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2. Jaka kalemie p red anestezii
je jest é bezpec€na?

hypokalemie
— 2 3,0 mmol/l u asymptomatickych pt.

— 2 3,5 mmol/l u pt. s onemocnenim

srdce (hypertenze, ischemie, selhani)
nebo léky

Wong KC et al.: Hypokalemia and Anesthetic
Implications. Anesth Analg 1993;77:123-60

hyperkalemie

— < 5,0 mmolll,

SCHJ zvysi kalemii o0 0,5 mmol/I!

(Czech Anesthesia Day 2010: relaxace v 56 %
anestezii, z toho SCH 31,2 %)



llllllllllllll

Activate at expertconsuit.com Toxt Onfine

MMMMMMM

TN ° .VsSichni pacientip red

DU planovanymi vykony by
meli mit normalni kalemii.”
;. » .Nedoporucujeme vykon
BT  odkladat, je-Ii
= — kalemie 2,8-5,9 mmol/I,
s — znama piiéina nerovnovahy,
s vireiri — je-li pacient jinak v poradku.*

William L. Young
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Parkinson uv
tretli zakon

Cyril Northcote Parkinson
1909-1993
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a slozitost p Anasi rozklad.”



Je kalemie €asty probléem?

hypokalemie hyperkalemie

e 20 % hospitalizovanych e 10 % hospitalizovanych

e 10 - 40 % diuretika — zvl. se selhanim ledvin
(thiazidy > furosemid) — zvl. se selhanim srdce

e 11 - 24 % AIM?2 * ACE inhibitory

o KT Setrici diuretika

. 0p2
je-li K <3 mmol/l, VF u 33 % . betablokatory

* 50 % po KPR

e mortalita 10x vySSi nez normk.?

1. El-Sherif N: Electrolyte disorders
and arrhythmogenesis.
Cardiology Journal 2011;18(3): 233-245

2. Osadchii OE: Mechanisms of hypokalemia-induced ventricular arrhythmogenicity.
Fundamental & Clinical Pharmacology 2010;24: 547-559

Nyirenda M: Hyperkalaemia
BMJ 2009 Oct 23;339:b4114



Kalium v organismu

3500 - 4000 mmol (50 mmol/kg, 90-100 g)
— 60-80 % svaly (160 mmol/l), ery 45 mmol/l

VECT =60 mmoll =<2 %
v plazme 3,51. 4,5 mmol/l = 15,75 mmol!
kalemie 3,5-5,0 mmol/l (pri normalnim pH!)

normalni kalemie nevylu ¢€uje poruchu
homeostazy kalia!



Kalium v organismu

o K*tésné pred operaci je obvykle
0 0,2-0,8 mmol/l nizSi nez méreni
1-3 dny predem!

Kharasch ED: Hypokalemia before induction of anesthesia and prevention
by beta 2 adrenoceptor antagonism. Anesth Analg. 1991;72(2):216-20

» .Bézna praxe akutni suplementace nebo odlozeni
operace neni na zakladé vysledku dosavadnich
(1993) studii opravnéna.”

* ,Substitucni lecba neni lacina ani neni bez rizika.
Cetnost nebezpeénych komplikaci peroralni, nebo
nitrozilni lécby je 1:175."

KC Wong et al.: Hypokalemia and Anesthetic Implications.

Anesth Analg 1993;77:123-60




Fyziologicky vyznam kalia

transmembranovy potencial (klidovy | akcni)
— funkce nervu
— funkce svalu

objem bunek - intracelularni osmolarita
acidobazicka rovnovaha

sekundarni aktivni transport substratu
diky sodikovemu gradientu (Na*/K*-ATPaza)

souhrnne organoprotektivni U €inky



Homeostaza kalia v organismu

e Vvne&jSi rovnovaha: prijem (= 1 mmol/kg) x vydej (90 % ledviny)
jidlo zvysi kalemii o 0,5 mmol/l x stfevo muze vyloudit az 75 % prijmu
e Vvnitrni rovnovaha = distribuce
(Na/K-ATPaza x ,leak* membran)

— kalemie

— inzulin

— katecholaminy
(alfa |, beta2 1)

— aldosteron

Na*/K*-ATPaza 4,8 mmol/kg/min
K+ z ECT odstrani za 30 s!

Mg ATP Mg ADP +Pi




Elektrofyziologie vzrusivych bun ek

klidovy transmembranovy potencial  — drazdivost bun ék!
e rovnice Goldman-Hodgkin-Katzova (GHK)
V = E Ir‘{ px[K7], + pyo[Na™ ] + po[Cl], }
" F pl( [K+ ]i +pNa[Na+]i +pC][C]“-]0

- propustnost membrany: K:Na:Cl=1:0,02:0,5

e rovhnice Nernstova

V — E . In [K]E = 61,5 . IOg = 61’5 ] IOg 4’5/150 —
moon-F o [X]

=61,5.-1,52288 =-93,7 mV
v hypokalemie hyperpolarizuje, hyperkalemie depolarizuje



Elektrofyziologie vzrusivych bun

e klidovy transmembranovy potencial — drazdivost bun ék!

e rovnice Nernstova

V :R-T_IH[K]E 61

m= T X, _E.lﬂg

X]e
[X]:

e akcni potencial
— O rychla depolarizace
— 1 ¢asna rychla repolarizace
— 2 plateau
— 3 konecna rychla repolarizace
— 4 klidovy transmembran. p.

'K Ol (out)

L ] i & . X
Ilol.; (transient outward)

52 mV

Na (in) |

* |y, (rapid) ' 0

J 2

Ca* (in), K* {out)
o] - 1Ca long)

i s (Kelow delayed rect |

MV —

' |k1 (inward rect,)

200ms

*K* (out)

* |K'.' [Kslow delayed rect.|
N |L‘F~ (K rapid delayed rect.)
' |K.1 (inwardrect. )

3



O dulezitych kaliovych kanal u

Table L. Potassium ion channels in the heart and their influences on the action potential.

Potassium ion channel Influences on AP

Funny current (I Mixed Ma & K current, channel opens up at hvper polarized potentials, predominant in primary and
secondary pace malers, primary pacemaker current, modulated by cyclic nucleotides.

Transient outward current ([ ) Rapidly activated and inactivated during depolarization

{sum of I_1 and I, .2 ) L.l is 4-aminopyridine (4- AP)-sensitive, calcium-independent K+ current. Initial rapid

repolarization phase 1 and determines height of early plateau, therefore, influence s activation of
other currents that control repolarization (IK and I'Cal.).
L2 is 4- AP-insensitive, Ca2 +-activated Cl- or K+ current. Presence in human atrial and
ventricular myocytes not clearly demonstrated.
Ultra rapid delayed rectifier (I ) Initial rapid repolarization phase 1
Repolarization in phase 2
Found in the atria and predominately causes atrial repolarization. Activates rapidly in the platean
range (t= 10 ms), displays outward rectification and inactivates very slowly during the time
course of the AP,
Rapid delayed rectifier (I} Repolarization in phase two
Terminal phase three repolarization
Rapid activation at —30 mV, rapid inactivation and strong inward rectification at positive
potentials. Important role in APD and refractoriness.
Slow delayed rectifier (I) Repolarization in phase two
Terminal phase three repolarization
Slowly activated at potentials positive to —30 mV. Contributes to atrial and ventricular
repolarization particularly during AP of long duration.
Inward rectifier current (I} Terminal phase three repolarization
Maintenance of resting potential
Remain closed throughout the plateau and open again to potentials negative to —20 mWV.
Higher density in ventricles than the atria.

ATP (I, rp) Enhances repolarization in tachycardia. Also opens during myocardial ischaemia and shortens the
APD, decreasing calcium ion influx through L-type channels.
Acetyl choline (I, ) Activated in SAN and atrial cells, help regulate heart rate.

Hyperpolarizes the membrane potential, slows the spontaneous firing rate of SAM, AVN and
delavs atrioventricular conduction

Two pore or background Regulate resting potential and cell excitability. Hawve little time or voltage dependency
K+ channels (K2P)

Khan E et al.: The heart and potassium: A banana republic.
Acute Cardiac Care, March 2013; 15(1): 17-24



Uginky dyskalemie na vzrusivé bu fky

PROARYTMOGENNI
UCINEK !

Nernstova rovnice:  V,, = i [[f{]]
Hypokalemie Hyperkalemie
Klidovy potencial Hyperpolarizuje Depolarizuje
Rychlost depolarizace Stoupa Klesa
Excitabilita Stoupa Stoupa, pak klesa
Rychlost vedeni Klesa Stoupa, pak klesa
Trvani ak éniho potencialu Prodluzuje se Zkracuje se
efektivni refrakterni perioda Zkracuje se
relativni refrakterni perioda Prodluzuje se
Automacie Stoupéa Klesa

Podle EI-Sherif N: Electrolyte disorders and arrhythmogenesis.
Cardiology Journal 2011;18(3): 233—-245



Poruchy homeostazy kalia

deficit: pfijem > vydej
nadbytek: prijem < vyde]
porucha distribuce:

— presun do bunéek — hypokalemie
— presun z bunék — hyperkalemie

chronické zmeny snaseny lépe nez akutni
(redistribuce)!



Hypokalemie

K* < 3,5 mmol/l pri normalnim pH

8,0 |—

Horni limit
7,0 |— A
6,0 |—

50 |—

Dolni limit

40 |—

30 —

20 |—

6,9 7,0 7,1 7,2 7,3 7,4 7] 7,6 7,7

A:y=4,50x + 38,75 B:y=3,04x + 28,40

Pferusované ¢ary znaci referenéni meze pH a kalémie

pfyziollfup.upol.cz



Hypokalemie - p Ficiny

snizeny pfijem vzacné
zvyseny vyde;

— pot (3-15 mmol/l)

— GIT (80-90 mmol/l stolice)
— ledviny

redistribuce do bunek!
(Na*/K*-ATPaza odstrani K* z ECT za 30 s!)

— respiraéni alkaloza
— stres — aktivace sympatiku, katecholaminy

viiv 1éku:
— ztraty: diuretika, kortikoidy, laxativa, antibiotika (anionty)
— redistribuce: inzulin, sympatomimetika, xantiny



Hypokalemie - zavaznost

lehka - bezpriznakova < 3,5 mmo
stredni - priznakova < 3,0 mmo
téezkd - zivot ohrozujici < 2,5 mmo

rychlost rozvoje
pritomnost onemocnéni srdce

~ /7 /7 /7 33 7] O




Hypokalemie - projevy

svaly:

— srdce - arytmie

— pricne pruhovany - | funkce, rhabdomyolyza
— hladky - ileus

nervy — zvysSena drazdivost

cévy hypertenze

ledviny — polyurie, kaliopenicka nefropatie
fibroza



Hypokalemie
— mechanismus arytmii

o primy proarytmogenni uc€inek
— klidovy potencial: hyperpolarizace
— akeéni potencial: prodlouzeni repolarizace (blokada I,,)
— zvySeni komorové automacie
— inhibice Na*/K*ATP-azy

e neprimy proarytmogenni Uc€inek = potenciace
arytmii spojenych s:
— onemocnénim srdce (ischemie, hypertrofie, dilatace)
— léky (KA, antiarytmika, digoxin, Iéky prodluzujici QT)



Primy proarytmogenni u cinek

« klidovy transmembran. potencial - hyperpolarizace
— | excitabilita - zpomaleni vedeni vzruchu

» akcni potencial - prodlouzeni repolarizace ruzné

— zkraceni efektivni refrakterni periody
— usnadnéni reentry

— prodlouzeni relativni refrakterni periody
— usnadnéni spusténé aktivity (EAD a DAD)

e zvysSeni komorové automacie
(1 spont. diastol. depolarizace v Purkyn. vlaknech)



|I.'"'-i:|+-l'-1+pl_||n|1 | .

|

I Nat-Cat+t
Exchange

|

Cat™ Overload |

|

DAD |

}

Hypckalemia

1 Diastolic

depolarization

l

Oscillatory |
prepolentials

l

}
|II:..-IH; Ty J

|

Prolonged
repolarization

l |

Hy popolarization.
| excitation threshold

— | JERP |—

l

Abnormal automaticity

l

L

Slowed
conduction

}

| Excitation
wavelength

[EAD| fTAPD | Window for
5 Dispersion re-excitation
*
] Unidirectional
conduction block

Arrhythmic trigger

|

.

¥

| Arrhythmic substrate

¢

Re-entrant tachyarrhythmias

Osadchii OE: Mechanisms of hypokalemia-induced ventricular arrhythmogenicity.
Fundamental & Clinical Pharmacology 24 (2010) 547-559




EKG projevy hypokalemie

prodlouzeni
repolarizace

zpomaleni
vedeni

zvyseni
automacie

vina U se zvySuje

vina T se sniZuje Hypokalemia

U>T pfi K< 3 mmol/l Prominenl
TU splyva
deprese ST ” U wave

prodlouzeni QRS

AV blokada '/H
L ]

prodlouZeni PQ /
prodlouzeni a zvySeni P l Low T
zastava srdce Prolonged R ST segment amplitude

SV a V ektopie interva (epression



Hypokalemie - [é €ba

‘_ [P
CARDILAN ‘ —
|

i i :
%.ﬂmng roztok  i0amp pot0ml i & & 1

\ W poma e

[ Serum K < 3.0 mmol/1 ]

v

| urcENTECG |

| CHECK Mg I

Cardilan amp.:

e 2,77 mmol K l I.wmm.,,,

« 1,39 mmol Mg?* S - - -
1 0 No Symptoms -} Life threatening hypokalaemia __ >
ECG may show: e?cta:ad with any arrhythmia
T s IMOSL COTITIoN
A ?’a“: AattEning Associnted with severe digoxin toxicity
ST segment changes with unstable cardiac dythom
Potassinm chloride TV Potassium chloride TV
Replace K 1Tmmol/hr 200
Increase distary K s Taet
over 10 min)
= = Magnesiom Sulphate Magnesinm Sulphate TV
Give Magnesiom not necessary unless Sl 50% ( I0mmal)
Mgz level low over Mhamin

I i ey I
{recommended aiter every 4ttmmol il oormald reoal function

or afler every 20mmol if severe renal impai rment )

4

| Prevenl recurrence ’ | Consider cause of hypokalaemia and address all precipitating factors I

Alfonzo AVM et al.: Potassium disorders——clinical spectrum
and emergency management. Resuscitation 2006; 70: 10-25



Hyperkalemie

K* 25,5 mmol/l pri normalnim pH

Horni limit

6,0

5,0

3,0

A:y=4,50x + 38,75 B:y=3,04x + 28,40

Pferusované ¢ary znaci referenéni meze pH a kalémie

pfyziollfup.upol.cz



Hyperkalemie - zavaznost

kalemie = 5,5 mmol/l pri normalnim pH!
normokalemie v acidoze = deficit kalia!

rozdélent:

— lehka 5,5-6,0 mmol/l
— stfedni 6,0-6,5 mmol/l
— zavazna > 6,5 mmol/l

— fatalni obvykle > 10 mmoI/I (prezm 14 mmoI/I)
Tran HA. Extreme hyperkalaemia. South Med J 2005;98:729—32

Pozor na ventilaci!
hypoventilace = respir. aciddéza = 1 kalemie!




Pseudohyperkalemie
Ks - K, > 0,4 mmol/l

* podezreni: norm. funkce ledvin + EKG beze zmén
e chybny odbér

— turniket, traumaticka punkce, ,dojeni”

— hemolyza

e Opozdena analyza
 laboratorni chyba
e zavazna leukocytoza, trombocytoza

o familiarni pseudohyperkalemie
(stomatocytdzy - genetické poruchy membrany erytrocytl)

*Hartmann RC et al: Hyperkalemia due to release of potassium from platelets during coagulation.
J Clin Invest 1958;37: 699.



Hyperkalemie - p Ficiny

e zvySeny prijem vzacné
e sShizeny vydej
— selhani ledvin (75 % pfipadu, az pfi poklesu GFR pod 0,25 ml/s)
— RTA 4 (nej€. pri¢ina diabeticka nefropatie)
 redistribuce z bunek
— laénéni, namaha
— acidoza
— hemolyza, rhabdomyolyza, tumor lysis sy, masivni tran sfuze
o vliv leku:
— leky s obsahem K+: suplementace, nahrazky soli, herbalni pfipravky

— redistribuce (Na*/K*ATP-aza): beta-blokatory, digoxin, SCHJ, manitol

— | sekrece aldosteronu: NSAID, ACE inhibitory / ARB (sartany), heparin,
azolova antimykotika, cyklosporin, takrolimus

— | U€inek aldosteronu: kalium-Setfici diuretika, trimetoprim (Biseptol, Triprim)

Nyirenda MJ et al.: Hyperkalaemia. BMJ 2009; 339 doi: http://dx.doi.org/10.1136/bmj.b4114



Hyperkalemie - projevy

e svaly:
— srdce — arytmie (palpitace)
— priéné pruhovany — slabost, Unavnost,
— hladky - kfeCe, prujem

* nervy — zvysena drazdivost, zaskuby



Hyperkalemie — mechanismus arytmii

PROARYTMOGENNI
UCINEK !

Nernstova rovnice: V, :%.mg [[i]]

Klidovy potencial

Depolarizuje 30 mi
Rychlost depolarizace Klesa
Excitabilita Stoupa, pak klesa
Rychlost vedeni Stoupa, pak klesa
Trvani akcniho potencialu Zkracuje se
efektivni refrakterni perioda -0 m-

relativni refrakterni perioda

Automacie Klesa

Podle EI-Sherif N: Electrolyte disorders and arrhythmogenesis.
Cardiology Journal 2011;18(3): 233—-245



EKG projevy hyperkalemie

RMP: depolarizace

AP
— 1, pak | rychlosti vedeni o zkraceni, pak prodlouzeni PQ
o rozSifeni QRS (symetrické)
— zkraceni repolarizace * Spicata, kratSivina T

o zkraceni QT
 deprese ST

Reduced qRS Tall peaked T wave
amplltude‘ \

/

Increased RS duration

T wave tenting

Khan E et al.: The heart and potassium:
A banana republic. Acute Cardiac Care, March 2013; 15(1): 17-24



Hyperkalemie - [é €ba

[ Serum K > 6.0 mmol/] ]

URGENT ECG

Seck expert help!

Seek expert help!

Y \ 4 h 4
Acute severe Life threatening hyperkalaemia Cm'ﬂmgm
hyperkalaemia == ’ Any of these signs: B ’ VT, VF. PEA, ASYSTOLE
Peaked T waves (amplitude > R in 2 leads) 1
Absent P waves - e
Normal ECG Broad QRS Commence ALS
Sine wave Detibrillate i appropriate
Bradycardi -Gjn Epﬁu T pl'l.l'hle ‘
A 4 vy v
- Calcium chloride Calcium chloride IV Caleinm chloride 1V
Protect the Heart ot niecessary 10ml 10% (6.8mmol) 10w 10% (68mmol)
over 5 min bolus.
Y * ‘
Insulin/ 50% dextrose [V Insulin/ 50% dextrose IV Ilmllnfm dextrose IV
10 units in 30ml (25g) 10 units in 50ml (23z) 10 units in 50ml (25g)
over 5 min over 5 min bolus
+ + +
Shift K into cells Sodium Bicarhonate IV Sodium Bicarbonate IV Sodium Bicarbonate IV
500l 1.26% (75mmol) 500ml 1.26% (75mmol) Sl 8.4% (Smmol)
over 60 min (if acidotic) over 60 min (if acidotic) bolus
S =
Salbutamol 20mg NEB
v !
Remove K from Caleium resonium Consider Haemodialysis
the body 15g PO or 30g PR xd/day
l ‘:K?f».s mimoll
Tinring should take into accott
rate afitction of drg therary.
| Prevent recurrence | | Consider cause of hyperkalaemia and address all precipitating factors

Alfonzo AVM et al.: Potassium disorders——clinical spectrum
and emergency management. Resuscitation 2006; 70: 10-25
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Obsah K 20 200 mg/kg




