological characteristics of 

patients with persistent PHPT after initial parathyroidectomy for sporadic PHPT.  In 

addition, we evaluate the value of pre-operative localisation studies prior to revision 

surgery and the skeletal and post-operative complications of chronic high 

circulating levels of PTH. Furthermore we discuss the management of recurrent 

hyperparathyroidism in parathyroid carcinoma, and the effect of molecular 

alterations in the HRPT2 and CASR gene on prognosis in these patients. 
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II. Cure after parathyroidectomy for primary hyperparathyroidism

In primary hyperparathyroidism, surgical removal of all pathological parathyroid 

tissue is the only approach that provides a definitive and durable cure. Patients who 

are cured after surgery show a significant postoperative increase in bone mass (4-6),

no recurrence of renal stones (4,7) and improvement in various parameters of 

quality of life compared to patients who had no surgery or unsuccessful surgery (8-

12). Cure rate has been reported to be in the range of 94-100% for bilateral neck, as 

well as less invasive surgery, more than 6 months after parathyroidectomy (PTx) 

(13-22). Based on these findings, it has become common practice to limit the post-

operative follow-up to 6 months. However, in a 5 year follow-up of 91 patients who 

were successfully operated for PHPT, Westerdahl et al. reported a rather high 

recurrence rate of 4%, which was largely due to previously undiagnosed germline 

mutations in the MEN-1 gene and consequent multiple gland pathology (23). In

Chapter 2 we set out to evaluate cure rate and its maintenance in the long-term after 

initial parathyroidectomy in patients with sporadic PHPT who underwent surgery in 

our hospital in the period between 1984 and 2008. We evaluated the cure at short-

term (3 and 6 months) and long-term follow-up (range 1-24 years) in 73 patients 

with sporadic PHPT. In the process, we also assessed the value of various factors in 

the prediction of cure in patients with sporadic PHPT.

At the time of first follow-up (within 3 months of surgery), 70 of the 73 patients 

(96%) had evidence for biochemical cure of hyperparathyroidism (HPTH). At the 

time of the second post-operative follow-up (6 months after PTx) and the long-term 

follow-up (range 1-24 years), 68 of the 73 patients (93%) had evidence for 

biochemical cure. There were no significant differences in gender, age at 

presentation, clinical presentation, biochemical and pathological findings between 

patients who achieved and maintained cure and patients with persistence of HPTH 

after initial PTx. It was of note, that all 5 patients with persistent HPTH had 

undergone surgery before 2001 and that with the implementation of pre-operative 

localisation studies and intra-operative PTH (IOPTH) monitoring in the standard 

care of patients with PHPT, cure rate has increased to 100% since 2001.
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Our study provides evidence that ‘recurrent’ hyperparathyroidism does not 

occur in sporadic PHPT when cure is established 6 months after parathyroidectomy.

This strongly suggests that long-term follow-up of these patients is not necessary. In 

contrast, close follow-up is advocated within the first 6 months after PTx to 

definitively establish cure and to enable the identification of those with residual 

gland pathology and thus persistent hyperparathyroidism.

III. Localisation studies in persistent primary hyperparathyroidism

In Chapter 2 we demonstrated that the use of pre-operative localisation studies

increased the cure rate in patients with sporadic PHPT who underwent initial PTx.

Before initial bilateral neck surgery preoperative localisation studies are not deemed 

necessary, because experienced surgeons have, on average, a 98% chance of 

excising all pathological tissue (22,24). However, localisation studies become 

mandatory when the surgeon opts for a more focused unilateral or minimally 

invasive approach and before reoperative parathyroidectomy for persistent 

hyperparathyroidism, as a second (or more) neck exploration is technically more 

challenging than initial surgery and may be associated with as much as a threefold 

increase in morbidity (22,25-27). Limited data suggest that the localizing value of 

Tc99m-MIBI-SPECT is much lower for the preoperative localisation of residual 

active parathyroid glands before reoperative parathyroidectomy (28-30).

In Chapter 3 we evaluated the predictive value of Tc99m-MIBI-SPECT in patients 

with persistent PHPT prior to revision surgery and compared this to the predictive 

value of this localisation study in patients with sporadic PHPT prior to initial 

surgery.

Tc99m-MIBI-SPECT was able to detect and accurately localize 61% of the 

pathological glands removed at initial surgery in patients with sporadic PHPT and 

33% of the pathological glands removed at reoperative parathyroidectomy in 

patients with persistent PHPT. Compared to patients with sporadic PHPT cured 

after initial surgery, patients with persistent PHPT had a higher proportion of 



236  /  Chapter 11

hyperplastic glands (55% vs. 26%), more ectopically located glands (44% vs. 22%), 

and smaller pathological gland size (1.21 cm vs. 2.03 cm). We demonstrate that the 

ability of Tc99m-MIBI-SPECT to detect and accurately localize pathological 

parathyroid glands was decreased in the case of hyperplasia and a gland diameter 

<1.5 cm, explaining the decreased diagnostic value of Tc99m-MIBI-SPECT 

observed in patients with persistent PHPT. 

The combined effect of disturbance in the local vascular supply by previous 

surgery, as well as differences in gland pathology and size ultimately affecting 

radiopharmaceutical uptake, are likely to lead to the limited ability of the widely 

used Tc99m-MIBI-SPECT to detect and accurately localize pathological 

parathyroid glands in patients with persistent hyperparathyroidism before 

reoperative parathyroidectomy.

Because of the limited diagnostic value of Tc99m-MIBI-SPECT prior to revision 

surgery for persistent PHPT, we assessed in Chapter 4 whether selective venous 

sampling (SVS) of parathyroid hormone (PTH) could contribute to a more accurate 

preoperative localisation of residual hyperactive parathyroid tissue in patients with 

persistent hyperparathyroidism. The diagnostic value of SVS is based on the 

assumption that regional drainage of each one of the four parathyroid glands is into 

the adjacent superior, middle and inferior thyroid veins, respectively (31). Despite 

potential anatomical variations, SVS is successful in predicting the side of a 

pathological parathyroid gland in 39-93% of patients with PHPT (31-41) and, more 

importantly, in 66-75% of patients with negative noninvasive studies (36,37,42).

However, the major limitation of SVS is that it pinpoints the area of venous 

drainage of a hyperactive gland rather than its exact anatomical location. 

We evaluated the results of Tc99m-MIBI-SPECT and SVS performed prior to 20 

revision surgeries in 18 patients with persistent or recurrent PHPT or with 

autonomous tertiary hyperparathyroidism (THPT) due to end-stage renal failure. 

Tc99m-MIBI-SPECT was found to have a sensitivity of 30% compared to a 

sensitivity of 75% with SVS. SVS was found to accurately localize 10 of the 14 

pathological glands (71%) which had been inaccurately localized or completely 
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missed by Tc99m-MIBI-SPECT, while Tc99m-MIBI-SPECT was only able to 

localise 1 of the 6 pathological glands (17%) inaccurately localised by SVS. 

Localising sensitivity was 100% when concordance was achieved between SVS and 

Tc99m-MIBI-SPECT. In keeping with Tc99m-MIBI-SPECT, the diagnostic value 

of SVS was also decreased, although to a lesser extent, in the case of hyperplastic 

parathyroid glands and glands with a diameter of less than 1.5 cm. In contrast to 

Tc99m-MIBI-SPECT, SVS had a sensitivity of 83% for ectopic parathyroid glands, 

which are a frequent cause of persistent PHPT. This study also demonstrates that the 

ability of selective venous sampling for PTH to accurately localize residual 

hyperactive parathyroid glands in patients with persistent PHPT is significantly 

higher than that of the non-invasive Tc99m-MIBI-SPECT imaging technique. 

These data hold implications for the management of patients with persistent 

PHPT. From a practical point of view, and in keeping with recent guidelines of the 

European Association of Nuclear Medicine (43), our data suggest that it is always 

worth to perform a Tc99m-MIBI-SPECT scan as a first preoperative localisation 

study in patients with persistent hyperparathyroidism, followed by the invasive, but 

more reliable, selective venous sampling for PTH technique. Concordance of both 

techniques leads to a reassuring sensitivity of 100%. Our data clearly suggest that 

SVS for PTH should be reinstated as a valuable tool in the armamentarium of 

localisation studies in the pre-operative work-up of patients with persistent 

hyperparathyroidism. 

 

IV. Complications of the surgical management of primary 

hyperparathyroidism  

 

High circulating levels of PTH are associated with increased bone turnover in 

favour of bone resorption leading to mineral depletion and decreased bone mass 

(44). This effect is achieved by the binding of PTH to its specific receptor (PTHR1) 

on stromal/osteoblastic cells of the bone marrow, which stimulates the production 

of RANK ligand and decreases that of its decoy receptor osteoprotegerin (OPG) 

(45-59). Following successful surgery, the rapid decrease in serum PTH levels and 
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the pre-operative high bone turnover state, lead to a transient hypocalcaemia, due to 

increased influx of calcium, phosphate and magnesium into bone. Post-operative,

severe and persistent hypocalcaemia is usually due to a "hungry bone syndrome", a 

syndrome seldom seen in patients with sporadic PHPT. The syndrome is 

predominantly observed in patients with severe hyperparathyroidism-associated 

increase in bone turnover, particularly in patients with parathyroid carcinoma. In 

Chapter 5, we performed a systemic review of the literature on hungry bone 

syndrome, summarizing its main features and suggestions for its prevention and 

management. 

Although exact numbers are missing, the number of patients who develop 

hungry bone syndrome is presumed to have largely decreased due to a considerable

decrease in the number of patients with clinically evident bone disease, such as 

osteitis fibrosa cystica, due to the earlier detection of mostly asymptomatic PHPT 

by routine calcium screening (60,61). An older age at diagnosis, radiological 

evidence of PHPT-related bone disease, and greater weight/volume of the resected 

parathyroid glands have been reported to be risk factors associated with the 

development of a post-operative hungry bone syndrome. There are scarce data on 

the best means to treat, minimize or prevent this severe complication of 

parathyroidectomy. Treatment of the hungry bone syndrome is aimed in the short 

term primarily at replenishing the circulating calcium deficit caused by the 

increased calcium utilisation to refill the multiple resorption cavities. In the longer 

term, treatment is aimed at restoring calcium homeostasis by substituting the 

temporarily missing stimulatory effect of PTH on the 1α-hydroxylase enzyme by 

providing the active form of vitamin D to ensure adequate intestinal absorption of 

calcium (61-66). Pre-operative normalisation of bone turnover with the use of

bisphosphonates and pre-operative 1,25(OH)2D supplementation are useful options

to prevent the hungry bone syndrome, but there are no available prospective data to 

confirm this premise (60,67-72).
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V. Aspects of osteocyte function in primary hyperparathyroidism

The PTH/PTHrP receptor (PTHR1) is also present on osteocytes (73). Recent in 

vitro and animal studies suggest that binding of PTH to the PTHR1 on osteocytes 

leads to inhibition of the expression of the SOST gene (74-77). This gene encodes 

sclerostin, a protein exclusively expressed in osteocytes in the skeleton (78), which 

decreases bone formation by binding to LRP5/6, resulting in inhibition of the Wnt 

signaling pathway in osteoblasts (79,80). To evaluate whether chronic PTH excess 

has similar effects on sclerostin secretion in humans as in animal models, we tested 

the hypothesis that chronic hypersecretion of PTH, as seen in PHPT, may decrease 

sclerostin secretion, and that PTH may thus represent a potential regulator of 

sclerostin production in humans in Chapter 6.

To this effect, we measured sclerostin in serum of 34 patients with untreated,

persistent, or recurrent PHPT and in 54 patients cured after successful 

parathyroidectomy for PHPT (EuPTH). Mean serum sclerostin level of patients 

with PHPT (30.5 pg/ml, 95% CI: 26.0-35.1) was significantly lower than that of 

patients with EuPTH (45.4 pg/ml, 95% CI: 40.5-50.2; P<0.001). There was a 

negative correlation between serum sclerostin and PTH concentrations when all 

patients were pooled together (r= −0.44, P<0.001).

Data from our study demonstrate that in humans, chronic PTH excess, as 

observed in patients with PHPT, is associated with a significant decrease in 

circulating sclerostin levels and that there is a significant negative correlation 

between PTH and serum sclerostin levels. Taken together, these results suggest that, 

similar to the case in animal models (74-77), PTH has a regulatory role on 

sclerostin production also in humans. The functional significance of circulating 

sclerostin is as yet to be established.

Recent in vitro studies have also shown that binding of PTH to the PTHR1 on 

osteocytes upregulates Fibroblast Growth Factor 23 (FGF23) mRNA expression 

(81,82). FGF23 is believed to be the major player in the bone-kidney axis 

controlling phosphate homeostasis. FGF23 acts as a phosphaturic factor by the 
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same mechanism of action as PTH, by down regulating the cotransporters NaPi2a 

and NaPi2c in the proximal tubules of the kidney after binding to its receptor, 

FGFR-1, in the presence of Klotho (83,84). FGF23 also decreases 1,25(OH)2D

synthesis in the proximal tubules by direct inhibition of the 1α-hydroxylase enzyme 

(83-85). In patients with PHPT, data on the relationship between PTH and FGF23 

are scarce and not always concordant. Compared to healthy controls, circulating 

FGF23 levels have been found to be elevated in patients with PHPT before 

parathyroidectomy (86,87) and to decrease immediately post-operatively (87),

supporting the notion that PTH stimulates FGF23 secretion. The aim of the study 

described in Chapter 7 was to address the relationship between PTH and FGF23 in 

patients with PHPT and in patients cured after successful parathyroidectomy for 

PHPT. 

We measured serum intact FGF23 in 22 patients with untreated, persistent, or 

recurrent PHPT and in 24 patients cured after successful parathyroidectomy for 

PHPT (EuPTH). Mean serum FGF23 concentration was significantly higher in

patients with PHPT than in EuPTH patients (50.4 ± 27.2 pg/ml vs. 33.1 ± 12.5 

pg/ml, P=0.01). There was a positive correlation between PTH and FGF23 levels 

(r=0.362, P=0.01), and this relationship was sustained and more pronounced after 

correction for 1,25(OH)2D levels (r=0.422, P=0.01). In patients with PHPT, there 

was a significant negative correlation between FGF23 and 1,25(OH)2D (r= −0.780, 

P<0.01). This relationship remained significant albeit less marked in EuPTH 

patients (r= −0.519, P=0.02).

In conclusion, we demonstrate that FGF23 production is increased in the 

presence of high circulating PTH levels and that this increase is reversible after the 

euparathyroid state is achieved following successful PTx. We further demonstrate a 

significant negative relationship between FGF23 and 1,25(OH)2D levels, which is 

more pronounced in patients with PHPT. Based on the more pronounced negative 

relationship between FGF23 and 1,25(OH)2D in PHPT patients, we propose that the 

PTH-induced increase in FGF23 levels may be an adaptive mechanism to maintain 

serum phosphate levels within normal limits by counteracting the potentially 

deleterious 1,25(OH)2D-induced phosphate retention. 
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The findings that PTH inhibits sclerostin production and stimulates FGF23 

production demonstrate that the actions of PTH on bone are more complex than 

previously suggested, involving a variety of signaling pathways within bone itself,

but also in the parathyroid-bone-kidney axis. Despite the significant progress in our 

understanding of the actions of PTH on bone, it should be appreciated that the 

cellular and molecular actions of PTH have only been partially unraveled and 

studies are needed to further elucidate these actions.

VI. Clinical and molecular aspects of parathyroid carcinoma

Surgical and medical advances have secured longer survival in patients with 

parathyroid carcinoma. To illustrate this point, we report in Chapter 8 the case of a 

patient with metastatic parathyroid carcinoma with a follow up spanning 17 years. 

We also review all original case reports and case series on patients with parathyroid 

carcinoma, who fulfill the WHO criteria for this malignancy who had been 

followed-up for at least 6 months after initial parathyroidectomy, which were 

published in the English literature since the last large review on this topic in 2001 

(88).

Data from our case are in keeping with those obtained from our review of the 

literature on this topic, showing that radical initial surgery is of paramount 

importance to prevent local seeding of tumor tissue, thereby not only increasing 

disease-free survival and survival, but also decreasing the chance of having to 

undergo re-operative surgery. Invasive growth of tumor tissue in adjacent 

structures, such as the recurrent laryngeal nerve or esophagus, increases the 

morbidity associated with re-operative surgery in patients with parathyroid 

carcinoma. The increasing morbidity associated with repeated surgical interventions 

has led to the search for other treatment options for this malignancy, such as 

radiotherapy, chemotherapy, radiofrequency (RF) ablation, embolization, use of the 

calcimimetic Cinacalcet and that of PTH immunisation. Parathyroid tumors are 

relatively resistant to chemotherapy and radiotherapy (88-93) and the use of both 

therapies has significantly decreased over the last 10 years. Successful embolization 
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has only been described in combination with RF ablation (94) and was unsuccessful 

in our patient, while RF ablation has been shown to be successful in 3 cases (95-97)

as well as in our patient. The eventual inability to control hypercalcaemia is 

associated with increased bone turnover with an increased risk of fractures and with 

fatal renal and cardiovascular complications (89,90,98,99). When attempts at 

reducing tumor load are not successful, intensive rehydration, use of medications 

such as bisphosphonates and calcimimetics and use of dialysis are used with 

variable results. A potential non-invasive option is PTH immunisation, although 

experience with this approach is still limited (100-102).

In conclusion, the long-term management of patients with metastatic parathyroid 

carcinoma remains indeed a daunting task, despite all recent imaging, surgical and 

medical advances.

Several genes have been discovered to play a role in the etiology of PHPT among 

which are the MEN-1, HRPT2/CDC73 and CASR genes. Mutations in the 

HRPT2/CDC73 gene, which encodes for the protein parafibromin (103), are 

associated with the hyperparathyroidism-jaw tumor syndrome (HPT-JT; OMIM 

607393). Patients with a HPT-JT syndrome have a 15-24% chance of developing 

parathyroid carcinoma (88,104-106). In patients with the HPT-JT syndrome, as well 

as patients with sporadic carcinoma, downregulation of the calcium sensing 

receptor (CASR) was also discovered (107). Moreover, downregulation of CASR 

expression, mutations in the HRPT2/CDC73 gene and loss of its protein, 

parafibromin, have been shown to be valuable markers to assist in establishing a 

diagnosis of parathyroid carcinoma. There are, however, no available data on the 

prognostic value of these markers in parathyroid carcinoma. In Chapter 9 we 

evaluated the prognostic value of downregulation of CASR expression, loss of 

parafibromin staining and the presence of mutations in the HRPT2/CDC73 gene in 

patients with a WHO criteria based diagnosis of parathyroid carcinoma.

We determined the disease-free survival and overall survival in 23 patients who 

had initial surgery for parathyroid carcinoma in various hospitals in the Netherlands 

in the period 1985-2000. Resected primary parathyroid carcinomas of all 23 patients 
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had previously undergone HRPT2/CDC73 and MEN-1 gene mutations analysis 

(108) and parafibromin and CASR staining analysis (104,109).

The 5-year disease-free survival and the 5-year overall survival were lower in 

patients with downregulation of CASR expression compared to patients with 

normal CASR expression (81% vs. 0% and 94% vs. 29%, respectively). Both the 5-

year disease-free survival (73% vs. zero) and the 5-year overall survival (79% vs. 

50%) were lower in patients with a HRPT2/CDC73 mutation compared to patients 

without this mutation. Both the 5-year disease-free survival (89% vs. 41%) and the 

5-year overall survival (100% vs. 57%) were lower in patients with global 

parafibromin loss compared to patients with focal parafibromin loss. The risk of 

developing a local or distant metastasis was 16-fold increased in the case of 

downregulation of CASR expression, 7-fold increased in the case of 

HRPT2/CDC73 mutations and also 7-fold increased in the case of global 

parafibromin loss. The 5-year disease-free survival and the 5-year overall survival 

were lower in patients with somatic MEN-1 mutations compared to patients without 

this mutation (respectively 64% vs. 33% and 80% vs. 33%), but somatic MEN-1

mutations were not associated with a significant increased risk of developing a local 

recurrence and/or distant metastasis.

Findings from this study hold several clinical implications. Firstly,

downregulation of CASR, HRPT2/CDC73 mutations and global loss of 

parafibromin are strong negative determinants of the malignant potential of 

parathyroid carcinomas. Secondly, the finding of somatic MEN-1 mutations in 

patients with parathyroid carcinoma, suggests that these mutations could play a role 

in parathyroid carcinogenesis, although they do not influence the prognosis of 

parathyroid carcinoma. Thirdly, evaluation of CASR expression may also serve to 

determine whether calcimimetics may play a role in the therapeutic management of 

patients with parathyroid carcinoma.

On the basis of the findings described in Chapter 9, we advocate the use of the 

assessment of downregulation of CASR, HRPT2/CDC73 mutations and global loss 

of parafibromin not only as diagnostic tools but also as prognostic tools in the 

management of patients with parathyroid carcinoma.
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VII. Management of patients with persistent primary hyperparathyroidism

The management of patients with persistent sporadic PHPT represents a significant 

clinical challenge, which requires a multidisciplinary approach. In Chapter 10 we 

report in a case serie, the demographic, clinical, biochemical, surgical and 

pathological characteristics of patients with persistent PHPT after initial 

parathyroidectomy for sporadic PHPT.

Our data suggest that the most common causes of persistent 

hyperparathyroidism are a missed ectopic gland at initial surgery (33%) and missed 

multiglandular disease (15%). We documented parathyromatosis in 9% of patients. 

Pre-operative localisation studies had poor sensitivity: ultrasound 18%, Tc99m-

MIBI-SPECT 25%, CT 30%, MRI 20%. In contrast, selective venous sampling for 

PTH had a sensitivity of 50% and a specificity of 89%. The decrease in 

intraoperative PTH was significantly less marked in patients in whom 

hyperparathyroidism persisted compared to those who achieved cure (63 ± 26 vs. 89 

± 11%, P=0.003). The risk of complications increased with each subsequent 

surgery: 20% after first, 50% after 2nd and 67% after 3rd surgery.

Our findings from this case series indicate that the management of patients with 

persistent PHPT is complex and challenging. When initial surgery fails to achieve 

cure, each reoperation jeopardizes the ability of localisation studies to accurately 

localise residual hyperactive parathyroid glands and increases the risk of 

complications in its own right because of distortion and scarring of surgical planes 

as a result of previous interventions. In these patients, re-operation should be 

carefully planned and attempts at surgery strongly discouraged if a clear localisation

of hyperactive tissue is not secured pre-operatively. 

VIII. Summary

- In patients with sporadic PHPT, the rate of persistence after initial PTx is 

7% and that of recurrence none. 
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- In the case of persistent PHPT, the sensitivity of the widely used, non-

invasive Tc99m-MIBI-SPECT imaging technique is decreased and is 

significantly lower than that of the invasive technique of selective venous 

sampling for PTH.  

- Chronic excess of PTH has a catabolic effect on bone, leading to mineral 

depletion of bone. Patients with pre-operative radiological signs of severe 

PTH-associated bone disease are at risk of developing hungry bone 

syndrome after surgery, which may be prevented by pre-operative treatment 

with bisphosphonates and 1,25(OH)2D.  

- PTH inhibits sclerostin production and stimulates FGF23 production, 

presumably to counterbalance its own actions on bone and on 1,25(OH)2D, 

resulting in novel feedback loops.  

- In contrast to sporadic PHPT, recurrent PHPT does occur in patients with 

parathyroid carcinoma. In these patients, downregulation of CASR, 

HRPT2/CDC73 mutations and global loss of parafibromin are strong 

negative determinants of the disease-free survival and overall survival.  

- Recent progresses in surgical and medical treatment of patients with 

parathyroid carcinoma have made it possible to secure longer survival, even 

in patients with tumors demonstrating 2 of the 3 identified molecular 

negative prognostic factors. 
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