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AGE DEPENDENCE OF FLUID HOMEOSTASIS

Total water Daily exchange

% %
newborn& 79
3-6 mo. 70 14-16
7-12 mo. 60 12-15
adult man 60 2-4
adult woman 51 2-4

“ECS > ICS, danger of dehydratation
In old age further & impaired adaptation, danger of dehydratation

DISTRIBUTION OF WATER IN HUMAN BODY

Volume % of body % of total
Compartment X
litres mass water

ICS 28 40 67
ECS 14 20 33

ISF 11 15,7 26

IVF 3 4,3 7
SUMMA 42 60 100
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Water intake

ADO0IISM

of 100 g proteins
100 g sugar
100 g fat

Water output

ironment, physical activ
cca 0.2 I/d

0.1 - 0.2 I/d (more

miting
eeding
edistribution of water - edema

- Total output of water cca 2.0 - 2.5 I/d




Metabolism 10%

Foods 30%

Beverages 60%

1500 mi

Average intake
per day

2500 mi

1500 mil

Average output
periday!

Feces 4%

Sweat 8%

Insensible
losses via
skin and

lungs 28%

Urine 60%

Water homeostasis

Water balance - equilibrium between intake and output of water

.

intake
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Water deficiency - 1 thirst

C—— )

intake

Water excess - 1 urination
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Electrolytes

. Plasma Cdls
lon Amount in body
mmol/| mmol/I
2
Sodium, N& 929 141 10
4 mol
Potassium, K 100-140 g 4 155
’ 2,5-3,5 mol
1200
Calcium, C&* g 25 <0,001
30 mol (uneven in organelle
Magnesium, 26,59
1 15
Mg?* 1,1 mol
g 5049
Chloride, Ci 103 8
b © 1,4 mol
Phosphat 775
osphate g X 3
(as phosphorus) 25 mol
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Milliequivalents per liter (mEqg/l)

200

150

CATIONS

ECF ICF

Interstitial Intracellular
fluid

fluid

200

150

100

ANIONS

ECF

ICF

Plasma Interstitial Intracellular
fluid

fluid

mmol/l + anions 140 mmol/l + glucose 5 mmol/l + urea 5 m

14
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Regulation of water and sodium
homeostasis

Antidiuretic hormone

| plasma volume
7 osmolality ==  drinking of water
dry mouth

|

Hypothalamic osmoreceptors

l

1 antidiuretic hormongarginine-vasopressin)

l

1 water reabsorption (aquaporins) gndrination

21. 10. 2016



Aquaporins

- Water chanells

« Conduct water through cell membrane

< 2003 - Nobel price for chemistry

Water Channel

o ®
N

»

Cell Membrane @

Cell Membrane

Key:

“= Increases, stimulates

- Reduces, inhibits

] Initial stimulus
Physiological response
Result

:_T-Piasma osmolality i

| |Plasma vulumn'l

[ 1

!

. Blood pressure

l

| |saliva | Osmoreceptors | | JG cells in kidney |

] in hypothalamus |

Dry mouth

itypolﬁalamlc
thirst center

v
=¥ Sensation of thirst;
person takes a
drink

Water moistens
mouth, throat;
stretches stomach,
intestine

4

" Water absorbed
from Gl tract

}

— | Plasma osmolality

Renin-angiotensin
mechanism

|

:ngi&ensln ]

(*Minor stimulus)
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tiinflamatory effect

teron
- Reabsorption of sodium
- Secretion of potassium

eptide (ANP) - prod

aspis natriuretic peptide
atin - kidneys

20
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Disorders of water and sodium
homeostasis

DISTURBANCES OF THE SYSTEM

No pure forms - loss of water, salt...
Immediate reaction of compensatory systems

ECS is in contact both with external environment
and with ICS

ICS is in contact only with ECS

Plasmatic concentrations are not amounts and
does not inform on dynamics of compounds

21. 10. 2016
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Loss of isotonic fluid

Reduction of ECS, thirst
no change of ICS
normal plasma sodium

r

Loss of hypotonic fluid

Reduction of ECS.
Hypernatremia compensated through water shift from ICS

Shrinkage of cells

21.10. 2016
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Salt loss

Hyponatremia compensated through water shift from ECS
into ICS,
Reduction of ECS, swelling (oedema) of cells

POSSIBLE CAUSES AND MECHANISMS

v' Extreme deviations of external environment
Dehydratation from insufficient water intake

v' Disturbances caused by damaged function of
effector systems (kidneys, GIT, etc.)

Diarrhoea, vomitus, kidney diseases

v' Disturbances caused by erroneous regulation
(CNS, ADH, aldosterone)

Diabetes insipidus, Conn sy., SIADH

Heart failure & RAA activation

21. 10. 2016
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WATER DEFICIENCY - REDUCTION OF ECS

Causes
»Insufficient fluid intake
»Inability to drink (loss of consciousness)
»Losses through GlI{diarrhoe, vomitus)
»Losses through kidneys
(diuretics, osmotic diuresis, kideny diseases,
m. Addison)
»Losses through skiincreased sweating, burns)
»Displacement into third plad@eus, ascites)
»Blood loss (?)

Symptoms: hypotension, tachycardia, dry skin, thi
oliguria & decreased sodium excretion,
increase of hematocrit

Water deficiency
signs in oral cavity

« Xerostomia

« Dysphagia — problem with swallowing
« Dysfonia - loss of voice
« Dysgeusia - loss of taste

Decrased amount of saliva

Dry skin and mucous

Salivary gland swelled and painfull
Inflamatory changes - cheilosis, glosistis
1 risk of caries

1 risk of infection - candidiasis

St,

21. 10. 2016
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toms: Oedema.

liminatin of sodium
decompensation

frotic syndrome

nal insufficiency
ndocrine diseases — hyperaldosteronism (Conn
ndrome)
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of urine > plasma - dehydra
iarrhoea, vomitus sweating
yndrome (hyperaldosteronism)
- hypernatremia, hypokalemia

ing, burns

ediuretics
enephritis with loss of salts
eAddison disease

21.10. 2016
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Hyponatraemia

Plasma osmolality high - hyperglycemia ?!
Plasma osmolality low >
Na in urine > 20 mmol/l & hypovolemia
m. Addison, diuretics
salt losing nephritis
Na in urine < 20 mmol/l & hypovolemia
diarrhoea, vomitus, sweating with
inadequate fluid replacement
Na in urine < 20 mmol/l & oedema

heart failure, cirrhosis, nephrotic sy.

SIADH

DISTURBANCES OF ADH
SECRETION AND EFFECTS

Diabetes insipidus, neurogenic (AD)
AVP gene mutation

Acquired forms — damage of hypothalamus
Complete & partial forms

Diabetes insipidus, renal (X-related & AR)
Receptor (X) or water channel protein (AR)
gene mutations

Acquired - kidney diseases

21. 10. 2016
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mia, hypoosmolality
rine osmolality & high Na in u
reased ANP
enal & endocrine functions intact

Hereditary forms and stress ??!!

Disorders of potassium homeostasis

36
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POTASSIUM HOMEOSTASIS

Serum concentration: 3,8 - 5,5 mmol/I*

Total amount depends on muscle mass

(young > old; man > women)

37 - 52 mmol/kg body mass

Intake: 2-6 g/d = 50-150 mmol/d

Excretion through kidneys 10 - 20 mmol/d

(0,4 - 0,8 g/d).

Inverse association with Na excretion

GIT excretion is important in kidney failure and in
pathological conditions (diarrhoea)

*Depends on method. Preanalytic errors - hemolysis!

FUNCTIONS OF POTASSIUM &
INTERPRETATION OF RESULTS

Functions
intracellular osmotic pressure
resting & action potential
enzyme activity, proteosynthesis
Problems:

assesment of cell homeostasis from extracellular
concentration

pH changes: exchange H/K between ECF/ICF

21. 10. 2016
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INTERNAL & EXTERNAL BALANCE

internal - ECF/ICF

acidosis: H* enters the cells, K+ out into ECF
alkalosis: H* into ECF, K* enters the cells

K+ entry into cells: insulin (together with glucose),
aldosterone, adrenaline

rapid cellular proliferatiom (treatment of pernicious
anaemia with B,, vitamin

cell necrosis, hemolysis (crush sy, malignancies),
K*into ECF
external — ECF/environment

kidney or GIT retention/losses, parenteral intake
dietary deficiency/excess as an additional factor

HYPOKALAEMIA - CAUSES

Disorders of external balance

GIT - diarrhoea, vomitus, tumors of colon, rectum,
pancreas

Kidneys - diuretics, polyuric stage of renal failure,
hereditary tubulopathies,

Primary & secondary hyperaldosteronism, abuse of
liquorice, Cushing, ectopic ACTH production

Disorders of internal balance
Treatment of diabetic hyperglycaemia with insulin
(K* entry into cells together with glucose)
Alkalosis
Rapid cellular proliferation
Familiar hypokalaemic periodic paralysis (hereditary)

21. 10. 2016
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HYPOKALAEMIA - SYMPTOMS

» hypokalaemia < 4,0 mmol/I
« significant < 3,5 mmol/I
» dangerous < 3,0 mmol/I

« Membrane hyperpolarisation

+ Weakness, constipation, ileus, hypotonia

+ Depression, confusion

+ Arrhytmia, potentiation of digitalis toxicity

~ ADH resistance, polyuria, polydipsia

+ ECG flat/inversed T, prolonged PR,

ST depression, prominent U

HYPERKALAEMIA - CAUSES

Disorders of external balance

- Decreased excretion. Under GFR 15 ml/min always.
Anuria: K increase 1 mmol/l daily
In mild impairment of kidney function only when other
factors are present

« Increased intake (infusions, NaCl substitution) only in the
case of impaired kidney function

+ m. Addison, adrenogenital sy., inhibitors of angiotensin
converting enzyme

Disorders of internal balance

« Acidosis

« Cell necrosis - rhabodmyolysis, burns, cytostatic treatment
of malignanacies

« Digitalis overdosis

» Hyperkalaemic periodic paralysis (hereditary)

» Malignant hypertermia (hereditary)

21. 10. 2016

21



21.10. 2016

, short cardiac
of repolarization =

r fibrillation and cardiac arrest may b
s! (if you do not check K & ECG)
bnormal/absent P; broad QRS,
d T, ST depression

43

Normal
PR interval g |

Normal |N \
ormal U waove shallow
P wave Rounded, \.
QRS ormal-size if present

T wave

Slightly ST depression
prolonged
PR interval

Slightly J I Prominent
peaked Shallow ‘U wave
P wave T wave

__Tall, peaked
Decreased T wave

R wave ™—0u__
amplitude

Wide, flat
IP wave — Depressed

ST segment 44

Prolonged L Widened QRS
PR interval
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Disorders of calcium homeostasis

45

urine 6 mmol (240 GF - 234 reabsorbtion)
faeces 19 mmol (+25 food, 12 in, + 6 secr.)
skin 0,3 mmol

mall changes in fluxes can have profound effect of pl
a

46
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uscular

lood
ignal systems

- Bone, tee

» Control of
excitability;
Neurotransmitter
release
Muscle contraction

« Coagulation

+ Messenger

diffusible 54 %

protein-bound 46 ¢

LINICAL CHEMISTRY: TOTAL ORIONIZED ?

48
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reabsorbtion

ydroxylation of vit.D
orbtion
osphaturia
ecrease of HCO5 reabsorbtion

50
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HYPOCALCAEMIA - CAUSES

Hypoparathyroidism

- Congenital (with Di George sy.)

- Acquired - autoimmune, surgery,
hemochromatosis, tumors

Pseudohypoparathyroidism

- 2 hereditary disorders of PTH signaling pathway
(cAMP dependent)

Magnesium deficiency (pseudo ?)

Deficiency of vitamin D (!)

Disorders of vitamin D metabolism - end stage

renal disease

Acute pancreatitis, transfusions with citrate,

neonatal

HYPOCALCAEMIA - SYMPTOMS

« Stupor, numbness, paraesthesia

« Muscle cramps and spasms ,tetany"

« Laryngeal stridor

« Convulsions

» Chvostek+ Trousseau+, long QT on ECG
<« Cataract in chronic hypocalcaemia

« Rickets (rachitis) in vitamin D deficiency

21. 10. 2016
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moral factors

oxicosis, sarcoidosis
ON
ium treatment, tbc, immobilisation, adrenal
ure, renal failure, hereditary
ALSO HYPERPARATHYROIDISM WITHOT
ERCALCAEMIA
ompensatory in vitamin D deficiency, renal diseas

ration, drowsi
usea, vomiting, constip
dehydration
alculi, nephrocalcinosis
QT, arrhytmias

54
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Hyper- and hypocalcemia
in oral cavity

« Hypercalcemia “,ﬁ
- Jaw bone demineralization E
© Loss of lamina dura ﬁ!
- Osteitis fibrosa cystica - increased [
osteoclastic resorption, hemorrhage and
cysts formation %

{

_v

« Hypocalcemia

- Hypoplasia and discoloration of teeth
- Possible teteany cramps

Disorders of magnesium and
phosphates homeostasis
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ated resorbtion from GIT ?
ol/d is enough ? Is deficiency commo
retion through urine and stool

vity, energy production,
ms, ribosomes
ion of haemocoagulation and me

on

ioprotective antiischemic, antihypoxic
ative effect on NS
ihypertensive
ithrombotic

58
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of calcium (1)

mophilia is more often a consequen
deficiency as of Ca

edness, irritability, tremor
smenorea, preeklampsia
rythmias

n - PTH, vit. D and calcitonin
osite with calcium)

60
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renal secretion

nd symptoms
in higher deficit
urbed energy metabolism - nerves and musle
function
throcyte, leukocyte and platelets dysfunction
sk of infection
o Hemorhage

61

symptoms
ms of hypocalcemia - tetany
ication of tissues

62
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