Acidobazicka rovnovaha

VKP 31. 3. 2017



Odbér krve na stanoveni stavu
acidobazické rovnovahy

+ Odbér vzorku:

- Arteridlni krev

» Arterializovana kapildarni krev
- Venozni krev

- Arteridlni i vendzni odbér




Misto odbéru:

- KlZe bez priznaku zdnétu, ischémie nebo
venostdzy

- KlZe omyta a dezinfikovand (pozor na
prostredky s jinym nez neutralnim pH).

* Vazodilatacéni prostredky aplikované mistné
pred odbérem nevhodné

* Nevhodnd také mistni masaz pro zlepseni
prokrveni oblasti



Odbeér

Do heparinizované kapilary, okamzité hermeticky
uzavrit, aby nedoslo k nekontrolovanému kontaktu se
vzduchem (O,, CO,)

» Zkontrolovat, zda je sloupec krve v kapildre bez
bublin

Vzorek okamzité do ledové tristé nebo do lednicky
(teplota do 0° C), aby doslo k okamzité zdstaveé
metabolismu erytrocytt-produkce laktdtu mize
ovlivnit hodnoceni ABR ve vzorku!!ll)

» Co nejrychlejsi zpracovani vzorku-zdbrana
neadekvatnich vysledku
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H* a pH
e Vodikovy iont se skldda z protonu,
kolem néhoz neobihd zadny elektron.

e Proto je vodikovy iont velmi maly a je
extremné reaktivni.

e Ma proto velmi hluboky vliv na funkci
biologickych systému ve velmi nizkych
koncentracich.

e V okolnim prostredi koncentrace H*
kolisa ve velmi Sirokém rozmezi

e pH= -log 10 [H*], kde [H*] Je
koncentrace vodikovych iontu



e Kyseliny vytvareji v
roztoku vodikove ionty
(,donory protond*)

Escumple 1: Tonization of an Acid in Solation
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http://www.nda.ox.ac.uk/wfsa/html/u13/u1312f02.htm

e Pufry jsou latky, ktere
omezuji zmény Vv
koncentraci H+ (pH),

[T for sbsmion ot srong ac pokud  jsou H+

HA 2= H'+ A ofiddny k roztoku

N\ nebo z ného

- odebrdny.

e Jednd se o slabeée
kyseliny a bdze.

Examples of BulTering
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http://www.nda.ox.ac.uk/wfsa/html/u13/u1312f03.htm

e /mény v pH méni

Curve showing relationship between sfupe N lonizace

Enzyme Activity and pH DI kovin, cCO7 muize
menit jejich funkci.

e Pri extrémné vysokych

koncentracich H+
Enzyme ; - ~
Activity dochaz Qz K
denaturaci proteinu.
e Nékolik enzymu

funguje optimalné pri
nizkem pH (pepsin
ma optimdlni pH 1,5-
3)




Produkce H+

e pri oxidaci aminokyselin, pri anaerobni
glykolyze (laktat, pyruvat) (40-
30mmol/24h)

e uvolnénim CO2 pri aerobnim
metabolismu (15 000 mmol/24 h)

* CO, + H,0 <= H,CO, => HCO3 + H*



Regulace koncentrace H*

e Pufrovdanim v krvi a ve tkanich
e Exkreci CO, plicemi
e Exkreci H* ledvinami



Koncentrace naraznikv a jejich podil na celkové naraznikové kapacité ECV

u zdravé osoby.

Koncentrace (mM,

mean)
Bikarbondt 24 (67%)
Ostatni pufry 12 (33%)
Hemoglobin 7/
Plasmaticke 4
bilkoviny
Fosfaty ]
Celkem 36 (100%)

Kapacita pufru (mM na
jednotku pH)

50 (82%) pri konstantnim
PaCO2

11 (18%)

0.4
61 (100%)



 Regenerace bikarbondtu v bunce proximdlniho tubulu

Reabsorption of Bicarbonate
by Renal Tubular Cells

Renal Tubular Lumen
Tubular Cell




Phosphate Biulering in the Renal Tubule

|

e Ledviny jsou schopny

sekretovat do MOoCi
maximalné 0,025 mmol/I
(PH=4,6).

Na vylouceni 30-40
mmol/den by bylo
potreba vytvorit 1200 |

MOocCi.

Proto je poireba pufrovat
H+ i v prubéhu tvorby
moci (fosfaty, amoniak).


http://www.nda.ox.ac.uk/wfsa/html/u13/u1312f08.htm

» NH; vznika v proximaini
Ammeonia Bulfering in the Renal Tubule tubuldarni bunce
glutamindzou z
glutaminu. Glutamindza
optimalne funguje pifi
nizSim pH.

> je sekretovan jako do
tubularni tekutiny, ze
/0% je reabsorbovan v
tlustem raménku HK pri
rHovnovélze mezi NH3 @
+,

» Pokud vznikne NH4+,
kationt, musi byt

exkretovdn
NHy ).

Tubular Lumen



http://www.nda.ox.ac.uk/wfsa/html/u13/u1312f09.htm

Vylucovani H* v ledvinach

4500
mmol/d

HCO,~

(deacifikace)



Elektrolyty

e No*/K* v duUsledku sprazeni resorbce
Na+ a exkrece H* zpUsobuji zmény v
sekreci aldosteronu také zmény v
exkreci H+, pripadné K*.

e /mény Vv koncentraci chloridu jsou
doprovazeny zménami v koncentraci
HCO3 a naopak, vidy v zdmu
zachovani elektroneutrality.



Poruchy acidobazické rovhovdahy-
Typy

= Acidoza

e respiracni

e metabolickd
e jednoduchd
e smisend

e kombinovand

e Alkaléza

e respiracni

e metabolickd
e j[ednoduchd
e smisend

e kombinovand



Poruchy acidobazicke rovnovdahy
podle Urovné kompenzace

Acidoza e Alkaléza
e kompenzovand e kompenzovand
e dekompenzovand e dekompenzovand
e nekompenzovand e nekompenzovand
e Castecné e COsteCné
kompenzovand kompenzovand

prekompenzovand e prekompenzovand



oodle Urovné kompenzace

= Rychlé zmény se = Rychlé zmény se
pufruji pomoci pufruji pomoci
narazniku ndrazniku

= Respiraéni poruchy = Metabolické poruchy
se kompenzuji se kompenzuji
metabolicky respiracne a

metabolicky



PCO?2 - Base Excess Diagram




Three Lines of Compensation
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Three Clinical Zones




Respiracni acidoza

e paCO, nad 6ékPa

e Priciny:

e snizend alveolarni ventilace

e excesivni produkce CO, pri aerobnim
metabolismu (maligni hypertermie)

e vyssi  produkce CO, pri snizeni
alveolarni  ventilace  (pacienti s
zavaznym onemocneénim plic @
horeCkou nebo na dieté s vysokym
obsahem bikarbonatu)



Causes of Hypoventilation and Respiratory Acidosis

Airway
Obstruction

Peripheral Neurological Causes:
Nerve injury: spinal cord trauma,
phrenic nerve palsy

Meuropathy: Guillain Barré Syndrome,
polio myelitis, motor neurone disease
Drugs: epidural local anaesthetics

hronic Obstructive Airways
Disease
Severe Asthma

Central Causes:

Brain Injury: stroke, rauma
Drugs: anacsthetics, opioids
Sleep Apnoca

Chest Wall Causes:
Deformity: scoliosis, Nail chest,
obesily

Muscular Weakness: muscle
relaxants, myaesthenia gravis,
electrolyte disturbance




Respiracni alkaloza

* paCO, pod 4,5 kPa

e Priciny:

* hyperventilace v dUsledku Uzkosti
e astma, lehcli plicni embolizace



Metabolickd acidozo

1. Zvysena produkce H+

= velmi Casto jako zvysend produkce laktdatu a
pyruvatu pri hypoxickych stavech, spojenych se
zvySenym podilem anaerobniho metabolismu

Hypoxie nejcastéji zpUusobena:
= 1. Snizenym obsahem kysliku v arteridlni krvi
= 2. Tkdnovou hypoperfuzi

= 3. Snizenou schopnosti vyuzivat kyslik (sepse,
ofrava kyanidem apod.)



Metabolicka acid6za

2. PoZiti kyselin
e Otfrava jedy jako etylén glykol, NH,CI

3. Neadekvaini exkrece H*
e rendlni tubularni dysfunkce
e chronickeé rendlni selhani

e hypoaldosteronismus (Addisonova
Nnemoc

e diuretika



Metabolickd acidozo

4. Excesivni ztrata bikarbonatul
e ZVraceni

* prujem

e (cholera, Crohnova chorobal)
e Inhibitory karboanhydrdzy



Metabolickd acidozo

Aniontovy gap

e Na* (140) + K*(5) = CI (105)+HCO4 (25) + Gap

e Gap se zvysuje U metabolické acidozy,
ookud dochdzi k presunum iontu v
extracelularni tekuting.



Metabolickd aciddza
Aniontovy gap < 8 mmol/
e Hypoalbuminémie (pokles
nemérenych aniontu)

* Mnohocetny myelom (ndrust IgG
oaraproteinu jako nemérenych
kationtu)

e« Zvyseni nemérenych kationtd ( TK+,
TCa++, TMg++, intfoxikace Li+



Metabolickd acidoza
Aniontovy gap >12 mmol/l

Pritomnost nemérenych metabolickych aniontu
> Diabetickd ketoaciddza

> Alkoholickd ketoaciddza

> Laktatova aciddza

> Hladoveéni

» Nedostatecnost ledvin

Pritomnost I€kU nebo chemickych aniontu (otrava
salicylaty, metanolem a etylén glykolem)




Metabolickd acidoza
Aniontovy gap 8-12 mmol/

Ztrata bikarbondto

> Prujem

> /trata pankreatickeé stavy

> leostomie

Retence chloridU

»Rendlni tubuldarni aciddza
»Parenterdlni vyziva (arginin a lysin)



oH a koncenfrace K* v

plazme
|
6,8 6,5-38,0
/,] 56-6,5
/.3 5,2
7.4 4,5
/.7 3,5




Hyperkalémie

e Plasmaticke koncentrace > 5,2 mmol /
| (hormdlni hodnoty: 3,7-5,2 mmol / L).

e Hyperkalémie nad 7,2 mmol /L muUze
zpUsobit zastavu srdce v diastole.

e Symptomy: slabost, nauseaq,
nepravidelny tep, bez symptomu




Hyperkalémie (K+ v séru >5.5 mmol/l)



U&inky aciddzy no
hospodareni s ionty K*

Pred acidézouA
K \II

Bunka




Tnzulin

» Zvysené hladiny zvysuji aktivitu K+/Na+
ATPazové pumpy rddové v min.

» Chronické  zvySeni hladin  inzulinu
zplsobuje upregulaci podjednotky alfa-
2. V pri¢né pruhovaném svalstvu muze
inzulin povoldavat pumpy skladované v
cytoplasmé nebo latentni  pumpy
pritomné v membradné bunky



U&inky aciddzy na
hospodareni s ionty K*
KTH_I_\

Bunka | K* |
9 Y,

Pri acidoze

4




U&inky aciddzy no
hospodareni s ionty K*

-
LH?

" \II

Bunka K+

9 y,

K+



Causes of hyperkalemia

Causes of hypokalemia

High-kalium load due to special

diet: too much bananas, tomatos,

oranges, salt substituents or
parenteral administration

Diminished kalium excretion (low
concentration of hormones)

Acidosis

Excessive endogeneous kalium
load (trauma, injuries, burns,
tumors)

Genetic defects in ion channels

Low-kalium diet
Alkolosis
Hypomagnesemia

Increased kalium excretion
(usually associated with water
loss: vomiting, diarrhea,
medications like laxatives, loop
diuretics or high concentration of
hormones)




INnzulin

e /vysené hladiny zvysuji aktivitu K+/Na+
ATPAzove pumpy radove v min.

e Chronické zvyseni hladin inzulinu
zpusobuje upregulaci podjednotky
alfa-2. V priché pruhovaném svalstvu
muUZze inzulin  povoldvat  pumpy
sklodované v  cytoplasmé nebo
latentni pumpy pritomné v membrdané
bunky



Vyznamné faktory ovlivnuijici distribuci drasliku
mezi ECT A ICT prostorem

inzulin

@ Bo- mlmetuka

© B,-blokator acidoza
glykosidy
digitalisu

K+

alterace buné&éné membrany




pH pCO2

! Vysoky (> é
kPa)

!  Vysoky (>6
kPa)

!  Vysoky (> 6
kPa)

! Normdini (4,5-6
kPa)

! Nizky (< 4,5
kPa)

Base
excess

> +2,2

-2,4- +2,2

<-2,4

<-24

<-24

Interpretace

Primarni respiraéni
acidéza s rendini
kompenzaci

Primarni respiracni
aciddéza

Smisend respiracni a
metabolickd acidoza

Primarni metabolicka
acidoza

Primarni metabolickd
acidéza s respiracni
kompenzaci



pCO2

Vysoky (> é kPa)
Normadini (4,5-6
kPa)

Nizky (< 4,5 kPa)

Nizky (< 4,5 kPa)

Nizky (< 4,5 kPa)

Base
excess

> +2,2

> +2,2

>+2,2

-2,4- +2,2

<-2,4

Interpretace

Primarni metabolicka
alkaléza s respiracni
kompenzaci

Primarni metabolicka
alkaloza

Smisena respiracni a
metabolickd alkaléza
Primarni respiracni
alkaléza

Primarni respiracni
alkaléza s renalni
kompenzaci



ABR parameters

pH
pCO2
pO2

Base Excess (BE): is defined as the amount of acid (in mmol) required to
restore 1 litre of blood to its normal pH, at a PCO2 of 5.3kPa (40mmHg).
During the calculation any change in pH due to the PCO2 of the sample is
eliminated, therefore, the base excess reflects only the metabolic component of
any disturbance of acid base balance. If there is a metabolic alkalosis then acid
would have to be added to return the blood pH to normal, therefore, the base
excess will be positive. However, if there is a metabolic acidosis, acid would
need to be subtracted to return blood pH to normal, therefore, the base excess
IS negative.

Standard Bicarbonate (SB): this is similar to the base excess. It is defined as
the calculated bicarbonate concentration of the sample corrected to a
PCO2 of 5.3kPa (40mmHg). Again abnormal values for the standard
bicarbonate are only due the metabolic component of an acid base disturbance.
A raised standard bicarbonate concentration indicates a metabolic alkalosis
whilst a low value indicates a metabolic acidosis.



Interpretace vysledku:

Napred posud pH (acidémie, alkalemie)
Pak PCO2 a rozhodnise, zda pripadny posun pCO2
odpovida pH a klinickym prlznakum pacienta.

Pokud ano, jedna se o primarni respiracni poruchu
ABR.

Potom zhodnot BE a SB jako metabolickou
Komponentu ABR.

Posud kompenzaci stavu: to poznas podle toho, ze
zmeny pCO2 a BE pujdou v opacném smeéru, nez
bys oCekaval/a podle pH. Priklad: v pritomnosti
respiracni kompenzace metabolické acidozy pCO2
bude nizké. Nizké pCO2 by ovsem samo o sobe
vedlo k alkaloze.




Interpretation of Acid Base Disturbance

pH

Acidaemia
Law phl (<7.35)

Alkalaemia
High pH {=7.45)

PCO;

High (6K Pa)

Base excess

Interpretation

Positive (=+2.2)

Primary Respiratory Acicosis
wilh Hemal Compensation

Primary Respiratory Acldosis

Normal -2,4-+2.2 |—>

Megative <-2.4

Mixed Respiratory &
Metabolic Acidaosis

Normal (4.5-6KPa) |_p

Megative =-2.4

Primary Metabolic Acidosis

Low (<4 SKPa})

PCO;

High (>6Ka)

Megative <24

Primary Metabolic Acidosis with
Resplratory Compensation

Base excess

Interpretation

Pasitive (=+2.2)

Primary Metabolic Alkalosis
with Respiratory Compensation

Normal {4.5-6KPa)

_4 Positive (>12.2} | ,,l

Primary Metabolic Alkalosis

Positive (>+2.2)

Mixed Resplratory and
Metabolic Alkalosis

Laow {<d. 5K Pa}

Primary Respiratory Alkalosis

Key 4.5kPa=34mmHg

6.0kPa = 43mmHg

Megative (<-2.4)

Primary Respiratary Alkalosis
with Reoal Compensufinn




U&inky alkaldzy na hospodareni s
lonty

e Alkaléza zpUsobuje disociaci HY iontu z
oroteinu.

e Na obnazene negativni skupiny
nasedaqji ionty Ca?*. Dochdzi k
akutnimu kritickému poklesu hladiny
jonizovaného kalcia

e Pokles ionizovaného kalcia se
orojevuje tetanii az krecemi, které
mohou byt smriici.



U&inky alkaldzy na hospodareni s ionty

» Alkaloza, zejména chronicka, rovnez byva
spojena s depleci zasob K* iontu v tele.

« Zvraceni nebo alkalizujici (thiazidova)
diuretika mohou vyvolat hypochloremickou
(chloropenickou) alkalozu, ktera vede k
zavazneé depleci iontu K*.

* Pri depleci K* se v mocCi objevi ,paradoxni
acidurie”, kdy ledvina nahrazuje
vyluCovani K* kationtu kationty H*



Presmyk mezi tvorbou mocoviny @
glutaminu v jatrech pri zméndch pH

Periportalni hepatocyt Perivendzni hepatocyt

Urea Gln




1

3

Metabolicka alkaloza

. Excesivni ztrata H*

zvraceni zaludecniho obsahu (pylorickd
stendza, bulimie)

. Excesivni reabsorbce bikarbonatu
ofi poklesu chloridU (zvraceni, diuretika)

. Poziti alkalii
antacida



CRF

Glucocorticoids

Kidney

Mineralocorticoids
{Aldosterone}

Adrenal ’,

k.,_ ReninlAngictansin
Wwha®, pK (ACTH)

Glucocoricoids
(Cortisol, Corlicosierone)



Cholesterol

+

Pregnenulune

K
Prugesterune 17- h].rclru:l-:].mregnenulune

l 17- hydru:-:yprugesterune
- o

Aldosterone  Cortisol  Androgens




Cholesterol —Hethyl group
Major Pathways in Steroid Biosynthesis
Ho .|
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Protection or MR from QOccupation by

Glucocorticoids CH,OH
tl; =0
CH,OH — OH
-Ié,‘:ﬂ
—— T
ﬁ-
© Cortisone
0
Cortisol
HO CH.OH
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Aldosterone



Adverse Effects of Aldosterone/Salt

Aldosterone + Na*

Blood Vessale

{-BrKF Ol -Eq:it?ﬁﬁ Lrésieg)

Cytokine Activation
Na' reabsorplion T Blood Pressure  Vasculsr inflammation  Cardiac Hypertrophy

K "i‘“—’"“" : Endothelial Dysfunction
7 | b

H?meﬂﬁlﬂ“ == Vascular Injury LV H}nl']:lnaerl.:l'l::s|:l-h'5|.t

END-ORGAN DAMAGE



Endothelin D o ROl

alh

TNE<=Aldosterone
"

Ran Tissue ACE

¢

AV = Aldosterone Receptor Antagonism

Angiotensin |l



Hyperkalémie

- Plasmaticke koncentrace > 5,2 mmol / L
(normdlni hodnoty: 3,7-5,2 mmol / L).

- Hyperkalémie nad 7,2 mmol / L muze
zpusobit zdstavu srdce v diastole.

+ Symptomy. slabost, nausea, nepravidelny
tep, bez symptomd




Effect of high [K*] on membrane polarization

Malk pump
Voltage-gated 3Mat

Ma channel K
. Low K
Normal state: High Na
Na-channels are closed.

K channel

2Kt

V(membrane) =(RT/F) x In([K*],./[K"];.)

Abnormal state (high [K*]):
some Na-channels are

opened, some are in

temporary closed state, some
are closed




Effect of high [K*] on water balance

Low blood [Na*]: Patients feel Low M*
H-0

strong thirst. Water is taken up
by the cell to counteract
disbalance of ions. This results

in hypotension.
H,O

on



Hypokalemia

In hypokalemia plasma K concentration falls below 3.7 mmol / L.
It is diagnosed in ~20 % of hospitalized patients (data for USA). 80

% patients receiving diuretics have hypokalemia.

Symptoms: Muscle weakness, nausia, psychosis, depression,
hypertension, cardiac arrest.



Effect of low [K*] on membrane polarization

Normal state:
Na-channels are closed.

Abnormal state (low [K*]):
The membrane is
hyperpolarized. Na-channels
can not be opened upon
application of the electrical
impulse of normal strength.

Voltage-gated
Na channel

MNa/kK pump
3Na*

|

K. channel

K*

H-l-

Low K
High Na

Very low K



Effect of low [K*] on water balance

High blood [Na*]. water is
driven out of the cell, which
increases blood volume. This
results in hypertension.

High M*



Causes of hyperkalemia

Causes of hypokalemia

High-kalium load due to special

diet: too much bananas, tomatos,

oranges, salt substituents or
parenteral administration

Diminished kalium excretion (low
concentration of hormones)

Acidosis

Excessive endogeneous kalium
load (trauma, injuries, burns,
tumors)

Genetic defects in ion channels

Low-kalium diet
Alkolosis
Hypomagnesemia

Increased kalium excretion
(usually associated with water
loss: vomiting, diarrhea,
medications like laxatives, loop
diuretics or high concentration of
hormones)




Interpretation of Acid Base

Disturbances in Blood Gas Results

Blood gas analysis is available in the vast majority of acute
hospitals in the developed world. Increasingly blood gas
machines are available for use in developing countries. In order
to obtain meaningful results from any test it is important that they
are interpreted in the light of the patient's condition. This requires
knowledge of the patient's history and examination findings.

The simplest blood gas machines measure the pH, PCO2 and
PO2 of the sample. More complicated machines will also
measure electrolytes and haemoglobin concentration. Most blood
gas machines also give a reading for the base excess and/or
standard bicarbonate. These values are used to assess the
metabolic component of an acid base disturbance and are
calculated from the measured values outlined above. They are of
particular use when the cause of the acid base disturbance has
both metabolic and respiratory components.



Examples:

Example 1: A 70 year old man is admitted to the intensive car
unit with acute pancreatitis. He is hypotensive, hypoxic and in
acute renal failure. He has a respiratory rate of 50 breaths per
minute. The following blood gas results are obtained:

pH 7.1
PCO2 3.0 kPa (22mmHg)
BE -21.0 mmol/l

From the flow charts: firstly, he has a severe acidemia (pH 7.1).
The PCO2 is low, which does not account for the change in pH
(a PCO2 of 3.0 would tend to cause alkalemia). Therefore, this
cannot be a primary respiratory acidosis. The base excess of -21
confirms the diagnosis of a severe metabolic acidosis. The low
PCO2 indicates that there is a degree of respiratory
compensation due to hyperventilation. These results were to be
expected given the history.



Examples:

Example 2: A 6 week old male child is admitted with
a few days history of projectile vomiting. The
following blood gases are obtained:

pH 7.50
PCO2 6.5kPa (48mmHg)
BE +11.0 mmol/L

The history points to pyloric stenosis. There is an
alkalaemia, which is not explained by the PCO2.

The positive base excess confirms the metabolic
alkalosis. The raised PCOZ2 indicates that there is
some respiratory compensation.



http://www.nda.ox.ac.uk/wfsa/html/u13/u1312_01.htm#tpf

Dékuji vam za pozornost




