Disturbances of water and mineral
balance. Edema




Water Balance



i “‘\/(/// Children under 1 year: 65-75% %

Young men: 60-65% of  young women: 50-55%
body weight of body weight

A man or b0 years:
50% of body weight i
Women over 60 years:

In obese individuals, the water forms a smaller percentage than in thin 45% of body weight



Water content in the body
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~  ECF 1 } Plasma (3 liters)
20-23%
(15 liters) ISF 16% (12 liters)

TBW N J PlasmaisT=1/4
60-65% |~

(45 liters)

ICF
ECF/ICF=1/2 40-45%

(30 liters)
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Major ions

ECF (extracellular fluid) / ICF (intracelluar fluid)\

4,3 mmol/l K*

140 mmol/l Na* 12 mmol/I Na*
3 mmol/I CI

104 mmol/I CI

10 mmol/IHCO3-

24-27 mmol/I HCO; \ /




The balance of sodium and chloride
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50-350 mmol
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Daily sodium balance
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Osmotic balance in body fluids



Osmotic pressure

is related to the concentration of all dissolved particles




Osmotic pressure

is related to the concentration of dissolved particles
relative to
the weight of the solvent: osmolality (mmol/kg solvent)

the volume of solution : osmolarity (mmol/l solution).
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The balance of the capillary and its

disorders
(water and soluti movement between
plasma and interstitium)
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Lymphatic drainage
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Reduced lymphatic drainage
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Blood volume [1] Blood volume [1]: 5
v : O 56  Rezist. blood vol.: 0.6 1
. (norm: 5.6 1) —

=)
Pulm. resistance [torr/l/min]

(norm All)

(morm: 1.79 torr/l/min)

Pulmonary art.

[ 1 16.67 i
Comliance [ml/torr] 5.67 Compliance [ml/torr]
(norm: 6.67 ml/torr) (norm: 80 ml/torr)

Press. [torr] 15.21 Press. [torr] 5.06
Volume [1] 0.1 Volume [1] 0.4

. ‘ | Pulmonary veins
Cardiac output [1/min]: " . 7 180

Righ t hea I‘t Cardiac output Cardiac output Le ﬂ: hea rt

L {J 12.85 ; —} 11.12
Slope of Starling curve : /0 - Slope of Starling curve
[1/min/torr] i = [1/min/torr]
(norm: 2.8 l/min/torr) Pressure Pressure (morm: 1.12 l/min/torr)
Systemic veins Systemic art.
: ) 11750 I U 117.5 ' 9. 10
Compliance [ml/torr] Systemic resistance [torr/l/min] Compliance [ml/torr]
(norm: 1750 mi/torr) (norm: 17.5 torr/l/min) (norm: 10 ml/torr)

Press. [torr] 101.21
Volume [1] 1.01

Press. [torr] 1.99
Volume [1] 3.48



Control volume and osmolarity

Control volume related to regulation of circulating blood volume and
thus with hemodynamics (particularly with the regulation of arterial
pressure)

Therefore, we are talking about so-called "effective circulating volume”

Volume - is detected by atrial tension in the wall (low-pressure baroreceptors),
by tension in the artery wall and in the glomus caroticus the aortic arch (high-
receptors)

Osmolarity — is detected by osmoreceptors in the hypothalamus and possibly also
liver

Control volume and osmolarity closely related to regulation of sodium
excretion (sympaticus, aldosterone, ANF) and control urine osmolarity
(ADH)
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ADH [pg/ml]

[EEY
=

ol

Hypovolemia Hypervolemia

| | | | | . Plasma osmolarity

265 270

275 280 285 290 295 300dmOsm/I]
N R

Feeling thirsty at normal volume

The feeling of thirst in hypovolemia
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ADH [pg/ml]

[EY
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ADH is mainly regulated by
osmolarity, less by volume

Decrease of the effective

I | | | | circulating volume

-10% -20% -30%  at normal osmolarity



Na* excretion in the kidney
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Question

Why in healthy people with reducing the volume
of extracellular fluid and subsequent activation
of renin-angiotensin-aldosterone system are not
lost potassium?




Stimulus: @
o e

‘ Effective circulating volume

. :
Na*reabsorption 1 Aldosterone
K*secretion

(collecting ducts)

(proximal tubule)
Does not change

Flow rate of urine Reabsorption of Na*
in the tubule (collecting ducts)




)

Stimulus: ‘ Effective circulating volume

1. diuretics
2. osmotic
diuresis

‘ Na* reabsorption 1 Aldosterone
K*secretion

(proximal tubule)
(collecting ducts)

Flow rate of urine Reabsorption of Na*
in the tubule (collecting ducts)




Question

What is the regulatory importance of atrial
natriuretic factor?

ANF acts as a safety valve when the
compensatory increase in circulating blood
volume




Heart failure

l

->T ‘ Cardiac output

Congestion - increase in secondary
capillary pressure

l

Moving water from intravazalniho
into the interstitial space

v

| Effective circulating volume 1}

l

Activation of
renin-angiotensin-aldosterone
system

The regulatory response to
approximately 100 minutes

1Water retention in the kidneys (9 ‘ -—

l Reply to approximately 4 minutes

|
% Venous filling The safety valve!

l

fHeartfiIIingindiastoIe > 1ANF




Transfers of water between the ICF and ECF




a) Cells in the hypertonic environment

- HZO Osmotic shift of water from cells

-%%4:3% Reducing the volume of cells




a) Cells in the hypertonic environment

Osmotic shift of water from cells

Reducing the volume of cells

Active increase in osmotic pressure

in the cell and subsequent transfer
of water

5.0 Cell volume increases slightly



Organic osmoles

HCO,

Hypertonic cell environment

N

\

Responding cells
- income soluti

Rise of intracellular osmolarity

\

Suck in water

H,0



Ma* + K*
+ anicns




b) Cell in hypotonic environment

e HZO 3+ Osmotic movement of water into
s >»1 the cell

Increasing the volume of cells




b) Cell in hypotonic environment

HZO Osmotic movement of water into
el the cell

Increasing the volume of cells

Active reduction of osmotic
pressure

in the cell and subsequent transfer
of water

. Cell volume is somewhat reduced



K* cr

Organic osmoles

%otonic cell environment

H,0

I Responding cells
- Loss of soluti

Loss of soluti

Decrease in osmolarity

Water loss

> H,0




Dsmatic
.- deyelination due

. tocell volume shrinkage [}

H:++A__/ |

Swollen
brain celis
and highar

Crganics

‘ = Organic
l‘n. _"“"“'-A-'rp usrr?mles

Brain cell volume almost normal




Disorders of the volume and

Itravascular fluid

e hypovolemia
shock

e hypervolemia

Renal failure and
water intake

osmolarity

Extravascular fluid
m Dehydratation
m hypertonic
m isotonic
m hypotonic
m Hyperhydratation
m hypotonic
m isotonic
m (hypertonic)




Clinical signs

Hct, Hb, |Plasma Nat MCV
Tot.pl.prot. | PlasmOsm.
Dehydratation
hyperosmotic ) l
iIsoosmotic normal normal
normoosmotic l 1
Hyperhydratation
hypoosmotic l )
iIsoosmotic normal normal
hyperosmotic 1 l




Dehydratation




Euvolemia by
e Hypotonic (hypoosmolar) _& Ayiﬁ
e [sotonic — normal fysiology state
e Hypertonic (hyperoosmolar) volume

Water

Dehydratation retention  Solutl
e Hypotonic (hypoosmolar)
e [sotonic (isoosmolar)

e Hypertonic (hyperosmolar)

Hyperhydratation
e Hypotonic (hypoosmolar) osmolarity
e [sotonic (isoosmolar) .ig Qg%

] {Lv’:‘:;"'ﬁ,
e Hypertonic (hyperosmolar) Watert  Soluti G

loss




Isotonic dehydratation

CECT ICT
Cause: loss of isotonic
fluid (the same loss of |

water soluti) *

Initial state

Loss of isotonic fluid from the
ECF does not displace the
water between the ICF and

ECF

Soluti «——

H,O <— &

|sotonic hyperhydratatlon
§ ECT ICT

Cause: isotonic fluid
retention (the same water
retention and soluti)

Soluti —.I

H,O "t

Initial state

Retention of isotonic fluid
from the ECF does not
displace the water between
the ICF and ECF




Hypotonic dehydratation

ECT ICT

Cause: The greater
soluti loss than water
loss

Initial state

Soluti
H,O

Start failure

. |osmotic equilibrium-
lincreasing volume of ICF

Compensatory reduction in

The active osmolarity in ICF ...
changes in
cellular leads to a shift of water from

ICF ...

osmolarity occurs
mainly in brain
tissue

...anhd to correction of
increased volume of ICT




Hypertonic dehydratation

increase in

reducing the volume of ICF
ICF ...

osmolarity in ICF ...

...leads to water movement
...and to correction of
reduced volume of ICT
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Hypertonic hyperhydratation

Cause: more souti
retention than water
retention

Soluto

H,0

The active
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cellular
osmolarity occurs
mainly in brain
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Hypotonic hyperhydratation

ECT ICT

Cause: The greater
water retention than
soluti retention

Initial state

Solut i
! S Start failure
HZO L
“10smotic equilibrium-
{increasing volume of ICF

Compensatory reduction in
osmolarity of the ICF ...

The active
changes in
cellular
osmolarity occurs
mainly in brain
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leads to a shift of water from
ICF ...

and to correction of
increased volume of ICF




Congestive heart failure Cirrhosis of the liver Nephrotic syndrome

 cardiac output Ascites

\ & Albumin

1Capi|lary pressure

{ Albumin

v

Transfer of fluid from
intravascular space ino ISF

‘ ‘ Effective circulating volume \

1 Sympathetic
1 Renin - angiotensin - aldosterone X

1 Na* reabsorption in the kidney

‘ 1 Edema (hyperhydration) ‘




Primaryf renin

Primary renal disease

Primary 1aldosterone

1 Angiotensin 2

{ Glomerular filtration 1 Aldosteron

Primary 4 Na* reabsorpce /

Na* reabsorption

Na* and water retention
in the kidneys

1 Edema, hypertension
(hyperhydratation)



Causes hyposmolarity

Causes of hyperosmolarity
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normonatremia
(140 mmol/l) -
oo e [48 [0 ‘

hypovolemia isovolemia hypervolemia
(dehydratation)




hypernatremia

normonatremia
(140 mmol/l)

hyponatremia

Plasma Na* concentration

Extracellular
dehydratation

N

ﬁtpa
Extracellular edema

H,O Excess %

+10 +20 +30 +40



K* - main itracellular cationt




Cl

Na*

proteins
phosphates”

CI

K+

Na*

CI

Na™

proteins
phosphates”

CI

K+

Na'-K*

Na*

ATPase Na*

CI

proteins

phosphates”

> Na*

Na'-K*
ATPase

CI'{:

+4++
K +

Na*

' proteins

phosphates”

D'—C_:I;__'

I .
roteins

phosphates”

Na'-K*
ATPase




Potassium and Acid-Base
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H'/K" a H/Na" exchange

H*/K"a H'/Na" exchange

in acidemia Iin acidemia with accumulation
h of organic anions
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a) acidemia, no accumulation of organic anions a) acidemia with the accumulation of organic anions



H'/K"a H'/Na" exchange
in alkalemia
SR
tNa*<} Natv
VH—

a) Alkalemia without potassium deficiency



H'/K"a H'/Na" exchange

: ) H*/K"a H'/Na" exchange
in alkalemia in potassium deficiency
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a) Alkalemia without potassium deficiency

a) Alkalemia with potassium deficiency
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Potassium depletion

Normal or increased intake of potassium

From 10% to 50%

ot ¥
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TAL « 30%
B20% | P

IMCD

15% to 80%
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Potassium
depletion

Catabolism

Long lasting acidemia

PT

Large delivery of sodium in CCD
(e.g. in osmotic diuresis)
Low chloride in CCS

10% to 50%
£

ypealdosteronism

15% to 80%

Diuretics (Furosemid)




Potassium
retention

Oliguric phase of acute renal failure

10% to 50%
¥

;

Tubular damage
(e.g. interstitial nephritis,
diabetic nephropathy)

% to 30%

IMCD Hypoaldosteronism
(m. Addisoni)

15% to 80%
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Duodenum and pancreas



| Hypotonic fluid loss

'| Hypertonic dehydratation

Co,
s HZCO/ Unbalanced, HCO, retension
Stomach \ BN \

/ Hypochloremic alkalosis
Cl-
0,

\ /

H,CO,

/N
CO, H,O

C

Duodenum and pancreas




Primary cause:

Glomerular filtraton

* Losses of CI"a H' by —
Na (norm) vomitin . Glomerulal f||tra.t|on
g Na (hypochloremic
- alkalosis
Cl )

Depletion of CI-_\\\\\ \

chlorides

e
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A Na+/Cl-

reabsorbtion is

diminished
+

Na
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Colon

A

Small C' [ \ \ Na+: K+
increase in Na" > .
delivery 4 HCO,
Na —v NHE AE
AE has a
. larger capacity
H' HCO, than NHE
o
* Hypotonic fluid loss

Alkalic diarrhoea

Hyperchloremic acidosis

Na* Cl™ HCO; \\/\

Hypertonic dehydratation




Colon

Cl™ /\ \ » CI™ Nat +K"

Large
increase in Na* \ L M
delivery .
Na* NHE AE Potassium loss
Consequences
Low ECFV,
o+ HCO." Deficit HCO, ,
l ‘3 High Ppcos
+ # \ Hypotonic fluid loss

Na* 7 ) HCO;

Hyperchloremic acidosis Hypertonic dehydratation

Severe alkalic diarrhoea
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Cl Only if
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Histidine \
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Na™ NHE % AE If’
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Na+ 2 Cl

Acidic diarrhoea in DRA, down-regulated adenoma

Hypochloremic alkalosis

> B luminal histidine
NaJr Cl™
— +
H « Histidine
DRA

AE has a smaller
capacity than NHE

Hypotonic fluid loss

Hypertonic dehydratation




Acute volume changes and
acid-base disturbances




Pufraéni systém plazmy

[ Respiracni regulace ] [Pouze bikarbonatovy pufr ]| Renalni regulace

[ Pufraéni ekvilibrace J [HCO3']+[Buf']=38.1mM/| BE=OmM/I [ Zobraz karbonaty ]
S
120l
CO.
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Buf

#
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Dilution

—

CO, balance

H,O0 <—d

H* balance

Buffers system acid-base disturbances:
Dilutional acidemia

TA + NH,*




Dilution

[ equilibrium shift>

TA + NH,*
b

CO, balance

H,O0 —J

H* balance

Buffers system acid-base disturbances:
Dilutional acidemia —




Hemoconcentration

TA + NH,*
b

CO, balance
H,O <

H* balance

Buffers system acid-base disturbances:
Contractional alkalemia




Hemoconcentration

CO, balance

H,O0 <—d

H* balance

Buffers system acid-base disturbances:
Contractional alkalemia

TA + NH,*
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