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CALCIUM SEMINAR

CLINICAL AND BIOCHEMICAL APPROACH TO PATIENTS
WITH CALCIUM DISORDERS

CASE #1

A 43-year-old white male is admitted to the hospital with confusion of two days’
duration as well as a several months' history of abdominal pain, muscle
weakness and pain to the left flank. He has not seen a physician for years and is
on no medication. Physical exam reveals proximal muscle weakness and left
CVA tendemess. Lab tests show a calcium of 18 mg/dl (normal, 8.5 - 104), a
hemoglobin of 11 (low), a low phosphorus, an elevated alkaline phosphatase and
abnormal renal function. The fractional excretion of calcium is 0.22 mg/100 cc
GFR (normal up to 0.2). Intact parathyroid hormone level is 120 pg/ml (normal
10 - 65).

1. What disease does this patient have? What diseases are associated with a
high PTH? What are some hypercalcemic disorders that are associated with a
suppressed PTH? What hypercalcemic disorders are associated with an
‘inappropriately” normal PTH? What should you think of in person with a high
PTH and a normal serum calcium?

2. Based on your diagnosis, explain each of the following: muscle weakness,
flank pain, abdominal pain, anemia, low phosphorus, elevated alkaline
phosphatase, abnormal renal function.

3. What is the significance of the urinary calcium? In what hypercalcemic
disorder might you see a very low urinary calcium? a very high urinary calcium?

4. What would this patient's borie biopsy show? What is "osteoid"? Which
disorders are associated with increased osteoid?

CASE#2

A 53-year-old man comes to see you because of generalized achiness and pain
in his left lateral ribs. The achiness has been present for three months; the rib -
pain began after he rolled over in bed (two days prior to his visit). He has been in
good health although he has felt weak and cold over the last month and has
noticed a greater frequency of respiratory infections recently. He has no known
medical problems. He is on no medication. His physical exam is unremarkable
except for very pale mucous membranes and tenderness over his left lateral
ribs. His lab data show a hemoglobin of 8/dl grams (normal 11.6-1 5.5), an
albumin of 2.5 grams/dl (normal, 3.5-5), a serum creatinine of 5 mg/dl

(normal, .6-1.1), a calcium of 10.2 mg/dl (normal, 8.5-10.4), a serum phosphorus
of 6 mg/di (normal, 2.4-4.5), a total protein of 9 grams/dl (normal, 6.3-7.9), an



jonized calcium of 6 mg/dl (4.5-5.5), rib xerays which show multiple fractures, and
a washed out appearance (loss of normal bone markings) with punched out
lesions. A parathyroid hormone level (intact) is 85 pg/ml (normal, 10-65). An
immunoelectrophoresis shows an IgA kappa monoclonal gammopathy with
suppression of other globulins. A concentrated 24-hour urine specimen shows
light chains in the urine. A bone alkaling phosphatase is normal,

1. Whyis there a difference between the ionized calcium and the total
calcium? How can you "comect" the reported total serum calcium?

2. Whatis the cause of the elevated calcium in this patient? What are some
mechanisms by which tumors can cause hypercalcemia?

3. Ifthe patients hypercalcemia is not dus to hyperparathyroidism, why is the
parathyroid hormone elevated?

4. Whyis the bone alkaline phosphatase nomal?

CASE#3

A 23-year-old white female presents to the emergency room with a seizure. She
has along history of poorly controlled seizures; no other information is

available. Physical exam reveals a confuse, fremulous female who is very
short. Vital signs cannot be taken because when the blood pressure cuffis
inflated, her hand goes into spasm.

1. What additional unique finding should you look for on physical exam?

2. [fthe “unique" finding is present, what is the diagnosis? What is the cause of
this disorder?

3. What would be the result of each of the following lab tests? Why? Calcium,
phosphorus, intact PTH?



ANSWERS: CALCIUM SEMINAR
CASE #1

1. This patient has hyperparathyroidism, based on the high PTH level. Disorders
associated with a high PTH include primary hyperparathyroidism, but also high
calcium/high PTH can be seen in people on lithium and in people with the rare

, disorder of FHH, a disease of the calcium sensor. Hypercalcemic disorders
associated with a suppressed PTH include cancers metastatic to bone and
certain cancers making substances that enhance bone resorbtion, and rarely,
milk alkalai syndrome, hyperthyroidism, vitamin D toxicity, and sarcoidosis. An
“inappropriately” normal PTH can be seen in patients with a high calcium who do
have primary hyperparathyroidism (reason is not clear, some say that the normal
PTH is actually high for that individual) and in patients with tumors that secrete
PTH related protein. A few patients on thiazide diuretics will develop a high
calcium with a normal, not suppressed, PTH. A high PTH with a normal calcium
suggests mild vitamin D deficiency (in more severe deficiency the calcium is low)
although some patients with high PTH/normal calcium will go on to develop
primary hyperparathyroidism. Some patients with renal failure can also have a
high PTH/normal calcium.

2. Hyperparathyroidism is associated with atrophy of muscle fibers, which leads
to proximal muscle weakness. The flank pain is probably due to a partially
obstructed kidney, the result of a kidney stone (increased calcium excretion is
seen in hyperparathyroidism). A normochromic anemia is seen in this condition.
The cause is not clear (there is a correlation with degree of renal impairment and
with degree of fibrosis of the marrow cavity - osteitis fibrosa). The low
phosphorus is due to the enhanced renal phosphate wasting caused by
parathyroid hormone. The elevated alkaline phosphatase reflects increased
bone turnover. The abnormal renal function may be due to decreased renal
blood flow (caused by hypercalcemia), precipitation of calcium salt in the renal
parenchyma, or obstruction of the kidneys due to stones.

3. Parathyroid hormone causes reabsorption of calcium in the distal kidney
tubule. However, in hyperparathyroidism, so much calcium is presented to the
kidney that the fractional excretion of calcium tends to be elevated. A low urine
calcium is seen in familial hypocalciuric hypercalcemia (FHH). A very high urine
calcium may be seen in high turnover states where the parathyroid hormone is
suppressed (cancer with hypercalcemia, for example).

4. The bone biopsy would show increased activity of osteoclasts and osteoblasts
as well as increased osteoid. Osteoid is collagen formed by osteoblasts, which
provides the "matrix" upon which crystallization occurs. Any bone disease
associated with increased bone turnover will generally be associated with
increased osteoid (hyperthyroidism, hyperparathyroidism, osteomalacia, some
forms of renal failure, Paget's disease, and fluoride therapy).




CASE #2:

1. Calcium in circulation is partly free and partly bound to protein (albumin and
globulin). If the albumin is low, the total calcium will be low, even though the free
(metabolically active) calcium may be normal. The free calcium may be
measured directly by ordering an ionized calcium. The free calcium can be
estimated by correcting the reported calcium. For each gram that the albumin is
below the lower limit of normal, add 0.8 mg to the reported calcium. For
example, if the albumin is 2.5 gm and the lower limit of normal is 3.5 gm, add 0.8
to the reported calcium.

2. This patient has multiple myeloma. The abnormal plasma cells in myeloma
make acytokine (usually IL-1) which stimulates the osteoclasts to resorb bone.
This mechanism is involved in certain lymphomas and leukemias associated with
hypercalcemias. Other mechanisms by which tumors resorb bone and cause
hypercalcemia are metastases, in which the tumor metastases (usually prostate,
breast, thyroid, lung, kidney) make osteoclast-stimulating substances; humoral
mechanisms in which the tumors (usually squamous cell and some islet cell)
make a PTH-related Protein which circulates and stimulates the osteoclasts;
other substances such as prostaglandins (in renal cell cancer) and 1,25

vitamin D (in lymphoma), have been mentioned as causes of hypercalcemia.

3. The patient is in renal failure. When the glomerular filtration rate falls below 30
cc/minute, the clearance of intact parathyroid hormone decreases and a rise in
the level is seen. However, the hypercalcemia may completely shut off PTH
production, so a low level of PTH might be seen despite the renal failure.

4. The cytokine produced in myeloma directly stimulates osteoclastic bone
resorption. However, there is an uncoupling of the bone formation process so
that there is not a proportional increase in osteoblastic bone formation. Since
there is no increase in bone formation, there is no increase in alkaline
phosphatase (which is produced by the osteoblasts). In the case of bone )
metastases, usually there is some bone repair with an increase in bone alkaline
phosphatase.

CASE #3

1. Look for “dimpling” of the knuckle (often the fourth), which is due to a
shortening of the fourth metacarpal (see x-ray from Melmed, et al. Williams
Textbook of Endocrinology 2011).



Figure 28-23 Radiograph of hand from a patient with pseudohypoparathy-
roidism and Albright's hereditary osteodystrophy. Note the shortened fourth

metacarpal,

2. The diagnosis is pseudohypoparathyroidism. The disorder is often caused by a
resistance to PTH: lack of the G protein which couples the PTH hormone
receptor to the enzyme adenyl cyclase. Thus, when PTH binds to the PTH
receptor, the effect at the level of bone and kidney is diminished.

3. The calcium is low and the phosphorus is high because the usual effect of
PTH on the kidney is blunted by the post-receptor defect just described. The PTH
level is high because the parathyroid glands are stimulated by the low calcium
level.
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HEALTHY EATING PLATE

Use healthy oils (like
olive and canola oil)
for cooking, on salad,
and at the table. Limit
butter. Avoid trans fat.

I (with little or no sugar).
Limit milk/dairy

(1-2 servings/day) and
juice (1 small glass/day).

WHOLE Avoid sugary drinks.

GRAINS

The more veggies - VEGETABLES
and the greater the

variety - the better.
Potatoes and French fries
don't count.

Eat a variety of whole grains
(like whole-wheat bread,
whole-grain pasta, and
brown rice). Limit refined
HEALTHY grains (like white rice
PROTEIN and white bread).

Eat plenty of fruits of all FRUITS
colors.

Choose fish, poultry, beans, and
nuts; limit red meat and cheese;
avoid bacon, cold cuts, and

STAY ACTIVE! other processed meats.

© Harvard University

Harvard School of Public Health Harvard Medical School ETTS
The Nutrition Source Harvard Health Publications ‘w:g
\_ www.hsph.harvard.edu/nutritionsource www.health.harvard.edu

[ZF&] http://www.hsph.harvard.edu/
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BN E SN O IER TS IZ R b->LEIZUNH)ET , 18 #HDEmergency  Rooml 2\ 7=
B, BRENEIINUL7oraNE RETEL-2D0 TN, EFTELHICER B ORROE AL HYE
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\ED! \\EDICA/p

Federal Federal & State
Insurance Program Assistance Program
Paid for by a Trust Fund Paid for by Federal, State,
funded with Payroll Taxes Benefits people with and Local Taxes
Disabilities
Same Program Nationwide Program differs State by State
Prescription Drug Coverage
Benefits people over the age of 65 Benefits people with low incomes
Qutpatient Hospital Care
Participants pay deductibles and Participants pay very little
for part of coverage or no part of coverage
Inpatient Hospital Care
Divided Into 4 Parts: A, B,C&D Participants receive regular
Dental and Vision Exams
©2014 Seidell B oA jemen
Source: medicare gov, hhs gov, medicaid gov, healthcare gov httpiwww. seanseidel com

{ £ B2 Ihttp://www.snvbill.com/
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JAMSNET Y 2P AE R XIE 4 v b7 — 7 (Japanese Medical Support Network 1 ) ¥\ 9 484 T ¥,
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{Mt.Sinai BE #} K 5 ¥ A £} Emergency Room)

Mt.Sinci “C 1 3% 28 ¢ Emergency Room 7= 14 T 7% < A& 48 1 & A @ Emergency Room #2385 V) | #E 4 ey 7o %2
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{Mount Sinai Selikoff Centers for Occupational Health)

Mt.Sinai TI2 911 DR B DT 2L DRERTL 2 RER & Bk L (ZLHPINRILIN TV
£, Orlrane SEE ISR L(EHEEIHELAVWTILIHEATLAY, BREAEC, RADT
wr, B (FRBREDV A7 NN ORERDOEBREDEIHEZRVAALLZ LT
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Patient Services Employer & Union Services

W know that w ‘ated health conditions affect more
than e y<ical heath. Work-refated i es
and ilinesses a an impact one's emotional well-being

vorkers” heakh and well |
Mount )
Sinai
Selikoff Centers for
Occupational Health

exams 0 355ess if a health

ing the CDC/NIOSH
¢ of work-related medical
o Health and safety. exgonomic. and environmentz
1 expasure to work-related hazatds, estinegsy:

er toxic substances *  OSHA-mandated me
have been exposed t
and other toxic substanc:

Hearing consenvation programs
Health and safety education and trair

Occupational

Medicine

Excellence in

Respirator it testing ari clearance
Pre-placement and fit-for-duty evaluations
Retum-to-work assessments

e with specialty practices
tion, diagnc it Sinai Health System

k-related injury

and treatmen and iliness

Mount Sinai Selikoff Centers

for Occupational Health

If Centers for Occupational He prevention 1 keep workers healthy and (e work safe

ihe New York City 21 Lower Hudson Valley (5015

cians are leaders in the field of occupatio

ur highly skilled 21/ multilingual team of p

patient-centered <
valuate the work envireament and establish integrat o d

Jur medical experts 1 outreach team mermbiers Visit Oganiastions, unions. and e

Physician to Physician
Every cliniciaf In the Sellkoff Centers for Occupational Health is  faculty member of the Department of Preventive Medicine at Collaboration

the Icahn Scliool of Medicine ot Mount Sinai, which is ranked among the top 20 medical schools both in the National Institutes

Delivering occupational health in the context of integrated

of Health fuidling and by U.S. New’ & World Report.
| primary health care is essential to maintaining and
A leader in interdisciplinary research, Mount Sinai has modd ing dis about i L ilinesses. restoring the working capacity of patients. We welcome
during the last 50 years. Today, research elforts are focused pn finding solutions to heafth problems resulting from exposure to medical providers to contact us to discuss a case or refer

hazards incluling asbestos, silica, and 166d, as well os tvnhr(mg the effectiveness of integrated health protection and health a patient.

promotion programs in workpiaces |
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Mount
Sinai
Beth Israel
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	アメリカと日本の医学教育の違い　アメリカの臨床　学校外の活動について　医学部4年　田中奏多

	【 Mt.Sinai医科大学と日本の教育の違い】

	①評価する文化があること。
 
	②生徒と一緒につくる授業

	③アウトプットをするストレスがあること 
 
	④プレゼンテーションの仕方など自分の意見を示す教育がされていること

	⑤なにを勉強すればいかがわかりやすい

	⑥将来医者になる上での危機感がある

	⑦自分の未来についての具体的なロールモデルがいる

	⑧社会に対しての責任を持っていること


	【Medical Schoolの 1，2学年の授業】

	【Small Group】

	 【テスト】
	【アメリカ特有の授業】

	【アメリカで医師になるには】

	※Small Groupの課題

	【アメリカの臨床の現場】

	【食事の指導】

	〈保健と医療の関係
〉
	【留学をとおして】

	【その他の留学での活動】

	<JAMSNETの会 >

	<Mt.Sinai医科大学精神科Emergency Room>

	<Mount Sinai Selikoff Centers for Occupational Health>

	<東京海上記念診療所 桑間雄一郎先生 >

	< JMSA のワイン＆チー ズパーティ>

	<柳澤先生のお宅 >
	<International Women's Dayの講演会>

	<TOGETHER FOR 3.11>

	<The 9/11 Tribute Center　Meriさん >

	<日米カウンセリグセンター 桐畑さん >

	<The New York City Department of Health and Mental Hygiene 坂上けいこさん>

	<Mount Sinai Beth Israelの精神科松木隆先生 >



