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f Chloride, the , forgotten electrolyte”

(Curr Opin Crit Care 1999; 5:429-35)

John A. Kellum



Fyziologicky vyznam chloridu

= Hlavni aniont extracelularni tekutiny

= Vodni, elektrolytova a acidobazicka rovnovaha
= Transport CO, z periferie (chloridovy posun)

= Produkce sekretti v GIT

= Funkce a procesy zprostredkované chloridovymi kanaly




Chloridove kanaly

= Strukturné a funkcné velmi rozmanita skupina kanalu

= Siroké spektrum fyziologickych funkci
> klidovy membranovy potencial bunék
> regulace drdzdivosti neurontd, myokardu a bunék kosterni Ci
hladké svaloviny
> sekrece a transepitelialni transport vody a soli
> uprava a udrzeni bunécného objemu

> bunéecny cyklus a apoptoza




Napétim rizené kanaly (CIC)
= CIC 1 (kosterni svalstvo) — vrozené myotonie (Thomsenova, Beckerova)
= CIC Ka, Kb (Henleova klicka) — tubulopatie (Barttertv syndrom)

" Ligandem otevirané kandly glycinovych receptorii a GABA
4 = benzodiazepiny zprostredkovana anxiolyza

cAMP r eg UIOVG”}; kanal CFTR ( cystic fibrosis transmembrane conductance regu/ator)
= sekrece Cl" v dychacich cestach, pankreatu, aj., absorbce v potnich zlazach

Vapnikem aktivované chloridové kanaly (CaCICs)
= epitelialni sekrece, cinnost neuronu, hladkého svalstva a smyslovych organt

Volume regulated chloride channels (VRAC)
= regulace bunécného objemu v zavislosti na tonicité prostredi
= predpokladana uloha v angiogenezi, bunécné proliferaci a apoptoze



! Chloridove kanaly v myokardu

- = Doposud byla prokazana pfitomnost kardidlni varianty

CIC, CFTR, CaCICs a Maxi Cl, dalsi jsou pravdépodobné

* Fyziologicka funkce neni presné znama, presto :

> mozné terapeutické cile novych antiarytmik

> mozne terapeutickeé cile lIécby hypertrofie myokardu a
komplikujiciho srdecniho selhani

> potencionalni uloha v ischemické prekondici

Stolting G. Front Physiol 2014, Adkins GB. Pharmacol Ther 2015




Poruchy chloremie

= Casty laboratorni nalez, zejména mezi pacienty na ICU

> dusledek zakladniho onemocnéni
> dusledek terapeutickych intervenci

= Hypochloremie

» nadmeérné ztraty chloridu
> retence vody a hypervolémie

= Hyperchloremie
» infuze roztoku bohatych na chloridy
> ztrdty Cisté vody anebo ztrata vody prevysujici ztratu chloridu
> ndrust tubularni reabsorbce chloridu




latrogenni dyschlorémie

s

= Nejcastéjsi pricina dysbalance chloridu na ICU
(Yunos NM. Critical Care 2010)
= Hyperchloremie

> krystaloidy
> koloidy

= Hypochloremie
> hypotonické roztoky




Fyziologicky roztok

= Suprafyziologicky obsah Na 154 mmol/ (135-145)
= Suprafyziologicky obsah Cl 154 mmol/ (98-106)
= Nefyziologicky pomér Na / Cl 1:1 (1.2:1-1.5:1)

»,0.9% salt solution is neither normal nor physiological

Wakim KG. Jama 1970




THE TOHOKU JOURNAL OF EXPERIMENTAL MEDICINE

Since 1920

Tohoku University Medical Press

The Influence of Some Neutral Salt Solutions, Intravenously
Administered, on the Reserve Alkali of the Blood.
TSUTOMU ODAIRA.

J Exp Med 1923; 4-5: 523-526




THE TOHOKU JOURNAL OF EXPERIMENTAL MEDICINE

Since 1920

The Influence of Some Neutral Salt Solutions, Intravenously
Administered, on the Reserve Alkali of the Blood.
TSUTOMU ODAIRA.

J Exp Med 1923; 4-5: 523-526

Annals of Internal Medicine

DILUTION ACIDOSIS *

By GeorGe T. SHires T and James Horman i M.D., Dallas, Texas

Ann Intern Med 1948; 28: 557-559




suprafyziologicky obsah
chloridu

animalni studie

zdravi dobrovolnici:
Williams EL. Anesth Analg 1999
Reid F. Clin Sci (Lond) 2003
rizné populace chirurgickych
pacientu:
Scheingraber S. Anesthesiology 1999
Waters JH. Crit Care Med 1999
Waters JH. Anesth Analg 2001

kriticky nemocni na ICU:
Klemtz K. J Pharm Pract Res 2008



Mechanismus vzniku acidémie

= Tradicni model zalozeny na Henderson-Hasselbachove rovnici:
> pH = pK + log (HCO3 / CO,)
> bikarbonat je nezavislou determinantou pH

= Fyzikalné chemicky model podle Stewarta
> integruje v sobé homeostazu acidobazickou a elektrolytovou
> pH zavisi na SID, pCO, a A,,,
> bikarbondt je pouze zavislou proménnou, zména jeho hladiny nastava
sekunddrné v dusledku zmény jiné veliciny




§ Strong ion difference

= Presnejsi popis mechanismu vzniku poruchy ABR navozenou

podanim roztoku bohatych na chloridy

= SID = (Na* + K* + Ca* + Mg*) - CI
« T chloremie (a/nebo 4 natremie) = { SID a MAC
. | chloremie (a/nebo T natremie) > R DEYY



Vliv chloridu na renalni funkce

» retence tekutiny v intersticiu a redukce objemu moci
Drummer C. Am J Physiol 1992; Williams EL. Anesth Analg 1999

» renalni vasokonstrikce a pokles GFR
Jensen BL. Am J Physiol 1997; Hansen PB. Hypertension 1998

= inhibice systému renin-angiotensin-aldosteron
Lobo DN. Crit Care Med 2010




ANNALS OF

SURGERY

A Randomized, Controlled, Double-Blind Crossover Study on
the Effects of 2-L Infusions of 0.9% Saline and Plasma-Lyte® 148

A Monthly Review of Surgical Science Since 1885

Volume 255, Number 5, May 2012

on Renal Blood Flow Velocity and Renal Cortical Tissue Perfusion
in Healthy Volunteers

= 12 zdravych dobrovolniku

= 2000ml 0,9% NaCl v.s Plasma-Lyte behem 60min.
> hyperchlorémie, pokles SID
> pokles rychlosti krevniho prutoku v a.renalis
> pokles perfuze v oblasti renalniho kortexu
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%”“’sc() = inhibice reabsorpce chloridl v proximalnim
(8) # Afferent arteriolar resistance

(9 + Renal blood flow and perfusion t u b u | u

@ Entry of chloride into @ + Glomerular @ + Proximal tubular
macula densa filtration rate reabsorption of
N

(5 Depolarization of
basement membrane

= vzestup hladiny chloridu v distalnim nefronu

@ Release of adenosine

= prunik do bunék macula densa s naslednou
depolarizaci basolateralni membrany

" G = uvolnéni adenosinu a vazba na receptor A,

tubular
chloride

= vasokonstrikce aferentni arterioly
= pokles krevniho prutoku a GFR

= pokles objemu definitivhi moci a snizeni
exkrece Na




Vliv hyperchlorémie na morbiditu

» narust intraoperacni krevni ztraty a potreby transfuzi
Waters JH. Anesth Analg 2001; Martin G. J Cardiothorac Vasc Anesth 2002

» narust inflamacnich markeru
Kellum JA. Chest 2006, Wu BU. Clin Gastroenterol Hepatol 2011

= infekcni komplikace
Shaw AD. Ann Surg 2012

renalni dysfunkce (AKI, potfeba RRT)




SURGERY

Major Complications, Mortality, and Resource Utilization After

Open Abdominal Surgery
0.9% Saline Compared to Plasma-Lyte

A Monthly Review of Surgical Science Since 1885

Volume 255, Number 5, May 2012

= n=30 994 (0,9% NaCl) vs. n=926 (Plasmalyte)

= 0.9% NaCl zvysuje riziko AKI vCetnée potreby dialyzy

= 0.9% NaCl zvysuje riziko pooperacni infekce a dalsich komplikaci

Mortality

Gastrointestinal

o ‘-._ » Renal
Cardac

Respiratory

Major hemorrhage

Major infection

Composite

Favors balanced crystaloid Odds ratio  Favors 0.9% saline




Association Between a Chloride-Liberal
vs Chloride-Restrictive Intravenous Fluid

Administration Strategy and Kidney Injury

in Critically Ill Adults 2012;308(15):1566-1572
kontrolni skupina: intervencni skupina:
s n=760 n=773
= roztoky s vysokym obsahem = roztoky se snizenym obsahem
chloridu chloridu
— 0,9% NaCl (150 mmol/I) — Hartmann (103 mmol/I)
— 4% albumin (128 mmol/I) — Plasmalyte (98 mmol/I)

— 4% GEL (120 mmol/I) — 20% albumin (19 mmol/I)




Association Between a Chloride-Liberal
vs Chloride-Restrictive Intravenous Fluid
Administration Strategy and Kidney Injury
in Critically Ill Adults

-

Renal Replacement Therapy (RRT)




Intensive Care Med (2014)

Chloride-liberal vs. chloride-restrictive

intravenous fluid administration and acute
kidney injury: an extended analysis

= prodlouzeni kontrolni a intervencni periody o 6meésicu

= riziko AKI a potfeby RRT zustava signifikantné nizsi ve

skupiné s restringovanym prisunem chloridu

Cumulative Incidence Functions with 95% Confidence Intervals
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citcal f Association Between the Choice of IV Crystalloid

edicinejand In-Hospital Mortality Among Critically |1l Adults

With Sepsis*

= n =53 448; sepse vyzadujici vasopresorickou podporu

= Cisté balancované roztoky obdrzelo < 1% pacientu !!!

8%

= mortalita klesa s naristem pomeéru

balancovanych roztoku
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Association between intravenous chloride load [lntensive Care Med (
during resuscitation and in-hospital mortality

2014) 40:1897-1905

among patients with SIRS

= n =109 836; znamky systémove zanétlivé reakce

= pnarust mortality koreluje s:
a) baseline (100-110 vs. 130-140; 3.4% vs. 31.1%)
b) peakovou koncentraci (100-110 vs. 140-150; 3.0% vs. 33.3%)
c) ndrustem serové hladiny (0-10 vs. 30-40; 3.7% vs. 9.7%)
d) celkovym prijmem chloridu (bez ohledu na tekutinovou bilanci)




Association between intravenous chloride load |lntensive Care Med (2014) 40:1897_1905
during resuscitation and in-hospital mortality

among patients with SIRS

0-100 200-300 400-500 600-700 800-900  1000-1100
CI* over 72 h following SIRS qualification (mmol)




Zaver
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Vyznam pripisovany chloridum narusta s prohlubujicimi se
znalostmi molekularni biologie, fyziologie a patofyziologie

Alterace chlorémie ma zasadni vliv na homeostazu organismu
a negativne ovliviauje prognozu nemocnych
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rong ion difference

Hyperchloremic acidosis

Metabolic .
4 Meed for buffers to correct acidosis

Possible damage to the endothelial glycocalyx
} Interstitial fluid volume leading to edema

Body water

Renal edema and capsular stretch leading to intrarenal
tissue hypertension

Renal vasoconstriction, | renal blood flow and renal
tissue perfusion

+ Glomerular filtration rate, urine volume, and sodium
excretion

, . Gastrointestinal edema, intestinal stretch
Gastrointestinal _ _ _ )
lleus, impaired anastomotic healing

_ 4 Intracperative blood loss
Hematological .
$Need for blood product transfusion

4 Postoperative complications
Clinical 4 Mortality
outcomes % Incidence of acute kidney injury and need for renal
replacement therapy




