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Objectives

SDiscuss the typical and atypical presentations of primary
hyperparathyroidism
©Discuss work-up, diagnostic evaluation and biochemical findings

OReview the major manifestations/ complications associated with primary

hyperparathyroidism




EVALUATION OF PATIENTS WITH HYPERCALCEMIA

Hypercalcemia

Y

Key historical considerations
» Confirm if TCa2+ chronic

* Clues from history and physical findings

Acute (or unknown) duration

I

PTH high PTH low
Y Y
1" Hyperpara- Consider
thyroidism malignancy
Consider MEN PTHrP assay
syndromes Clinical evaluation

Source: D. L. Kasper, A. 5. Fauci, 5. L. Hauser, D. L. Loengg, 1. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 15th Edition.
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TABLE

Differential diagnosis of primary hyperparathyroidism?

Diagnosis Serum calzium FTH E%MH} TN
vitamin D phosphorous

FHFT High/Mormal High/Mormal MNormal Lovw/'Mormal
FHH High™aormal Mormal/Mildly high | Normal MormalLow
Vitamin D deficiency LowiMormal High/Mormal Low MormalLow
Hurmoral calcermia of malignan

Irpcle RS High Lo Mormal Mormal/Low
milk alkali syndrome High Loy Maormal Marmal/Migh

FHH, familial hypocakiuric hypercakermnia; PHPT, primary hyperparathyroidism; PTH, parathyraid hormene,
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Table 1. Typical Findings in Hyperparathyroidism.

Finding

Family history of hyper-
calcemia

Lifelong hypercalcemia

Parathyraid harmone
level

Caleium

Phosphorus

25-hydroxyvitamin D

Primary
Hyperparathyroidism
No

M
High
High
Mormal or low-normal

Marmal

1,25-dihydroxyvitamin D Often high or high-

Bone mineral density

24-hr urine calciuem

narmal

Can be low, particularly

at cortical sites
Mormal or high

Mormacalcemic
Hyperparathyroidism
Mo
Mo
High
Mormal

Marmal or low-narmal

Marmal

Wariable but not low

Can be low, particularly at
cortical sites

Normal ar high

Secondary Tertiary
Hyperparathyroidism Hyperparathyroidism
Mo Ma
Mo MNa
High High
Low of low-normal High
Variable; can be high with renal  Usually high owing to
insufficiency renal failure
Narmal or more often low, MNarmal
depending on cause (e.g.,
<20 ngfenl in vitamin D
deficiency)
Variable; often low in renal in- Low
sufficiency, high in calcium
malabsorption

Can be low with long-standing ~ Often low, particularly
disease at cortical sites

Very often low Low

Familial Hypocalciuric
Hypercalcemia

Yes; sometimes with a history of un-
successful parathyroid surgery

Yieg

Normal to high-narmal (approxi-
mately 75%) or high (approxi-
mately 25%)

Marmal or high

Mormal

Marmal

Marmal

Mormal

Low, with calcium;creatinine clear-
ance ratio <0010+

* The calcium:creatinine clearance ratio is calculated as (urine calcium x serum creatinine) /{urine creatinine x serum calcium), with all measurements in the same units (i.e., millimoles
per liter ar milligrams per deciliter).

https://www.nejm.org/doi/tull/10.1056/ NEJMcpT714213
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ORIGIN OF DISEASE

PATHOPHYSIOLOGY




Anatomy of the Thyroid and Parathyroid Glands




© In primary hyperparathyroidism (PHPT), an enlargement of one or more of the parathyroid

glands causes overproduction of parathyroid hormone (PTH).

© PTH regulates the level of calcium in the body, including the release of calcium from bones and
the excretion of calcium in the urine. It also increases calcium absorption in the duodenum by

changing 25(OH)D to the active form of vitamin D: 1,25(OH)2D.
© Abnormally high parathyroid hormone levels typically result in hypercalcemia.
© The most common cause of PHPT is parathyroid adenoma, found in 80% of patients.

© Hyperplasia is involved in most other cases, and carcinoma is a rare cause.

Wilhelm SM et al. The American Associa7on of Endocrine Surgeons Guidelines for Defini7ve Management of Primary Hyperparathyroidism. JAMA Surg2016;151(10):9597968. Na7onal Ins7tute of Diabetes and Diges7ve and Kidney Diseases. Primary
Hyperparathyroidism. Available at hXPS://Wwwiniddkinih.gov/health—informa70n/endocrine—diseases/primary»hyperparathyroidism. Accessed August 28, 2018. Mayo Clinic. Hyperparathyroidism. Available at ths://Wwwimayociinic.org/diseases»
condi7ons/hyperparathyroidism/symptomsfcauses/syc720356194. Accessed August 28, 2018. Velez RP et al. Simpiifying the Complexity of Primary Hyperparathyroidism. The Journal for Nurse Prac550ners2016; 12(5): 346—352.
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EPIDEMIOLOGY




OMost common cause of hypercalcemia

©100,000 people per year develop primary hyperparathyroidism (PHPT) in
the US

©Women are 3-4 times more likely to develop PHPT
©Postmenopausal women more likely to develop PHPT
© African Americans are most affected, followed by Caucasians and Asians

©Most often affects people between 50-60 years of age

Bilezikian JP. Primary hypcrparathyroidism. In: De Groot L], Chrousos G, Dungan K, et al., eds. Diseases o.

Metabolism. South Dartmouth, MA: MDTEXT.COM, Inc. 2000-2018.
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TYPICAL AND ATYPICAL

PRESENTATIONS




TABLE

Differential diagnosis of primary hyperparathyroidism?

Em) e

Diagnosis Serum calzium FTH E%MH} TN
vitamin D phosphorous
High/Mormal High/Mormal MNormal Lovw/'Mormal
FHH High™aormal Mormal/Mildly high | Normal MormalLow
Vitamin D deficiency LowiMormal High/Mormal Low MormalLow
Hurmoral calcermia of malignan
Irpcle RS High Lo Mormal Mormal/Low
milk alkali syndrome High Loy Maormal Marmal/Migh

FHH, familial hypocakiuric hypercakermnia; PHPT, primary hyperparathyroidism; PTH, parathyraid hormene,
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CASE 1

A 62-year-old woman is referred for management of primary
hyperparathyroidism. She was noted to have a serum calcium
concentration of 10.7 mg/dL (8.2-10.2 mg/dL) on routine
chemistry panel. A previous serum calcium measurement from
2 years ago was 10.0 mg/dL. She feels well and has no
symptoms of hypercalcemia. She has no history of fractures or
kidney stones.

Her medical history is notable for mild hypertension. Current
medications are hydrochlorothiazide 12.5 mg daily (for the past
4 years) and cholecalciferol, 1000 IU daily. Her family history is

noncontributory.

Question Adapted from Endocrine Board Review




CASE 1 continued

On physical examination her blood pressure is 120/72 mm Hg

Laboratory test results:

Serum calcium = 11 mg/dL (8.2-10.2 mg/dL)

Albumin, normal

Creatinine, normal

Phosphate = 3.0 mg/dL (2.3-4.7 mg/dL)

Intact PTH = 60 (10-65 pg/mL)

25—Hydroxyvitamin D = 35 ng/mL (30-80 ng/mL)

Urinary calcium (adequate collection) = 105 mg/24 h (100-300
mg/24 h)

Question Adapted from Endocrine Board Review




CASE 1 continued

Which of the following is the best next step?

Calculate the calcium-to-creatinine clearance ratio
Order DXA, including one-third distal radius
Measure 1,25-dihydroxyvitamin D

o 0w p

Measure calcium and PTH after stopping
hydrochlorothiazide for 3 months

E.  Order sestamibi parathyroid scan

Question Adapted from Endocrine Board Review
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Typical Presentation

© Nephrolithiasis: 15% to 20% of patients
with PHPT present with kidney stones,
due to high calcium levels in the

glomerular filtrate.

Renal, musculoskeletal, gastrointestinal, and Psychiatric
symptoms.

(“Stones, bones, abdominal groans, psychiatric moans.”)
©  Anorexia
Nausea/vomiting

© Constipation

Insomnia

Depression

© Fatigue/muscle weakness
© Arthritis

Bone and/or joint pain

© Bone demineralization/ fractures

© Polydipsia and polyuria

Khan AA et al. Primary hyperparathyroidism: review and recommenda7ons on evalua7on, diagnosis, and management. A Canadian and interna7onal consensus. Osteoporosis Interna-onal2017; 28 (1):1-19 Wilhelm SM et al.

The American Associa7on of Endocrine Surgeons Guidelines for Defini7ve Management of Primary Hyperparathyroidism. JAMA Surg 2016;151(10):959-968. Velez RP et al. Simplifying the Complexity of Primary

Hyperparathyroidism. The Journal for Nurse Prac—oners2016; 12(5): 346—352.




© Hypercalcemia + abnormally elevated or inappropriately normal PTH levels makes PHPT the

most likely diagnosis.
© Calcium and parathyroid hormone levels should be tested simultaneously

© Measurement of serum calcium should be adjusted for albumin

© 40% of calcium is bound to serum proteins, predominantly albumin.

© If the adjusted serum calcium is normal but parathyroid hormone is elevated, serum ionized

calcium should be measured.

© PHPT can present with an elevated ionized calcium despite a normal aibumin—adjusted serum

calcium.

Khan AA et al. Primary hyperparathyroidism: review and recommenda7ons on evalua7on, diagnosis, and management. A Canadian and interna7onal consensus. Osteoporosis Interna-onal2017; 28 (1):1-19 Wilhelm SM et al.
The American Associa7on of Endocrine Surgeons Guidelines for Defini7ve Management of Primary Hyperparathyroidism. JAMA Surg 2016;151(10):959-968. Velez RP et al. Simplifying the Compiexity of Primary
Hyperparathyroidism. The Journal for Nurse Prac—oners2016; 12(5): 346—352.




CASE 2

A 60-year-old postmenopausal women is found to have
osteoporosis on DXA scan with the lowest T-core of -2.8 at
the femoral neck. She has no history of fractures, but her
mother had a hip fracture at age 75 years. A workup for
secondary causes of osteoporosis shows a normal serum
calcium concentration but elevated PTH concentration. She
has taken cholecalciferol, 1000 IU daily, for many years,
along with at least 1000 mg elemental calcium daﬂy (diet

plus a supplement).

Question Adapted from Endocrine Board Review




CASE 2 continued...

Laboratory test results:

Serum total calcium (3 measurements) = 9.5 mg/dL, 9.8
mg/dL, 9.7 mg/dL (8.2-10.2 mg/dL)

Ionized calcium, normal

Intact PTH (3 measurements) = 87 pg/mL, 78 pg/mL and 85
pg/mL (10-65 pg/mL)

Urinary calcium = 180 mg/24 h (100-300 mg/24h)

Serum creatinine = 0.8 mg/dL (0.6-1.1 mg/dL)

Phosphate = 2.6 mg/dL (2.3-4.7 mg/dL)

25-Hydroxyvitamin D = 48 ng/mL (30-80 ng/mL)

Question Adapted from Endocrine Board Review




CASE 2 continued...

Which of the following is the most appropriate next step?
Perform DXA of the one-third distal radius

A.

B
C.
D

Perform preoperative parathyroid imaging

Perform renal ultrasonography

Double the calcium supplementation and measure

calcium and PTH again in 3 months

Measure serum calcium and PTH again in 6 months

Question Adapted from Endocrine Board Review




Atypical Presentation
Normocalcemic Hyperparathyroidism

© Mild PHPT: high levels of parathyroid hormone but normal levels of calcium

© Secondary causes Of elevated parathyroid horrnone should be excluded:
© Primary hypercalciuria
© Vitamin D deficiency
© Malabsorption syndromes (i.e celiac disease)
© Use of loop diuretics or thiazide diuretics
© Bisphosphonates or denosumab therapy
© Chronic kidney disease (estimated GFR <60 mL/min per 1.73 m2)

Khan AA et al. Primary hyperparathyroidism: review and recommenda7ons on evalua7on, diagnosis, and management. A Canadian and interna7onal consensus. Osteoporosis Interna-onal2017; 28 (1):1-19 Wilhelm SM et al.
The American Associa7on of Endocrine Surgeons Guidelines for Defini7ve Management of Primary Hyperparathyroidism. JAMA Surg 2016;151(10):959-968. Velez RP et al. Simplifying the Complexity of Primary
Hyperparathyroidism. The Journal for Nurse Prac—oners2016; 12(5): 346—352.




Normocalcemic Hyperparathyroidism

O Elevated serum parathyroid hormone with consistentiy normal aibumin—adjusted calcium and

ionized calcium, normal serum 25-hydroxyvitarnin D, and preserved renal function (eGFR >60

mL/min/1.73 m2)
© Normocalcemic HPT can deveiop in to PHPT

O Same criteria for surgicai intervention are used for normocalcemic HPT and asymptomatic

PHPT

Khan AA et al. Primary hyperparathyroidism: review and recommenda7ons on evalua7on, diagnosis, and management. A Canadian and interna7onal consensus. Osteoporosis Interna-onal2017; 28 (1):1-19 Wilhelm SM et al.
The American Associa7on of Endocrine Surgeons Guidelines for Defini7ve Management of Primary Hyperparathyroidism. JAMA Surg 2016;151(10):959-968. Velez RP et al. Simplifying the Complexity of Primary
Hyperparathyroidism. The Journal for Nurse Prac—oners2016; 12(5): 346—352.




Preoperative parathyroid imaging

o Parathyroid ultrasound and/or sestamibi scan

@ Imaging detects 80% of abnormal parathyroid tissue

O False negative results
O Imaging studies may be less sensitive in normocalcemic HPT
ging y

o Multiglandular disease may be more common in patients with normocalcemic HPT
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Nonoperative Management

©When surgery is not recommended:

© Long-term surveillance for worsening hypercalcemia, renal failure and reduction

in bone mineral density
© Check calcium and creatine levels q 12 months
© Check bone density q 1-2 years (hip, spine, forearm)

©If there is disease progression, surgery is indicated




Prevention of Disease Progression

© Promote physical activity (beneficial impact on bone resorption).
© Avoid prolonged inactivity

© Avoid thiazides and lithium

© Avoid hypovolemia

© Avoid high-calcium diets (>1000 mg/day)

© Avoid calcium restricted diets

© Avoid vitamin D deficiency (400-800 IU daily)




Management of Symptomatic Patients

ONephrolithiasis, fractures, symptomatic hypercalcemia: PARATHYROIDECTOMY
© Minimally invasive surgery vs. 4—gland exploration

©For those who are not appropriate surgical candidates:
© CINACALCET (Recommended if BMD is normal)
© BISPHOSPHONATES (Consider if BMD is low)




Cinacalcet Acts at the Calcium-Sensing
Receptor to Decrease PTH Secretion

Increased Calcium

Cinacalcet wenaltivity
' €100y o — - Control
"\ E ~ . = Cinacalcet
- B0 4
[Ca?] £
S 60 1
&
— 40 1
iu.n
o
g 201
2
3’; 0 T T T 1
0 05 1.0 15 2.0

Extracellular Calcium (mM)

Adapted from Nemeth EF, et al. J Pharmacol Exp Ther. 2004;308:627-635.




Cinacalcet

© Considered when primary indication for surgery is severe and/or symptomatic hypercalcemia
O Preferred when there is no evidence of osteoporosis
© Dosing: 30 mg po twice daily

© Monitor corrected calcium or ionized calcium levels frequently (q1 week after initiation and

following dose adjustments) until normalized

© Not definitive therapy

© No beneficial effect on BMD




Cinacalcet — Side Effects

© Nausea 36%

© Joint Aches 30%

© Diarrhea 22%

© Muscle Aches 22%

O Paresthesias 22%
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Proposed mechanism of action of bisphosphonates. Reprinted, with permission, from Solomon CG. Bisphosphonates and osteoporosis. N

Engl ] Med. 2002; 346:642. Copyright © 2002, Massachusetts Medical Society. All rights reserved.




Bisphosphonate

© Indicated in patients with PHPT and osteoporosis

© Improvement in BMD is equivalent to changes seen following parathyroidectomy at 2—year mark

©  Sankaran S, Gamble G, Bolland M, et al. Skeletal effects of interventions in mild primary hyperparathyroidism: a meta-analysis. J Clin Endocrinol Metab 2010; 95:1653.

O Unclear whether or not this benefit is maintained beyond 2—year mark
© Alendronate is best studied
© Not definitive therapy

O Increased risk of adverse effects with long—term use




Risks with and without bisphosphonate therapy

A0 Number of cases per 100,000 annually when treated
4000 Number of cases per 100,000 annually
3500
3000
2500
2000
1500
1000

500

/il |
Hip fracture Vertebral fracture Other Atypical Jaw
osteoporotic femur necrosis
fractures fractures

Source: Adapted from Adler RA et al. "Managing osteoporosis patients after long-term bisphosphonate treatment.”
Journal of Bone and Mineral Research (Jan. 2016),Vol. 31, No. 1, pp. 16-35.




CLINICAL

MANIFESTATIONS
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TABLE 2

Manifestations of Primary Hyperparathyroidism

System

Signs and symptoms

Mechanism

Renal

MHMephrolithiasis, nephrocalcinosis,
recurrent urinary tract infections, renal
impairmant

Polvuria, dehwdraticon

Hypercalcemia, hypercalciuria, and hyperphosphaturia

Calcium phosphate precipitates in alkaline urine, calcium
oalate stones formm; stones formmed in the renal petris or
collecting ducts are associated with increasad risk of infection

Hypercalcemia has a direct effect on renal tubules,
causing a decreased response to antidiursetic hormone

Musculoskeletal

Gastrointestinal

Osteoporosis, osteitis filbbrosa cystica,
fractures, muscie weakness, myalgia

Arthralgia, arthritis

Abdominal pain, constipation.

anorexia, Nausea, Wvorniting

Feptic ulcer disease

Pancraatitis (less common)

Excess PTH excretion leads to metabolic acidosis, bone
resorption, and myopathic changes

Hyperuricemia leads to gout, pseudagout

Hypercalcemia decreases gastrointestinal motility,
stimulates the central vomiting canter, and increases
gastrin secreticn

Hypercalcemia stimulates elevated hwdrochloric acid
sacration

Exact mechanism unknown; gastrin weaaklhy stimulates
pancreatic enzymes and gallbladder contraction

Meurclogic”
psychiatric

Memory impairment, depression,
anxiety, confusion, stupor, coMma

Hypercalcemia induces neuropathy,
alactroencephalographic changes

Cardiovascular

Hypertension

Hypercalcermia has direct effect on arterial smooth
miuscle and elevates plasma renin activity

Scaurces: Brashers at al. Pathophysiclogy, 20155, Michals and ey, Am Fam FPhvsician. 20137 Biezikian ot al. o S Eragiocrirod

Nderslty, 201 4,79




Mechanisms for cardiovascular disease

Hypertension Excess PTH-driven afterations in vasodilatory properties of endothalium
Hypercalcemia-drivan atherosclerotic disease
Excess aldosterane due to PTH activation of RAAS

Laft ventricular hypartrophy Hypeartrophy of cardiac myocytes driven by PTH activation of PTH1R and subsequent upregulation of
PKC

Heart failure Excess PTH-driven cardiac myocyte hypertrophy, dysfunction of endothelium and vasculature

Vitamin D deficiency: adverse cardiac myocyte remodaling, increased RAAS activity
Hypoparathyreidism: dilated cardiomyopathy due to chronic hyposalcemia and reduced candiac
contractility

Calcific disease

Chrenic hypercalcemia leading to calcium deposttions

Arrhythmias

PHPT: hypercalcemia leading to shortenad QT intervals, prolongation of PR and GRS intervals,
myocardial depression
Hypoparathyroidism; hypocalcemia-driven QT prolongation

Brown SJ, Ruppe MD, Tabatabai LS. The Parathyroid Gland and Heart Disease. Methodist Debakey CardiovascJ.

2017;13(2):49—54. doi:lO.14797/mdcj-13-2-49




Summary

© Hyperparathyroidism can present with hypercalcemia or normocalcemia
© Normocalcemic HPT and asymptomatic PHPT have the same criteria for surgical intervention
© For those who are not appropriate surgical candidates, consider bisphosphonate or cinacalcet use

© When surgery is not indicated, long—term surveillance for worsening hypercalcemia, renal failure and

reduction in bone mineral density is recommended

O Untreated PHPT can adversely impact multiple organ systems: gastrointestinal, renal, musculoskeletal,

neurologic and cardiovascular




Thank you for your time and attention

“The doclor isn’l in right now. When you hear the beep,
please leave your name. number and a short diagnosis.”

https://www.pinterest.cl/pin/517702919637793191




