Parathyroid

1.  Anatomy and Physiology

1. Embryology

· 4 glands

· Superior 2 from the 4th pharyngeal pouch (along with lateral thyroid component – Tubercle of Zuckerkandl)

· Inferior 2 from the 3rd pharyngeal pouch along with thymus

· Weird I know, but they invert en route to the neck.

· The superior glands arise right near where they wind up with the thyroid

· The inferior glands migrate caudally with the thymus so they can wind up anywhere from high up in the carotid sheath to the mediastinum.

2. Anatomy

· again 4 glands normally

· supernumary glands occur in about 1/10 people, most often in the thymus

· normally flat and oval but can get globular with hypertrophy

· usually about a half centimeter long.

· Vascular Supply

· Usually all get their supplies from the inferior thyroid artery.

· Sometimes the superior thyroid artery contributes.

· All three thyroid veins drain the parathyroids

· Relations

· Superior glands usually embedded in fat within 2 cm of the intersection between the recurrent laryngeal nerve and the inferior thyroid artery

· Inferior glands are usually right along the thyrothymic ligament

3. Histology

· Oxyphillic and chief cells in a fat stroma

· No one knows the functional significance of the different cells.

4. Physiology

· Calcium is absorbed in the small bowel

· About 1 g per day is taken up

· Calcium is constantly changed over as bone is constantly remodeled

· Calcium is all passed into the urine at the nephron and 99% is reabsorbed

· The primary modulators of calcium levels are PTH and vitamin D

· Calcitonin inhibits bone resorption but doesn’t play a big role in the serum calcium level

· Parathyroid Hormone

· Synthesized as a pre-pro hormone in parathyroids
· Metabolized by the liver (cleaved in half)
· Secreted in response to low ionized serum calcium and low vitamin D
· Effects
1. release of calcium by skeleton

2. decreased calcium clearance by kidney

3. increased clearance of phosphate in kidney (to prevent any remaining calcium from being mineralized)

4. stimulates activation of Vit D in the kidney

· Vitamin D

· 7-dehydrocholesterol in the skin gets turned into vitamin D by UV light.

· Causes increased calcium uptake by the small intestine

· Hypercalcemia

· Sx:

· Few pts today present with symptoms (most incidental)

· Stones, bones, moans, psychiatric undertones

· Lethargy, delirium, coma

· Weakness

· Hyporeflexia

· osteoporosis

· Constipation

· Pancreatitis

· The debate is….if you find ^Ca and question everyone enough, they’ll all have some symptom – is it really due to their calcium?

· Ddx:

· Primary Hyperparathyroidism

· Sporadic, familial

· Malignancy

· Parathyroid hormone related peptide and simply exogenous parathyroid hormone (neoplastic)

· Endocrine

· Addioson’s

· Hyperthyroidism

· Drugs

· Vitamin D intoxication

· Thiazide diuretics

· Granulomatous disease

· Sarcoidosis

· FHH

· Workup of ^ Ca:

· Serum PTH

· Serum PTH related peptide

· TSH

· ACTH stimulation test (for Addison’s)

· Vit D level

· ACE level for sarcoidosis

· Urine Calcium:creatinine ratio (FHH)

· Hypocalcemia
· Etiologies
· Lack of PTH
· Iatrogenic
· Hypomagnesemia (prevents PTH activity in the kidney and bowel)
· Lack of vitamin D
· Dietary – rickets
· Malabsorption (fat soluble)
· Decrease in total store
· Pancreatitis
· Hypoalbuminemia
· Decrease in ionized fraction
· Osteoblastic tumors
· Chelation

· Symptoms
· All related to excitability of nerves and muscles
· Circumoral numbness
· Cramps
· Laryngeal spasm
· Twitching
· Tachycardia
· Signs
· ECG – prolonged QT, tachycardia, tachyarrhythmia
· Trousseau (3 minute cuff inflation over arterial pressure)
· Chvostek – present in 10% of normal pts though
· Treatment

· Symptomatic (mild)
· PO supplementation
· Tums 1g TID + Rocaltrol (0.25 mcg)
· Symptomatic (tetany)

· IV calcium gluconate 

· 60cc 10% Calcium gluconate in 500 cc D5W and run at 1 cc/kg/h

· Better than CaCl (CaCl is very irritating to veins and causes soft tissue necrosis if it gets interstitial)

· Asymptomatic

· Tums 1-4 g/day in 3 divided doses

· +/- Vit D supplementation

2.  Pathology

1.  Hypoparathyroidism

· virtually always iatrogenic

· post thyroidectomy and parathyroidectomy

· 10% risk of temporary hypoPTH post total thyroidectomy, 1% risk of permanent dysfunction

· usually due to disruption of blood supply

· Dx

· Hypocalcemia

· Chvostek’s sign

· Trousseau’s sign

· Tetanic contractions – carpopedal spasm, convulsions, laryngospasm,

· Tx:

· Symptomatic pt = IV calcium gluconate

· Asymptomatic pt = Tums 1g tid, Rocaltrol 0.25 mcg daily

2. Hyperparathyroidism

· Divided into:

· Primary – an autonomously functioning gland (intrinsic feedback defect)

· Secondary – extrinsic overstimulation of normal parathyroids

· Almost always occurs in renal failure 

· reduced production of 1,25-dehydroxyvitamin D3 causes reduced intestinal Ca uptake

· Also, hyperphosphatemia in renal failure is a stimulus for PTHrH production

· Tertiary – autonomous parathyroid gland function as a result of chronic secondary hyperparathyroidism

· The glands act independently of serum calcium

Primary Hyperparathyroidism

· Epidemiology

· Incidence 25/100,000

· Female:male = 4:1

· Risk factors

· radiation exposure

· family hx – MEN 1 and 2, hereditary hyperparathyroidism jaw tumor syndrome

· Etiology

· 85% caused by a single adenoma

· parathyroid carcinoma is a RARE cause (1%) of cases

· Familial cases are usually multigland disease

· Presentation

· Incidental

· Hypercalemic symptoms

· Nephrolithiasis

· Etc….

· Osteoporosis

· Diagnosis and workup

· Rule out other causes of hypercalcemia

· The above tests

· Urine calcium:creatinine ratio of >0.01 excludes FHH

· Bone densitometry

· Localization studies

· Sesta MIBI

· Only use once the decision is made to treat surgically

· Indications for surgery

· Because so many people are found incidentally then you have to pick.

· All symptomatic patients

· Reduces incidence of kidney stones and bone loss

· Asymptomatic patients

· Serum calcium >1 mg/dL above normal range

· 24 hour urine calcium >400 mg

· renal insufficiency

· bone density 2.5 SD below average

· age < 50

· inability to follow patient medically

· if not a surgical candidate then follow with serum calcium q6months, bone density and serum creatinine yearly

· Treatment

· Surgery is the only cure.
· 95% success rate when done by experienced surgeo
· Approaches
· Conventional parathyroidectomy
· All 4 glands are identified and abnormal one is removed
· MIRP
· Localization study (sestamibi) used to direct approach
· Also, injection of radiotracer preop allows gamma probe localization of adenoma
· 5 mEq of T-99 sestamibi just before surgery
· 20% ^ over background = positive for adenoma to remove
· Intraoperative PTH assessment
· PTH t1/2 is 3 minutes
· At 10 minutes post removal of an adenoma, it will decrease
· Take measurements before identification of gland, 5 min and 10 min post removal
· 50% drop in sPTH gives a PPV of 90% for having removed the adenoma
· Recurrent Hyperparathyroidism

· 5-10% of parathyroidectomies for PHPTH
· Persistent = HPTH within 6 months post op
· Recurrent = HPTH more than 6 months post op
· Must be referred to an endocrine surgeon
· Redo is very difficult
· Causes:
· Rupture of parathyroid adenoma during resection
· Causes local “parathyromatosis” – disseminated parathyroid tissue in the neck that is virtually impossible to remove
· Missed supranumary gland
· Missed gland altogether
· Recurrent parathyroid carcinoma
· Another malignancy with paraneoplastic PTHRP
· Ovarian, lung or pancreatic Ca
· Note: pancreatic Ca actually makes PTH (not PTHRP)
Secondary and Tertiary Hyperparathyroidism


· Both are treated the same so they are discussed together

· 2HPT (secondary HPTH)

· occurs in CRF due to 3 problems

· decreased vit D production in the kidneys leads to chronic Ca depletion

· decreased PO4 clearance leads to chronic PTHRH production

· chronic metabolic acidosis in CRF causes increased PTH levels for some reason (no one knows why)

· 3HPT

· essentially the same as PHPTH but is due to prolonged stimulation of parathyroids until they finally become autonomous

· Treatment:

· 95% are treated medically

· Vit D and calcium supplementation

· Surgical Tx:

· Indications

· Bone pain

· Pruritis

· Muscle weakness

· Malaise

· Renal osteodystrophy

· Uncontrolled hypercalcemia/hyperphosphatemia

· Extraosseus calcifications

· Calciphylaxis

· Tender nodule on the trunk

· Peripheral vascular disease type changes of extremities

· Due to calcification of small vessels

· Leads to sepsis, amputation, DEATH

· Requires urgent parathyroidectomy

· Preop prep

· Aggressive calciuma and vit D therapy to prevent bone hunger (huge decrease in serum Ca post parathyroidectomy as the bones are finally allowed to use calcium again)

· Expect huge uremic platelet dysfunction

· Only use localization studies if they have had a previous thyroid/parathyroid surgery

· Choice of Procedure

· Options:

· Subtotal parathyroidectomy

· 3.5 glands removed

· Total parathyroidectomy with auto transplantation

· one gland minced an placed in muscle of nondominant forearm

· both have similar outcomes

· ALWAYS cryopreserve one gland in case there is a failure of the remnant

· If you do a subtotal, then check for remnant viability before waking the patient up

· Disadvantage of total + autotransplant is that they are aparathyroid for a few months post op until graft starts working.

Parathyroid Carcinoma

· Unlike PHPTH patients are younger and sex ratio is 1:1

· Presentation

· Present with HPTH – often profound

· 50% have a palpable mass

· often very high calciums and ^ALP

· 20% of patients with parathyroid Ca are missed intraop

· Treatment

· Radical resection

· Ispilateral thyroid lobe and adjacent soft tissue at minimum

· Minimum central and ipsilateral neck dissection

· Prognosis

· 5 year survival 60% in all comers

· mets to lymph nodes (30% at dx), lung and bone

· Patients die of hypercalcemia

The missing parathyroid

· Normal positions

· Superior

· Embedded in fat just adjacent to the ligament of Berry and tubercle of Zuckerkandl

· Right at the point where the RLN turns medially

· The inf thyroid artery, RLN and superior parathyroid all meet at this spot

· Inferior

· At the inferior pole of the gland in the thyrothymic ligament.

· More ventral than the superior glands

· Note

· The inferior thyroid artery can enter the thyroid anywhere along the posterolateral aspect (it’s only called inferior because it’s the lowest artery)

· You can’t identify a parathyroid without identifying the artery (inferior ones are always below it)

· “Missing” Glands

· this is all from Mastery

· Superior

· Comes from 4th pharyngeal pouch along with thyroid.

· Missing superior ones are usually further posterior

· Steps

· Mobilize the superior pole to improve exposure

· Look for gland sitting between thyroid and trachea, inside the thyroid capsule

· Examine the esophagus

· Missing superior glands are often posterior to the esophagus

· Open the carotid sheath

· The very last ditch effort is ipsilateral thyroid lobectomy

· Inferior

· They are either in the thyroid itself or in the thymus

· Steps

· Ipsilateral cervical thymectomy

· Remove all paratracheal tissue from the insertion of the inferior thyroid artery to the chest

· Mainly to devascularize the gland
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