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Dehydratace

dehydratace = nedostatek vody v organizmu
zpusobena ztratou, nedostateCnym pfijmem,
Ci kombinaci obou pficin.
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deti jsou ve vetsim riziku: vetsi povrch/hmotnosti,
nedostateCné bariery, vetsi obrat vody a tekutin..

seniori, nemocni, podvyziveni a podobne, jsou take
ve vetsim riziku (nedostatecny prijem tekutin).
Tézka dehydratace je zivot ohrozujici stav.



Etiologie

Ztratové dehydratace (mog¢i, stolici, kuzi):

Zvraceni a prujem

Polyurie (diabeticka Ci po diureticich)

Zvyseneé poceni (prehrati organizmu, sportovni vykony)
HoreCnate stavy

Prijmové dehydratace:

Nausea (polekova, onemocneni gastrointestinalniho
traktu =GIT)

Anorexie (byva nejenom mentalni, je pri nadorovych
onemocnénich, u senioru)

Mucositis, gingivitis, oropharyngitis (infekCni Ci toxické
etiologie, napr. po transplantaci kostni drené)
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Symptomy

Suché sliznice dutiny ustni a jazyka
Maly objem koncentrované (tmave) moci
Maly objem dalSi sekretu (slzy)

Suché sliznice (ocCi, genitalie)

Vtahuijici se fontanely u novorozencu

Dusevni stav (agitovanost, nasledne letargie
az komatosni stav)



Zakladni klinické znaky

Krevni tlak (hypotenze, ortostaticka
hypotenze)

Tachykardie (znamka aktivace sympatiku)
Snizeny kozni turgor (vetsi kozni rasa)
Kozni nalez (opoceni a eventuelne studena
KUze pfi centralizaci obéhu)

Pred-sokovy stav/ sok (diferencialni
diagnostika, emergentni pristupy, infuzni
terapie, zilni pristup, monitorace zakladnich
Zivotnich funkci)




Glasgowska stupnice bezvedomi/ vedomi,
(Glasgow Coma Scale),

Odpovéd 1 2 3 4 5 6
Oc¢ni Neotevre Ote_v’re na Na slovni podnét Spontanné N/A N/A
bolestivy podnét
, Tvofri Zvuk pfipomina Jedna se o fe€ bez S CasteCnym Normalni
Slovni Y N/A
zvuk recC smyslu smyslem konverzace
Moto- Extense na Flexe na bolest. Flexe, unikovy  Lokalizuje = Nasleduje
. 0 y . ] .
ricka bolest. podnét podnét manévr bolest pokynu

Koma (GCS: 3), védomi (GCS: 15)




Glasgow Coma Scale

Eye opening (E)

Glasgowska
stupnice B,
bezv&domi/ s
vedomi

To pain=2

Nil (no response) =1

F. <3
'4- f@T:lBA

Koma (GCS: 3), védomi (GCS: 15)

Extensor
response =2

Nil (no response) =1

X Scream,
: ioat Yesterday groan,
' ?\\, Mother moan
- %
-\l Inappropriate
\ 3

f \s S Incomprehensible
) words =

sounds =2

conversation=4 Nil=1

QOriented=5

Coma score (E+M+V)=3to 15
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Dehydratace snizi kozni turgor

Skin with decreased turgor
remains elevated after
being pulled up and



Laboratorni vysetreni

Biochemie (elektrolyty Na*, K*, HCOy")
Specificka hmotnost moci (zvysena)
Urea, Kreatinin (zvySene)

Krevni obraz (hemokoncentrace)
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Kompartmenty tekutin

Intracelularni tekutiny (ICT, Intracellular Fluid, ICF) ,
2/3 celkove télesneé vody (ktera Cini 60% hmotnosti u
dospeleho). ICT: voda, K+, organické anionty, proteiny,
jejich koncentrace je udrzovana membranovymi
mechanismy.

Extracelularni tekutina (ECT,Extracellular Fluid, ECF)
1/3 celkové télesné vody (ktera Cini v pruméru 60%
hmotnosti u dospéeleho). ECT: voda, NaCl, bikarbonaty.

- Intersticialni tekutina (Interstitial Fluid, ISF) ~ 3/4 ECT.
- Plasma ~1/4 ECT.

- Transcelularni tekutina (transcellular fluid) 1-2 litry:
mozko-misni mok (CSF), travici stavy, hlen, etc.
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Kompartmenty tekutin

IST,
10 L

40% x 70 kg = 28 L vody

nw - T -

r ==

Intracelularni Tekutina

— o
—40% ECT=20%

Celkova télesna voda = 60% vahy

Pravidlo60-40-20:
60 % hmotnosti
tvori celkova
télesna voda:

40% hmotnosti:
ICT
20% hmotnosti:
ECT
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Mereni distribucniho objemu

Dilucni metoda: podani meritelneho volne
distribuujiciho se agens.

VypocCet objemu = (mnozstvi podanée latky-
mnozstvi vyloucené latky)/ zmerena koncentrace
Primé mereni: ,Triciova® voda (T,0, méreni
celkove telesneé vody), sacharosa neprechazi do

ICT (méreni ECT), radioaktivni albumin,
Evansova modr (méreni plazmy).

Oligosacharid inulin, podobné jako endogenni
Kreatinin, jsou vhodné pro sledovani
glomerularni filtrace. =



Osmolalita

celkové mnozstvi osmoticky aktivnich Castic
rozpustenych v roztoku na jednotku hmotnosti
rozpoustedla (mol/ kg, osmolarita v mol/ L)

Osmolalita vyjadruje chovani roztoku v prostorech
ohraniCenych polopropustnymi membranami (tj.
membranami relativnhe prostupnymi pro
rozpousted|o, nejCasteji vodu, a naopak spatne
prostupnymi pro ostatni rozpustenée cCastice).
Pokud je na kazde strane polopropustne
membrany roztok o jiné osmolalite, zacne se
projevovat rozdil osmotickych tlaku obou roztoku
a na membrane budou probihat osmoticke deje,



Zjisteni osmolality

Osmolalita= soucin molality a pocCtu castic vzniklych disociaci
jedne molekuly, vyjadfuje se v osm/ kg. (Zjednoduseni:
v_plasmeé je dominantni NaCl, proto je mozné odhadnout
osmolalitu plasmy zdvomasobenlm koncentrace Na v mol/l.)

Vypocet plati pouze pro idealni, tzn. extremne zredené roztoky
U_veétsiny telesnych tekutin je realna osmolalita mensi nez
osmolalita idealni (osmoticky koeficient roztoku).

Na r. 1M roztok glukozy, 1M roztok NaCl a 1M roztok
SO4 maji stejnou molalitu, tj. 1mol/kg. Molekula glukozy
éISOCIUje proto je osmolalita tohoto roztoku rovna 1
— osmol/kg Roztok NaCl disociuje, z jedné molekuly NaCl

vzniknou dva ionty (Na+, Cl-), z nichz oba jsou osmoticky
aktivni, proto osmolalita tohoto roztoku je 2 osmol/kg. Roztok
NaZSO4 disociuje na tri aktivni ionty — Na+, Na+ a SO,-, proto
je osmolalita tohoto roztoku 3 osmol/kg.

Fyziologicka hodnota osmolality plazmy je asi 300 mosmaot/kg.



Osmolalita v roztocich/
efektivhi osmolalita

Dva roztoky jsou izosmotickeé, pokud obsahuji stejné
mnozstvi rozpustenych Castic, nezavisle na tom, zda
nejaka voda bude proudit pres membranu, ktera je
oddeluje. Dva roztoky jsou izotonicke, pokud zadna
voda pres membranu proudit nebude, nezavisle na
pocCtu rozpusténych castic.

Roztok 150 mmol/l NaCl je izoosmoticky vzhledem
K_intracelularnimu prostoru a take je izotonicky —
bunka nebude ani otékat, ani se svrastovat. Oproti
tomu 300 mmol/l roztok mocCoviny, i kdyz je
izoosmoticky, povede ke zvetSovani (a pfipadnému
prasknuti) bunky, a proto neni izotonicky, je
hypotonicky, moCovina ma nizsi efektivni osmolaritu.



Elektro-chemicky (Nernstuv) potencial

na membrané

iont ECF [mmol/l] | ICF [mmol/l] E_[mV]
K* 45 160 —-95
o+ 4x 105 (pH74) | 1 x 10 (pH 7.,0) _n4
Na* 144 7 +80
Ca* 25 3 x10* +120
iont ECF [mmol/l] | ICF [mmol/l] E_[mV]
CI 114 7 —75
HCO,~ 28 10 —27
H,PO, 2 100 +100
HSO,” 1 20 +80
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Elektro-chemicky (Nernstuv) potencial
na membrane

Uzce souvisi se stavem vyzivy (1):

Anabolicky stav = prisun glukozy

= vstup K* do bunek

Katabolicky stav = nedostatek glukozy

= vystup K* z bunéek

Toto je zprostredkovano Na* / K* -ATPazou
(pumpou)

K* je regulovan inzulinem

(K* i Na* samozrejme take aldosteronem

a dalsimi hormony)
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Extra-celularni a intra-celularni
koncentrace a hotovost

...koncentrace (celkem jednoducha), udava se
napriklad v molech, Ci v osmolech. Osmoticky
tlak odpovida tlaku, jako kdyby se jednalo o
plyn, atd, atd...

.. hotovost = (rychle, Ci pomalu)
mobilizovatelna zasoba

19



Extra-celularni a intra-celularni
koncentrace a hotovost

(1) EC a IC koncentrace a hotovost

Ldtka | jednotky |EC konc.| IC konc. | EC hotovost | IC hotovost
Na* [ mmol/l [128-141| 3-30 |2000 mmol| 1600 mmol
K+ mmol/l | 3854 | 120-160| 60 mmol 3200 mmol
Ca** | mmol/l1 [225-275| <1073 25 mmol kost 30 mol
CI" | mmol/l | 96-113 30 1400 mmol | 800-1000 mmol
H,PO, [ mmol/l | 0,6-1,2 100 5—7 mmol (k)
(o) | mOsmol | 280-300 — 19-22 —
H,O | TBE,(1),600% =20% +35% + 5% 5-101 20-301
energic | Ml/kg - 10 MJ/kg - 700 MJ




(normalni) hospodareni
lonty a vodou — bilance = obrat

(2) Obrat za 24 hodin, v mmol

Ldtka

prijem vydej moc¢i | stolict potem
Na* 100-260 100-260 10 40-50, 1 vice
K* 30-100 30-90 5-10 -
Ca* 2040 2,5-75 30-35 0-5<,1 vice
CIr 100-260 100-260 10 10-50<, 1 vice
H,PO, 20-50 1840 10 -
(0) (q) 900-1200 10-50 50400
H,0 15251+ (m)| 15-251 ([100-200ml| 300-800, (p)
(e) energie piijem rovny vydeji za 7-14 dni
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(normalni) hospodareni
vodou — bilance = obrat

Poehled bilance vody (vse v ml za den):

P@IJEM: VYDEJ:
piti 1000-1500 (i wvice) moei 1000-1500
v potravi 1000 perspiraci 550-800
oxidaci 500 dechem 400
—————————————————————————————————— stolici 100
celkem 2500-3000 potem 0-2000
Oxidaci se uvolni: Ztraty perspiraci zaviseji
na tilesné teploti (ml/d):
z 1 g bilkovin 0,4 ml vody pzi norm. teploti 550
z 1 g glycidua 0,6 ml wvody pei 37.2°C 600
z 1 g tuku 1,07 ml vody pei 37.8 °C 700
psi 38.3 °C 800
pei 38.9 °C 9500
pezi 39.4 °C 1000

Rovnost:
mnozstvi_metabolické _vody za den = perspiratio_insensibilis

neni samozrejma, nicmené umoznuje sledovani vodni bilance .



Anion gap (aniontova mezera/ deficit)

Ve skutecCnosti podle elektroneutrality musi byt
soucty kationtu a aniontu stejne, ale ¢ast aniontu
nejsou mineraly.

AG Rozdeluje metabolicke acidozy podle priciny
Zvysuje se, kdyz jsou v plazme pritomny ionty
jako laktat, anionty ketokyselin nebo sulfaty.

Znamena, ze aciddza byla zpusobena disociaci
vodikoveho iontu z techto latek

AG =Na" + K*-HCO; - CI
norma: 16+/- 2 mmol/L
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Deficit aniontt (Anion
Gap) pfi rdznych

deficit
anionta




Hodnoty anion gap pri
metabolické acidoze

Normalni anion gap Zvyseny aniorr'gap
(16 mmol/l) (>18mmol/l)
Ztraty bikarbonatu zvysena metabolicka
GIT (prijem) produkce k}/S(’eIm
Ledviny — RTA (renal Ketoacidoza
tubular acidosis) Diabeticka
Ztrata schopnosti Alkoholova
regenerovat bikarbonat Hladoveéni
Deficit aldosteronu Laktatova acidéza
Insensitivita k Zvyseny prijem kyselin
aldosteronu Toxickeé latky
Re_né’lni tubularni Salicylaty
acidozy _ Etylen glycol
Podém’ ol§yselu1|"0|'ch o
chloridovych soli o o _
NapF. Chlorid amonny Snizené vyluCovani kyselin N

Renalni selhani



Pohyb tekutiny

Difuze/ osmoza

Diffusion of water down its concentration gradient is called osmosis.

Facilitatovana difuze
Proteins act as carriers or pores permit flux of substances that cannot

diffuse directly through the membrane.

Primarni aktivni transport

Proteins in the membrane can also act as pumps. Example: Na-K
ATPase

Sekundarni aktivni transport/ ko-transport

Cotransport moves 2 or more molecules in the same direction across
the membrane. Example: Na-Glucose cotransport.
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Presuny mezi intracelularnim a extracelularnim
oddilem (kompartmentem)

The ICF and the ECF are separated by the
membranes of the body's cells.

In the body, these two compartments are always
in osmotic equilibrium, even though the
composition of the fluids in them is very different.

The addition or subtraction of water or solutes from
one or more of the body's fluid compartments will
result in water exchange between the ICF and the
ECF if there is an alteration in the resulting
osmolarity.
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Priklad: muz o vaze 70 kg, osmolalita ECT 290 mOsm/kg.
Do ECT pribydou 2 litry Cisté vody.

Initial total body water 0.6 x 70 kg = 42 liters
Initial ICF volume 0.4 x 70 kg = 28 liters
Initial ECF volume 0.2 x 70 kg = 14 liters
TBW volume x osmolality
Initial total body osmoles 42 liters x 290 mOsm/liter
12180 mOsm
ICF volume x osmolality
Initial ICF osmoles 28 liters x 290 mOsm/liter
8120 mOsm
ECF volume x osmolality
Initial ECF osmoles 14 liters x 290 mOsm/liter

4060 mMOsm .



Priklad: muz o vaze 70 kg, osmolalita ECT 290 mOsm/kg.
Do ECT pribydou 2 litry Cisté vody.

Final osmolality (Total body osmoles)/(new TBW)
12180 mOsm/(42+2) kg water
277 mOsm/kg water

Final ICF volume (ICF osmoles)/(new osmolality)
8120 mOsm/(277 mOsm/kg water)
29.3 kg water = 29.3 liters

Final ECF volume (ECF osmoles)/(new osmolality)
4060 mOsm/(277 mOsm/kg water)
14.65 kg water = 14.65 liters
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Starlingova hypotéza v normeé - presuny mezi
intracelularnim kompartmentem a plasmou

Hydrostaticky tlak v kapilare

Na arteriolarnim konci je tlak cca 35 mm Hg, na konci venuly je tlak cca 15 mm Hg.

PrepocCty osmolarity a osmotického tlaku: P = CRT, C_je koncentrace, 0,001 osmol/ L,
R_je plynova konstanta, 62,364 L mmHg/(K mol), T_ je teplota, 310 K (= 37 st.C),
potom P_je 19,33 mmHg.

Osmotic forces in the capillaries

Because the capillary wall is permeable to water, but essentially impermeant to the
plasma proteins, these molecules generate an osmotic pressure - known as the
Colloid Oncotic Pressure. The net Oncotic Pressure is thus about 25 mm Hg.

This value remains roughly constant over the length of most capillary beds.

22 T~ Capillary Pressure
v - Starlingova hypotéza
2 25 oo e g nC0tIC Pressure
> gy Tlak filtruje plasmu skrz sténu
Loss from Plasma = Gain to Plasma" cévni do intersticia. a onkoticky
15 = No Net Change T, . y vy
2 r tlak ji nasava zpet. Presunyso

Arterioles Venules  tekutin jsou v rovnovaze.



Starlingova hypotéza u patologickych stavu -
vazodilatace

Vasodilation reduces the pressure drop across the arterioles,
bringing the capillaries closer to the arterial pressure. The venous
pressure may not be altered. In this case, there is a greater region

where fluid leaves the plasma, and a reduced regions where it

returns.

This imbalance results in a net loss of fluid from the plasma. The

Pressure

b

]

]
/

-
|
1

[

result is an expansion of the interstitial fluid in this tissue. If this
expansion continued, it would result in the clinical symptom known

as edema.

~ :
'\\E‘apﬂlm}f Pressure

15 - Net Loss from Plasma
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Starlingova hypotéza u patologickych stavu -
sok

When the central blood pressure declines, the pressure at the
capillaries usually also decreases. In addition, most vascular
beds will participate in reflex attempts to maintain the central
blood pressure via arteriolar vasoconstriction. This further
reduces the pressure at the start of the capillary.

The decrease in hydrostatic pressure results in a diminution in
the region where fluid is lost from the plasma, and an expansion
in the region where fluid returns back to the plasma. There is a
net gain of fluid to the plasma.

35 4
o Capillary Pressure
= -~ :
P Ac ~~ Oncotic Pressure
7 2] / '\ - e W W % B R R e e e g
'q.-)' et \\
ol '\"-\_\

- « \\\“--.h
15+ Net Gain to Plasma
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Starlingova hypotéza u patologickych stavu —
meéstnaveé srdecni selhani

When the heart's function Is compromised, it cannot pump blood
as effectively, so venous pressure rises. This rise in venous
pressure diminishes the region where fluid is reabsorbed into
the plasma.

As with the case (above) of vasodilation, this condition results in
a net loss of fluid from plasma to ISF. The resulting edema can
be seen in the swollen ankles (and other tissues) that are
symptomatic of congestive heart failure.

35 4~ : »
~-Capillary Pressure

V e W
= e~ - . .
2 g J -~ OJLgotlc Pressure
8 R
o

|5 - Net Loss from Plasma

i

Arterioles Venules
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Starlingova hypotéza u patologickych stavu —
pokles plasmatickych proteinu

When the plasma does not contain sufficient protein - this
results in a net increase in the region where hydrostatic
pressure exceeds oncotic. Edema results.

35 - :
- Eaplllary Pressure
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Hyperosmolarni
hyperhydratace
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hypernatrémie

normonatrémie H,O
(140 mmol/l) H,O
H,O
=—R¢ponatrémie H,0 g
hypovolémie isovolémie hypervolémie

(dehydratace)
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hypernatrémie

normonatrémie
(140 mmol/l)

—Rk¥ponatrémie

Plazmaticka koncentrace Na™

H,0 Y
o N\ "@0& tekutina |
[+]
— 160 . B
0
B N
H,0 H,0
H,O 2
— = -
— 120 \ ]
7,
T [
H,O
H,O H,O
N
%,
Extracelularni o _
dehydratace Extracelularni edém
. Nadbytek H,O %
— | | L g
-30 -20 10 0 +10 +20 +30 +40
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Poruchy rovnovahy tekutin

Condition

Hyposmotic
expansion

Hyposmotic
contraction

Isosmotic
expansion

Isosmotic
contraction

Hyperosmotic
expansion

Hyperosmotic
contraction

Example

excessive
water
intake

salt wasting
(Loss by
kidneys)

IV infusion,
edema

hemorrhage,
burns

Drinking of
concentrated
saline

severe
sweating

EC Fluid

Osmolality

Volume

IC Fluid

Osmolality

Volume



Poruchy rovnovahy tekutin - souhrn

Poruchy hydratace jsou dany expanzi anebo snizenim objemu
extracelularni tekutiny, hyper-, Ci de-hydrataci. Nazev odpovida
poruse, napriklad hypo-osmolarni expanze, neboli zvetseni objemu
ECT muze nastat pfi snizeném onkotickém tlaku pfi podvyzive.

EC a IC kompartmenty jsou vzdy v rovnovaze, osmoticky aktivni
latky zUstavaji v danych kompartmentech a proto poruchy osmolarity
a hydratace v téchto dvou kompartmentech jsou stejné.

Mineralni rovnovaha je rizena hormonalné a homeostaza hydratace
je udrzovana pomoci funkce ledvin (pokud neni porucha ledvin) na
strane vydeje a pomoci signalu a pocitu zizne na strane prijmu.
Stavy hydratace se meni typicky radove v hodinach, jsou ale akutni
stavy, kdy se hydratace meni i rychleji (vykrvaceni, sok poceni,
prdjem a podobné).
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