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Patofyziologie poruch endokrinniho systému —
nadledviny, stitna zlaza

1  Zapati prezentace



Mezibunécha komunikace

* Neurokrinni - neuroendokrinni
* Endokrinni (hormony)
e Parakrinni (cytokiny)

e Autokrinni (rdzné)



Hormones

* Proteins / peptides
— Preprohormone (ER, GA, secretion granules)

e Steroids
— Cholesterol

e Amines
— Tyrosine



Endocrine regulation

* Negative feedback
e Positive feedback

* Production (endocrine gland)
* Transport (binding proteins in plasma)
» Target tissue (receptors on cells)



Endokrinni systém

Stressor

HORMONES

Hypothalamus Pineal gland
TRH, CRH, GHRH Melatonin
Dopamine
Somatosta.tm Pituitary gland
Vasopressin GH, TSH, ACTH

. FSH, MSH, LH
;:gﬂ:ﬂri?g \F;rolactin, (_)xytocin
T3, T4, Calcitonin asopressin

P Thymus

Thymopoietin

Liver
IGF, THPO

Stomach
Adrenal Gastrin, Ghrelin
Androgens Histamine
Glucocorticoids Somatostatin
Adrenaline Neuropeptide Y
Noradrenaline Pancreas

Insulin, Glucagon

Kidney Somatostatin

Calcitriol, Renin

Erythropoietin Ovary, Placenta
Estrogens
Progesterone

Testes

Androgens Uterus

Estradiol, Inhibin Prolactin, Relaxin




Hypothalamus

* Neural regulation of the autonomic nervous
system - adrenal medulla

* Production of ADH and oxytocin

r" 5 — Hypothalamus

e Regulation of the pituitary



Hypothalamus

e Liberins

— CRH (ACTH), TRH
(TSH), GHRH (GH),
GnRH (LH, FSH),
Salsolinol (PRL)

e Statins

— Somatostatin (GH),
Dopamine (PRL)



Endokrinni hypotalamus

Uvolnovaci faktory pro
Hormony

Rdstovy hormon
(GHRH)

Stitnou Zlazu (TRH) Vasopresin (ADH)
Kortikotropin (CRH)
Pohlavni hormony
(FSH RH, LH RH)

Oxytocin

Blokujici faktory pro

Prolaktin (PIF)

Rlstovy hormon

Pro predni lalok ' Pro zadni lalok
hypofyzy hypofyzy



Hypothalamus - poruchy

Priciny: T tu, { trauma, kongenitalni zmeény, poruchy
prokrveni, autoimunita

Hypersekrece: jednotlivé hormony — typické pfiznaky

Hyposekrece:

hypotalamicky panhypopituitarismus =
snizeni sekrece vsech hormon
hypofyzy kromé prolaktinu
eporucha sexualniho vyzravani,
spermatogeneze a menstruacniho
cyklu (FSH, LH)
e snizend odpovéd na zatéz (stres)
(CRH)
e hypotyredza (TRH)
poruchy ristu
(GHRH)

« Neurosecretory

pothalamus

cells produce ADH
and oxytocin. Yy
hypothalamic-releasing and
hypothalamic-inhibiting
hormones.
« These hormones move

down axons to axon endings.

+ These hormones are
secreted into a portal system.

« Each type of hypothalamic
hormone either stimulates or

\ !
f )
1 \PAS 2 inhibits production and secretion
/ ) of an anterior pituitary hormone.
* When appropriate, ADH and \ ﬂ \ o
oxytocin are sacreted from / | S ‘ /@) « The anterior pituitary secretes
axon endings into the bloodstream. ] () e @ its hormones into the bloodstream.
postarior pituitary O & W) / anterior pituitary
antidiuretic / gonadotropic
hormone (ADH) hormon
f
kidney tubules
ovaries, testes
oxytocin growth
hormone (GH)
' oxytocin TSI prolactin (PRL) p
@ | i
smooth muscie @ ‘
in uterus S mammary bones, tissues
glands glands




Hypothalamus

* Hypothalamic - pituitary axis

e Control of the production and release of
pituitary hormones

* Pulsatile secretion

e Specific membrane receptors
* Second messenger

* Autoregulation



Pituitary

* Anterior pituitary
— Adenohypophysis
— ACTH, TSH, FSH, LH, PRL, GH, MSH
— Endocrine regulation
* Posterior pituitary
— Neurohypophysis
— ADH, Oxytocin
— Neural regulation of hormone relec e
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Hypopituitarism

e General

e Selective

* |nfections, infarctions, cysts, tumors, injuries,
ilatrogenic, Sheehan syndrome

* Fertility, Growth ...
* Therapy - supplementation



Poruchy rustového
hormonu

* GH overproduction

— Gigantism
* Before puberty

— Acromegaly
e After puberty

too much

=

x-""lufGH

right amount harmane (GH)

ptuitary gland
-"‘"f’. makes growth
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Poruchy rustového hormonu - akromegalie




Poruchy sekrece ADH

* ADH insufficiency

— Diabetes insipidus
* Polydipsia, polyuria

e Overproduction ADH
— Syndrome of IADH

* Hypoosmolarity of plasma, hyponatriemia, oliguria



Adrenal glands

e Cortex

— Zona glomerulosa (mineralocorticoids (S oo s

Pituitary Gland

— Zona fasciculata (glucocorticoids)

— Zona reticularis (androgens) |wm1.m| i
Sm““f:l-'%ié: i Intermedinte lobe
 Medulla e e
j \ . hdpmr;dm:::m Caortizal
— catecholamines '“"*“'“’“““"‘“'-&h—' Popmmne
Estrogen

hhhhhh



Stimulates

Cortex

Medulla

Catecholamine

@ Epinephrine

@ Nor-epinephrine
@ Dopamine

80% of the Weighi

20% of the weight

Zona glomerulosa |mep \ineralocorticoids

15%

Zona fasciculata

Aldosterone

Glucocorticoids

7% Androgens
_ _ Estrogen
Zona Reticulari
79 Mineralocorticoids
Adrenal Gland Hormone

labpedia.net




o Cholesterol
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" 17a-Hydroxy-
progesterons

Etiocholanolone



Disorders of the adrenal glands

* |nsufficiency

— Primary — Addison's disease

e Autoimmune, tuberculosis, hemorrhage (Waterhouse-
Friderichsen syndrome in meningococcal infections)

— Secondary — pituitary disorders, discontinuation of
glucocorticoid therapy



Addison's disease

e Aldosterone insufficiency

— Hypotension, hyponatremia, hyperkalemia
e Skin pigmentation

— Pro-Opio-Melanoma-Cortico-Tropin

 ACTH increased (dif-dg secondary adrenal
insufficiency)




Conn's disease

* Primary hyperaldosteronism

— Mostly unilateral endocrine active tumor

ADDISON'S DISEASE PRIMARY HYPERALDOSTERONISM

CHRONIC ADRENAL INSUFFICIENCY EXCESS SECRETION OF

— Hypertension

ALDOSTERONE
PRIMARY DEFICIENCY OF

CORTISOL AND ALDOSTERONE DUE
TO ATROPHY OF ADRENAL CORTEX

— Hypernatremia
— Hypokalemia

BILATERAL ADRENAL

DIAGNOSIS BY ACTH HTPERPLASIA
STIMULATION TEST = CONN'S STNDROME: TX: SPIRONOLACTONE
ADRENAL ALDOSTERONOMA (K* SPARING DILRETIC)
TX: STEROID REPLACEMENT WERKNESS, WEIGHT LOSS, TX: SURGERY

THERAPY FOR LIFE HYPERPIGMENTATION

HYPERTENSION, HYPOKALEMIA, ()

LOW PLASMA RENIN

WWW.MadCoMIE.CoM ©2013 Jorge Muniz




Cushing's syndrome

Fat pads
(Buifalo Hump)

* Hypercortisolism

— Primary
 Adrenal adenoma

— Secondary

— Thin arms
and legs

* Cushing's disease - overproduction of AC
* Ectopic production - lung ca

* latrogenic



Headache, fatigue, sleep disturbances, depression, cognitive impairment

Cushing's syndrome

Excess facial/body hair growth (called “hirsutism”) in women

Round (moon-shaped) and/or red face

Buildup of fatty tissue between the shoulder blades
(sometimes called “buffalo hump”)

Skin problems (e.g. parchment skin)

* Central obesity

Buildup of fatty tissue in the abdominal area with thin arms and legs

* Hypertension

Purplish streaks across the skin

* Osteoporosis

Easy bruising, bleeding tendency, impaired wound healing

* Reduced growth

Osteoporosis

* Mental changes

© 2016 Novartis, all rights reserved.

* Hirsutism, acne, oligomenorrhea



Thyroid gland — physiology

e Actions of the thyroid

— Controls body temperature

Thyroid cartilage of larynx
(“Adam’s apple”)

— How body burns calories
— Controls how fast food moves throug

Isthmus

digestive tract Thyrele gland — '}

Left lobe

AE* Trachea

— Muscle strength

* Thyroid hormones i

— T4-thyroxine
Right lobe

— T3-triiodothyronine
— Calcitonin



Thyroid

 |lodine is rare T —

Hypothalamus o hormone

/ (Ta)

Thyroid glanc/
. =

e Ubiquitary receptors

* Highly potent action . ’;

\ Triiodothyronine
* Very common disorders ~ \ = "
— 5% women Pituitary gland \\A
— 0,5% men

Calcitonin



Thyroid hormones
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Thyroxine [T4] Tmodothyronine  "Reverse T3"

(T3] [Inactive]



Hyoid bone

Thyroid gland

Thyroid cartilage

Superior thyroid
artery
Isthmus of the
thyroid
Common carotid
arteries Trachea
a) Anterior view
Hyoid bone

Thyroid cartilage

Cricoid cartilage

Right parathyroid

Left parathyroid glands

glands

Left inferior thyroid Right inferior thyroid

artery artery
From left subclavian —/‘ \ From right subclavian
artery artery

b) Posterior view

Parafollicular cell

Colloid-containing
follicle

Follicle cells
(cuboidal epithelium)

c) Thyroid follicle cells



Factors that Affect Thyroud Function

Factors that inhibit proper
Factors that contribute pmmuun of thyroid hormones
E pﬂ:ﬂ production of . Stress
yroid hormones * Infection, trauma, radiatio
* Nutrients: iron, medications &
iodine, tyrosine, zinc, » Fluoride {antagonist to
selenium vitamin E, lodine)
B2, B3.B6,C,D N/ » Toxins: pesticides, mercury,
N cadmium, lead
N » Autelmmune disease: Cellac
Factors that Increase vV
conversion of T4 N Factors that increase
1o RT3 conversionof T4 to T3
« Stress e ; % €, Bewriun
« Trauma « Zinc
« Low-calorie diet RT3 T3
« Inflammation RT3 and T3 compete for binding sites

1 Tt

(cytokines, etc.)
: Lm':cn: _ Factors that improve cellular
ons sensitivity to thyroid hormones
* Liver/kidney « Vitamin A
. dysfunction Méncnondra « Exercise

medications

& |nstiiuta-dar Funclional Meadicime



99.5% is bound to
TBG (thyroxin-

5°/3” monodeiodinase
activity removes the 5°
iodine, converting T, to T;.

binding globulin).
ICTE Nuclear
/ envelope

~— Na—-K pump
—— Gluconeogenic enzymes

~_RetnodXx ™8
/ receptor (RXR)

AV ~T‘h’ ﬁ\\\\\\\\\\\\\\ —— Respiratory enzymes

Gene
Transcription

—— Myosin heavy chain

’ e‘i' _ |d response —— B-adrenergic receptors

mRNA — Many others

RIPRIARIARIARIARA *

Nucleus

99.98% is T, and T; enter the cell
bound to TBG. either by diffusion or by

carrier-mediated transport.




:Efl Pinie0 [ /} Adenylate cyclase

M i Gq ATP cAMP
Phospholipase C | | ¢ \
JAK2 PKA
PIP, 2729 \
IP3 v
DAG \ \
4' Ca2+—\ & \
PKC N :
Up- or down-regulation
L) —_— @ —> of transcription factors
and others
SOX2, DTX1, WNT1, ALPI
FGF3, FGF4, GDF3, TERT,
ACTC1, GDF4, COL2A1,
| COL9AT1, etc.

Self-renewal
differentiation
R ——————— maintenance



Ca#

Extracelular 2 _ A _,.,\ TSHR
Intracelular % CE}_FJ_\ ATP
5 @ O
2
"]

©©

@ Inactive PKA
Active PKA

1 iodide apical efflux / e

1 H;0; generation t sodium-iodide symporter expression

1 thyroglobulin iodination 1 thyroglobulin expression
1 activation of constitutive nitric oxide synthase + thyroid peroxidase




Repression of TR

*Depression
Loss of vision
*Heart problems
*Weight gain

. Fat|g ue Genomic Pathway
*Hearing loss
*Sensitivity to cold
*Weakness

*Issues with digestion
«Cognitive impairment

Cell
Viability
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Hyperthyroid

Ism vs hypothyroidism

Symptoms:
Extreme Tiredness/Lethargy/
Lack of Stamina/Metivation
Memory Loss/'Brain Fog'

Depmsainn/\__‘_\

Mood Swings
Hearing Loss

Signs:

Sparse Evebrows
Especially outer ends

Swelling of the Face
—— Especially around Eyes
(Oedema)

Changes at the back of
the Eye (at Fundus Oculi)

‘Wasting of Tongue
Weight Listless, dull to look Eyes
Gain Hoarseness

weak force
of contraction

Slow Thinking

Slow Pulse
Rate

3pm
crash

Broken
Sleep

Brittle/
Ridged
Nails

Jointf———
Muscle
Pai

. Non pitting oedema of ankles
Hair
Loss

Cold/dry/sore/scaley skin/brittle nails
Low basal activity level temperature
Dry/course/brittle hair or hair loss

Constipation Unexplained Weight Gain

Prmenstrual Tension

Pounding Heart Beat
Intolerence to Cold/Heat/

Sweating/Low Body Temperature Nervousness
Sluggish
Tingling & Numbnesss in Extremities Movement

Design mouseman info 2012

Signs:

Protruding Eyes
(exophthalmos)

Hﬂ/__,___ﬂ- Hair Loss

Staring Gaze
Nausea & Vomiting
Warm Moist Skin

Protusion of one or both
eyeballs (exophthajmos)

Sleeping/
Insomnia

Goitre

Fast
Heart
Rate

Trembling
Hands

Fatigue

Ttching
-overall

Heartbeat
Sensations
Palpitations

Weakness
Skin Blushing/ Flushing

Blood Pressure- high
Pulse- Pounding

Diarrhoea

Increased Bowel Movements Weight Loss

Heat Intolerence

Light or Absent
Menstruel Periods

Muscle Weakness

Breast Development in Men
Design mouseman info 2012



Hyperthyroidism

 Emotional symptoms
— Nervousness
— Restlessness
— Anxiety
— Irritability
— Sleeplessness or insomnia
— Exhaustion

Overactive Thyroid

Hyperthyroidism Healthy




Causes of hyperthyroidism

* Grave’s disease

* A benign nodule on the thyroid

* Thyroiditis

* Taking too much of the synthetic thyroid
hormone



. STIMULUS

-

Hypothalamus

(cold or stress) |

. HYPOTHALAMUS
increases secretion
of TRH into blood

. PITUITARY
glandular cells
increase secretion
of TSH into
circulation

. THYROID GLAND
increases secretion

of Ty and T, into blood

> [

L.

TSH

6. NEGATIVE FEEDBACK
High levels of T;and T,
inhibit secretion of

TSH and TRH

L

L ]

5. TARGET CELLS
increase
metabolism




Hyperthyroidism DiffDg

e Graves’ Disease

 Toxic Multinodular Goiter

e Toxic Adenoma

* Thyroiditis
— silent (Hashimoto’s) — painless, often post partum
— subacute (de Quervain’s) — painful, post viral
— drug-induced — amiodarone, lithium, interferon
* Thyrotoxicosis factitia
— ingestion




Thyroid storm (crisis)

* Sudden onset

* Fever

* Profuse diaphoresis

* Flushed warm skin

* Tachycardia

* Weakness, lethargy and confusion
* Coma

* Nausea, vomiting, diarrhea



Treatment of hyperthyroidism

e Causative

* Radioactive iodine
— Supplementation

* High-dose iodine — Wolff-Chaikoff effect HyPERTHYROIDISM
* Beta-blockers el

* Antithyroid treatment
— Propylthiouracil (PTU)

* Thyroidectomy




Grave’s disease

* Resting tremor * Irritability

* Hyperreflexia * Tremor

* Atrial tachyarrhythmias * Proximal-muscle weak-
(including atrial fibrilla- ness
tion)

* Difficulty sleeping
* Enlarged painless thy-
roid with thrill and bruit

* Warm, moist, and
smooth skin

* Palpitations

« Heat intolerance

* Weight loss

¢ Hair loss * Increased appetite

* Increased frequency

* Onycholysis (Plummer's
ycholysis ( and loose stools

nails)
* Menstrual irregularity

) (oligomenorrhea, amen-
* Localized dermopathy orrhea)

(pretibial myxedema)

* Gynecomastia

) * Decreased libido and
g :(rhly Et;d ac):ropachy erectile dysfunction
cHbbing _ * Photophobia, gritty eye
: Stgre, eyelid lag, prop- sensation, xerophtalmia,
tosis blurry vision, diplopia
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Pathophysiology of Graves diseases

Pathophysiology of graves’ disease




Blood | 1T,&T,

Hypothalamus @

Increased levels of
thyroid hormones
signal hypothalamus
to stop secreting TSH




Hypothyroidism

Hypothyroidism: Clinical Symptoms and Signs
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Hyposekrece T3, T4 v détstvi

Kretenismus

nedostatek T3 a T4 jiz intrauterinné,
porucha vyvoje Zzldzy nebo endemicky
nedostatek jodu

poruchy ristu, krat$i konletiny
poruchy intelektu, spavost
Unava, svalova slabost

zdcpa, velké brisko

45



HVPOtthldlsm Possible Hypothyroidism: Diagnosis: fT4, TSH and Ab

fT4 nl, TSH nl, fT4nl, TSH D, fT4 1, TSH 1, AL, SHnlor b, 1 614 p1 or D, TSHAL
Ab + Ab +/- Diffuse goiter+ Ab -
Diffuse goiter+/- Diffuse goiter+/- / l l l
: See Possible
H h¢ t I ¢ ﬂb‘l‘ #‘b_ H-,-|?n;|§is1|:!.::!:ar-,- OnADSr:gs Thryotoxicosis
ashimotos Sub-Clinical Dilanti Algorithm
No Rx required 'L IDZT::
HYthheridism Hashimoto's Steroids
Hypothyraoidism MEAIDS Serious
lliness
See VL T3]
Hypothyroidism T4 treatment \ RT3 Ir
orn
Treatment / W LH, FSH, PRL, |[ TsHnl
Algorithm Consider Testosterone, 'L
. Estrogen,
Metabolic defect Cortisol No h 4
Drugs CT. MEI Rx NTIS
SAT $
DES’EI’UF’EIGH ‘ Consider h 4
Ab-Hashimoto's eg ITT, Consider
l GnRH, TRH, Therapy
See other l
. Treat
Algorlth m Hypopituitary

MNo.6




Hypothyroidism

. CAUSES OF HYPOTHYROIDISM
* Primary

lodine deficiency in diet

- TherId gland Damage and inflammation

of the hypothalamus

Inflammatory processes of
tissues of Thyroid gland

— Hashimoto’s disease

e Autoimmune thyroid destructio

Complete or
partial removal
of Thyroid gland

Drug therapy

« . depressin
- CretE|nlsm thyrf)?dfunc?ion
* Neonatal screening

Unfavorable

environmental factors
(radioactive radiation,
work in harmful production)

The use of
¢ Se CO n d a ry radioactive iodine for
therapeutic purposes
Anomalies in the

— P it u ita ry g | a n d intrauterine development

of the organs of the
endocrine system



Hypothyroidism

* Treatment of hypothyroidism
— Causative
— Thyroid hormone replacement

— lodine
e Jod-Basedow effect



Features of hypothyroidism and hyperthyroidism

Course and

dry hair po— =t

Hypothyroidism | ‘ Hyperthyroidism




Trachea

Excessive or Prolonged

Benign Nodules (95%) Carcinomas (5%)

Hyperplastic nodules (85%)
Adenomas (15%)
Cysts (<1%)

Papillary (819)
Follicular and Hiirthle-cell (14%)
Medullary (3%)
Anaplastic (2%)

Common Varieties of Thyroid Nodules.

il

HASHIMOTO'S DISEASE

Thyroid
_-Cartilge

Enlargement of
the Tongue

Goiter
A puffy Face
Brittle Nails

Hair Loss (Goiter)
i

Hashimoto's Disease, is
an Autoimmune Disease
in Which the Thyroid
Gland is Gradually

Pale, Dry Skin

Menstrual Bleeding

Fatigue and Sluggishness
* s @
2 Increased Sensitivity to Cold
Muscle Aches, Constipation *
Weakness, Unexplained Weight Gain
Tenderness and
Stiffness



Calcium Turnover

Diet
1000 mg

- Skeleton

500 mg

—

Bone
remodeli ng

500 mg

.E_MMWNW % -

2% of
filtered load

Fecal Urinary
Seneon excretion

RO mg 200 mg




Key
6= Calcium ions (CaZ+)
= Phosphate ions (HPO42~
® and H,PO,1-) *
@ = Hydroxyapatite

G.l. tract

PTH

Calcium Kidney

excretion
controlled
by serum
threshold

—N mg/dl Regulatory mechamsm

it. D o promotes absorption of .:
calcium by 1 W
_ of 25(0H)D =

Vitamin D & PTH
cehsnces _ @ﬁ'@ | © ) inhibits
absorption of | ' reabsorption
calcium and (e of P;
phosphate:
Gastro-
intestinal
secretions Z
required for /Succus o/
this action / entericus (@) ) : i
[ 7 Alkalme ® @ Acid
| @* pH\ PTH enhances J? |
" resorption FH
Stool . @ .
secondary action
Normal excretion 4 *® (0 ( y ) Urine
on average diet A E— Normal excretion
Ca?*—500-700 mg/24 h on average diet
P; —— 200-600 mg/24 h % Ca?*=25-300 mg/24 h
e 2| [Osteoclastic Frr 506100 g2 h
2+ . ;
Ca a"e(jjp' -g_ and osteoblastic
fromoe g | Jactivity in s
by alkaline pH, = | |dynamic ) ,
stress, anabolic Sy equilibrium Resorption of calcium and
hormones, and £ phosphate stimulated by PTH
local tissue ]
concentration <

). - J - F
--.@_n_ .8 1\
s Bone salts dep05|ted as hydroxyapatlte \‘“\/ '

in protemaceous bone matrix



Hypercalcemia

* Symptoms
— Renal (stones, polydipsia, polyuria)
— Bones (pain)
— Gut (constipation)
— Brain (depression, fatique, anorexia)
* Signs

— Hypertension, cognitive impairment, joint
swelling, bone deformities



Hypercalcemia
* Causes

— Primary (tertiary)
hyperparathyroidism

— Malignancies (parathyroid
hormone-related protein)

— Hypervitaminosis D
— Renal failure

 Therapy

— Diuretics
— Bisphosphonates
— Calcitonin

Hypercalcemia: Clinical Findings

Note: “Total Ca2+" in the blood is either “free”, or bound
to albumin. The lab value measures the “Total Ca2+”, but
it is the “free Ca2+” that carries out Ca2+'s functions and

determines if someone is hyper- or hypo-calcemic.

Alters charge balance across the cell membrane

/\

Na+ channels on neuronal
membranes become more resistant
to opening (resists Na+ influx)

l Constipation
I/ neurcnal action
potential generation

'

Sluggish neuronal activity...

...in central nervous ...at neuromuscular

system: junction:
Cognitive Fatigue Muscle
dysfunction Weakness

A rhyme to help you recall the manifestations
of one specific cause of hypercalcemia, primary

- contractility of GI
tract smooth muscle

T

Hypercalcemia
{serum [Ca2+] > 2.5mmol/L)

Constantly
feeling full
because of
reduced G|
motility

|

A appetite

r

Ca2+ precipitates with
PO,* throughout the body

i

If precipitation
occursin the
urinary tract...

Author: hyperparathyroidism:
Yan Yu * Bones (Calcium levels are high often due to &
Reviewers: 1 resorption from bones)

David Waldner

Sean Spence *+ Groans (Gl and skeletal muscle issues)

* Stones (* Calcium-containing kidney stones)

Kidney stones
{nephrolithiasis)

Flank pain

EFES K””El* * Psychic Moans (Cognitive dysfunction from ‘
MD_ at_tfme of neuronal disturbances)
publication

Ca2+ directly inhibits the
insertion of aquaporin
channels in the collecting

duct membrane ¥

More water remains
inthe tubule filtrate *

4 Urine volume (polyuria)

Note: sick/ICU patients have < serum albumin, due to
{: synthesis from a sick liver. Their lab Ca2+ values can
be “normal”, but they may be truly hypercalcemic
(more “free Ca2+”, less “albumin-bound Ca2+").

Correct this by adding 0.2mmol/L to the lab Ca2+ value

for every 10g/1 drop of albumin below 40g/L

ey

Detected by the Ca-Sensing-Receptor
(CaSR) on Thick Ascending Limb (TAL)
epithelial cells

Inhibit insertion of Renal Cuter
Medullary K+ (ROMK) channels on
TAL’s luminal membrane

Less water v
reabsorbed into the
renal vasculature

J» K+ movement out of TAL
epithelial cells into the tubule lumen

¥

- K+ in TAL lumen to drive Na+/Cl-
reabsorption through the Na-K-Cl
Cotransporter (NKCC)

T Na/Cl in tubule lumen =
osmotically draws water into lumen

Rationale for the
CaSR-pathway:

l ECF has enough Ca2+,

no need for more K+

Behavior compensates to
to be excreted into

prevent dehydration

the tubule lumen to
l create a more +
1 drinking ( c_mi::digsia] charge there that
drives Ca2+

reabsorption

Legend: Pathophysiology Mechanism  Sign/Symptom/Lab Finding Complications | Published May 7, 2013 on www.thecalgaryguide.com
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Hypocalcemia

Table 1. Causas of hypocalcemia.

Low FTH levels (hypoparathyroidism)

Parafthyroid Destruction
surgery
Auto-mmune (solated or polyglandular)
Cenvical imadiation
Infiliration by matasiasis or systemic diseasas
(sarcoidosis, amyloidoss, hemochromatosis,
Wilkon's diseqsa, thalossamia)
Heduced parattwroid funchion
Hypomagnasemio
FTH gane dafacts
Calcium sansing recaptor mutafions
Parafhyroid ogenesis
DiGaorge Syndrome
Isolated x-inked hypoparathyroidism
Kenny-Coffey syndrome
Mitochondrial neuropothies

High PTH levels (secondary hypemparathyroidism)

PTH resistonce
Psaudohypoparathyroidism
Hypomagnesamia
Vitarmin D deficiency
Mutritionol
Lack of sunlight
Malabsorption
Vitamin D dependant nckets
typa | (ack of activity of |a-hydroylasa))
typea Il (Vitamin D recaeptor rasistanca)
Chronic renal diseasea
Drugs
Bisphosphonates, cisplatin, ketoconazole, galium
nifrate, onficonvulsants
Hyperphosphatemia
Renal insufficiency
Massive tumor lysis
Acute rhabdomyolysis
Acute pancredtfilis
Hungry bone
Toxic shock syndrame
Acufe severe ifness
Calcium chelators (cifrated blood fransfusions, phosphata)




Parathyroid Diseases

250 | 2° Hyperparathyroidism 1° Hyperparathyroidism
(Vit D deficiency, decreased (Hyperplasia, adenoma
calcium intake or chronic or carcinoma)
renal failure)
— Vit D Resistant rickets
£
~
S
= s S PTH- Independent
opdra roiaism ;
o ypop vl Hypercalcemia
(Surgical resection, _ _ _
. (Excessive dietary intake
autoimmune) _ _ ,
of either calcium or vit D
. or both or malignancy)
NN, —-
4 12 20

CALCIUM (mg/dL)
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Mechanism Risk Factor/Comorbidity

Surgery

Etiology

" Removal or damage to blood

supply

Disorder Dependent

Autoimmune

Radiation therapy

Destruction of gland--Rare

Cancer

Metastatic infiltration

Transfusion dependent

thalassemia

Iron Infiltration

Wilson's Disease

Copper infiltration

Amyloidosis

Malnutrition, Malabsorption,
Alcoholism, Drugs, RTA

Amyloid deposition

Severe Magnesium Deficiency

Chronic Renal Failure, IV
magnesium administration

Family History of hypocalcemia
or hypoparathyroidism

Hypermagnesemia

Multiple and varied
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