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INTERPRETACE NATREMIE
P Na* = 35-145 mmol/l

Komplikovanégj$i nez u jinych iontd W—(l{hﬁﬁﬂ-}g=(ﬁﬂ3+ﬁﬂ}
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Zavisi i na dalsich rozpusténych latkach

Hladiny Na+ jsou regulovany zejména zménami vydeje a prijmu vody, nikoli vylu¢ovanim ¢i prijmem
Na+

Dysnatrémie = poruchy vodniho metabolismu
Hyponatremie ~ nadbytek vody
Hypernatremie ~ nedostatek vody
Hypovolemie ~ nedostatek Nat

Edém ~ nadbytek Na+* spolecné s retenci vody

Obecné je natrémie ovlivnéna zejména dvéma proménnymi — TONICITA a VOLEMIE
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OSMOLALITA

osmolalita séra: 275-295 mmol/kg H,O
osmolalita moci: 50—1200 mmol/kg H,O

Osmolalita = mmol/kg
Osmolarita = mmol/I

Osmoticka aktivita je dana poctem osmoticky aktivnich casti v roztoku a souctem jejich

individualnich osmotickych aktivit

0,9% NaCl = 154 mmol Na+*/l + 154 mmol CI-/l = 308 mmol/I

Osmolalita plazmy — je dana souctem osmolalit vsech rozpusténych latek — zejména Na-,

dale K+, Ca2+, Cl-, glukoza, urea, popripadé dalsi latky

Osmolalita = 2xNa+* + glukéza + urea

Osmolalni gap = rozdil mezi vypoctenou a laboratorné zjisténou osmolalitou.

Gap > 10 mmol/kg — pravdépodobna pritomnost dalsi osmoticky aktivni latky

nejcastéji etanol, dale metanol, etylenglykol, manitol, lipidy, proteiny, ketolatky, laktat

| %0 etanolu zvysi osmolalitu o 23 mmol/kg (také volné prochazi a nema na tonicitu

vliv)



EFEKTIVNI OSMOLALITA = TONICITA

Tonicita je dana aktivitou pouze téch castic, které neprechazeji volné pres membrany
Rozdily v tonicité odpovidaji za presuny vody mezi ECT a ICT
Plazmaticka koncentrace Na* — hlavni determinanta tonicity
Pokud je roztok izotonicky - nedochazi k zadnému pohybu vody pres membranu

Tonicita = 2xNa+ + glukéza

Priklad |
: S o Gaumosa “—e
Roztok NaCl 150 mmol/kg — izoosmoticky i izotonicky
- Znamena, ze bunka nebude zvétSovat ani zmensSovat svuj tvar O A THN
a5
Priklad 2
v o g o ’ . o kapildrni burnddnd
Roztok mocoviny 300 mmol/kg — izoosmoticky, ale hypotonicky sténa membeana

- Mocovina bude volné prechazet pres membranu a spolecné s ni
i voda, takto dojde k otoku bunky a prasknuti



RIZENI VOLEMIE + TONICITY

RAAS - afféfefitni
arteriola —
juxtaglomerularni
renin — angiotensin
aldosteron — resorbce
Na*

Aktivace sympatiku —
zvysené uvolnéni reninu

+ zvySena resorpce Na* v
proximalni tuQulu a /
tlustém seg

Natriureticl®
— inhibice zpétné
resorpce N8Y¥WAlistalnich
tubulech

ADH = vasopresin
ANP/BNadni lalok hypofyzy — V2
receptory - vystaveni
aquaporini-2 do membrany
distalnich tubul( a sbérnych
kanalku
- velmi citlivy systém

«JQOIGILY

= Osmolalita
(-) o - Hypotenze/hypovolemie

: el ) - . .
£} /b 57,:) ) Angiotenzin I
< :;;/ 'O\ 280-290 mosm/L
S = 12 -
Zvyseni sekrece Snizeni sekrece _f-’; oremic
vazopresinu | ¥
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HYPONATREMIE

P Na*< [35mmol/l e |
50 —
Nejcastéjsi elektrolytova dysbalance na ICU s =E— | " 1 etiology
v . . . . 2 B 5] 032 etiologies
Zvysuje morbiditu, mortalitu, hospital stay A o
2 204 . A @3 or 4 eticlogies
Etiopatogeneze — casto kombinovana A ‘L _I- . M
Prevalence 77 Graup;l . Group 2 z Group 3 . Group 4 -
v populaci 1,4%, 1,72% (roste s vékem), vs ICU 25-37% Fig. 2 Number of uoderlying caieses in subgroups of kypanatremia
Az 4% u zdravych starsich osob
k| I
Prevalence dle diagnézy (pneumonie 20%, SAK az 56%) iy ey
, 2% W <116 mEgL
Typy klasifikaci & 210
= ) z
Trvani %
g 15
Objem &
%m.
Osmolalita 720
7 avainost Lehka — 130-134 mmol/l Ll .
avaznos StFedni — 121-129 mmol/l e e, W
v v ’ D A .
< i
ADH Tézka < 120 mmol/l (125 mmol/l) . T
Figure 3 Hyjosare "'.I.-.l!.'-\.:"\--ll. rmiars Bk By o el preienise o & bialteae peovder. || mbBgll kL 1

Citlapmed froim O Chiss dama 0

Incidence and Prevalence of Hyponatremia, The American Journal of Medicine (2006)



HYPONATREMIE

Signs, symptoms, and cnnseqﬁ;nces of
hyponatremia

Serum [Na+]|

130-135 mEqg/L

*Asymptomatic
* Headache

* Nausea

* Vomiting

* Fatigue

* Confusion

* Muscle cramps
* Depressed
reflexes

Serum [Na+]
1zo-130 mEq/L

* Malaise

* Unsteadiness
* Headache

= Nausca

* Vomiting

* Fatigue

* Confusion

* Muscle cramps

Serum [Na+]

<120 mEg/I

» Headache

¢ Riestlessness

* Lethargy
* Selures

* Brain-stem herniation

* Respiratory arrest

» Death

Table 1 (Table 5 of the online document): classification of
symptoms of hyponatraemia

Severity Symptom

Moderately severe Nausea without vomiting
Confusion
Headache

Severe Vomiting

Cardio-respiratory distress
Abnormal and deep somnolence
Seizures

Coma (Glasgow Coma Scale <8)

Clinical practice guideline on diagnosis and treatment of hyponatraemia, Intensive Care Med (2014)



KOREKCE HYPONATREMIE

Akutni/Symptomaticka Chronicka > 48 hod
2 mmol/l/hod 0,5mmol/l/hod
Metody korekce? Maximalné 8-10 mmol/l/den
|) Bolusy
2 ml/kg 3% NaCl bolus — zvy$eni zhruba o 2 mmol/l - Kontinualni podani - vzorce pro dopocet/sodné protokoly
Opakovani v 5 min intervalech, 3x = T ANt
| ml/kg 3% NaCl bolus Na* ':Cﬂﬂ"-"é}t d)‘(@]lﬂﬂf/ﬁ?‘ﬂw@gﬁ

2) Kontinualni podani — 150 ml 3% NaCl 20 min

Korekéni davka Na* mmol = (Na* cilové — Na* zjisténé) x TBW

- ODS - osmoticky demyelinizacni syndrom
nejcast€ji v mostu a prodlouzené mise, tento syndrom

Do jaké hodnoty hradit? Neni urceno zahrnuje CPM (centralni pontinni myeldza) i extrapontinni
Zavazné symptomy vétsinou vymizi pri korekci o 4-6 mmol/I demyelinizaci
V tomto stadiu se vyhybame 0,9% NaCl a vaptaniim - Projevuje se zejména dysfagii, dysartrii, dalsimi symptomy
Overcorrection! cca 48 hodin trva adaptace mozku na hyponatrémii
5% glukoza i.v. Jak? Zménami hladin isoosmoticky aktivnich idiogenich

Desmopressin — |-3 ug i.v. ev dalsi typy podani molekul — inositol, betaine, glutamin, taurin...



HYPONATREMIA
Serum osmolality

* 275-295 mmol/kg

Isotonic

hyponatremia
Hyperproteinemia
Hyperlipidemia

* <280 mmol/kg

Volume status

* > 295 mmol/kg

Hypertonic
hyponatremia
Hyperglycemia, mannitol,
glycerol
Radiocontrast agents

UNa+>20 mmol/I UNa+ < 10 mmol/I
Renal volume loss Extrarenal volume
Mineralocorticoid loss
deficiency - GIT losses
Osmotic diuresis = Skin losses
Diuretics - Third spaces
CSWS

- SIADH

= Hypothyroidism

- Drugs

- Pain

= Glucocorticoid
deficiency

- Low solute diet

= Psychogenic
polydipsia

Edematous states
Uosm usually - Heart failure
> 300 mmol/kg = Cimhosis

- Nephrotic syndrom

Uosm usually
<100 mmol/kg



HYPONATREMIE

Extrarenalni ztraty Low solut intake Hypervolemicka hyponatremie
Tea and Toast syndrom/Tea and neosmotické pusobeni ADH
toast diet/Beer diet z divodu snizeni efektivniho
cirkulujictho objemu

Renalni

CSWS

Excesivni natriuréza s dehydrataci — *v‘@

dominuje hypovolemie, pravdépodobné
na podkladé zvyseného uvonéni
natriuretickych peptidu

Etiology - group 1 (P-Na < 120mmoliL . PR B
ogy -group 1{ ]' ndukovana hypon
i i . . other 5% [
: 7 _ theazide
e other 1% sna etiologie? alcohol 3%

unclear etiology 3% diuretics 1.2%

ihiazide diuretics  Presin/zizen/dalsi
kace/komorbidity

endocrine diseases

4%
- nppeaﬁ;ue_mig% unchear aticlogy 23%
L — hypovolemic
polydipsia 5% hyponatremia 27%

andocring disaases

hypovolamic T5%

SIADH 22% hyponatremia 24%

hypervalamic ADH
hyponatremea 10% wil 13%

Fig. 3. Undeslying causes of hyponatremaa in Group 1 [P8a< 120 mmol/L). (SIADH

Dyrdsome of IRApPHropIane anisniress) - : ! ;
g B L.I'II.'lE'f.'!.':I'I'_.’. cawses of hyponatremdd in Group 4 [P-MNa 130134 mmeed/L |

Epidemiology and characteristics of hyponatremia in the emergency department K. Olsson et al. / European Journal of Interna Medicine 24 (2013) 110-116



SECRETION

SIADH = SYNDROM OF INAPPROPRIATE ADH

Zvysena sekrece ADH vede k retenci vody, zvyseni TBVV, diluci a takto hyponatrémii

Malignity, pneumonie, poskozeni CNS, léky..
diagnosticka kritéria:
P-Na+ < 130 mmol/l
P-Osm < 275 mmol/kg
V Modi
U-Na* > 30 mmol/l

U-Osm > osmolalita plasmy (vétSinou >100 mmol/kg)

Priklad pacienta SIADH (Na* - 120 mmol/l, Osmolalita moci = 258 mmol/l)
Pokud podame 1000 ml 0,9% NaCl — |54 mmol/l Na+

Rychly narist natrémie

Celych 154 mmol Na* bude vylouceno- avsak pouze v 600 ml vody

Vysledkem je retence 400 ml vody a zhorseni hyponatrémie

Z toho vypliva, ze pouzity roztok by mel mit vétsi tonicitu nezli moc

Pokud podame 1000 ml 3% NaCl — 513 mmol/I

513 mmol bude vylouceno v cca 2 | vody
Vysledkem bude ztrata || — coz povede zhruba k navyseni natrémie o cca 5 mmol/I

Plasma AVP [pg/ml}

12+

4 TypeA

= . T - D
f EI.r‘l-.\l\. Ll - 1" ‘:} "IP L]

T
120 130 140

Plasma Sodium {mmuol/liter)



HYPONATREMIE - LECBA

Dle akutnosti a dle priciny (hypervolemicka x hypovolemicka x euvolemicka)

Zikladem terapie je restrikce tekutin

Furosemid

NaCl x %, hypertonicky 3% - odpovida 513 mmol/l

Vaptany?! Antagonisté antidiuretického hormonu = V2 na sbérném kanalku

No survival benefits

First-line treatment

Macl pills
A%

Ringer's lactate
solution v

discontinue drug
14% ;

treatment
28%

4 fluid restriction
S

Mall infusion v
5%

Total 378 treatments

Epidemiology and characteristics of hyponatremia in the emergency department K. Olsson et al. / European Journal of Interna Medicine 24 (2013) 110-116



HYPERTONICKA HYPONATREMIE

Hyperosmoticka
Hyperglykemie — vzestup glykemie o 10 mmol/l vyvola pokles Na* v séru o 3 mmol/I

Osmoticka diuretika — manitol

PSEUDOHYPONATREMIE

Isoosmoticka

Hyperproteinemie /myelom

Hyperllpldemle Mormal Pseudohyponatremia
—r ==
protein, lipids C =g nrotein [ 0
I i o
plasma Hipids 1= plasma
plasma volume plasma volume
waler water
cell cell
'-l'lf:ll_l“‘IL:' vedurme
lab reports lab measures
Ma Ma*
plasma water plasma volume

Direct ISE method — ion-selective electrode



HYPERNATREMIE
P Na*> 145 mmol/l

Casto prehlizena patologie
Casto iatrogenni

Vzdy porucha spojena s hypertonicitou - vysoka tonicita plasmy vede k pohybu

vody z bunék do ECF
Lehka 151 —= 155 mmol/l

Stredni 156 — 160 mmol/l
Tezka > 160 mmol/l

Pseudohypernatrémie? — neexistuje — i kdyz hodnoty se u tézké
hypoalbuminémie mohou mirné lisit



HYPERNATREMIE

Vznik!?

Obvykle nevznika u pacientll u kterych je zachovany pocit zizné — limitace pacientt v
bezvédomi

Critically ill, starsi populace, malé déti

Prevalence?
Neni tak Casta jako hyponatremie, naznacuje horsi stav pacienta
0,2% pred hospitalizaci, prevalence u hospitalizovanych pacientt okolo 1%

U Ctritically ill patients — 2-6% - a procento jesté roste — ICU stay az 26%, sepse az 50%

Outcome!?
Zvyseni MM
Crit Care Med. 1999 Jun;2T(6): 1105-8

Hypernatremia in the intensive care unit: an indicator of quality of care?

Polderman KH', Schreuder WO, Strack van Schijndel RJ, Thijs LG.

CONCLUSIONS: Despite frequent measurement of sodium levels in patients in the ICU, hypernatremia
is a relatively common occurrence. Initial treatment of hypematremia is often inadequate, and
sometimes treatment is delayed. The development of hypernatremia is associated with adverse
outcomes for patients developing hypernatremia in the ICU. Hypernatremia could potentially be used
as an indicator of quality of care in the medical ICU.



HYPERNATREMIE - SYMPTOMY

Casto pacienti kriticky nemocni — komplikované odliseni priznakd

Hyperventilation
Decreased
left + Disturbed
ventricular glucose
contractility utilisation

Hypernatremia + Hyperosmolality

Cerebral Impaired
shrinkage gluconeo-
with risk of genesis
vascular
rupture -
= Restlessness,
; Coma . 'ﬁ?—' 1&:
ramps, if_,g »)
rhabdo- |
myolysis \ /

Journal of critical care (2013), Hypernatremie in critically ill patients



, — _(Na+e+ﬂ'+e]
HYPERNATREMIE - PATOFYZIOLOGIE [Na' 57

Factors cuntri-buling to ICU-acquired hypernatreamia

Prijem Na+ 50+
Hypertonické roztoky (vétsina Iékd Fedénych do FR), iatrogenni priciny 1
a0 1

Ztrata vody/snizeny prisun vody 351
Renalni ztraty ::
Osmoticka diuréza — glukoza, urea, manitol 201
Diuretika — furosemid :
Diabetes insipidus — (Uosm usually < 300 mmol/I)
o

D Ll'l

1.|‘|

Renalni insuficience Pralyuris " i el lkon Hﬂ'iﬂl:l'r.l;W‘i Pt Coarrbwea
o ) » percent
Extrarenalni Ztraty VOd)’ Hypernatremia in critically ill patients, Journal of Critical Care (2013)
GIT ztraty
Zvysena télesna teplota Dehydration
Popaleniny
Polékové hypernatremie Diabetes Docs

Insipidus (iatrogenic)

Ev. Pfesun vody do bunék — fyzickd namaha, krece — 10-15 mmol/l

Diarrhea




Hypernatraemia

Sodium gain

(Na* + K*Jingur - (Na* + K*)gurpue >0

l

Water loss

M—r/ Renal vs Extrarenal = EFWC

Electrolyte free water clearence (EFWC)

It EFWC positive J:

1 If EFWC negative

Renal Water Loss Extrarenal Water Loss
Osmotic diuresis Insensible losses
l_ Urinegyme 300-600 mmol/L + Polyuria (>2.5L/d) _‘L 14 mi/kg/day PLUS 3.5 mi/kg/day/degree >
37°C
Urea diuresis Glucose diuresis
Ureay ., > 250 mmol/L and thﬂﬁ“u“" > 250 mmol/L > -
Glucosey,;,, neg. {or dipstick positive) Diarrhoea
prior to the onset of hypernatraemia
Loop diuretics "
If applied prior to hypernatraemia Other fluid losses
< via nasogastric suction, drains, chest tubes etc.
Renalinsufficiency
Glomerular filtration rate < 30 ml/min/1.73 m?

Diabetes insipidus (surgery, traumay)

Rising [Na®],erem and Polyuria A and Urinegym, -




HYPERNATREMIE - LECBA

Akutni/Symptomaticka Chronicka > 48 hod
| mmol/l/hod 0,5 mmol/h
Az 2-3 mmol/l/hod? maximum |0 mmol/l/den
Odhadovany deficit vody
( [Na*]corr s
ﬁﬂw i —u;[!"n.ha““][‘a::*:r*,,_z;-ﬂt>6 )

Mozkovy edém
- Rychlé snizeni tonicity vede k otoku bunék

Nejlépe dle etiologie — na ICU vétsinou kombinovana
Hrazeni tekutin — roztoky s nizkou osmolalitou
* 5% glukoza
* 2,5% glukoza
* Sterilni voda — do CVK!?
Diuretika - Pokud by byla pric¢ina pouze zvyseny prijem Na — klickova diuretika zvysi natriurézu,
thiazidy?, spironolakton?, furosemid?
CRRT
Prevence a casna korekce!




Rychlost substituce u dysnatrémii ~
rychlosti vzniku

Dysnatrémie zvysuji MM pacientu

Prevence a casna korekce

Deékuji za pozornost!

veronika.tomaskova@fnusa.cz

Oreergaand-Steersen and Ring Criticed Cove 200 3, 17206
hetpefecforumadeemoomntent’ | 771206
C, CRITICAL CARE

Clinical review: Practical approach to hyponatraemia
and hypernatraemia in critically ill patients

Christian Overgaard-Steensen** and Troek Ring'
Jouma] of Critscad Care (2001) 3%, 216211 -216.c0 ——————
sy Journal of

i e -
Sk Critical Care

ELSEVIER

Hypernatremia in critically ill patients™: ™ ™*
Gregor Lindner MD®*, Georg-Christian Funk MD®

‘Pepariment of Emergency Medicine, fnselspital, Universite of Bern, 3000 Bern, Switzerfand
"Department of Respiratory and Critical Care Medicine, Ot Wagner Hospital, Wien, Ausiria

Insensive Care Med (2014) 40:320-33]
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