Infuzni roztoky a
acidobazicka rovnovaha
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pH

PaCO, [kPa]

4.7

HCO; [mmol/l]

Jakou volba i.v. lécby ovlivni obéh a
acidobazickou rovnovahu?
A jak mezi sebou interaguji?
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SID
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Model acidobazické fyziologie




Model plasmy

e 1L aproximované plazmy

Plasma
_ 2
1L
- cl
>ID =40 100mM

Na*=140 CI =100
CO3 ' =25A =15mE
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Model s volumexpanz

e 1L plazmy + 1L F1/1 Na+ cr
154 || 154
mM mM
Plasma F1/1
1L 1L
+

SID =40 SID=0
Na* =140 CI- =100 a=154 Cl=154
CO3 =25A =15 HCO3-=0 A-=0




Model s volumexpanzi

* 1L plazmy smichany s 1L F1/1:

_ 3
2L
_ 3
SID =20 127m
Na*t=147 Cl'=127 M
HCO3=12,5 A=7,5

HCO3- 12.5 mM = metabol. acidoza
pH =7.12, BE -12.5 pfti pCO2 5.3 kPa
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Isokapnicka volumexpanze

* Vliv tekutiny na SID plasmy
* SII:)inf>S|DpIasmy
e SID, <SID

* Vliv tekutiny na A5,
* Diluce = vzdy alkalizujici

= alkalizujici
= acidifikujici

plasmy

* SID BALANCOVANY PRI VOLUMEXPANZI = SID . — Aror= [HCO;]
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Hemodilucni modely a experimenty

* SID . 1anceq (ti- SID infuzniho roztoku, ktery by nemél ménit acidobazicky
stav):
* Morgan 2002 (model diluce plazmy): SID,,, = 23,7 mM
* Morgan 2004 (krvacejici potkani): SID, ,, = 23,7 mM
* Omron 2010 (celotélovy model): SID, , = 24,5 mM
* Carlesso 2011 (diluce FFP): SID,,, = 24,4 mM
* Zadek 2026 (post op ICU pacienti: SID,, = bikarb. pacienta)

 Pravidlo: SIDbaIanced= pIazmatick\'{ [Hcoéj

Pozor: plati pro hemodilucni modely, tj. kdyz se Atot redi soucasnéeé se zménou SID



Udrzovaci tekutina = zadna diluce Atot

e Zmeéena SID plazmy = funkce dilu¢niho podilu a rozdilu SID meazi
tekutinou a plazmou

* Atot se méni pouze pri diluci (expanzi intravaskularniho objemu) nebo
Cisté ztraté (krvaceni)

e 7 toho plyne:

e Pokud nedochazi ke zméné Atot (udrzovaci tekutiny, dialyza), SID balancované
tekutiny by bylo vyssi, vlastné totozné se SID pacienta

* Pravidlo: SIDyjanced=S!Dpasma POKUd nedochazi k hemodiluci



Dia

SID =40 Na*=140 CI =105

A =0

SID =40 Na*=140 CI =100

t hydrostaticky tlak

HCO3-=25A"=15

Re: ,V duisledku Gibbsova-Donnanova efektu je SID dialyzatu/ultrafiltratu nizsi nez
SID plazmy obsahujici negativné nabité, neprostupné proteiny.”
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vza — bez diluce Atot ale SID ovlivnén
Gibbs Donnanovym effektem

Zadek F et al.: J Nephrol 2026



Obamous e “Balancovany” krystaloid
emovy . . ,
ekt je charakterizovan:

* U volumexpanze SID =
HCO3 pacienta

e U udrzovacich SID =SID
pacienta

Slozeni
roztoku




ASID [mEq/L]

Realny zivot: post-op ICU pacienti

8 7 r=0.55, p<0.001

_6 T T T T T T 1
-30 -20 -10 0 10 20 30 40

Infused SID — baseline HCO3' [mEq/L]

Zadek F et al 2026



Farmakokinetika i.v. krystaloidu

* Velky bolus krystaloidu (napf. 25 ml/kg
Ringerova laktatu) béhem 30 min

e Distribucni faze — béhem infuze a do 15 min
PO ni

* VVyznamna diluce plazmy (60-70 % podaného
objemu)

* Vice pfi hypovolemii a/nebo vazodilataci (tj. nizky
Pmsf)
e Ustaleny stav:
e Retence 15-20 % objemu (vice pri hypovolemii)
* Vice pri pomalé infuzi ve srovnani s bolusy

Plasma dilution (no unit)

Plasma dilution {no unit)
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Metabolizovatelné anionty v tekutinach (SID)

Infuzni roztok Na+ Cl- K+ Pufr SID [mM]*
Fyziologicky roztok | 154 154 - - 0

Ringerlv roztok 147 155 4 -

Hartmann(v 131 111 5 Laktat 29 mM 29
(Ringerlv laktat)

IsoLyte 137 110 4 Acetat 34
Plazmalyte 140 98 5 Acetat 27 mM, glukonat 23 mM 50

* Za predpokladu, ze je organicky ion plné metabolizo



Co je dilucni acidoza?

e K pridani volné vody (SID = 0) do extracelularni tekutiny mize dojit v
ruznych situacich

* Infuze 5% glukdzy: teoreticky stejné ucinky jako fyziologicky roztok, ale
osmolarita je normalneé prisné regulovana - suprese ADH - vylouceni vody
— zadny vliv na acidobazickou rovnovahu

e 3—10% NaCl, 20% manitol = presun vody z ICT do ECT —redi SID a Atot -
extracelularni acidoza



Model s volumoexpanzi = teorie

1L plazmy smichany s 1L H,O:

—

2

2L

_

A

SID =20

Na*=70 CI=50
HCO3=12,5 25 A'=7,5

HCO3- 12.5 mM = dilucni metabol. aciddza

Na+
140m

Cl
100m

D

pH =7.12, BE -15 pii pCO2 5.3 kPa

Na+
70

Cl-
50
mM




Jiné tekutiny nez krystaloidy

e Koloidy:
* Syntetické:
* Neionické: Skroby a dextrany: Atot=0, chovani dano SID (SID 0 Voluven, SID 34 VolulLyte)
* lonické koloidy: zelatiny: lyzaty hovéziho kolagenu, nesou zaporné naboje na postrannich
retézcich. Acidobazicky efekt podle SID (u vétsiny 0), ale také vzestup SIG
e Svazbou pres ureu (Haemaccel): méné zdpornych naboijl
* Sukcinylované Zelatiny (Gelofusine): vice zapornych nabojl
e Albumin = 2 acidifikujici vlivy: nizké SID + zvysuje Atot
* Orientacni pravidlo: pocitejte se stejnym acidobazickym ucinkem jako u fyziologického
roztoku

(Langer T et al. 2014)



Na konci infuzni
vzdy lidske telo...

inky je

* Ledviny rychle reaguji na infuzni
tekutiny a obvykle délaji to, co télo
potrebuje — napravuji nase chyby

* ,Skryte” tekutiny (creep) maji temer
vzdy SID O

L. Giosa — nepublikovana data
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/aver

* Acidobazické ucinky tekutin zaviseji na jejich vlivu na SID a Atot
plazmy

* Podané tekutiny ovlivAauji SID a Ay, tfemi zpusoby
» Slozeni podané tekutiny (obsah SID nebo Atot)
e Kinetika podaného objemu — diluce (Ci nikoli) plazmatického Atot
* Osmotické presuny volné vody

« Uinky tekutin nejsou absolutni, ale zaviseji na vychozim stavu
pacienta (acidobazickém, hemodynamickém)

 ,Dilucni acidoza” a , kontrakcni alkaloza” jsou matouci pojmy zavislé
na kontextu



Shrnuti acidobazickych ucinku tekutin

Acidifikujici Balanc. Balanc. Alkalizujici &= ™
resusc. udrzovaci

24 40

*

SID, =0 SID. = SID;¢ =
bikarbonat SID
pacienta pacienta
Fyziologicky roztok Hartmann Erymasa Plasmalyte FFP, desticky NaHCO3 1,3%
Hypertonicky NaCl Ringerlv laktat  (SID38) Rehydr. I, IlI (SID 70-100) (SID 150)
Albumin RingerUv acetat (SID 50-55)

Gelofusine (SID 28-29)



pH

PaCO, [kPa]

4.7

Isolyte/plasmalyte k volumexpanzi ¢i FFP budou
alkalizujici, tzn. OK
Polyurie bude dusledkem acidosy, OK
Nevhodny je FR.

HCO; [mmol/l]

|5

Lac™ [mmol/I]

1.8

SBE

Na*

137

Crl
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What to look at Aim Key concept Mental task Therapeutic decision

»

\ Address life threatening
Step 1 Assess ) emergencies

severity and . Recognise patterns Set MV imi
pH’| pCOz, acute pH determined by [HCOB]/PCOZ Assess Compensation . ;g(;)zptlmlse
-] compensation CO2 = 1.5 [HCO;] + 8 mmH Detect superimposed
[H C03 ] g | I+8mmHo respiratory disorder
Step 2
Estimate SID SBEgp =[Na*]-[CI]-35 Choose right SID of fluids
[N a+] = [CI_] *If pH <7.3 or >7.5, adjust reference
35+ 15 (7.4-pH) —
- L
Step 3 Nat .
Estimate [A] a SBEA=0.3 (40- Alb [g/L])
Albumin -
Identify and @
. eliminate Ul
SBE Quantify Ul SBEy=SBE-SBEgip-SBEA
! _ Follow up [Ul] during
lactate Electroneutrality Subtract [actate to quantify other Ul treatment
Integrate
Synthesis clinical and ZOOM OUT and GET THE BIG PICTURE: Treat the cause
biochemical Distinguish causes and responses Respect physiology
info

(Duska F et al. Int Care Med 2026)




Want to learn
more”?

(open access)

Intensive Care Med
https://doi.org/10.1007/s00134-026-08416-3

UNDERSTANDING THE DISEASE

I")

A pragmatic approach to complex acid base ==
disturbances of critical illness: the “Stewart light”

Frantidek Duska', Martin Krbec!, Micah Heldeweg'?, Paul Elbers? and Lorenzo Giosa'"

© 2026 The Author(s)

Blood gas analysis is used daily in intensive care and
emergency medicine. Many clinicians interpret results
using bicarbonate or standard base-excess (SBE) then
assess the adequacy of compensatory carbon dioxide ten-
sion (PCO,) responses via empirical formulas (e.g., the
Boston rules) [1, 2]. This “classical” approach works well
for a single dominant disorder. However, in ICU patients
with multiple comorbidities, several metabolic and res-
piratory processes may coexist, offsetting each other
and producing complex mixed acid-base disturbances

partitioning can be corrected if pH-dependent trans-
membrane strong-ion shifts are considered and the
[Na*]-[CI"] reference point is adjusted accordingly [8,
9]. Therefore, here, we propose a pragmatic algorithm
that combines long-standing acid-base principles with
our novel findings. Notably, our intention is not to assert
superiority over existing algorithms, but to ofter a struc-
tured alternative that we consider useful for bedside
practice and educational purposes.



Chcete se dozvédeéet vic?

* Dnes Elc v 14:30-16:00 Back to basics: Acidobazicka rovnovaha

* 03-05 December 2026, Antwerp: IFAD www.fluidacademy.org

e 18th 215t April 2027, CSIM Mikulov

e 25-28 May 2027 SMART Meeting Milano , https://smartonweb.org
e 03-05 June 2027 LIVES Physiology, Athens www.esicm.org

e 15-18 September 2027 Summer School of Clinical and Homeostasis,
Prague www.schoolacidbase.eu

Dékuji za pozornost!
fduska@yahoo.com


http://www.fluidacademy.org/
https://smartonweb.org/
http://www.esicm.org/
http://www.schoolacidbase.eu/
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