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Objectives 
 Embryology, anatomy, and function of the parathyroid gland 

 Location of parathyroid including ectopic locations 

 Physiology of parathyroid gland 

 Etiology, differential diagnosis, and management of hypocalcemia 

 Etiology, differential diagnosis, and management of hypercalcemia 

 Diagnosis, etiology, and pathology of hyperparathyroidism 

 Diagnostic tests of parathyroid function 

 Diagnosis and management of parathyroid carcinoma 

 Etiology, diagnostic imaging, pathology, and management of hyperparathyroidism 

 Surgical management of hyperthyroidism 

 Diagnosis, investigation, and management of persistent and recurrent 

hyperparathyroidism 

 Pathogenesis and clinical features of MEN syndrome 



Anatomy 

• Usually 4 glands 

• Superior glands typically on posteromedial 

aspect of thyroid near tracheoesophageal 

groove 

• Inferior glands more widely distributed 

• Normal wt 35-40 mg 

 



• Superior glands usually 

found in the middle third of 

the thyroid 

• Inferior glands in the lower  

third 

• All four glands supplied by 

inferior thyroid artery, 

superior glands may 

receive some contribution 

from the superior thyroid 

arteries 

• Usually a single end-artery 

supplies each gland 

 

 





Embryology 

• Develop from 

pharyngeal pouches 

• 3rd pouch forms 

inferior glands and 

thymus 

• 4th pouch forms 

superior glands 

 



Normal locations of PTGs 

 



• Of the following, the most common location for 

an ectopic parathyroid gland is: 

1. Carotid Sheath 

2. Intra-thyroidal 

3. Thymus 

4. Posterior mediastinum 



Ectopic parathyroid glands 

Shen W, Duren M, Shen W et al (1996) Reoperation for persistent 

or recurrent primary hyperparathyroidism. Arch Surg 
131:861–867; discussion 867–869 

• 2.5-22% of individuals have 
supernumerary glands 





Physiology 

 



• PTGs sense 1-2% 

changes in Ca level  

• Calcium sensing 

receptor (CaSR) 

receptor 



• If Ca is not normalized 

– Sustained elevation in PTH results in increased 
renal synthesis of the active metabolite of Vit D 
resulting in increased intestinal Ca absorption, 
renal absorption and bone Ca release 

– Decreased intracellular degradation of PTH, 
increased levels of PTH mRNA, and increased 
parathyroid cell proliferation up to 10-100x 
normal mass (secondary hyperparathyroidism) 







Pathophysiology 
 

 

 

 

 



Hypoparathyroidism 

• Hypocalcemia and 

hyperphosphatemia 

• Most common cause 

is iatrogenic 



Hypocalcemia 

• Symptoms 

• Neuromusclar irritability 
– Peri-oral numbness, paresthesias, cramps, tetany, 

laryngospasm, Chvostek, Trousseau 

• Fatigue/lethargy 

• Irritability 

• Prolonged QT 

 

 



Hypocalcemia 

• Management 

• Calcium administration 
– Oral or IV preparations 

 

• Replace Mg 

 

• Vitamin D 

 

• Thiazide diuretics 
– ↓urinary secretion 

 



Hypercalcemia 
↑Ca 

PTH low 

Malignancy work-
up 

Endocrinopathy 
work-up 

PTH normal or 
high 

Check 24 urinary 
Ca 

Low  

FHH 

Normal or high 

Primary or tertiary 
HPTH 

H+P 

Remove causative 
medications 

Measure PTH 



Hypercalcemia 

• Classic symptoms 

• Painful bones, kidney stones, abdominal groans, 
psychic moans, fatigue overtones 

 

• Most patients diagnosed biochemically prior to 

symptom appearance 

• Less than 20% of primary HPT patients have renal 
symptoms and less than 5% have evidence of osteitis 
fibrosis cystica 

 



Hypercalcemia 

• Hypercalcemic crisis 

– Marked elevated of serum Ca with acute 
signs/symptoms 

– Management 

• Aggressive rehydration 

• Subcutaneous injection of calcitonin or 
bispohsphonates 

• Glucocorticoids 

• Dialysis 

 



Primary hyperthyroidism 

• Causes: 

 



Primary hyperparathyroidism 
• The most common form of 

hyperparathyroidism 

• Third most common endocrine disorder 

• The most frequent explanation for 

hypercalcemia in the outpatient setting 

• Incidence = 25 per 100,000 with peak in 5th 

and 6th decades of life 

• Female to male ratio of 3:1 



Work-up 

• H&P 

» Symptoms of hypercalcemia 

» Evidence of other conditions associated with ↑Ca 

» Associated endocrine disorders 

» Explore family history 

 
• Laboratory testing 

» Serum Ca corrected for albumin, or ionized Ca 

» Serum PTH 

» Serum PO4, lytes, BUN, Cr, 24-hr urine 

» Exclude familial hypocalciuric hypercalcemia (renal Ca:Cr clearance 
<0.01) 

 



Indications for surgery 

• Symptomatic patients 

– Severe bone disease 

– Nephrolithiasis 

– Pancreatitis 

– Peptic ulcer disease 



Indications for surgery 



• In patients with hyperparathyroidism, 

decreased bone mineral density can be 

diagnosed in which of the following regions? 

1. Skull 

2. Forearm 

3. Cervical spine 

4. Knee 

5. Ankle 



Indications for surgery 

• Patients who do not fulfill criteria may still 

benefit from parathyroidectomy 

– Improvements in mood, anxiety, cognitive 
impairments, and working memory 

– Decreased risk of bone fracture and improved 
BMD 

– Long-term cost-effectiveness versus observation, 
especially for younger patients 

 



Pre-operative imaging 

• Not appropriate for diagnosis of HPTH 

• Pre-operative localisation is essential in order 

to avoid full neck exploration 

• Sestimibi is best modality, especially when 3D 
images are obtained with SPECT (↑96% 
sensitivity compared with 80% for planar imaging) 

 



Pre-operative imaging 

• 99m Tc MIBI imaging 

– Uptake is observed in mitochondria rich tissues 

– Parathyroid is rich in mitochrondria, but so is 
other metabolically active tissue 

 

1.To localize hyperfunctioning parathyroid glands prior to 
the first operation 

2.To localize abnormal glands in recurrent or persistent 
HPTH  

 



Pre-operative imaging 



Pre-operative imaging 



Ultrasonography 

• Provides more detailed anatomic information 

compared to nuclear medicine imaging 

• Assess for thyroid disease 

• Less sensitive than nuclear imaging 

• Normal parathyroid glands are too small to be 

seen, and ectopic glands are rarely visualised 



Invasive localization 



Pre-operative imaging 

• Invasive localization 

– Selective venous sampling 

– Selective arteriography 



Selective venous sampling 



• The most common cause of hypercalcemia in 

patients with negative or discordant 

localization studies is which of the following? 

1. Four gland hyperplasia 

2. Multiple parathyroid adenomas 

3. Parathyroid carcinoma 

4. Single adenoma 

5. No identifiable parathyroid abnormality 



Operative approaches 

 



Operative considerations 

• Semi-fowler position with neck extended 

• Bolster beneath the shoulders 

• Symmetric incision, preferentially in skin crease 3-4cm cranially 

to suprasternal notch 

• Incision not to extend beyond SCM muscles 

• Develop subplatysmal flaps 

• Vertical incision divides strap muscles 



Operative considerations 

• Strap muscles separated from underlying thyroid and thymus 

• Complete exposure of the lateral aspects of the thyroid. Middle 

thyroid vein may be ligated for mobilization 

• Fascial sheaths covering the thyroid should be removed to 

expose subcapsular parathyroid glands 

• Dissection should be kept close to the thyroid to protect the RLN 

• Operative field should be kept bloodless to prevent discoloration 

of the parathyroid glands 

 



Gland identification 
• Parathyroids have a light brown color, compared to 

the yellow hue of surrounding fat 

• They are mobile in relation to the thyroid gland 

• Less firm than lymph nodes 

 

• Frozen section out of favor 

• Unreliable for hyperplasia vs adenoma 

• Can differentiate PT vs non-PT tissue, but increases incidence 
of transient post-operative hypocalcemia  



Resection of PT tissue 
• Vascular stalk of tumor should be 

ligated 

• Capsule of gland should not be 

opened to prevent seeding of 

tissue 

• Subtotal parathyroidectomy for 

multigland disease vs total 

parathyroidectomy with 

autotransplantation 



Missing glands 

1. Identify whether superior or inferior gland is missing 

2. If superior gland is missing, explore retroesophageal 

space and above the thyroid cartilage 

3. If inferior gland is missing, expose the thymus, open 

the carotid sheath, incise the inferior and posterior 

thyroid capsule, consider thyroid lobectomy 

4. If 4 glands have been found, a supranumerary thymic 

gland must be considered and bilateral thymectomy is 

indicated 



Bilateral neck exploration 
• Conventional strategy 

• Identifies all normal and abnormal parathyroid 

glands 

• Distinguishes single-gland from multi-gland 

disease 

• Preferred in multiple endocrine neoplasia and 

lithium-associated HPTH 

• > 95% cure rate 

 



Minimally Invasive 

Parathyroidectomy 
• Local or regional block 

anesthesia may be used vs. 

general anesthesia 

• Abbreviated incision (2-3cm) is 

made followed by creation of 

limited flaps 

• Success is guided by 

intraoperative PTH assays 

 



Intraoperative localization 

• Radio guided parathyroidectomy 

• IV 99mTc injected 2-4 hours pre-operatively 

• Gamma counter used to identify adenoma 

which usually emits radioactivity 20-50% 

higher than the post excision background 



Minimally Invasive 

Parathyroidectomy 
• Cure and complication rates similar to bilateral 

neck exploration 

• 50% reduction in operating time 

• Reduction in length of hospital stay 

• Risk of permanent hypoparathyroidism is 

absent if a single gland is explored and 

removed 



Minimally Invasive 

Parathyroidectomy 
 



• The intraoperative maneuver that is most 

associated with cure of hyperparathyroidism is 

which of the following? 

1. Confirmation of a 50% reduction in circulating levels 
of PTH 10-15 minutes after removal of the suspicious 
gland 

2. Selective venous sampling for PTH 

3. Identification of all 4 parathyroid glands 

4. Performance of transcervical thymectomy 

5. Removal of the thyroid lobe on the side of the 
suspicious gland 



Biochemical cure 

• Half-life of PTH is 3.5-4 minutes 

 
• 50% 

reduction in 

PTH is 

predictive of 

cure in 96% 

of cases 

 



Biochemical cure 

• Multiple published criteria exist: 



Static PTH 

• Continued exploration is mandatory with 

conversion to bilateral neck exploration 

• Intraoperative ultrasound or bilateral jugular 

vein sampling 

• The most advantageous time to cure pHPT is 

during the first operation 

 

 



Postoperative care 

• Complications: 

– Hematoma 

– Wound infection 

– Recurrent or superior laryngeal nerve injury 

– Hypoparathyroidism 

– Transient hypocalcemia 



Postoperative care 

• Patient is monitored for 1-4h for absence of 

neck hematoma 

• Oral calcium/vitamin D supplementation for 2-

4 weeks to avoid symptoms of transient 

hypocalcemia 

• Repeat bloodwork at 2 weeks and 6 months. 

Cure is defined as normalization at 6 months 



Persistent or recurrent HPT 

• Causes of failure: 

– Persistent disease 

• Serum Ca never normalises or returns to abnormal 
values within 6 months of abnormal 

 

– Recurrent disease 

• Hypercalcemia reappears more than 6 months after 
apparently curative surgery 



• The most common cause of persistent primary 

hyperparathyroidism is 

1. Parathyroid cancer 

2. Parathyroid hyperplasia 

3. Missed adenoma 

4. New adenoma 



Persistent or recurrent HPT 



Persistent or recurrent HPT 

• Persistent disease is implicated in 80-90% of 

reoperations 

 

• Recurrence more common in patients with 

MEN1 



Persistent or recurrent HPT 

• Preoperative evaluation 

– Confirm ↑Ca and ↑PTH, exclude co-existing 
diseases (sarcoidosis, malignancy) 



Persistent or recurrent HPT 

• Indications for re-operation 

• Symptomatic patients: 

– Parathyroid bone disease 

– Renal stones 

– Nephrocalcinosis 

– Renal function impairment 

– Pancreatitis 

– Cardiovascular disease 

– Peptic ulcer disease 

– Neuromuscular weakness 

– Psychiatric disability 

 



Persistent or recurrent HPT 

• Indications for re-operation 

• Symptomatic patients 

• Asymptomatic patients: 

– Patients younger than 50 years 

– Patients unwilling or unable to comply with annual 
biochemical surveillance 

– CrCl < 60 ml/min 

– Bone mineral density T score less than -2.5 at any site 

– Previous fragility fracture 

– Total serum Ca > 1.0 mg/dl (0.25 mmol/l) above the upper 
normal limit 



Persistent or recurrent HPT 
• Timing of re-operation 

– Within 1 week if possible to avoid adhesions 

– Postpone until at least 3 months 

 
• Approach 

– Dissection between anterior border of 
sternocleidomastoid and the poster border of the 
strap muscles can avoid scar tissue from the prior 
operation 



Parathyroid carcinoma 

• Accounts for only ~1% of HPTH 

• 0.005% of NCDB cancer cases 

• Etiology poorly understood 

– Head and neck radiation 

– Chronic stimulation from renal failure 

– Familial syndromes 

 



Parathyroid carcinoma 

• Histological diagnosis 

– Difficult without evidence of metastatic disease or 
invasion 

– Classic features: trabecular architecture, mitotic 
figures, thick fibrous bands, capsular and blood 
vessel invasion 

• Not always present or specific for malignant disease 



Parathyroid carcinoma 
• Clinical presentation 



Parathyroid carcinoma 



Parathyroid carcinoma 

• Pre-operative imaging 

– U/S, CT, and MARI can demonstrate extent of the 
tumor, involvement of adjacent structures, and 
evidence of regional/distant metastases 

– Whole body sestamibi imaging can localize the 
primary tumor and also display distant metastases 

 

 



Parathyroid carcinoma 
• Surgical management 

– Simple 
parathyroidectomy vs 
en bloc resection 

• En bloc resection 
associated with lower 
risk of recurrence and 
death 

– Contralateral 
exploration for 
hyperplasia 
 



Parathyroid carcinoma 

• Adjuvant therapy 

– Lower locoregional recurrence rate following 
adjuvant radiotherapy in small cohorts 

 

– No current role for chemotherapy 



Parathyroid carcinoma 

SEER database 

10 year all-cause 

mortality = 33% 

10-year cancer 

related mortality = 

12.5% 



Parathyroid carcinoma 

• Recurrence is common (33%-78%) 

• 10-year overall survival is high (50-70%) 

• Male gender, vascular invasion, LN 

involvement, distant metastases, type of 

surgery associated with worse survival 

 



Parathyroid carcinoma 

• Patients usually die from metabolic 

complications of hypercalcemia 

• Palliative therapy 

– Loop diuresis and rehydration 

– Bisphosphonates 

– Calcimimetics  

– Anti-PTH immunotherapy 

 
 



Secondary 

Hyperparathyroidism 
• Serum PTH levels rise once GFR falls below 

60ml/min 

• Up to 90% of patients with chronic renal failure 

have evidence of secondary HPT 

• 2HPTH is almost universal in dialysis 

dependent CKD 

• Normal parathyroid glands have the capacity 

to augment their mass by 10-100 fold in the 

setting of chronic hypocalcemia 

 

 



Pathophysiology 

• Low calcium concentration increases both 

PTH release and PTH synthesis by post-

transcriptional stabilization of PTH-coding 

RNA, which is mediated by membrance bound 

CaSR on the parathyroid cells.  



Renal bone disease 

• Osteitis fibrosa cystica 

– Caused by high bone turnover, as a consequence 
of increased PTH secretion 

 
• Adynamic bone disease 

– Caused by low bone turnover, associated with low 
levels of serum PTH 



Renal bone disease 

 



• Parathyroidectomy is indicated in patients with 

secondary hyperparathyroidism who develop 

which of the following complications? 

1. Hypertension 

2. Serum Ca of > 1mg over normal 

3. Nephrolithiasis 

4. Calciphylaxis 

5. Myocardial infarction 



Calciphylaxis 
• Calcification of the media of 

small to medium sized arteries 

• Ischemic damage to 

dermis/epidermis 

• Erythematous lesions →  

Nonhealing ulcers, gangrene 

• Associated with 50% mortality 

• Emergent indication for 

parathyroidectomy 



Management 

• Prevention of phosphate retention and 

hyperphosphatemia 

• Judicious use of Vitamin D 

• Calcimimetics 

 



Management 

• Bilateral neck exploration 

• Subtotal parathyroidectomy 

• Total parathyroidectomy with heterotopic 

autotransplantation 

• High recurrence rate 



Tertiary 

Hyperparathyroidism 
• Parathyroid glands become autonomous and 

hypercalcemia develops 

• Persistent hypercalcemia seen in 8-53% of 

transplant recipients 

• Multifactorial 

• Medications 

• Tubular injury 

• Rejection episodes 



Tertiary 

Hyperparathyroidism 
• Hypercalcemia may adversely 

affect renal graft function 

• Most tertiary 

hyperparathyroidism will resolve 

after transplantation 

• Medical treatment may be 

indicated in some cases 



Familial syndromes 



Familial syndromes 
• Multiple Endocrine Neoplasia Type 1 

– Autosomal dominant  

– Mutation on 11q13 

– Three p’s → tumors of parathyroid, endocrine 
pancreas, and anterior pituitary 

– Incidence 1 in 30, 000 

– An MEN1 case is defined as a patient who exhibits 
2 of 3 principle MEN1 tumors 

– Familial MEN1 is defined as one MEN1 case and 
one 1st degree relative with 1 of 3 principle tumors 

 



Familial syndromes 
• Multiple Endocrine Neoplasia Type 1 

– Hyperparathyroidism is usually the first 
manifestation 

– Occurs in 3rd-5th decades of life 

– Asymmetrical hyperplasia with high incidence of 
supernumerary glands 

 



Familial syndromes 
• Multiple Endocrine 

Neoplasia Type 1 

– Operative approach 

• Subtotal parathyroidectomy 
vs total parathyroidectomy 
with heterotopic 
autotransplantation 

 

 



Familial syndromes 
• Multiple Endocrine Neoplasia 

Type 1 

– Operative approach 

• Subtotal parathyroidectomy vs total 
parathyroidectomy with heterotopic 
autotransplantation 

• Subtotal has ↑ persistence/recurrence 
but ↓ permenant hypoparathyroidism 

 

 



Operative Considerations 

• Parathyroidectomy for MEN1 

– Identification of all glands 

– Meticulous search for ectopic glands (up to 20% of 
MEN1 patients) 

• Thymus, mediastinum, carotid sheath, TE groove 

– Consider cervical thymectomy 

• Prevent persistent or recurrent HPTH, and thymic 
carcinoid tumors 

– Consider cryopreservation of parathyroid tissue 

 



Operative Considerations 
• Subtotal 

– Leave remnant approx. the size of a normal parathyroid 
(20-30mg) 

– Verify perfusion with bleeding from the transected surface 

– Preserve the single end-artery vascular supply 

– Prepare prior to resection of the remaining glands, in case 
the remnant becomes inschemic 

– Mark with nonabsorbable suture or clip 

– Consider suturing away from the RLN 



Operative Considerations 
• Total 

– Identification of all glands 

– Resection of at least 4 glands 

– Transplantation of 10-20 pieces 
(40-60mg) of fresh cut tissue 
into individual pockets in 
brachioradialis of non-dominant 
forearm 

– Can preform re-operative 
debulking under local 
anesthesia 



• For patients undergoing parathyroidectomy for 

hyperparathyroidism associated with the MEN 

syndrome, the recurrence rate of 

hyperparathyroidism following removal of 

three glands is which? 

1. 1% 

2. 5.7% 

3. 11% 

4. 24% 

5. 50% 



• Multiple Endocrine Neoplasia 2A 

– Involves mutation in RET proto-oncogene on 
chromosome 10 

– Hyperparathyroidism least common manifestation 

– Occurs in 20-30% 

– Tends to be milder and more often asymptomatic 
compared to MEN1 

– More often due to single adenoma 

Familial syndromes 



Operative Considerations 

• Recognition of all glands is crucial 

• Little data on extent of resection, but less 

aggressive resection seems sufficient and 

long term cure is possible 

• Preservation of parathyroid function is 

possible due to the moderate nature of 

MEN2A 



Familial syndromes 
• Familial Isolated Hyperparathyroidism 

– Autosomal dominant inheritance mutations in MEN1, HRPT2, and CASR genes  

– Multigland hyperplasia is most common finding, solitary adenomas are found in up to 25% of 
patients 

– Increased risk of parathyroid carcinoma 

 
• Autosomal Dominant mild HPT 

– Diffuse neoplasia common and typically radical resection required to prevent recurrence 

 
• Familial Hypercalcemia with hypercalciuria 

– Most patients asyptomatic and do not benefit from resection 

 
• Neonatal severe HPT 

– Severe hypercalcemia, very high PTH levels in neonate 

– Lethal unless total parathyroidectomy performed in first months of life 
 



Familial syndromes 
• Hyperparathyroidism jaw tumor syndrome 

– Autosomal dominant inheritance  

– Ossifying fibromas of the mandible and maxilla, renal cyst, 
renal hamartomas, and Wilms tumors 

– 10% incidence of parathyroid carcinomas 

– Treatment similar to MEN2A unless carcinoma suspected 





Treatment of the 

“missing” parathyroid 
Answer: (E) 

This patient has primary hyperparathyroidism. 

Nearly all hyperfunctioning glands are enlarged, so 

this patient is unlikely to have multi-gland 

hyperplasia and normal appearing tissue should 

not be excised. Since the thymus and side of the 

neck have been explored and ruled out, the next 

location is intra-thyroidal 


