The Investigations dfalcium abnormalities

Essential for understanding this presentation

1) Anatomy:Parathyroid gland, skin, liver,
kidney, intestine, bone

2) Biochemistry:Hormones produced by
the Parathyroidgland & Kidney. Bone
metabolism

3) PhysiologyRegulation and
metabolism involving calcium

First then can one start on a journey to

investigate abnormal-salcium levels
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Objectives

1) Describe the mechanisms behind
hypocalcaemiaandhypercalcaemia

2) Differentiate amongrimary, secondary
andtertiary WOl £ OA dzYQ RA &
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Discuss - based on the normal
physiology - the rationale behind

3) Symptomsof adysregulated calcium.

4) Theinvestigationsdysregulated calcium.
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Essential for understanding the investigations

1) Anatomy:
2) Bilochemistry:

3) Physiology:

4) Diseases
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Essential anatomy

Posterior L R S v Parathyroid glands
aspect of PR

thyroid gland

Inferior thyroid artery

Parathyroid K==
gland
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Essential for understanding the investigations

1) Anatomy:
2) Biochemistry:

3) Physiology:

4) Diseases
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Essential biochemistry

Bizhanova A , Kopp P Endocrinology 2009;150:1084-1090
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Remember calcium's
role in cell signaling
(This one is from the
thyroid gland)

Clinical most

Important functions”

A Heart

A Muscles

A Nervous system
A Immune system
A Coagulation
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Essential biochemistry

Calcium bound to proteins mainly albumin
app 20%

Free ionized calcium (Ca2++).
It Is the physiologically active fraction

Measurements
A Total calcium
A FEree ionized calcium
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Essential biochemistry

H* affect the binding of calcium to protein
H* competes with Cafor binding sites

What are the implications?

The total calcium is not affected

If H" falls the patient might experience tetany
despite a normal total plasma concentration

If H" Increases the patient might loose
calcium >osteomalacia
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Essential biochemistry

Vitamin D'

Skin 7-dehydrocholesterol HO
7-Dehydrocholesterol
Cholecalciferol

(ViatminDy)

Vitamin D

NN

25-hydroxycholecalciferol
(25-0HD,)

1,25-dihydroxycholecalciferol
(1,25-(0H),D5)
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Essential biochemistry

1 5 10 15 20 25

hPTH H-SER VAL SER GLU ILE GLN LEU MET HIS ASN LEU GLY LYS HIS LEU -ASN SER MET GLU ARG VAL GLU TRP LEU ARG LYS LYS LEU GLN AS
hPTHP H-ALA -~ - - HIS - - LEU - ASPLYS - - SER ILE GLN ASP LEU ARG - ARG PHE PHE - HIS HIS LEU ILE ALA GLU

30 84 144
Amino acid residues Amino acid residues

Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jamasan JL, Loscalzo ).

hPTH = humane PTH
hPTHrR=humanePTH related peptide
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Essential biochemistry

o0
Parathyroids

—

Paracrine Actions Calcium Homeostasis

Sourca: Longo DL, Fauci AS, Kasper DL, Hauser 5L, Jamesan JL, Loscalzo J;
Harrison’s Principles of Internal Medicine, 18th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved,

hPTH = humane PTH
hPTHrE=humanePTH related peptide
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A complex system

Extracellular ionized
calcium

Renal
tubule

’./ y
L)
Calcium-
sensing "

receptor

Parathyroid cell PTH
receptor
'

//’

|

Calcium- | 1,25(0H);D

sensing Endocrine
receptor mechanism

Duodenal
> flumen

> '
- / =
) v PTHrP Blood and other
‘ > p extracellular fluid
: i
b Cartilage and PTHrP
d i target cells in many

other tissues

Autocrine—paracrine PTH receptor

mechanism
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Essential for understanding the investigations

1) Anatomy:
2) Bilochemistry:

3) Physiology:

4) Diseases
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Thebone component

PTH, Vit D, IGFs,
BMPs, Wnis

P L -
L L

Mesenchymal Osteoblast Active
osteoblast precursor osteoblast
progenitor

Runx 2 Collagen (1)
Alkaline phosphatase
Osteocalcin, osteopontin
Bone sialoprotein

M-CSF RANK Ligand M-CSF RANK Ligand
RANK Ligand : IL-1
IL-1,IL-6

' @
@ Commitment ( B Differentiation ‘- : Fusion N~

Hematopoietic Osteoclast Mononuclear Quiescent
osteoclast precursor osteoclast osteoclast osteoclast
progenitor

PU-1+ c-fos+ C-Src+
NKkB+ B3 integrin+
TRAF+ PYKZ2 kinase+
Cathepsin K+
TRAF+
B Carbonic anhydrase I+

Source: Longo DL, Fauci AS, Kasper DL, Hauser 5L, Jamesan JL, Loscalzo 1:
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine, com

Copyright @ The McGraw-Hill Companies, Inc. All rights reserved.,
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Thebone component

Osteoclast
precursor

) . precursors
L,___j - Osteoclast Active osteoclast Osteoblast Bone
To< _._J / remodeling

ng _cell_s __/ . |,1| | ﬁ| I unit

Osteoblast

Lini
e a

| ( v
Resting N | N I”_ __D 1
i { steoid
bone /
\’( Resorption . Cement

[T 1]

line

surface
)i \‘( Bone formation Mineralization

?’( Activation

Osteocyte

Sourca: Longo DL, Fauci AS, Kasper DL, Hauwser SL, Jamesan L, Loscalzo J:

Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine, com

Copyright © The MoGraw-Hill Companies, Inc. Al rights reserved,

52y QU0 F2NHSG 0602YyS NB)
constant process/ balance
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A orG e CFU.GM
RANKL | Activated T . ~Activated (o)
lymphocytes /-~ synovial M-CSE
LJ RANK - fibroblasts *-l -----

f ’ +®

Preosteoclast

S

Aclwate:ﬂ

dendritic 'f QJ‘ ®
cells (- ® .
= Rl
T
3 Mullmucleated

osteoclast

® f(’ f-ff':i’f@

@
@ '_,

-

®

Osteoblasts or bone Bone JUlt ,
marrow stromal cells Actwated Apoptotic
osteoclast osteoclast

Anabolic or anti- Estrogens, calcitonin, BMP 2/4, TGF-j, TPO, IL-17,

Proresorptive and  1,25(0OH)5 vitamin D5, PTH, PTHrPF, PGE;, IL-1,
calciotropic factors IL-6, TNF, prolactin, corticosteroids, oncostatin M, LIF

resorptive factors  PDGF, calcium

Source: Longo DL, Fauci AS, Kasper DL, Hauwser SL, Jamesan JL, Loscalzo 1;
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine. com

Copyright © The MoGraw-Hill Companies, Inc. All rights reserved,




The Investigations dfalcium abnormalities

The Calcitonin regulation
Downregulates calcium

The PTH reqgulation
Up-regulates calcium

What type of feedback is it

Classical negative feedback
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The Investigations dfalcium abnormalities

Vitamin D-
25 hydroxylase ~_

vV
;

* Liver

A
-

-

25(0H)D;~—

25(0H)D-1u-

.@)Md hydroxylase ™~

other factors

Parathyroid
glands
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The Investlgatlons c[taluum abnormalities

0.25-0.5 g i |
> 11000-2000 g

Intestine

l

0.3-1.0g

S«uroeLgDLF SKDEDLH
.rsur?sPrrm:p H'E' al Medic rre‘.lﬁ

Copyright © The MoGraw-Hill Companias, Inc. A
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Ed tion: www
ghts resarved,

0.25-0.5 g

7.9-9.7 g

|

Kidney

l

0.15-.3 g

er SL, Jamesan JL, Loscalzo 1:
Laccessmedicine, com

Remember it
IS a dynamic
balance

Homeostasis

Plasma calciu
IS tightly
controlled
2.15-2.55
mmol/L
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The Investigations dfalcium abnormalities

0.4-1.5 g 25mmolday

Sl \\/ith
ﬂ. - 12 mmol/day T \L 10 mmol/day .' apprOXImate

'ﬂ'{{ 0.25-05g (221% 0.25-0.5¢ L4

A7 ~ [1000-2000 o JROLEILNY

1-29| 0.25-05¢

 Lommolday B turnover in
7.9-9.7 g mmol

Intestine

l

03-1.0g Plasma calciu
oo IS tightly
Kidney controlled

I 2.15-2.55

0.15-3¢g 5 mmol/day

Sourca: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jamesan JL, Loscalzo 1 I I l I I I |/L
1

Harrison’s Principles of Internal Medicine, 18th Edition: www.accessmedicine, com
Copyright & The MoGraw-Hill Companies, Inc. All rights reserved,
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Essential for understanding the investigations

1) Anatomy:
2) Bilochemistry:

3) Physiology:

4) Diseases
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Hyper-& HypoQa G I G S & |

In principle only two things can go wrong:

Increased level (high concentration) of
substanceHyperX @amia

Decreasedevel (low concentrationpf
substance HypoX daémia

Of cause there can be many underlying causes
¢dzY2NE adl NOFGA2YS AY
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Hyper-& HypoQa G I G S & |

iR D12gNOSIS using s
| Bl calcium and $£TH

The box represent the
upper and normal
limits for scalcium
and/or sPTH
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DL, Fauci AS, Kasper DL, Hauser 5L, Ja
ciples of Internal Medicine, 18th Edition:

he McGraw-Hill Companies, Inc, All rights
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Hyper-& HypoQa G I G S & |

= HyperparathyroidSm

et LRI High PTH results in high

Hypoparathyroid|sm .
' ' calcum >

hyperparathyroidism

Low PTH results in low
calcium >

hypoparathyroidism

Parathyroid hormone 1-84 (pg/mL)

High calcium with low PTH

1 . > the PTH response Is

I S m=m=+ adequate hence not a
praummoe) parathyroid problem

Copyright & The MoGraw-Hill Companies, Inc. All rights reserved,
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Essential for understanding the investigations

1) Anatomy:
2) Bilochemistry:

3) Physiology:

4) Diseases

Hypercalcemia
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Hypercalcemia

Manifestations of hypercalcemia
Normal Laboratory: ~ Serum calcium (total) 1.12-2.65mmol/L
Serum calcium (ionized) 1.0-1.25mmol/L

Inability to Concentrate Urine and Exposure of Kidney to Increased Concentration of Calcium
Polyuria
Increased thirst
Flank pain
Signs of acute renal insufficiency
Signs of kidney stones

Neural and Muscle Effects (Decreased Excitability)
Muscle weakness
Ataxia, loss of muscle tone
Lethargy
Personality and behavioral changes
Stupor and coma

Cardiovascular Effects
Hypertension
Shortening of the QT interval
Atrioventricular block

Gastrointestinal Effects
Anorexia
Nausea, vomiting
Constipation
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Hypercalcemia

Urgent treatment is required

If - calcium > 3.5mmol/L
- clouding of consciousness or confusion is present.
- hypotension
- severe dehydration causing pre-renal failure

Management

ARehydrate with iv Na saline (0.9%)

Miuretics once patient is rehydrated (monitor electrolytes K+ and Mg++)
Af inadequate response give calcitonin, bisphosphonates, steroids.
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Some Causes of hypercalcemia

Malignancy
MBony metastases, e.g. breast, lung, prostate, kidney, thyroid.
ASolid tumors with humoral effects (Parathyroid hormone-related protein
(PTHRP)).
Adematological tumors, e.g. myeloma.

Parathyroid hormone abnormalities
Mrimary hyperparathyroidism (adenoma, hyperplasia or associated with
multiple endocrine neoplasias).
Aertiary hyperparathyroidism

High bone turnover
Arhyrotoxicosis
A mmobilization, e.g. with Pagetods di

High level of vitamin D
Avitamin D toxicity.
AGranulomatous disease, e.g. sarcoidosis, tuberculosis.
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Some Causes of hypercalcemia

Drugs
o hiazides (reduced renal calcium excretion)
w/itamin A toxicity.
uMilk-alkali syndrome (Burnett syndrome).

Familialhypocalciurichypercalcemia

Other endocrine causes
wAdrenal insufficiency
wAcromegaly

Rarer causes, e.g.
W AfEAlLIYQE A8YRNRYSO
«Human immunodeficiency virus infection.
oleprosy.
oHistoplasmosis
ouBerylliosis
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Algorithm for hypercalcemia

‘ Hypercalcemia (raised albumin corrected calcium

!

Was there Evidence of
venous stasis during malighant disease?
venepuncture?

Is patient

on calcium-raising Thyroid function test
medication?

Is plasma
Parathyroid hormone
(PTH) low

Evidence of
granulomatous disease
{(e.g. sarcoidosis)

No | (= Normal/elevated)

Primary or tertiary hyperparathyroidism. Consider other causes
Exclude hypocalciuric hypercalcemia ! of hypercalcemia

From "Martin A Croak, 'Clinical Chemistry and Metabolic Medicine' (BookPower, 2006)
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Algorithm for hypercalcemia

EVALUATION OF PATIENTS WITH HYPERCALCEMIA

‘ Hypercalcemia

Key historical considerations
« Confirm if TCa2+ chronic
» Clues from history and physical findings

Acute (or unknown) duration Chronic duration {(months)

l l

PTH high PTH low PTH low PTH high
Y Y L Y

: : Screen
1" Hyperpara- Consider negative Other causes Hyperpara-

thyroidism malignancy — Granulomatous thyroidism:
Consider MEN PTHrP assay disease 15,2, 3
syndromes Clinical evaluation FHH Consider MEN
Milk-alkali syndrome syndromes
Medications
{lithium, thiazides)
Immobilization
Vit D or Vit A
intoxication
Adrenal insufficiency
Hyperthyroidism

Sourca: Longe DL, Fawci AS, Kasper DL, Hawser 5L, Jamesan L, Loscalzo 1,
Harrison's Principles of Internal Medicine, 18th Edition: www.accessmedicine,com

Copyright © The McGraw-Hill Companies, Inc. All rights reservad,
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Calcium deposits In various tissues

Vessel Calcification
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Essential for understanding the investigations

1) Anatomy:
2) Bilochemistry:

3) Physiology:

4) Diseases

Hypercalcemia-Cases 1to 8
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Hypercalcemia: Case 1

Calciphylaxis presents as painful, indurated, focally necrotic,
erythematous plaques that usually are on extremities. Secondary
hyperparathyroidism resulting from chronic renal failure treated by
dialysis is the most common association.

Calcification of small blood vessels, focal calcification of the fat,
and vascular thrombosis are seen histopathologically. he degree of
necrosis of the dermis and/or lobular panniculitis is variable within a
given lesion, and this is reflected in the highly variable pathology
seen in multiple biopsies of a lesion or from case to case. Either a
large biopsy or multiple biopsies that include subcutis may be
necessary to demonstrate the calcification.

Necrosis of the dermis and/or the vasocentric nature of the
calcification in calciphylaxis help distinguish this from the
calcification sometimes associated with pancreatic fat necrosis
Involving the subcutis.

From http://www.bweems.com/calciphylaxis.html
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Calciphylaxis Casel

This 66 year old male, who has been on
dialysis for renal failure, developed bilateral,
Indurated, erythematous, painful plaques about
10 cm. in diameter on the thighs. Focal
necrosis was noted clinically. This patient had
secondary hyperparathyroidism, and he also
had focal superficial penile ulcers. The penis
was not biopsied, but an x-ray set for soft
tissue density demonstrated calcification within
It.
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Calciphylaxis Casel

Scan power view.
The skin does not
look too
remarkable at this
magnification, but
there Is some-
thing abnormal in
the lower right
side of the
reticular dermis.

From http://www.bweems.com/calciphylaxis.html
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Calciphylaxis Casel

A low power view of
the lower right side
of the reticular
dermis. This biopsy
was taken near the
edge of a focus of
clinical necrosis. The
RS an, e SRR b e PMN's and nuclear
Z. }:‘ B i AL e B debris scattered
““x:??'x« .,.‘ﬂ' s e Eetween collagen
PRI e T s G und_les e
‘ N | ' consistent with the
reaction on the edge

of a necrotic zone.

wid

| ~ ) A .
" A .
-~ . o ' - i Lo R

From http://www.bweems.com/calciphylaxis.html
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From http://www.bweems.com/calciphylaxis.html
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Calciphylaxis Casel
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A medium power
view above the
zone shown above.
The collagen
bundles are
swollen, and there
IS a marked
diminution in the
number of
fioroblasts that
would normally be
present. This can
be seen in dermis
that has a
diminished blood

supply.
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