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Rozlozeni vody v organismu

Total body water volume =
40 L, 60% body weight

Extracellular fluid volume =
15 L, 20% body weight

Intracellular fluid volume =
25 L, 40% body weight
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Vodni rovhovaha

Intake

From food 1.0

Drinks 1.2

Metabolic water
(combustion water)

0.3

Total 2.5 liters

Amount of intake

Excretion

Urine 1.5

Stool 0.1

Water loss through
perspiration (insensible

water loss)
and sweating 0°9

Total 2.5 liters

Amount of excretion
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Difuze vs osmoza

Diffusion

Osmosis

Solvent and
solute particles
move to equalize

Only solvent particles
move. Solute particles d¢

concentr

concetrations. ation of
No two not move.
. The movement is througl
semipermeable solutions ;
b - a semipermeable
membrane

. membrane.
involved.
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Difuze vs osmoza

Diffusion

So!ute molecules move from
high to low concentration

Solute
molecules
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Diffused evenly = Low solute High solute

(Equilibrium) = concentration concentration

Osmosis

Semipermeable

SoIven_t molecules move from low to
high solute concentration
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Same concentration
( Equilibrium)
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Aktivni transport

Active Transport

Primary Secondary
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Slozeni plazmy
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Hydroskopicky vs
onkoticky tlak
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Osmoticky tlak/tonicita

Hypertonic Isotonic Hypotonic
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Camel Red Blood Cells
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Hormony pusobici v ledvineé

Hormones acting on kidney

Atrial natriuretic peptide

Secreted in response to Tatrial pressure. Causes T GFR

and T Na* filtration with no compensatory Na* reabsorption

in distal nephron. Net effect: Na* loss and volume loss.

Glomerulus

Proximal
convoluted
tubule

Angiotensin Il
Synthesized in response to 1 BP. Causes efferent arteriole
constriction— T GFRand T FF but with compensatory Na*
reabsorption in proximal and distal nephron. Net effect:
preservation of renal function (T FF) in low-volume state — —
with simultaneous Na* reabsorption (both proximal

and distal) to maintain circulating volume.

Parathyroid hormone

Secreted in response to

i plasma [Ca¥], T plasma [PO4*],
ord plasma 1,25-(OH); Ds.

Causes T [Ca?] reabsorption (DCT),

& [PO4*] reabsorption (PCT), and

T 1,25-(OH); D3 production

(T Ca?* and PO~ absorption from gut
via vitamin D).

Source : FIRST AID USMLE STEP 1 (2017)

Sugars
Amino acids
Na*

Na*
K)
20

Loop of Henle

Distal
convoluted

tubule Gt

Na*

Medulla

Ascending limb,

loop of Henle
(permeable to salts)

Collecting
duct

Secreted in response to

J blood volume (via AT Il) and
i plasma [K*]; causes TNa*
reabsorption, TK* secretion,
T Hesecretion.

ADH (vasopressin)
Secreted in response to

T plasma osmolarity and
d blood volume. Binds to
receptors on principal cells,
causing T number of
aquaporins and g H,O
reabsorption.
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Volum vs dehydratace/intoxikace vodou

' N M
Dehydration ECF Volume Depletion
1 Serum Na* & tonicity ’ | Blood pressure and renal perfusion |
Y Y y y Y
Osmoreceptors Osmoreceptors | 1 ADH ‘ ’ T RAS | ’ | ANP | | 1 Norepinephrine |
(Thirst center) (Supraoptic nucleus)
\ A
L \ | 1 Aldosterone | 1 Afferent
| 1 Thirst | ‘ 1 ADH (posterior pituitary) | and efferent
arteriolar tone
Y W t
| 1 Water intake ‘ ater
reabsorbed
\_ AN J
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Dehydratace vs intoxikace vodou

— Tésna vazba Na a vody
— Mnozstvi Na se v organismu nemeni — meni se jen mnozstvi vody

— Relativné vzacné v porovnani se zménami ve volumu

— Dehydratace u osob zavislych na ostatnich
— Intoxikace nejcastégji pfi poruchach CNS (nadmérna sekrece ADH, endokrinni tumory)

— Relativni hypernatrémie a relativni hyponatremie
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Zmeny volumu

— Tonicita zustava zachovana, méni se objem ECT

— Deplece volumu

— Nadmérné poceni, zvraceni, prijmy, resekce stfeva, diuretika, tézké popaleniny
— Pri otoku (edém) nebo vypotku (ascitus) nedochazi k depleci — u€inna kompenzace

— Nadbytek volumu

— Nadmeérné zadrzovani vody a Na ledvinami
— Presunem tekutiny z cév (intravazalni) do intersticia (pojivova tkan)
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Presun tekutiny z intervazalniho prostoru do intersticia

— Méstnaveé srdecni selhani

— v srdci se hromadi tekutina a zpUsobuje, ze srdce neucinné pumpuje
Vzestup hydrostatického tlaku dochazi k pfesunu tekutiny z plasmy do intersticia

! : 870 3

— Cirhdéza a jina jaterni onemocnéni

— NedostateCna syntéza krevnich bilkovin
Pokles onkotického tlaku

— Nefroticky syndrom

— ZvySena permeabilita glomerularni membrany
-> Pokles hladiny krevnich bilkovin
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Presun tekutiny z intervazalniho prostoru do intersticia

Méstnavé srdedni selhani Cirhéza jater II Nefrotick$ syndrom !

VI —— /

Minutovy obj i
* inutovy objem * Albumin

\ * Albumin

4 Kapilémi tlak
intravazilniho prostonu

M

* Efektivni cirkulujici objem

* Sympatikus
’ Renin - angiotensin - aldosteron

Presun tekutiny z

} Reabsorpee Nat v ledvindch

: Edém (hyperhydratace) I

Obr. 13.11 Mechanismus retinovini vody v extracelulimi tekutiné vyvolany ,,pfelitim" tekutiny
z plazmy do intersticia.
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Dusledky nerovnovahy tekutin

— Zmena krevniho tlaku
— Mirné zmeny umi organismus kompenzovat

— Volumova deplece
— Zizen, sucha sliznice, méné& modeni/poceni, zmé&na napéti kiize

— Bobtnani/smrstovani bunék

— Problém hlavné v CNS (slabost, malatnost, muze dojit az ke kfe€im, zachvatum a smrti)
— V pfipadé rychlé zmény muze dojit k roztrzeni mozkovych Zil -> krvaceni do mozku
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Nerovnovaha elektrolytu

— Sodik

— Draslik

— Chloridy

— Vapnik

— Vzdy muze byt hyper/hypo-

_ Casto kombinace, ktera vyvolava unikatni pfiznaky

=
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Nerovnovaha sodiku

Tab, I13.7 Zakladni pFiciny a projevy hypernairémie

Hypernatrémie

Deficit Na™ a HyO v ECT

Deficit HyO v ECT

Madbytek Ma*

(vEtsi deficit vody nez Na*) v ECT
Zisoba Na* sniZend Zisoba Na* normdlni Zasoba Na™ zvyiend
Renilni ztrity |Extrarendlni ztrity| Rendlni ztrity |Extrarendlni ztrity Primarmi
hyperaldosteronismus;
Osmoticka Poceni, Diabetes Ventilace Cushingiiv syndrom;
diuréza Priljem insipidus; Perspiratio Hyperosmaoldmi
Hypodipsie insesibilis roztok NaCl
Hyposmolimi | Hyperosmolirni | Osmolarita moéi | Hyperosmolarni Izo- a2
moé moé variabilni moé hyperosmolami mod
Na*® v moti MNa® v modi Na* v modi MNa* v modi MNa® v modi
= 30 mmol/] < 30 mmol/l = 30 mmol/] < 30 mmol/] = 30 mmaol/
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Nerovnovaha sodiku

Tab. 13.8 Zakladni priciny a projevy hyponatrémie

Hyponatrémie

Deficit Na* a H,O v ECT
(vétsi deficit Na* nez vody

— deficit vody &asteéné hrazen pitim)

Nadbytek H,O v ECT

Nadbytek Na* a H,O v ECT
(vétsi nadbytek vody neZ Na™)

Objem ECT je sniZen

Objem ECT je mimé

Objem ECT je zvysen

zvyien
Rendlni Extrarendlni Deficit Sekundarni Naihlé
Ztraty Ztraty glukokortikoidd | hyperaldosteronismus | a chronické
Hypothyreoidismus selhani ledvin
Diuretika; Zvraceni; Emocni stres Nefroticky syndrom
Deficit mineralo- Prijem; Nadméma sekrece Cirhéza
kortikoidd; Popaleniny; ADH Kardialn{
Nefritida Peritinitida; dckompenzace

s nadmérmou
ztratou soli;
Renalni tubulami
acidbza;
Osmoticka
diuréza;

Svalové trauma;

Na™ v modi
> 30 mmol/]

Na™ v modi
< 30 mmol/l

Na* v mocdi
> 30 mmol/]

Na™ v moéi
< 30 mmol/]

Na* v moéi
= 30 mmol/]
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Nerovnovaha chloridu

— Chlorid je hlavni aniont ECT
— Z potravy prijimany vetsinou spolecne s Na v podobné NaCl
—Zmeny v bilanci Na se odrazeji i v bilanci Cl
— Rozdily v regulaci vylucovani!
— Na predevsSim v proximalnim tubulu nefronu

— ClI predevsim vzestupné raménko Henleovy klicky
— Zbytek chloridu potom resorbovan v distalnim tubulu
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Nerovnovaha drasliku

— Hlavni iont intracelularniho prostoru
— RUzné bunky — rizné mnozstvi (ery 85mmol/l, sval 150 mmol/l)
—V plazme 3,8-5,4 (5) mmol/l — zavislé na pH

— Zmeéena pH o 0,1 = zmeéna kalémie 0,6 mmol/I Ve
VO P Lo - Your body has run
— Acidéemie = hyperkalémie ({\ § y
\ ‘x \.‘ L\

4 : y 4 [ t f . !
— Alkalémie = hypokalémie out of magnesium
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Nerovnovaha drasliku

Adrenalin

Aldosteron

~ B
B

+ 3¢

®®@k burka /

K* vstupuje do bunéek

ATP

ADP

Adrenalin

Aldosteron

a k

ATP
= o0
ADP

®®@\ burika J

K* opousti bunky
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Hypokalémie

— Celkovy deficit vs presun z ECT do ICT

— NedostateCny prijem (vzacne)

— Muze nastat pfi potlacené chuti k jidlu, poruchach CNS, zvraceni, tézké poceni, prujem
dale diuretika (a jejich zneuzivani), hyperaldosteronismus, alkoholismus

— Vede k poruseni neuromuskularni funkce
— ZaSkuby, slabost, snizené svaloveé reflexy, zména na EKG, zvraceni, zvySena diuréza
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Hyperkaléemie

— Nedostatek aldosteronu (potlaceni exkrece), selhani ledvin,

nadmeérné mnozstvi tekutin intravenozné, masivni traumata

— Pseudohyperkalémie — pri odbéru krve dochazi k hemolyze, pfilis dlouhé cviCeni s pazi
nebo pfilisné zaskrceni obinadlem

— Zivot ohroZujici stav — zplsobuje arytmie — viditelné na EKG

— Nezalezi jen na kalémii ale i na rychlosti jeji zmény a na stavu myokardu pfed hyperkalémii
— Nad 6 mmol/l nema 50% pacientu zmény na EKG, 7 mmol/l je zivot ohrozujici

—Lécba
— Presun drasliku do bunek (inzulin)
— Elektricka stabilizace myokardu - Vapnik

==
m e
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HYPOKALEMIE

oplosténi az inverze T vIn

deprese ST uUseku

zvyraznéni viny U

HYPERKALEMIE

hrotnaté T viny, zkraceni QT intervalu

pokles amplitudy P, prodlouzeni PQ intervalu

M ALY

rozsireni a deformace QRS az “sinusoida”
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Nerovnovaha chloridu

— Pasivné nasleduje sodik (GIT a nefron)

— Hypochloremie Casto spojena s hyponatremii
— Zvraceni, poceni, selhani ledvin

— Hyperchlorémie
— Nadbytek v potrave, nebo prehnana NaCl infuze

— Projevuje se prirustkem vahy, edémem, pripadné dehydrataci

=
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Nerovnovaha vapniku

IONIZED CALCIUM
VERSUS

SERUM
IONIZED CALCIUM

Calcium in the blood that
is not attached to proteins

Most active form of
calcium in the blood

E B EEEEEEEEEEEEEEEDN
Test requires special
handling of blood samples
and is rare
EEEEEREEEEEEEEEEEEN
Normal level is 4.64 to
5.28 mg/dL in adults
S BB EEEEEEEEEEEEEEEDR
Lower levels may indicate
hypoparathyroidism

Higher levels may indicate
hyperparathyroidism

CALCIUM

SERUM CALCIUM

EE RS RN EEEEEEEEEEEEENRN
Total amount of calcium
in your blood
E SR B EEEREEEEEEENEEENEEEDN
Includes both free and
calcium bound to anions
and serum proteins
S B EEEEEEEEEEEEEEEEEDR
Test is easy to perform
and is common

Normal level is 8.6 and
10 mg/dL

EEEEEEEEEEEEEEEEEEEDN
Lower levels may indicate
hypocalcemia

Higher levels may indicate
hypercalcemia

Visit www.PEDIAA .com
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Nerovnovaha vapniku

— Hyperkalcemie

— Hyperparatyreoidizmus/hypotyreoidni stavy (retence Ca)
— Nadbytek vit D

— Dusledek nékterych tumoru

— Krece, bolesti, nevolnost, prujmy

— Hypokalcemie

— Nedostatek vit D, malaabsorpce ve stfevech
— BFisni kfeCe, hyperaktivni svalove reflexy a tetanie (mimovolny svalovy stah)
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Nerovnovaha vapniku

——» Metabolic transformation Vit D sun & diet
—— Activation 4,

------------- 1 Inhibition
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Lécba nerovnovahy vody a elektrolytu

— Nedostatek volumu

— Transfuze krve, krevnich elementt, nebo jen solny roztok
— Ledviny ,doladi” zbytek

— Nadbytek volumu

— Diureticka terapie

— Potrfeba postupovat opatrné, jinak se stav muze jeSté zhorsit
— Nadbytek diuretik, nadbytek tekutin
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