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Sna® (sérové natrium), SK* (sérové kalium), SOsm (sérova osmolalita), UNa*
(mocové natrium), UK* (mocové kalium), dU-Na* (odpady natria v mogéi za 24h), dU-
K* (odpady kalia v mo¢i za 24h), UU (konc. urey v moci), dU-U (odpady urey v mogi
za 24h), UOsm (mocova osmolalita), UKr (konc. kreatininu v moci), Ckr (clearence
endogenniho kreatininu), FE_H,O (exkre¢ni frakce volné vody), FE_Na* (exkre&ni
frakce natria), FE_K* (exkre¢ni frakce kalia), UU/SU (koncentraéni index urey),
C_Osm (clearence osmolalnich latek), C_H.O (clearence bezsolutové vody), C_El
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(exkreCni frakce osmolalnich latek), Vu (objem moci), SAG (sérova aniontova
mezera),UAG (mocCové aniontovd mezera), UOG (mocova osmolaini mezera), CRRT
(kontinualni eliminaéni metoda), ECW (extracelularni tekutina), TBW (celkova télni
voda)
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Abstrakt

Uvod: Systematicky pfistup k monitoringu rendlnich funkci s vyuZitim
funkénich renalnich testll vypocitavanych ze sérovych a mocovych parametrti nebyl
dosud pIné zpracovan. Analyza natriuretickych peptidd ¢i nizkomolekularnich
proteini v diagndze pokrocilého rendiniho selhani vyzadujiciho nahradu funkce
ledvin nebyla u kriticky nemocnych vyuzita. Provadéni kontinualnich eliminacnich
metod zahrnuje i adekvatni antikoagulaci extrakorporalniho okruhu. Prostacyklinova
antikoagulace jako jedna z novéjSich postupl nebyla porovnana s citratem, ktery je
standartni metodikou na mnoha jednotkach intenzivni péce. Zmény distribuéniho
objemu antibiotik jsou predmétem diskuze ve smyslu alterace davkovani ale nebyly
dosud klinicky stanovovany u lizka pacienta jinak nez s pomoci farmakokinetického
modelu.

Metody: Zavedeni pocitacového programu vypocitavajiciho spektrum
funkénich renélnich parametri umoznilo monitorovat efekty diuretik, posuny
v osmolalite, poruchy acidifikace moci a progresi renalni insufficience smérem
k renalnimu selhani. Sestaveni funkéniho modelu akutniho renalniho selhani slouzi
jako nastroj pro dalsi studie pacientll vyzadujicich nahradu fukce ledvin. Vztah mezi
rezidualni diurézou a hladinami natriuretickych peptidi a cystatinem C byl studovan
pfed a béhem prvnich 48 h kontinudlni venovendzni hemodiafiltrace. Prostacyklinova
antikoagulace spolecné s nizkou davkou nefrakcionovaného heparinu byla
porovnavana s regiondlni citratovou dekalcifikaci extrakorporainiho okruhu.
Distribu¢ni objem glykopeptidovych a aminoglykosidovych antibiotik odhadovany
z farmakokinetického modelu byl korelovan s volumem extracelularni tekutiny
méfenym s pomoci bioimpedance u septickych pacientu.

Vysledky: Studie navrhla mozné postupy v monitoringu homeostatickych
efektd diuretik, renalni funkéni testy byly potvrzeny jako vhodny monitorovaci nastroj
pro poruchy tonicity u postizeni centralniho nervového systému. Prevalence poruch
acidikace moci neni u kriticky nemocnych zanedbatelna a funkéni renalni testy
umoznuji jeji rychlou diferencialni diagnostiku. Aplikace funkénich testt v diagnostice
akutniho renalniho selhani u kriticky nemocnych muze eliminovat vliv ostatnich
nonrenalnich faktord na pouzivané parametry. Nebyla potvrzena hypotéza, ze
natriuretické peptidy mohou stimulovat rezidudlni diurézu u akutniho renalniho
selhani. Jejich vyznam spoc€iva v diagnostice renalniho selhani per se a diferenciace
oligurické a neoligurické formy se zachovanou rezidualni diurézou. Cystatin C ma
schopnost také diferencovat pacienty ve smyslu zachované rezidudlni diurézy a
prognozy na kontinualni eliminaéni metodé. Prostacyklin nenabizi srovnatelné preziti
filtru ve srovnani s citratem a maze u ¢asti pacientll interferovat s funkci desticek i
kdyz jeho aplikace s nizkou davkou heparinu je bezpe¢na. Zvyseny distribuéni objem
aminoglykosidovych a glykopeptidovych antibiotik v sepsi nesouvisi s pozadavkem
na navysSeni davky.

Zavér: Studie jsou vysledkem klinického vyzkumu provadéného na kriticky
nemocnych pacientech. PokouSeji se prispét k medicinsky a finanéné efektivni
diagnostice na oddélenich, ktera tvofi pouze okolo 10% kapacity nemocnic ale
soucasné odsavaji neproporéné vice medicinskych zdroj. Interpretace homeostazy
a prevence renalniho selhani ve formé renoprotektivniho rezimu zahrnujiciho
monitoring nefrotoxickych antibiotik spole¢né se spravné indikovanou a ukon&ovanou
nahradou funkce ledvin jde ruku v ruce s efektivitou Ié¢by pacienta.



Summary

Aims: A systematic approach to renal function monitoring using information
taken by means of renal function tests calculated from serum and urine specimen
has not been comprehensively explored. The application of analysis of natriuretic
peptides and low molecular weight proteins in diagnosis of advanced renal failure
has not been tested in critical ill patients. The performance of continuous renal
replacement therapy depends on adequate anticoagulation of the extracorporeal
circuit. Prostacyclin as one of the newer agents has not been compared to citrate
which may be considered a standart agent in many intensive care units. Changes of
distribution volume of antibiotics have been a matter of debate in terms of dosage
alteration but have not been assessed clinically at the bedside using other tools than
a pharmacokinetic model.

Methods: Establishing computer programme calculating various renal function
tests allowed us to monitor the effects of diuretics, osmolality shifts, disorders of urine
acidification and progression of renal insufficiency towards acute renal failure.
Creating a functional model of acute renal failure serves as a tool for further studies
on renal replacement therapy. A relationship between residual diuresis and levels of
natriuretic peptides and cystatin C were studied before and during first 48 hours of
continuous venovenous haemodiafiltration. Prostacycline circuit anticoagulation
together with low dose unfractionated heparin was compared to regional citrate
decalcification of -the circuit. A distribution volume of the glycopeptide or
aminoglycoside antibiotic estimated by the pharmacokinetic model was correlated
with the volume of extracellular fluid taken by bioimpedance in septic patients.

Results: The study found possible ways of monitoring of the diuretic
administration which seems to be rather invasive in terms of the impact on
homeostasis. Renal function tests appeared as an available monitoring tool for a
diagnosis of tonicity disoders in cerebral disease. Prevalence of urine acidification
disorders is not negligible in intensive care patients and renal function monitoring
allows quick differential diagnosis. Application of renal function tests for the diagnosis
of acute renal failure in critically ill may clarify renal failure from other confounding
effects of non renal factors. A hypothesis that natriuretic peptides may stimulate
residual diuresis in acute renal failure was not confirmed. Their importance lays in the
diagnosis of acute renal failure per se and differentiation of oliguric and non oliguric
form with preserved residual diuresis. Cystatin C may also differentiate patients on
renal replacement therapy in terms of preserved residual diuresis and prognosis.
Prostacycline does not offer comparable filter survival to citrate and may interfere
with platelet function in certain patients however, its application with low dose heparin
is a safe option of circuit anticoagulation. An increased distribution volume of
aminoglycoside and glycopeptide antibiotics in sepsis is not associated with
requirement for dosage escalation.

Conclusion: This study is the result of clinical research performed on critically
ill patients. It attempts to contribute medically and financially effective diagnostics at
the departments which create only about 10% of hospital capacity but at the same
time require inproportionally more medical resources. Homeostasis interpretation and
prevention of renal failure in the form of renoprotective regimen including monitoring
of nehrotoxic antibiotics together with correctly indicated and terminated renal
replacement therapy goes hand in hand with effectivity of patient$ treatment.



Uvod

Progndza pacientli vyzadujicich umélou plicni ventilaci je ovlivihovana do
znaéné miry stavem rendlnich funkci a vnitiniho prostredi. Akutni renalni selhani
postihuje cca 3-25% pacientll na jednotkach intenzivni peéce (ICU) v zavislosti na
typu oddéleni a charakteru poskytované terapie a také v zavislosti na zvolenych
diagnostickych kriteriich. Svoji zavaznosti posunuje morbiditu a mortalitu vyrazné
vzhUru, at' uz se jedna o mortalitu na ICU, nebo dlouhodobou mortalitu po propusténi
z intenzivni péce (1,2,3).

Maloktera diagnostickd entita ma v soucasnosti tolik propracovanou a
praktikovanou terapii jako je nahrada funkce ledvin a soucCasné postrada jasnou
definici selhani organu, ktery je touto technikou nahrazovan. Trend poslednich let ve
vyzkumu eliminanich metod je sledovani efekti na homeostazu, aktivitu zanétu,
stabilizaci hemodynamiky a zlepSeni ventilace pacienta. Neexisuje konsenzus
v definici renalni indikace a non-renalni indikace k eliminaéni metodé (4,5). Neni
dosud znamo, jak rGzné rezimy eliminacnich technik ovliviuji rezidudlni renaini
funkce s moznym dalS§im dopadem na morbiditu pacientl. Problém jednotné definice
renalniho selhani je demonstrovan na review 28 studii na pooperacni selhani ledvin
(6), kde jsou v kazdé jednotlivé studii pouzity jina diagnosticka kriteria.

Pokud budeme chtit definovat precizné stav, kdy mizeme hovofit o renalnim
selhani s potiebou RRT zrendlni indikace, budeme muset k definici navrhované
pouze na podkladé hladin katabolitl a diurézy (5,6,7) pfifadit jesté SirSi spektrum
funkénich rendlnich vySetfeni. Bez tohoto pfistupu zfejmé puljde obtizné sestavit
homogenni kohorty pacientl s riznym stupném a typem renalni dysfunkce tak, aby
studie mely pfisluSnou vypovédni hodnotu (8). Podrobna analyza SirSiho spektra
funkénich renalnich parametri’ nam umoznuje nejen diagnostikovat poruchy
renalnich funkci, ale i poruchy iontového a vodniho hospodarstvi (9). Jde o
kvantitativni sbér moci spolu s méfenim mocovych elektrolytd, kreatininu, urey a
osmolality. K pInému vyuziti biochemickych vy$etieni vyznamné pfispiva i hlubsi
analyza homeostazy s pomoci vypocitavanych funkénich parametru.

Z noveéjsich parametrt sledovanych ve vztahu k ledvinam je aktudlini sledovani
nizkomolekularnich proteinG u rendlné selhavajicich pacientl. Cystatin C ma
nepochybné vyznam jako marker glomerularni filtrace, otazka je jeho ovlivnéni
systémovym zanétem a jeho vypovédni hodnota u pacientl na kontinualni eliminaéni
metodé (10,11,12,13). Hladiny natriuretickych peptidi jsou vyznamné ovlivnény
nejen plinicimi tlaky myokardu a objemy sini, ale i urovni renédlnich funkci. Vliv
renalniho selhani a stupné jeho zavaznosti na hladiny endogennich natriuretickych
peptidd nebyl doposud zkouman (14,15,16,17). Zavadéni elimina¢nich metod u
pacientld a jejich klinicky benefit zavisi i na kvalité antikoagulace extrakorporalniho
okruhu, kterd by méla zajistit funkéni filtr bez rizika krvaceni pro pacienta. Jednou
z moznosti je regionalni dekalcifikace okruhu s pouzitim 2,2% citratového roztoku
uréeného k vyrobé transfuznich konzerv nebo pouziti prostacyklinu (18,19,20).
Srovnani téchto dvou antikoagula¢nich postupll je srovnanim dvou dostupnych
technik, které jsou pro riziko krvaceni indikovany az u 85% kriticky nemocnych
vyzadujicich eliminaéni metodu. Ruku v ruce s poruchami ledvin jdou i poruchy
vodniho a iontového metabolismu. Systémovy zanét a porucha integrity kapilar
potencuje u kriticky nemocnych kumulaci extracelularni tekutiny (ECT), stim se
zvétSuje i distribuéni objem léCiv (21,22,28). Odhad narGstu objemu ECT



bioimpedanci u pacientd s rizné zachovanou funkci ledvin by mohl mit vyznam pro
davkovani léciv exkluzivné distribuovanych v ECT, zvlaste antibiotik.

Metody a vysledky

1. Renalni funkcni testy

V prvni ¢asti jsou nastinény moznosti aplikace funkénich renalnich parametr(i
na diagnostiku poruch ledvin a vnitfniho prostredi u kriticky nemocnych pacient.
Praci nam v mnohém usnadnuje originalni pocitatovy program ,Ledvina“
programovany Vv jazyce Visual Basic. Schema programu se vstupy a vystupy je na
Obr. 24.7 v Priloze €. 2.

1.1. Glomerularni filtrace

Deteriorace rendlnich funkci a soucasné normalni hodnoty sérového
kreatininu (SKr) a urey (SU) potvrzuji znamy fakt, ze se pfi hodnoceni funkce ledvin
nelze spoléhat na hodnoty SU a SKr. GF je nejsnadnéji dostupna v podobé
clearance endogenniho kreatininu (Ckr), ktera je pfi sbéru moci za 24 hodin
povazovana za relativné validni vySetfeni. Pfi jeji interpretaci je tfeba uvazovat
faktory ovliviujicici zadavané promeénné. ZvySeny podil tubularni sekrece kreatininu
na jeho mocové koncentraci a snizeni sérové koncentrace vlivem vétSiho
distribu¢niho objemu pfi vzestupu ECT a vlivem ubytku svalové hmoty mohou vést k
pfecenéni skutecneé urovné glomerularni filtrace u kriticky nemocnych. Tyto efekty
snizujici SKr se obvykle s pribéhem syndromu prohlubuji, paralelné ¢asto dochazi
ke zhorSovani funkce ledvin. Z toho vyplyva, ze pfecenéni GF pfi stanoveni Ckr je
tim vétsi, ¢im je horsi funkce ledvin a u uremickych pacientll mize dosahnout az
dvojnasobku skute¢né hodnoty (24). Problematicka interpretace clearence
endogenniho kreatininu vede intenzivisty k hledani presnéjSich a méné variabilnich
ukazatell glomerularni filtrace. Jako perspektivni se jevi stanovovani endogenniho
cystatinu C (viz nize).

1.2. Obraz funke¢ni insufficience a jeho vyznam

Monitorujeme pfitomnost, ¢i nepfitomnost prerendlniho syndromu jakoZzto
znamky renalni hypoperfuse u jednotlivych pacientl. Clearence bezelektrolytové
vody (EWC) ve vztahu k prerendlnimu syndromu pouzivdme spiSe jako dopliikového
parametru (25), u kterého nas zajima koreldt s CH,O ve smyslu pozitivity, Ci
negativity a faktory s tim souvisejici (viz nize). Prerenalni syndrom mélo vice nez
80% pacientl pfi pfijmu na oddéleni. Je to dano pfedevsim ob&hovou nestabilitou.
Jako u kazdého klinicko biochemického vysetieni je nutna interpretace souéasné se
znalosti klinického stavu pacienta. Korekci volemie a optimalizace hemodynamiky
podanim pfisluSnych vazoaktivné pusobicich latek Ize indikovat i na podkladé
funkéniho vysetieni ledvin. Zpétné funkéni stav ledvin nelze hodnotit bez znamosti
klinického stavu pacienta a vySetfeni hemodynamiky.



1.3. Tubularni funkce a efekty diuretik

Diuretika patfi mezi jedny z nejCastéji pouzivanych medikaci v intenzivni péci.
Jejich podavani vyznamné ovliviiuje renalni funkce, které jsou dostupnym zplsobem
sledovatelné pomoci funkéniho vySetieni ledvin (26). Z pohledu monitorovani
vnitiniho prostredi jehoz zakladem je SirSi spektrum funk&nich renalnich parametrd je
podavani diuretik znacné invazivni a zpétné ovliviiuje diagnostiku homeostazy
pomoci funkéniho vysSetreni ledvin (Pfiloha €.3).

1.4. Typ diurézy

Typ diurézy urCujeme s pomoci FE_H,O, C_H,O, EWC, FE_Osm a indexu
UOsm/SOsm. Parametr EWC jsme piifadili ke klasickym kriteriim typG diuresy.
Tubularni osmoticka diuréza je typicka pro progredujici renalni insuficienci jako
kompenzatorni, dale pro terapii klickovymi diuretiky, thiazidy, acetazolamidem. Téz ji
nachazime jako tzv. overflow osmotickou diurézu pfi glykosurii, hyperkatabolismu
s vysokymi odpady urey, terapii manitolem ¢i po podani kontrastu, nebo pfi uniku
bikarbonatu do moci. SmiSena vodni a osmoticka diuréza je obrazem sekundarni
destrukce koncentraéni schopnosti. Je typicka pro progredujici rendlni selhani,
tézkou tubulointersticialni nefritidu, nebo sekundarni nefrogenni diabetes v Sir§im
slova smyslu. Vodni diuréza je obrazem centralniho nebo juvenilniho nefrogenniho
diabetu insipidu. Mohla by byt fyziologicka pfi vyluCovani velké naloze volné vody
(27,28).

1.5. Koncentracni schopnost

Koncentraéni schopnost ledvin hodnotime porovnavanim vztahu SOsm jak
k C_H.0, tak ik EWC, coz ma vyznam pfedevSim pro pochopeni posun( v efektivni
osmolalité. Faktory naruSujici schopnost vytvaret adekvatné koncentrovanou mo¢
rozdélujeme do dvou skupin. Jednak se jedna o shodu v uréeni koncentraéni
schopnosti pomoci C_H,O a pomoci EWC, kdy se obé& pohybuji smérem do kladnych
nebo zapornych hodnot. Pak se mize jednat o dysregulaci na efektorové trovni, kam
patfi poruchy hypotalamohypofysarniho systému (centrdlni diabetes insipidus,
syndrom inadekvatni sekrece ADH), nebo poruchy tubularni buriky, receptoru pro
ADH, syntesy aquaporini (nefrogenni diabetes insipidus), ¢i nejcastéji poruchy
drenového osmotického gradientu vymyvaného prerendinimi inzulty a naruSovaného
klickovymi diuretiky (nefrogenni diabetes insipidus v $ir§im slova smyslu). Vliv ma i
nedostatecné kvantum tekutiny v distdinim segmentu nefronu v ramci renéalniho
selhani. Druha skupina faktori zahrnuje vesmés intratubularni osmoticky pusobici
substance navozujici diskrepanci mezi smérem pohybu C_H,O a EWC. Typicky je
C_H20 snizena pii positivni EWC, coz nachazime pfi vy$si koncentraci urey v mogi,
nebo v souvislosti s glykosurii, terapii manitolem, ¢i u chronickych acidéz se
zvySenou sekreci NH;*. Je mozny efekt radiokontrastu, &i ketolatek pfi jejich vy3si
koncentraci v moé&i. Je mozné, ze se podobné uplatni néktera antibiotika. Diference
mezi C_H.O a EWC je funkci téchto solutl. Jedné se tedy o situace, kdy vy$etieni
koncentracni schopnosti pomoci C_H,O bez vySetieni EWC vede k podhodnoceni
clearence volné vody (25,27,28).

Uvedeny postup ma vyznam pro diagnostiku kazdé nejasné poruchy natremie
a osmolality. Osmolalni dysbalance jsou u pacientl v intenzivni péc&i velmi &asté.
Napfiklad hyponatremie u postizeni CNS casto souvisi s patofyziologicky



provazanymi syndromy inadekvatni sekrece ADH (IADHS) a soIné diurézy (CSWS),
jejichz odliseni je v8ak krucialni pro spravnou terapii hyponatremie. Hypernatremie
pii postizeni CNS souvisi Casto se vznikem centralniho diabetu insipidu.
Diferencialné diagnostické schema poruch tonicity u patologii CNS ukazuje Priloha
¢.4. Rutinni monitorovani funkénich parametrd u pacientd s postizenim CNS by
mohlo pfi raciondlni infusni a diuretické terapii vést k mensim vykyvam v efektivni
osmolalité a tim i k menSimu sekundarnimu poskozeni centrainiho nervového
systému jiz narudeného primarnim inzultem (27,29,30).

1.6. VysSetreni acidifikace moci.

VysSetfujeme pH moci, sérovy anion gap korigovany na hladinu albuminu
(SAG), mocovy anion gap (UAG) a mocovy osmolal gap (UOG). Poruchy acidifikace
moci (RTA) mohou vznikat sekundarné na zakladé pomerné Sirokého spektra inzultu.
Nejcastéjsi pfi¢inou jsou nefrolithidaza, obstrukéni uropathie obecné (az u 25 %), dalsi
¢astou pri¢inou jsou tubulointersticialni nefritidy. Frekvence sekundarni RTA byla
v nasem souboru 225 kriticky nemocnych 5,8%. Diferencialni diagnostika je souc¢asti
diferencialni diagnostiky hyperchloremickych metabolickych acidéz s normainim
anion gap po jeho korekci na hladinu albuminu (Pfiloha &.5). Pro terapii neni u
kriticky nemocnych pacient( dllezita exaktni diferenciace proximalni a distaini RTA,
ale predevsim odliSeni hyperkalemické formy RTA a ev. RTA IV od nejcastéjsi
hypokalemické RTA. Signifikantnim laboratornim nalezem je hyperchloremickéa
metabolicka acidéza s normalnim SAG, spojenda s hypernatremii, hypofosfatemii,
normo €i hypokalcemii a normo ¢i hypomagnezemii (31,32).

1.7. Prubéh renalni insufficience a progrese do renalniho selhani, éasna
indikace k CRRT na podkladé funkcnich biochemickych parametru

NaSe studie (33,34,35) sledovala pribéh rendlniho selhani ve funkénich
renalnich parametrech. Vysledkem studie bylo sestaveni funkéniho modelu
selhavajici ledviny u syndromu multiorgdnové dysfunkce. Kumulace prerenalnich
inzultd a septickych a nefrotoxickych efektl postupné vede k poklesu glomerularni
filtrace a k indukci tubularni osmotické diurézy. V pfipadé dal$iho zhorSovani renalni
dysfunkce dochazi typicky spolu s klesajici clearance kreatininu k pfesmyku z
maximalné indukované kompenzatorni tubuldrni osmotické diurézy na smisenou
vodni a tubularni osmotickou diurézu se ztrdtou koncentraéni schopnosti a
isostenurii. Tento patofyziologicky moment je mozno vysvétlit jako regulaéni efekt
tubuloglomerularni zpétné vazby a snizeni glomerularni filtrace v rezidudlnich
nefronech v souvislosti s kriticky zvySenym tubularnim pritokem v pfeplnénych
tubulech rezidualnich nefroni (36). Je samoziejmé, Ze tito pacienti musi mit jiz
v pfedchozim prib&hu maximalni mozny renoprotektivni rezim. Pokud dojde v této
fazi k uvedenym zménam ve funkénich klinicko biochemickych parametrech spolu
s dalsim poklesem diurézy, dochazi vzdy k dalsimu poklesu GF, protoze tito pacienti
jiz nejsou schopni zvysSit mocovou koncentraci kreatininu. Nasledné dochazi k
k vzestupu urey, kreatininu a vétSinou i poklesu diurezy s pfechodem do oligurického
selhani. Pfi dostateném poctu rezidudlnich nefront dojde spi$e k neoligurickému
renalnimu selhani (37).
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Na podkladé tohoto funkéniho modelu jsme v pozdejSich studiich (38,39,45) a
v nasi dalsi praxi uplatnili v intenzivni péc¢i ponékud nestandartni indikaci k nahrade
funkce ledvin. Tu jsme definovali jako pokles glomerularni filtrace pod 20% normalni
hodnoty pro danny vék a pohlavi, isostenurii a pokles dennich odpadu urey pod 250
mmol/den.

2. Pfinos vysSetfeni nizkomolekularnich proteini a strednich molekul pro
diagnostiku renalnich funkci

Problematické uréeni GF jako Ckr, pomoci inulinu, nebo s vyuzitim
isotopovych metod vede k hledani jiného spolehlivejSiho a citlivejSiho markeru pro
diagnozu rendlini dysfunkce v intenzivni péci. Jednim z téchto marker je i cystatin C
(cysC). Je to blokator cysteinovych proteaz, neglykosylovany basicky protein
produkovany konstantni rychlosti jadernymi bunkami organismu, ktery je volne
filtrovan glomeruly a katabolizovan renalnimi tubuly. Jeho sérova koncentrace je
nezavisla na pohlavi a svalové hmoté, pravdépodobné je méné zavisla na véku nez
SKr. Jako marker je cysC vice senzitivni nez kreatinin ve vztahu ke GF, je vhodny
pro ¢asnou detekci i malych poklesi GF, tj. stavi, kde je ¢asna terapie rozhodujici.
SKr se zda byt vyhodnéjsi pro detekci prechodnych zmén GF u pacientl s jiz
chronickym renalnim postizenim (10,11,12,13). Pfedmétem zkoumani (38) byl vztah
cysC a rezidudlni diurézy u jiz selhavajicich pacientd. Rezidualni renalni funkce u
pacientd na kontinualni eliminaéni metodé by mohly byt povazovany za marker
uspésnosti eliminacni techniky, nebot cilem snazeni intenzivisty je indikovat techniku
véas a stabilizaci pacienta napomoci v optimalnim pfipadé k navratu rezidudlni
diurézy. Byl nalezen vztah mezi rezidualni diurézou a hladinou cysC a také mezi
mortalitou a hladinami cysC (Prfiloha €.7). Inicialni pokles hladin po nasazeni CRRT
si pfi zanedbatelné eliminaci na filtru vysvétlujeme adsorbci na filtru a
extrakorporalnim okruhu. Otazkou je vliv sepse a systémového zanétu na hladiny
cysC. V uvedené studii byly hladiny septickych kontrol vy$si nez u kontrolni skupiny
neseptickych pacient(, rozdil vSak nedosahl statistické vyznamnosti. V sou¢asnosti
probiha ve Westmead Hospital v Sydney autorova studie sledujici vliiv systémového
zanétu na hladiny nizkomolekularnich proteint u riizné zavazné renalni insufficience.

Ze stiednich molekul jsou ve vztahu k rendlnim funkcim casto diskutovany
natriuretické peptidy. Jejich vyznam v laboratorni diagnostice spociva v detekci
srde¢niho selhavani. Zde je praveé diskutabilni viiv selhani ledvin. Uvoliiovani BNP
souvisi se zvySenym enddiastolickym tlakem v komoréach, sekrece ANP souvisi se
zvySenym tlakem v sinich a aktivaci srde¢niho endokardu, predpoklada se u néj
renoprotektivni, natriureticky a diureticky efekt. Tonizaci vas efferens zvysuije filtragni
frakci a GF bez ovlivnéni rendlniho pratoku krve, sniZzuje sekreci reninu v ledving a
redukuje efekty angiotenzinu. ANP antagonizuje rendlni i vaskularni efekty
vasopressinu a endothelind. BNP i ANP podavany parenterainé jako diuretikum
vykazuje tubularni natriureticky efekt, zplsobuje dilataci vas afferens, konstrikci vas
efferens a zvySuje glomerularni filtraci beze zmény rendiniho pratoku krve. Byl
prokazan pfiznivy efekt syntetického ANP s dopadem na morbiditu a potfebu dialyzy
u oligurického renélniho selhani (14,15,16,17,40).

Priciny ztraty rezidudlIni diurézy po zavedeni eliminaéni metody nejsou zcela
objasnény ani u nefrologickych pacientd (41). Jedna zteorii je eliminace
natriuretickych peptidi na filtru. NaSe studie (39) prokazala vysokou senzitivitu BNP
pro diagndzu renalni insufficience, kdy byly nachazeny hodnoty az 60-70x vy$s$i nez
v kontrolni skupiné. Hladiny ANP byly podobné vysoké, aviak vzestup ANP lépe
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koreloval se ztratou rezidualnich renalnich funkci nez BNP. Natriureticke peptidy byly
vyznamné zvy$ené u pacientd s klesajici diurézou oproti pacientim se zachovanou
zbytkovou diurézou nebo u pacientd, kde diuréza po spusténi stoupala (Priloha ¢.8).
V rezimu kontinualni hemodiafiltrace nedochéazelo k eliminaci obou proteint a tim
byla i popfena teorie o souvislosti mezi eliminaci natriuretickych peptidia a ztrate
rezidualni diurézy. Paralelni echokardiograficky monitoring prokazal souvislost mezi
hladinami natriuretickych peptidd a ejekéni frakci levé komory i za podminek
renalniho selhani. Byl nalezen vztah ANP i BNP a mortality pacientd Ié¢enych
kombinaci umeéla plicni ventilace a kontinudlni elimina¢ni metoda.

3. Vliv adekvatni antikoagulace na efektivhi a bezpecné provadéni
kontinualnich eliminaénich metod u kriticky nemocnych.

Kontinudlni nahrada funkce ledvin (CRRT) vyzaduje antikoagulaci
extrakorporalniho okruhu. Pacienti s rizikem krvaceni jsou traumatizovani nebo po
chirurgickych vykonech, s intrakranialni patologii, akutni pankreatitidy, s viedovou
chorobou gastroduodenalni, anamnézou krvaceni do gastrointestinalniho traktu,
perikarditidy, endokarditidy a tézké diabetické retinopatie. Specialni pfistup vyzaduji
pacienti s trombocytopenii, koagulopatii a heparinem indukovanymi desti¢kovymi
protilatkami (HITTS). Antikoagulace CRRT by idealné méla vykazovat minimalni
efekty na koagulaci mimo extrakorporalni okruh a méla by idealné zajistit preziti filtru
del§i nez 24 hodin. Monitoring by mél byt jednoduchy, rychly a v pfipadé komplikaci
by antikoagulace meéla byt rychle revezibilni (42,43,44). NaSe studie (Pfiloha €.9)
vychazela ze zku$enosti s regionalni citratovou dekalcifikaci okruhu (18), jejiz
efektivitu a bezpe¢nost jsme srovnavali sv Cechdch nové registrovanym
syntetickym analogem prostacyklinu epoprostenolem. Prostacyklinova antikoagulace
inhibuje aggregaci a adhezi destiCek v extrakorporalnim okruhu, plazmaticky
polocas latky je 2,5-4 minuty (19,20). Ve studijni skupiné byl epoprostenol podavan
s malou davkou nefrakcionovaného heparinu (5-6 1U.kg™".h™"), kontrolni skupinou byli
pacienti antikoagulovani citratem. Median preziti filtru byl 26 h v prostacyklinové
skupiné a 36.5 h v citratové, p<0.01. Citrat oproti prostacyklinu nema vliv na
hemodynamiku, desticky a je lacingjsi. ZvySovani davky PGl, az k primérné 8.7
ng.kg”'.min"" nezvy$ovalo hemodynamické vedlejsi efekty, na rozdil od citratu nema
prostacyklin vliv na intermedialni metabolismus a nutrici pacienta a mlze byt
bezpecne pouzit u pacienta s jaterni dysfunkci (45).

4. Vliv poruch renalni funkci a zmén vodniho hospodarstvi na distribuéni objem
nefrotoxickych IécCiv.

Sepse a multiorganova dysfunkce a rendlni insufficience indukuji zvySeni
objemu telesnych tekutin a zvlasté extracellularni tekutiny (ECW). Antibiotika jsou
primarné distribuovany v ECW, a proto jejich podavani musi brat v potaz vzestup
distribu¢niho objemu a variabilni Iékovou clearance. V rlznych stadiich onemocnéni
jsou davky antibiotika podobné, nizsi nebo vy$$i nez u pacientl na standartnim
oddeéleni. Subterapeutické koncentrace antibiotik mohou mit za nasledek selhani
terapie a prispét k vzestupu bakteridlni rezistence (21,22,23). Méfeni hladin
antibiotik je zvlasté aktualni u latek s nizkym terapeutickym indexem jako jsou
aminoglykosidy a glykopeptidy. Vyvarovani se toxickych hladin a Gginné davkovani
po pokud mozno limitovanou dobu je soucasti renoprotektivnino rezimu (46,47).

NaSe studie (48) hodnotila vztah mezi distribu¢nim objemem sledovanym
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s pomoci dvoukompartmentového farmakokinetického modelu a objemem ECW
mé&fenym bioimpedanci (49) u mechanicky ventilovanych pacientl se sepsi a
syndromem zvysené kapilarni permeability. ECW byla zvySena a predstavovala 45.6-
46.6% celkové télni vody (TBW). Bilance tekutin mezi 2 méfenimi korelovala se
zménou ECW (r=0.82, p<0.0001) a TBW (r=0.74, p<0.0001). Distribucni objemy
vankomycinu (0.677+0.339 I/kg) a netilmicinu (0.505+0.172 I/kg) byly zvysené ve
srovnani s normalnimi hodnotami. Vyznamna korelace byla nelezena mezi
distribu¢nim objemem (Vdaea) vankomycinu a ECW/TBW a mezi centralnim
kompartmentem (V4) distribuéniho objemu pro netiimicin a ECW/TBW (Pfiloha ¢.10).
Bez ohledu na uvedené korelace a zvy$ené distribu¢ni objemy jsme nachazeli
sérové koncentrace vy$si nez doporuéené terapeutické rozmezi u 81.2 % pacientu
na vankomycinu a u 50.0% pacientd na netilmicinu. Studie ukazala, Ze zvysene
distribuéni objemy antibiotik Ize odhadnout s pomoci bioimpedance, ale prekvapivée
nejsou v pripadé aminoglykosidi a glykopeptidi spojeny s pozadavkem na navyseni
davek. Tim nebyla potvrzena nase hypotéza, ze bude mozné sestavit davkovaci
schema, které by umoznilo presnéjsi davkovani na podkladé informaci ziskanych
z bioimpedanéniho méfeni. Studie je naopak v souladu se zavéry recentnich studii,
které s pomoci tkanové mikrodialyzy poukazuji na nizké tkanove koncentrace
antibiotik pfi jejich adekvatnim davkovani a plazmatické hladiné (50).

Diskuze

Cely projekt vychazi z ur€itych mezer v plnohodnotném a racionalnim vyuziti
klinickobiochemickych parametr( v intenzivni péci. Autor se domniva, Ze existuje
uréity nepomér mezi mnozstvim klinickobiochemickych parametrd, jejich cenou a
efektivnim vyuzitim v praxi. Pokud vintenzivni mediciné budou chtit lékafi
monitorovat efektivné renoprotektivni postupy, ¢asné a spravné indikovat eliminacni
metody a vramci vyzkumnych projektl sestavovat kohorty pacientld s podobnym
stupném a typem renalni insufficience, budou muset pristoupit k hlubSimu sledovani
funkcnich rendlnich parametrli nez se to bézné déje dosud. Minimem je stanovovani
glomerularni filtrace s pomoci clearance endogenniho kreatininu, uréeni koncentraéni
schopnosti ledvin, dennich odpad( katabolitd a iontl a kvality rendlni acidifikace
moce. Studie na jejichz podkladé vznikla tato dizertacni prace jsou zatizeny
podobnymi problémy jako vétSina praci z oblasti intenzivni mediciny. Jsou to
predev§im nehomogenita pacientskych soubor( z hlediska zakladnich diagnéz a
variabilita typu a stupné renalniho poskozeni. Posledni fakt jsem se snazil
objektivizovat pravé zarfazenim definice renalniho selhani na podkladé funkénich
rendlnich parametrli (clearance endogenniho kreatininu, typu diurézy a odpadu
katabolitd v mo¢i). Dalsi limitace mych zavér( (38,39) prameni z pouzitého typu
eliminacni metody. Kontinualni venovendzni hemodiafiltrace je ve svété intenzivni
mediciny stale Castéji pouzivana nez kontinudlni venovendzni hemofiltrace, ale
soucasny trend sméfuje k pouzivani pouze konventivniho typu eliminace. Zde potom
m0ze dochazet k vyznamnéj$i eliminaci stfednich molekul a nizkomolekularnich
proteinl na filtru, coz by mohlo limitovat jejich pouziti v praxi. To je pravé cilem mych
praci, nebot cystatin C se stava v klinické mediciné rutinnim laboratornim
parametrem, stejné jako se zvySuje dostupnost stanoveni natriuretickych peptidu,
prfedevsim ve formé pre-peptidi. Ponékud neprobadanou veli¢inou v eliminaci vyse
uvedenych substanci je adsorbce na sténach extrakorporalniho okruhu a filtru. Jeji
efekt je vmych studiich predpokladan, nikoliv vSak objektivné dokazovan. P¥i
sledovani efektll expanze ECW na hladiny IéCiv jsem se v experimentu zamé&fil na
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farmaka s exkluzivni distribuci v ECW. Pravé na efektivnim a uc¢inném davkovani
lé¢iv jako jsou antibiotika Casto zavisi preziti pacienta v kritickém stavu. K naSemu
piekvapeni jsme sice nasli korelat mezi stupném expanze ECW a distribucnim
objemem antibiotik avSak bez potifeby navySovat davku antibiotika. Zde se opét
nachazime v podobné situaci jako u vySe zminénych studii, kde svoji roli hraje
variabilita zakladniho onemocnéni. Vyznamnym faktorem je zde i ¢asovy faktor po
nasazeni antibiotika, kdy po uplynuti inicidlnich desitek hodin mohlo dojit k saturaci
distribu¢niho objemu latkou. Prace zpochybrnuje studie naznacujici vhodnost
pausalniho navySovani davkovani antibiotik u pacientl s naristem ECW.

Zaveér

Predkladana disertacni prace je vystupem klinického vyzkumu provadéného
na kriticky nemocnych pacientech. Jako takova je orientovana klinicky s cilem pfispét
k medicinsky a cenové efektivni diagnostice a terapii na oddélenich, ktera tvori sice
jen 10% lGzkové kapacity nemocnic, soucasné vSak odCerpavaji nepomérné vice
medicinskych zdroji. Problematika eliminaénich metod je hodné diskutovana i z
hlediska cenové efektivity. S tim souvisi pravé spravné indikovana a ukonéovana
technika nahrad funkce ledvin. Ruku v ruce s tim jde i prevence rendlniho selhani
v podobé renoprotektivniho rezimu a funkéni diagnostiky rendlni insufficience.
V ramci tohoto pfistupu je i monitoring nefrotoxickych aminoglykosid( a glykopeptidi,
které byly pfedmétem vyzkumu vlivi zmén distribu¢niho objemu na uginné hladiny
antibiotik.
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Akutni rendlni selhani v roce 2003

Akutni rendini selhani postihuje 3-25 % pacientt na
jednotkach intenzivni péée (JIP) v zavislosti na typu

oddéleni a charakteru poskytované terapie a take v za-
vislosti na zvolenych diagnostickych kritériich. Svym
charakterem pfipomind jiné syndromy u kriticky nemoc-
nych pacientd, jako jsou sepse, septicky $ok a ARDS
Svoji zavaznosti posunuje morbiditu a mortalitu vyrazne
vzhuru, af uz se jedna o mortalitu na JIP, nebo dlouho-
dobou mortalitu po propusténi z intenzivni pece. Pa-
cienti, u kterych dojde k akutnimu selhani ledvin, maji
2,5-3krat vy§si mortalitu, nez nemocni, u kterych selha-
ni nenastane. Obecné dosahuje mortalita na akutni
selhani ledvin u hospitalizovanych pacientu napfi¢ od-
délenimi nemocnic az 50 %. Jisty pfelom v mortalité
pacient s akutnim renalnim selhanim v intenzivni peci
pfinesla dostupnost eliminaénich metod a.jejich rozvo)
v rukou intenzivistt a nefrologu. Je nepochybne, ze do-
8lo ke snizeni morbidity a mortality a sou¢asna debata
srovnavajici efekty kontinualnich eliminaénich metod
(CRRT) a intermitentni dialyzy v rezimu denni nékolika-
hodinové dialyzy na tomto nic neméni (1, 2, 3].

Maloktera diagnosticka entita ma v soucasnosti tolik
propracovanou a praktikovanou terapii, jako je nakhrada
funkce ledvin, a sou¢asné postrada jasnou definici sel-
hani organu, ktery je touto technikou nahrazovan. Trend
poslednich let ve vyzkumu elimina¢nich metod je sledo-
vani efektd na homeostazu, aktivitu zanétu, stabilizaci
hemodynamiky a respira¢ni aparat. Neexisuje konsen-
zus v definici rendini indikace a nonrenalni indikace
k RRT. Neni dosud znamo, jak rizné reZimy eliminac-
nich technik ovliviuji rezidudini rendlni funkce s moz-
nym dalsim dopadem na morbiditu pacientd. Probléem
jednotné definice renainiho selhani je demonstrovan na
prehledu 28 studii na pooperacni selhani ledvin (4]. kde
jsou v kazdé jednotlivé studii pouzita jina diagnosticka
kritéria.

Pokud se pokusime definovat selhani ledvin z hledi-
ska renalnich funkci, musime pojmout diagnézu akutni-
ho rendlniho selhani (ARF) velmi komplexné. Od acido-
bazické rovnovahy prfes endokrinni systém az po
produkci moce a eliminaci katabolitd. Z rutinné stanovo-
vanych a monitorovanych parametrl se v klinické praxi
sleduji pfedev8im hladiny dusikatych katabolitu a pro-
dukce moci. Sérova urea je vice ovliviiovana extrarenal-
nimi faktory, jako jsou anabolicko-katabolické zmény
metabolismu, pfijem dusiku nebo krvaceni do GIT. Kre-
atinin je o néco stabiln&jdim markerem glomerularni
fitrace (GF) pfi védomi hyperbolickeé zavislosti jeho
hladiny na poklesu GF. Jeho sérové hodnoty se méni
s distribuénim objemem pfi pozitivni bilanci tekutin
a s urovni svalového metabolismu a jeho vypovédni
hodnota ve vztahu ke GF je z ¢asti setfena tubularni
sekreci pfi poklesu GF. Diuréza je u kriticky nemocnych
pacienty velice variabilni parametr.

Bellomo et al. ve své praci [5] navrhuji klasifikac
rendlni insuficience podobnym zpusobem, jako je stra-
tifikovéno plicni poskozeni ve smyslu ALl a ARDS [6).
Proménné jsou kreatinin, urea, diuréza a ¢as, béhem
kterého dochazi k zménam uvedenych parametru. Vy-
sledkem je pokus o definici ARI (Acute Renal Injury).
ARFS (Acute Renal Failure Syndrome) a zavazny ARFS
(ARI nebo ARFS plus potieba eliminaéni metody). Pfi
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Tabulka 1. Navrh klasifikace akutniho rendiniho poskozeni {ARI), akutniho rendlniho selhani (ARFS) a tézkého akutniho renainiho

selhani podle Bellomo et. al. [5]

AR

- Ty ARFS

_ARFS

__Normalnihodnoty
SU. SKr. Vu>800 ml/24 h SKr>120 umol/l a
- SU>8 mmol/l a/nebo
i Vu<800 ml/24 h nebo
_Vu<200mi6h
. A/C ARl = vzestup
| SKr o 60 umol/l nebo
| SU o 4 mmol/l a/nebo
..._Vujako vyse

1
|
|
|
|

Modifikace akutnim zhorsenim
chronické ren. insuficience

SKr>240 pmol/l a
SU>16 mmol/l a/nebo
| Vu<400 ml/24 h nebo
J_y\/_uﬁJQO_mMG_h,ﬁ,_-,__
A/C ARFS = vzestup
SKr o 120 umol/l nebo
SU o 8 mmol/l a/nebo
| Vu jako vyse

Potfeba RRT a pfitomnost ARI nebo
| ARFS

" | Potieba RRT a pfitomnost A/C AR
nebo A/C ARFS

Pro zafazeni mu51 bytznama pii¢ina akutniho renélniho selhani a k vyvoji pfiznakd by mélo dojit béhem 24 hod’in ‘ '
Zkratky: SKr — sérovy kreatinin, SU - sérova urea, Vu - diuréza, RRT - renal replacement therapy, A/C - akutni zhor$eni chronického

procesu

pohledu na navrhovanou tabulku mize ¢tendfe s praxi
v intenzivni medicing napadnout spousta otazek. Jisté
je pfinosem definice chronické renalni Iéze jako patolo-
gické hodnoty kreatininu v pfedchorobi. Casovy faktor
u definice ARI by mél eliminovat hypoperfuzni stavy
ledvin se vzestupem urey a poklesem diurézy, kdy GF
muze inicialné i stoupat. Je otazkou, zda po 6 hodinach
diurézy okolo 30 ml/h Ize hovofit o ARI, pokud neprove-
deme vysetieni mocoveého iontogramu, hodnot urey
a kreatininu, eventualné i osmolality mog¢i &i mocového
sedimentu. Od definice ARI se logicky odviji ARFS jako
dvojnasobek limitujicich hodnot pro ARI. V hodnotach
diurézy jsou v tomto pfipadé navrhovany polovi¢ni hod-
noty za 24 a za 6 hodin. Pokud v8ak vylou¢ime renaini
hypopertuzi a subrenalni blokadu, jedna se o velmi po-
krocilé poklesy diurézy, které jsou spojeny s indikaci
eliminaénich technik (Renal Replacement Therapy -
RRT) a mély by byt spide zafazeny do posledni skupiny
zavaznych ARFS. Ta neni nijak definovana z pohledu
vyse uvedenych proménnych a je definovana jako pot-
feba RRT u pacienta s ARI, nebo ARFS. To znamena,
7e se do ni vejde RRT z nonrenalni i renalni indikace!
Jako priklad bych uvedl pfipadnou indikaci k RRT u pa-
cienta s tézkym, ale funkénim selhanim ledvin pfi dila-
taci myokardu v ramci septického Soku, kterd by méla
byt klasifikovana jako nonrenalini indikace. Podobné by
autofi studii, ktefi budou pouzivat ke klasifikaci pacientd
navrhovanou tabulku, neméli zarazovat do jedné skupi-
ny s akutnim renalnim selhanim tézkeé septické stavy
s dominujici poruchou oxygenace, kdy muze byt opét
dominantni nonrenalni indikace.

Muzeme konstatovat, Ze v roce 2003 - po pfiblizné
20 letech intenzivniho vyzkumu metod nahrady funkce
ledvin — je definici selhani ledvin u kriticky nemocného
stav, kdy ledviny nesta¢i ndrokim na né kladenym.
Standardni kritéria pro zahdjeni dialyzagni Ié&by jsou
nepouzitelna u pacientd se syndromem multiorganové
dysfunkce. Vzestup urey a kreatininu je v zavislosti na
trvani renalni insuficience doprovazen kumulaci i jinych
bézné nemonitorovanych kataboliti a uremickych toxi-
nu. jako jsou guanidinové latky, indoly, fenoly, myoino-
sitol, organicke kyseliny a aromatické aminy, coZ aso-
Ciuje se zhorSenim celkové metabolické situace
nemocneho. Pfitomnost oligoanurie je u kriticky nemoc-
nych v multiorgdnové dysfunkci relativné pozdni znam-
kou zhorsené funkce ledvin. Obvyklé mnozstvi mogi

u zdravého ¢ini pfiblizné 1-2 litry denné. Ze studii tisi-
covych soubord kriticky nemocnych (7] je zfejmé, ze
optimalni diuréza se u téchto pacientti nachazi mezi 2—4
litry. Je-li obligatorni mnozstvi moci u zdravého Clovéka
s normalni koncentraéni schopnosti asi 700 ml, je otaz-
kou, jak velké mnozstvi mo¢i musi pro udrzeni homeo-
stazy vyloucit kriticky nemocny pacient s vy§§im meta-
bolickym obratem a trvale naruSovanou schopnosti
koncentrovat mo¢.

Pokud budeme chtit precizné definovat stav, kdy
muZeme hovorit o rendlnim selhdni s potfebou RRT
z renélni indikace, budeme muset k definici navrhované
v tabulce 1 pfifadit jesté Sirsi spektrum funkénich renal-
nich vy3etfeni. Bez tohoto pfistupu pujde zfejmé jen
obtizné sestavit homogenni kohorty pacientl s rGznym
stupném a typem renaini dysfunkce tak, aby studie mély
prisludnou vypovédni hodnotu.
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Tab. 24.14. Referen¢ni meze vybranych klinicko-bioche-

mickych parametr( v intenzivni péci

C-Kr 1,1-2,2 ml/s
v z4vislosti na véku a pohlavi
tub. resorpce 97,5-99 %
FE-H,O 1-2,5 %
FE-Na* 1-2 %
FE-K* 5-25 %
U-u/s-u 10-20
C-Osm < 0,050 mUs, tj. < 4320 mi/24 h
C-H,0 -0,007 az -0,027 mVUs,
tj. 610 aZz -2,330 ml/24 h
C-El 0,5-3,0 /24 h
EWC -1,1 a2 +0,9 /24 h
pfi normain{ osmolalité séra
FE-Osm >35%
Vu 2-4 124 h
U-Na* 80-200 mmol/l
duU-Na* 160-300 mmol
U-K* 30-80 mmol/
du-K* 60-180 mmol
u-u 120-300 mmol/
du-u 250-550 mmol
U-Kr 2,2-7,5 mmol/
U-Osm 400-900 mosm/kg
SAG 10-18 mmoll
UAG < +5 mmol/
UOG > 150 mmol/

24.7. Biochemicky monitoring
renalnich funkdi v kriticky

nemocnych pacienty
Martin Balik

24.7.1. Monitorace a diagnostika

rendlnich funkci

Mortalita pacientd. u kterych dojde k akutnimu sel-
héni ledvin, prevySuje v riznych souborech 50 %.
V podminkach intenzivni péce je rozhodujici pocet
selhavajicich orgdnu. Je-li mortalita pfi selhavani
dvou organi 50-60 %, pfi selhavéni tfi jiZ prekracu-
je 90 %. Pacienti na oddélenich intenzivni péce,
u kterych dojde k akutnimu selhéni ledvin, maji té-
mér 2,5krét vy33i mortalitu neZ nemocni, u kterych
k selhdni nedojde. K prudkému zhor$eni prognézy
dochazi zvIadt€ u rendlné selhdvajicich septickych
pacientl. Potifeba prubéZného monitoringu renélnich
funkci v intenzivni pé¢i je zfejma. Kromé rutinniho
monitoringu vitdlnich funkci a oxygenac¢nich a he-
modynamickych parametrii jde zejména o monito-
ring sérovych a mo¢ovych biochemickych paramet-
ri a z nich derivovanych funké&nich renélnich para-
metru (tab. 24.14.).
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Kvantitativni sbér mo¢i spolu s méfenim moco-
vych elektrolytd. kreatininu, urey a osmolarity je na
oddélenich intenzivni péce pracujicich s kriticky
nemocnymi pacienty vyZzadujicimi umélou plicni
ventilaci samozfejmosti. K plnému vyuziti bioche-
mickych vy3etfeni vyznamné pfispivd i hlubsi ana-
lyza homeostazy s pomoci vypocitavanych funkénich
parametrli (obr. 24.7.). Jde o metodu neinvazivni,
proveditelnou bez jakychkoliv dalSich ndkladi na
diagnostiku. S ohledem na validitu je doporucovino
zaddvidni pri sbéru moci za 24 hodin. pfestoZe byl
popsan korelaéni koeficient 0.85 i pro dvouhodino-
vy sbér moci. Je vhodné dodrzovat 4 hodiny jako
minimalni vhodny interval pro validitu vySetieni
a vySetfeni tak muze byt pfinosem i v akutni situaci.

Vstupy Vystupy

S-Na* (mmol1) bilance tek. (mV/h"x)

S-K* (mmol/) C-Kr (ml/s)

S-CI- (mmoln) tub. resorpce (%)

S-U (mmol/l) FE-H,0 (%)

S-Kr (mmol1) duU-Na* (mmol)

S-Osm (mmol/) FE-K* (%)

Vu (mlh°x) duU-K* (mmol)

U-Na* (mmol/l) U-U/S-v

U-K* (mmol/) duU-U (mmol)

U-Cr (mmol1) C-El (Vh°x)

U-U (mmolA) EWC (Vh'x)

U-Kr (mmol/) C-Osm (ml/s)

U-Osm (mosm/kg) C-Osm (I/h*x)

ptijem tekutin (mlV/h°x) C-H,0 (mVs)

vydej tekutin (ml/h*x) C-H;0 (Vh°x)

aHCO," (mmoln) FE-Osm (%)

albumin (g/1) AG (mmol/l)
UAG (mmol/)
UOG (mosm/l)

Obr. 24.7. Pouzivany pocitacovy program LEDVINA v. 1.2,
1998

B Glomerularni filtrace

Deteriorace rendlnich funkci a soucasné normalni
hodnoty sérového kreatininu (S-Kr) a urey (S-U)
potvrzuji zndmy fakt, Ze se pfi hodnoceni funkce led-
vin nelze spoléhat na hodnoty S-U a S-Kr. V soubo-
rech pacientl se zdvaznou renalni insuficienci byla
zachycena vice nez 50% c¢etnost normalnich az leh-
ce zvySenych hodnot S-Kr do 150 umol/l. Jako za-
kladni funkéni parametr stanovujeme glomeruldrni
filtraci (GF). Ta je nejsnadnéji dostupnd v podobé

Tab. 24.15. Clearance kreatininu (mi/s). Hodnoty pod 70 %
normalu odpovidaji pfiblizné renalni insuficienci, pod 20 %
renalnimu selhani

Vék Muzi Zeny
20-29 2,1+0,75 1,67 £ 0,3
30-39 2,25 + 0,45 1,82 +0,3
4049 1,91 + 0,60 1,45+ 0,4
50-59 1,82 + 0,60 1,55 £ 0,55
60-69 1,50 + 0,45 1,35 + 0,45
70-79 1,25 £ 0,55 1,05 + 0,25

clearence endogenniho kreatininu (C-Kr). kterd je
pfi sbéru moci za 24 hodin povazovina za relativne
validni vy3etfeni. Jde o zakladni tunkcni parametr.
jehoz pokles pod 70 % hodnot adekvitnich pro dany
vék a pohlavi hodnotime juko rendini insuficiencr.
pokles pod 20 % jako renalni selhdni (tab. 24.15)

Pfi jeji interpretaci je tfeba uvazovat faktory ovliv-
fujicici zaddvané proménné. Zvyseny podil tubulir-
ni sekrece kreatininu na jeho mocové koncentraci
asnizeni sérové koncentrace viivem vésiho distr-
bu¢niho objemu pfi vzestupu ECT a vlivent abyviku
svalové hmoty mohou vést k pfecenéni skutecne
arovné glomeruldarni filtrace u pacientu se syndro-
mem multiorganové dysfunkce (MODS). Tyt clek-
ty snizujici S-Kr se obvykle s prabe¢hen syndromu
prohlubuji, paralelné ¢asto dochidzi ke chorsovani
funkce ledvin. Z toho vyplyva. ze piecenéni GF pii
stanoveni C-Kr je tim vetsi, ¢im je horsi funkce led-
vin a uuremickych pacientd mize dosihnout a7z dvoy-
nasobku skute¢né hodnoty. Kromé vvie zminénych
faktord ovliviujicich sérovy kreatinin se v intenzi -
ni pé¢i muze uplatnit 1 pomérné vysoky podil hospi-
talizovanych pacienta s bikarbondtovou diurézou.
kde nachazime nizi hladiny S-U a S-Kr. Ta je zpu-
sobena bud nadbytkem bikarbonatu. typicky pfi za-
vedeni umélé plicni ventilace u pacientu adaptova-
nych na chronickou respira¢ni acidozu. nebo u rendl-
niho postizeni v podob¢ rendlni tubulirmi acidozy
Problematickd interpretace clearance endogenniho
kreatininu vede intenzivisty k hledini presnéjtich
a méné variabilnich ukazatell glomerulari filtrace.
Jako perspektivni se jevi stanovovani endogenniho
cystatinu C (viz nize). Pro rutinni vySetieni je obuz-
né vyuzZitelné stanoveni GF clearanci inulinu ne-
bo pomoci izotopl — napf. juko stanoveni clearance
“Te znacené dietylentrisminpentaoctove kyseliny.
S ohledem na interpretuct hodnot S-Kr u kritcky
nemocnych povazujeme za nepripustné stanovovini
C-Kr vypoctem jako napi. metodou podle Cockrot-
ta-Gaulta.

B Obraz funkini insuficience
a jeho vyznam

Monitorujeme pfitomnost ¢i nepritomnost 1 crenal-
niho syndromu jakoZzto zndmky renalni hypopertu-
ze u jednotlivych pacientl (tab. 24.16.).

Ten je definovan poklesem exkreénich frakci so-
diku (FE-Na"), volné vody (FE-H,0). clearance bez-
solutové vody (C-H,0) a vzestupem clearance beze-
lektrolytové vody (EWC). tubulamni resorpce (TR)
a koncentra¢niho indexu urey (U-U/S-U). Clearan-
ce bezelektrolytové vody (EWC) ve vztahu k prere-
ndlnimu syndromu pouZivame spi3e jako dopliiko-
vého parametru, u kterého nis zajimi korelt
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¢ . Tab. 24.16. Diagnostika - vy-
Parametr Referenéni meze | Prerenalni syndrom | Rendlni syndrom louceni prerenalniho syndro-
FE-Na- 1-3 % <1 % (<2 %) >3 % mu
tub. resorpce | 97-99 % > 98 % <97 %
FE-H,O 1-2,5 % <2% >25%
U-u/s-u > 10 <5
C-H,0 -0,007-0,027 ml/s | < =0,007 ml/s > -0,007 ml/s
U-Osm 400-600 mosm/kg | > 400 mosm/kg < 400 mosm/kg
U-Na- 40-100 mmol/l < 40 mmol/l > 40 mmol/l

< C-H.O ve smyslu pozitivity ¢ negativity a faktory
< tim souvisejici (viz nize). Prerendlni syndrom vy-
kazuje vice nez 80 % pacientd pii pfijmu na oddéle-
ni. Je 1o dano piedeviim obéhovou nestabilitou. Ty-
picky obraz funkéni rendlni insuficience ma téméf
vzdv u pacienta v Kritickém stavu EWC pozitivni,
¢o7 je v rozporu s nékterymi tdaji v literatufe (Sho-
ker). Jako u kazdého klinicko-biochemického vysel-
feni je nutna interpretace soucasné se znalosti Kli-
nického stavu pacienta. V piipadé zhorfeni rendlni
perfuze. at uz na podkladé hvpovolemie. nizkého mi-
nutového vydeje srdec¢niho. nebo alterované sysié-
mové vaskulirni rezistence. dochdzi k manifestaci
funk¢niho rendiniho sethini ve vy&etfovanych para-
metrech. Byl jednoznacng prokidzin renoprotektivni
clekt udrzeni renidlni dodiavky kysliku (DO)). kterd
je nejvice zdvisld na rendlni perfuzi. tj optimalizaci
srdecniho vvdeje a dosazeni idedlniho rendlniho per-
fuzniho taku, Ktery je urcovin rozsahem systémo-
vvch tlakt pri kterych funguje rendlni autoregulace
u duného pacienta. Korekei volemie a optimalizace
hemodynamiky poddnim prisluSnych vazoaktivné
pusobicich latek lze indikovat i na podkladé funké-
niho vy Setieni fedvin, Zpétnd funkéni stav ledvin
nelze hodnotit bez znamost klinického stavu paci-
enta a vySetfeni hemodynamiky.

B Tubularni funkce a vliv divretik

Diuretika patfi mezi jedny z nejcastéji pouzivanych
medikaci v intenzivni péci. Jejich podavini vyznam-
né ovlivauje rendlni funkce. které jsou dostupnym
7plisobem sledovatelné pomoci funk&niho vy3etfeni
ledvin. Z pohledu monitorovani vnitiniho prostiedi,
jeho7 sdkladem je Sirdi spektrum funkénich rendl-
nich parametri. je poddvini diuretik znaéné invazivni
(tobr. 24.8.) a zpéiné ovliviiuje diagnostiku homeo-
stizy pomoci funkéniho vygetfeni ledvin.
Furosemid zvysuje parametry tubuldarné osmotic-
Keé diurézy. Zvyiuje FE-Na* a denni ztritu sodiku
(dU-Nam). 7vyuje ztrity drasliku (dU-K*). V rdamci
hodnoceni koncentragni schopnosti nachazime zvy-
Senou EWC v porovndni se zvyZenim clearance elek-
trolytové (C-El). Jeho podavini vede tedy K depleci

celkového télesného poolu sodiku. aviak soucCasné
k vyznamnéjsi ztraté¢ bezelektrolytové vody. a tim
k vzestupu sérové natremie. Tohoto efektu se vyuzi-
vii v terapii hyponatremie jiZz pfi podani malé davky.
kterd zvydi EWC a C-H,0 v relaci k C-El a C-Osm.
Intenzivni terapie klickovymi diuretiky patfi mezi
faktory naruiujici koncentra¢ni schopnost v jejich
efektorovych mechanismech. v tomto pfipadé blo-
kidou doplnovini dfenového osmotického gra-
dientu v ascendentni Henleho kli¢ce. Davky nad
3 mg/kg/den byly nachdzeny u 94.4 % pacientd se
/rdtou schopnosti koncentrovat moc. V souboru kri-
ticky nemocnych pacientd s poruchami homeostizy
(112 pacient() lé¢enych vysokymi ddvkami furose-
midu byla zachycena dvojndsobné vy&&i incidence
hypernatremie (33.1 %) ne7 hyponatremie (12.5 %).
coz je opak frekvence u viech hospitalizovanych pa-
cientt. Teoreticky by furosemid mél zvySovat do-
ddvku sodiku do distalniho tubulu, a tim potencovat
jeho reabsorpci vyménou za H*, a tak potencovat aci-
difikaci moci.

Spironolakton s ndstupem d¢inku (3 dny) zvyRu-
je S-K°. aviak nebyl nalezen statisticky vyznamny
pokles dU-K* a FE-K* ani vyznamny efekt na
FE-Na’. dU-Na* a ostatni parametry. Teoreticky mo7-

lonty a ostatni
osmoticky efektivni
a neefektivn(
soluty

hemodynamika

ledviny
adenozin, RAA,
NO. PGE,. PGI,

(e poptey J=+—

¢
©,

Obr. 24.8. Patofyziologie vodniho a iontového hospodai-
stvi v intenzivni pédi
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ny efekt na snizeni sekrece H* a navozeni poklesu
plazmatického pH zpisobeny tinikem Na® do tubulu
by se mohl projevit jen pfi excesivnim hyperaldoste-
ronismu. Vliv na acidobazickou rovnoviahu nebyl po-
zorovan. Jediny parametr. k jehoZ zméné by melo
dojit s nastupem klinického ucinku spironolaktonu
je sérova kalemie.

Hydrochlorothiazid zvysuje FE-Na*. C-El
dU-Na" a potencuje tubuldrni osmotickou diurézu.
To vede k poklesu S-Na®a k deple¢ni hyponatremii.
Snizuje EWC a C-H,0 a zlepSuje Koncentracni
schopnost ledvin. Pisobi antikalciureticky. zvysend
intratubularni koncentrace natria ovlivnénim voltiz-
niho potencidlu navozuje kaliurézu a potencuje se-
kreci H*. Pri ddavkidch 25-50 mg denné nedochizi ke
svyseni FE-K*. dU-K". ¢i hypokalemii. pokud ne-
jsou pouzivina soucasné klickovi diuretika. Thiazi-
dy pfimo zlepSuji zpétnou utilizaci bikarbonitu. do-
chizi konstaniné k rizné intenzivnimu vzestupu
sHCO. . BE a sérového pH. Mocové pH a UAG se
méni nevyznamné. Thiazidy v kombinaci s Klicko-
vymi diuretiky vedou k lepsi odpovédi na furose-
mid. zmenseni jeho divek a jeho adverzniho efektu
na koncentracni schopnost. Terapeuticky efekt thia-
zidl je limitovin arovni poklesu glomeruldrni filtra-
ce pod 0.3 ml/s. Svym priznivym efektem na kon-
centracni schopnost se hydrochlorothiazid v inten-
sivni péci uplatni jako terapeutikum sekunddrniho
nefrogenniho diabetu insipidu v SirSim slova smys-
lu. Je klicovym terapeutikem rendlni tubuldrni aci-
dozy (RTA).

Amilorid zvySuje FE-Na*., dU-Na". C-El. para-
metry tubulirné osmotické diurézy. Dochizi
k pfechodnému poklesu S-Na* béhem prvnich dni
terapie a k poklesu EWC (a C-H,0) a ke zlepSeni
koncentraéni schopnosti ledvin. Snizuje FE-K*.
dU-K-. zvySuje kalemii. Amilorid navozuje nevy-
snamny vzestup UAG, pokles sHCO,. BE. mirny
pokles pH. Homeostaticki indikace amiloridu je
posthyperkapnicka metabolickd alkaloza, kierd je
rezistentni na substituci chloridd a kterd nevyzaduje
urgentni zisah do ABR (acetazolamid i.v.). Je 1o
vyhodnéjsi terapie z hlediska ztrat kalia a natria a pfi
deldim podavini s mensi tendenci k sekundirni RTA.

Acetazolamid zvysSuje C-El. Vzeswup dU-K-
a dU-Na- je nejvétsi pii kombinaci s jinymi salure-
licky pusobicimi diuretiky. Rychle snizuje sSHCO, ,
BE. pH a zvysuje UAG. Pfi deliim podivini vede
k opétovnému vzestupu S-Na* a S-Cl* a ke vzniku
hypokalemické RTA.

Vrdmcei terapie manitolem nachizime nekon-
stantné zvysenou C-Kr vypoctem. nebol zvysuje
nejen diurézu, ale svym osmotickym efektem
v tubulech i tubulirni sekreci kreatininu, paramet-
ry overtlow osmotické diurézy. zvysené FE-Na*
a FE-K*. Ovliviiuje koncentraéni schopnost ledvin

jako intratubularné osmoticky pusobici tuktor. mel
by vést ke zvySeni EWC a poklesu C-H.O. Snizeni
pomeéru C-EVEWC je u pacientu I¢¢enych manito-
lem nevyznamné. Nekonstatni zvysovani EWC
a nasledné i sérové tonicity patii proto spise K oatro-
gennim efektam dlouhodobé terapie manitolem. By L
zpochybnéna jeho homeostatickii indikace ve vzt
hu k metabolismu natria a sérové tonicité. V pripadé
poklesu glomerularni tiltrace vede mozna kumulace
manitolu naopak spise K dilucni hyponatremin.

Efckt dopaminu by se mel projevit 2vv<enim G
a FE-Na'. jinak by mél byt vvsazen

Aminophyllin jako blokitor fostodiesterazy sm-
7uje mnoZstvi adenozinu v ledvindch. Klesa tedy
i mnozstvi medidtoru tubuloglomeruldrni zpéing vas-
by pfi kritickém kompenzatornim picplneni tubulu,
blokdda adenozinu md ctekt na rendlni arteroly
a piimy diureticky efekt na rendlni tubuly. Jeho po-
davini vede K lepsi odpovedi nadiureticky rezima ke
snizeni davek Klickovych diuretik. Mel by 2vyvait GE
a dU-Na® a dU-K".

Poddvini bikarbonatu vede pit dosazeni pitpust-
ného base excess a tonicity k prekroceni renilniho
prahu a »owerflow bikarbonatove diurcze«. Kiera je
tubularni osmotickd. V piipadé probehlé ztriary kon-
centracni schopnosti dochizi ke zvvieni FE-Nw
s potencraci smisené vodni a osmoticke diurcsy. Po-
tencuje diureticky efekt ostatnich diuretih o osmo-
tcky efekt bikarbondtu ma protekuvni vin na pro-
ximalni tubulus. Navyseni sérové tomeity ma za na-
sledek snizeni jednoho ze stimuld vysoké aldostero-
nové aktivity v ramci kritické rendlni insuticience.
Rizend korekce tonicity mize umoznit rychlejsi cli-
minaci urey a ostatnich osmoticky aktivnich uremic-
kych toxinti. Predpokliadiame i priznivy etekt bikar-
bonitové pufrace v rimei CRRT na odecitatelnost
laktdtu jako markeru oxygenacniho metabolismu ve
srovnani s laktdtovou pulraci.

B Typ divrézy

Typ diurézy urcujeme s pomoci FE-H.O. C-H.O.
EWC. FE-Osm aindexu U-Osm/S-Osm (tub. 24.17.)

Tab. 24.17. Uréeni typu diurézy. Sou¢asné se doporuéuje
vyhodnotit vlivy diuretik a infuzni terapie

Parametr Typ diurezy
osmotickd | smiSend vodni
FE-H,0 >2% >2% >2%
U-Osm/S-Osm | > 1 <1 <1
C-H,0 <0 >0 >0
FE-Osm > 3,5% >35% <35%
C-EVEWC >3 <3 <3
FE-Na* >2% >2% 1-2 %
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Parametr EWC jsme prifadili ke klasickym krité-
riim typu diurézy. Tubuldrni osmotickd diuréza je
tvpickd pro progredujici rendlni insuficienci jako
kompenzatorni. ddle pro terapii klickovymi diureti-
ky. thiazidy. acetazolamidem. TéZ ji nachdzime jako
zv. overflow osmotickou diurézu pfi glykosurii,
hvperkatabolismu s vysokymi odpady urey, terapii
manitolem ¢i po podani kontrastu. nebo pfi uniku
bikarbondtu do mo¢i. Smifena vodni a osmoticka
diuréza je obrazem sekunddrni destrukce koncent-
raéni schopnosti s jesté zvyienou FE-Osm. Je typic-
ki pro progredujici rendlni selhdni, tézkou tubuloin-
tersticialni nefritidu nebo sekundarni nefrogenni dia-
hetes v Sirdim slova smyslu. Vodni diuréza je obra-
zem centrdlniho nebo juvenilniho nefrogenniho dia-
betu insipidu. Mohla by byt fyziologickéd pfi vylu-
¢ovani velké ndlo7e volné vody.

B Koncentraini schopnost

Koncentracni schopnost ledvin hodnotime porovnd-
vinim vztahu S-Osm jak k C-H,0. tak i k EWC, coZ
ma vyznam piedev3im pro pochopeni posunt v efek-
tvni osmolalité (tab. 24.18.).

Byl sledovén koreldt C-H,O a EWC a byly moni-
torovany faktory ovliviujici koncentraéni schopnost
ledvin. Zachycené faktory naruujici schopnost vy-
wifet adekvitné Koncentrovanou mo¢ rozdélujeme
do dvou skupin. Jednak se jednd o shodu v urceni
Koncentracni schopnosti pomoci C-H,O a pomoci
EWC. kdy se obé pohybuji smérem do kladnych nebo
zapornych hodnot. Pak se mize jednat o dysregulaci
na efektorové trovni. kam patfi poruchy hypothala-
mo-hypofyzamiho systému (centralni diabetes insi-
pidus. syndrom inadekvatni sekrece ADH) nebo po-
ruchy tubulirni bunky. receptoru pro ADH. syntézy
aguaporint (nefrogenni diabetes insipidus) & nej-
Castéji poruchy dienového osmotického gradientu
vvmyvaného prerendlnimi inzulty a naruovaného
klickovymi diuretiky (nefrogenni diabetes insipidus

v $irsim slova smyslu). Vliv ma i nedostate¢né kvan-
tum tekutiny v distdlnim segmentu nefronu v ramci
rendlniho selhdni. Druhd skupina faktori zahrnuje
vesmés intratubuldrni osmoticky pusobici substan-
ce navozujici diskrepanci mezi smérem pohybu
C-H.O a EWC. Typicky je C-H,O sniZend pfi pozi-
tivni EWC, coz nachazime pfi vy§§i koncentraci urey
v moc¢i nebo v souvislosti s glykosurii, terapii mani-
tolem ¢i u chronickych acidéz se zvySenou sekreci
NH;. Je mozny efekt radiokontrastu, ¢i ketoldtek pfi
jejich vy&3i koncentraci v moc¢i. Je mozné. Ze se po-
dobné uplatni nékterd antibiotika. Diference mezi
C-H,0 a EWC je funkci téchto solutd. Jedna se tedy
o situace, kdy vysetfeni koncentra¢ni schopnosti po-
moci C-H,0 bez EWC podhodnocuje clearence vol-
né vody.

Tradi¢ni postup v hodnoceni retence nebo exkre-
ce volné vody a renalni koncentra¢ni schopnosti pred-
stavuje hodnoceni C-H,O.

C-H,0=Vu-C-Osm

C-H,0=Vu-U-Osm-

S-Osm

C-H,O charakterizuje mo¢ovou eliminaci vody ve
vztahu ke viem osmoticky aktivnim solutim v ni
rozpusténych. Signifikantni ¢dst takto vyloucené
vody je osmoticky »tazena« napf. ureou, co? muzZe
vést k dezinterpretaci vlivu ledvin na rovnovihu mezi
vodou a sodikem. EWC informuje o néco vice o vli-
vu ledvin na tuto rovnovahu:

EWC = Vu -C-El
VU<2[U-Na' + U-K']+ jiné ef. sol. v mo¢i

EWC=Vu- -
2[S~Na' +S-K':]+jmé ef. sol. v séru

Pri dobré funkci osy ADH-ledviny pfi hyperosmo-
lalit¢ ledvina retinuje vodu a EWC je vice negativni.
Pfi hypoosmolalité je EWC naopak zna¢né pozitiv-
ni. Rozdil mezi C-H,O a EWC je funkci osmoticky
aktivnich solutli jinych neZ ionty jako napf. urea, glu-
koza nebo manitol.

Tab. 24.18. Stanoveni koncentraéni schopnosti. Autofi doporutuji vyhodnocovat sou¢asné C-H,0 a EWC ve vztahu

k S-Osm

S-Osm C-H,0 zvysSena

C-H,0 snizena

Podle Schiicka: porovnanim C-H,0 s S-Osm

< 275 mOsm/kg
koncentraéni schopnosti

zvy$eny pfisun vody, nevylu¢uje poruchu

susp. porucha koncentraéni schopnosti

> 295 mOsm/kg

susp. porucha koncentraéni schopnosti

nevyluCuje poruchu koncentra&ni
schopnosti

Metodou s pomoci EWC:

S-Osm normalini odpovéd porucha koncentra&ni schopnosti
< 275 mOsm/kg C-El </=EWC, EWC > 0,9 /24 h C-El > EWC nebo EWC < 0,9 I/24h,

EWC < 0,5 1/24h naznatuje kontraregulaci
> 295 mOsm/kg C-EVEWC > 3 (neplati pro negativni C-EVEWC < 3 (neplati pro negativni

hodnoty EWC), EWC < 0,4 1/24

hodnoty EWC) nebo EWC > 0,4 1/24 h
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Uvedeny postup ma vyznam pro diagnostiku kaz-
dé nejasné poruchy natremie a osmolality. Osmolal-
ni dysbalance jsou u pacientd v intenzivni péci vel-
mi ¢asté. Napr. hyponatremie u postizeni CNS &asto
souvisi s patofyziologicky provdzanymi syndromy
inadekvatni sekrece ADH (IADHS) a solné diurézy
(CSWS), jejichz odliseni je v3ak krucidlni pro sprdv-
nou terapii hyponatremie. U obou syndrom je ele-
vovina shodné C-Osm i vyrazné zdpornd C-H,O.
U IADHS nachdzime vedle negativni C-H,O i nega-
tivni EWC, zatimco u CSWS je koncentra¢ni schop-
nost zachovana a EWC je normalni, resp. pozitivni
v relaci k hyponatremii. V pfipadé [ADHS jde o hy-
ponatremii dilu¢ni, v pfipadé CSWS nachdzime hy-
ponatremii spise deple¢ni. Hypernatremie pfi posti-
7eni CNS souvisi ¢asto se vznikem centralniho dia-
betu insipidu. Mezi zakladni pFiznaky DI patfi tvor-
ba hypoosmolalni mo¢i s osmolalitou nizsi nez je
sérovd. FE-Na* byva normalni, ale jeji pokles je
mozZny v souvislosti s dehydrataci a retenci natria.
C-El je véisinou normdlni. EWC je zvySend v zavis-
losti na deficitu ADH a ztraté koncentra¢ni schopnos-
ti. diurézu hodnotime jako vodni. Rutinni monitoro-
vini funkénich parametr u pacientd s postizenim
CNS by mohlo pfi raciondlni infuzni a diuretické
terapii vést k mensim vykyvam v efektivni osmola-
lité. a tim i k mensimu sekunddrnimu poskozeni cen-
tralniho nervového systému jiz naruSeného primar-
nim inzultem.

Vysetieni specifické hmotnosti mo¢i (sp. hm.) je
metodou jednoduchou av3ak zavddéjici a na naSem
pracovidti ji nepouzivame. Sp. hm. je umérnd nejen
poctu ale téZ i hmotnosti solutd v mo¢i a koreluje
s osmolalitou u normdlni moc¢i, ktera obsahuje nej-
vice soluty jako Na’, K*, CI-, urea, kreatinin, NH;,
H,PO;. Zde kazdych 30-35 mosm/kg piiblizné zvy-
Suje sp. hm. 0 0,001. V pripadé napf. glykosurie, te-
rapie manitolem, podéni rentgenového kontrastu, vy-
sokych davek penicilinovych antibiotik dochézi ke
zvy3eni sp. hm. az na hodnoty 1030-1040 bez vze-
stupu osmolarity moc¢i, kterd muZze byt napf. izoste-
nurickd. Jelikoz u polymorbidnich pacientl s vel-
kou heterogenitou postizeni dochazi ke kumulaci
nejriznéjsich vliva s potencionalnim efektem na sp.
hm. ddvame prednost vy$e uvedenému vysetieni
koncentra¢ni schopnosti pomoci funkénich rendlnich
parametrd.

B Vysetieni acidifikace modi

Vysetfujeme pH moci, sérovy anion gap korigovany
na hladinu albuminu (SAG), mocovy anion gap
(UAG) a mocovy osmolal gap (UOG) (tab. 24.19.).

UAG = U-Na‘ +U-K' - U-CI

Jde o parametr s vypovidajici 0 mocové exkreci bi-
karbondtu a aciditikaci moci. Jeho normalni hodno-
ta by méla byt mensi nez 0. v intenzivni péci toleru-
jeme hodnoty do +5 mmol/l. Pii deficitu reutilizace
bikarbondtu v tubulech a jeho uniku do moci juko
sodné ¢i draselné soli je parametr pozitivni. Té7 pri
deficitu sekrece NH,* jako chloridu.

UOG = U-Osm—=(2-U-Na +2-U-K + U-U)

Normalné nad 150 mosmv/I. pokles souvisi s poru-
chou vylu¢ovani H* (viz niZe), upfesiuje diagnosu-
ku pomoci UAG.

Poruchy acidifikace moc¢i (RTA) mohou vznikat
sekunddrné na zikladé pomeérné Sirokého spektra
inzultd. Nejcastéjsi pri¢inou jsou nefrolitidza. ob-
struk¢ni uropatie obecné (az u 25 %). dalsi castou
pii¢inou jsou tubulointersticidlni nefritidy. Hyponu-
triuretické stavy spojené s masivni retenci Na® a jeho
snizenou dodavkou do distdlniho tubulu mohou na-
ruSenim voltazniho potenciilu potfebného pro dis-
talni sekreci H* zptsobit poruchu distdini acidifika-
ce. Protrahovany prerendlni syndrom spojeny s re-
distribuci rendlniho pratoku ¢i prechodna ischemie
muzZe zpusobit alespon ¢aste¢ny detekt tubulirnich
transportnich mechanisma na drovni rendlni diené.
a tim 1 poruchu distdlni acidifikace moci. Z Iéko-
vych pfi¢in rendlnich tubuldrnich acidoz v intenziv-
ni péci je treba pripomenout acetazolamid a amtote-
ricin. Frekvence sekundirni RTA je ve vieobecnéd
resuscitaéni péci 5.8 % (soubor 225 pacienti). / toho
RTA hypokalemickd u 4.9 % (11 pacientd) a RTA
hyperkalemickd u 0,.9% (2 pacienti). Pro terapii neni
u kriticky nemocnych pacientd dilezitd exakini di-
ferenciace proximalni a distalni RTA, ale predevsim
odliSeni hyperkalemické formy RTA a event. RTA
IV od nej¢astéjsi hypokalemické RTA. Signitikant-
nim laboratornim ndlezem je hyperchloremicka me-
tabolickd acidéza s normdlnim SAG. spojend s hy-
pernatremii, hypofosfatemii. hypokalcemii a normo-
¢i hypomagnezemii. DulezZité je vylouceni stievni
ztrity bikarbonatu. napf. duodenalnim drénem. jeju-
nostomii nebo v ramci iledzniho stavu se sekvestra-
citekutiny v tenkém stieve. Pii vyhodnocovini SAG
je nutno ji korigovat na hladinu albuminu. nebot
hypalbuminemie ji sniZuje, coz je zvladié aktudlni
u pacientl v intenzivni pééi (tab. 24.19.). Pro poru-
chu renalni acidifikace svéd¢i soucasné pH moci nad
6,5, i kdyZz mlze byt variabilni v souvislosti se stup-
ném acidézy. UAG je povaZovéna za relativné validni
marker sekrece netitrovatelné acidity. podle nékterych
zdrojui existuje linearni zdvislost mezi jeji zapornou
hodnotou a sekreci NHJ. Toto plati pfi nepFitomnosti
ketoldtek, salicylatu, ¢i penicilinovych antibiotik. které
zplsobuji jeji faleSnou pozitivitu. Pfi masivnich ztri-
tdch bikarbondtu do moc¢i s pH > 6 je UAG méné hod-
notnym markerem sekrece NH;. Byl pozorovin efekt
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cpecidlnich nutricnich substritd, predeviim alanyl-
olutaminu na zvyseni vylucovani netitrovatelné aci-
any a negativitu UAG. Pokles UOG pod 150 mosnvke,
u té7kych poruch pod 100 mosm/kg souvisi s poru-
chou rendlni acidifikace. Jeji vyznam je v presnéjSim
odhadu mocové koncentrace NH;. ktery neni vZdy
vyvlu¢ovin jako chlorid a nemusi byt tedy zahrnut do
vvpoctu UAG. Neméla by tedy byt napf. ovlivnéna
neméfitelnvmi anionty jako ketolatky. které mohou
podcenit odhad vylu¢ovani NH; podle UAG. Toto
viak plati jenom pro pfipad. kdy neni jejich koncen-
trace v moci excesivni. tj. pokud se v moci nevysky-
wji v nedisociované podobé. kierd neni zahrnuta ve
vypoctu jako Na'. K- NH;. Diagnozu dopliuje kom-
plexni funkéni vy3etieni s normdlni &i lehce snize-
nou GF. tubuldarni osmotickou diurézou. Jako nepro-
veditelné povazujeme v kritickych stavech acidifi-
kaéni pokusy nebo furosemidovy test. ktery muze
v pfipadé tubularni osmotické diurézy a polyurie
destabilizovat pacienta. Lze upfesnit diferencidlni
diagndzu proximdlniho a distalniho typu stanovenim
kiivky zavislosti mocového pH na hladiné plazma-
tického bikarbondtu pfi jeho substituci. Velmi pfi-
nosné pro diagnozu by bylo vySetfeni HCO:. pCO,
v moci a gradientu moc¢ové pCO,-p,CO,. zvlaste pri
moznosti provedeni zatéZzového testu bikarbondtem.

RTA muze vznikat sekunddrmé u pomérné Siro-
kého spekira onemocnéni ledvin a urychlit tak pri-
béh zdkladniho onemocnéni smérem k rendlnimu
selhani. V jisté fazi tak mazeme zachytit metabolic-
kou acidozu. kterd je kombinaci hyperchloremické
acidazy spolu s anion gap pozitivni acidézou v rdm-
¢i pocinajici rendlni insuficience. S rozvojem acido-
zy pii rendlni insuficienci se nékdy SAG zvysuje jen
milo a mZe se pohybovat okolo 20 mmol/l. Sou-
¢asné ale nachazime vyraznéjsi pokles GF, kdy pri
hodnotach pod 0.6. resp. 0.4 ml/s, dochazi ke ztize-

Tab. 24.19. Diferencialné diagnostické schéma SAG nor-
malnich metabolickych acidoz. Pro diagnézu RTA je po-
treba $irdiho vysetieni homeostazy, nez jsou uvedené pa-
rametry

SAG 10-18 mmol/l, hyperchloremie
1. vylou¢eni podilu diluéni etiologie pfi rehydrataci
2. vylou€eni zvySeného pfisunu chloridy
(HCI, ArgCl, NH,CI, LysCl)
3. ztraty bikarbonatu stfevem ¢&i ledvinami (RTA),
dale déleni podle UAG a UOG
a) UAG negativni, UOG nad 150 - susp. stievni
ztrata (prujmy, duodendlni dren, ileostomie,
pankreaticka fistula, ureterosigmoideostomie,
neovesica)
UAG pozitivni pfi vylou€eni pfitomnosti
ketolatek, salicylatd a penicilinovych
antibiotik v mo¢i, UOG pod 150, resp.
pod 100 - susp. RTA
- K* norm. ¢i snizené, pH modi > 6,5 — RTA
hypokalemicka
- K- zvydené, pH moti > 6,5 - RTA
hyperkalemicka, pfi pH modi < 6,5 vylougit
RTA IV

b

-~

nému vylu€ovani H*, coZ je ddno poklesem fosfato-
vé diurézy i produkce NH;. Nasledné stoupaji S-U
a S-Kr, jejichZ hladiny u rendlnich tubuldmich aci-
déz jsou typicky subnormalni, téZ bychom nachaze-
li vy$3i hladinu fosforu a normdlni ¢i vy3$38i hodnoty
magnezia. U rendlnich tubuldrnich acidoz se setka-
vame naopak s hypofostatemii a nékdy 1 hypomag-
nezemii. Tubuldrni osmoticka diuréza se u rendlni
insuficience pIné rozviji pfi poklesu GF pod 0.8 ml/s,
pfi relativné zachovalé glomerularni filtraci v ramci
renalni tubuldrni acidézy by mohla souviset s poru-
chou tubuldrnich funkci. Pokud se jednda o RTA
v ramci tubulointersticidlni nefritidy. miZe byt pfi-
tomna rizné vyjadrend porucha koncentra¢ni schop-
nosti, event. aZz obraz smiSené diurézy.

24.7.2. Vysetieni sérovych a mocovych
proteinu

Problematické uréeni GF jako C-Kr pomoci inulinu
nebo s vyuZitim izotopovych metod vede k hledani
jiného spolehlivéjSiho a citlivéj§iho markeru pro diag-
nozu rendlni dysfunkce v intenzivni péc¢i. Jednim
z t&chto markert je i cystatin C. Je to blokator cys-
teinovych protedz, neglykosylovany bazicky protein
produkovany konstantni rychlosti jadernymi burika-
mi organismu, ktery je volné filtrovdn glomeruly
a katabolizovén rendlnimi tubuly. Jeho sérova kon-
centrace je nezdvisld na pohlavi a svalové hmoté.
pravdépodobné je méné zavisla na véku nez S-Kr.
Jako marker je cystatin C vice senzitivni nez kreati-
nin ve vztahu ke GF, je vhodny pro ¢asnou detekci
i malych poklesi GF, tj. stavi, kde je ¢asna terapie
rozhodujici. S-Kr se zda byt vyhodné&jsi pro detekci
prechodnych zmén GF u pacientu s jiz chronickym
renalnim postizenim.

Dalsi moZnosti hodnoceni glomeruldarni a tubu-
larni funkce jsou detekce raznych typd proteinurie.
Jsou to predevs§im tubularni proteinurie s inikem
peptidi o molekulové hmotnosti do 60 kDa, jako jsou
B,-mikroglobulin, a,-mikroglobulin (retinol vézaji-
ci protein), a,-mikroglobulin. Tubularni proteinurii
zpusobuje kazda porucha proximalniho tubulu, kte-
ry je ovSem pfi inzultu s ohledem na energetickou
naro¢nost transportnich a metabolickych pochodd
v ném probihajicich postizen témé&F vzdy. Uvedené
markery jsou proto velice senzitivnim, aviak maélo
specifickym markerem renélniho po3kozeni. Byla
prokdzana souvislost mezi indexem mikroalbumin-
urie/hodnota mocového kreatininu a Injury Severity
Score u polytraumat b&hem 24 hodin po p¥ijmu, co?
Ize interpretovat jako imémost mezi glomerularni
permeabilitou a rozsahem traumatu. Navaznost na
morbiditu a mortalitu nebyla prokazana. Dal$im du-
leZitym typem proteinurie je sekredni proteinurie
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zplsobena dnikem bilkoviny vlastniho parenchymu
ledvin do mo¢i. Zde je nejduleZitéjSim markerem
stanoveni aktivity lyzosomadlniho enzymu N-acetyl-
B-D-glukosaminiddzy v mo¢i nebo stanoveni Tam-
mova-Horsfallova glykoproteinu, ktery vystyla lu-
men ascendentni Henleho kli¢ky a je zdkladem mo-
¢ovych valca. Studie vénované tubuldrni a sekre¢ni
proteinurii v intenzivni pé¢i vétSinou odhaluji tubu-
larni poskozeni az u 30 % pacientl, u kterych neni
poskozeni ledvin patrné standardnimi vySetfovaci-
mi metodami, v¢etné funkéniho vysetieni ledvin.

Je treba zminit i vySetfeni glykosurie a mocové-
ho sedimentu, jejichz vyuZiti se u kriticky nemoc-
nych neli3i od interpretace vysledki tak, jak je znd-
me z vnitiniho Iékarstvi. DuleZity je ndlez granulo-
vanych a hyalinnich vilcd pro diagnézu akutni tu-
bularni nekrozy, nalez erytrocytarnich valca pro di-
ferencialni diagnostiku renalniho krvaceni a leuko-
cytarnich valcl pro diagnostiku zdnétu.

24.7.3. Endogenni regulatory renalnich
funkei

Endoteliny jsou skupinou protein vylu¢ovanych
vaskuldarnim endotelem, ve zvy$ené mife napf. za
podminek systémového zdnétu nebo obéhového se-
Ihdni at uZ kardialni, nebo nekardidlni etiologie. Jed-
na se o endogenni faktory jejichZ zvySena exprese
souvisi s vazokonstrikci rendlni mikrocirkulace, po-
klesem GF a ndstupem rendlniho selhani. Endo-
teliny jsou duleZitym mediatorem rendlni dysfunk-
ce za septickych podminek. Hladiny endogenniho
endotelinu 1 (ET-1) indukovaného u syndromu sys-
témové zanétlivé odpovédi dobrfe korelovaly
s vazokonstrikci vas afferens a s poklesem renalni-
ho prutoku krve a GF. Hladiny ET-1 byly nalezeny
zvy$ené v intenzivni pé¢i u pacientl s rozvojem re-
nélniho selhani a jejich dalsi vzestup asocioval se
$patnou progndzou. Vazokonstrikéni vlastnosti ET- 1
jsou oponovany vzestupem dalSich hormona, jako
je atridlni natriureticky peptid (ANP) a obracené.
Uvolnovani ANP souvisi s aktivaci srde¢niho endo-
kardu, predpoklada se u né&j renoprotektivni, natriu-
reticky a diureticky efekt. Tonizaci vas efferens zvy-
Suje filtra¢ni frakci a GF bez ovlivnéni rendlniho
prutoku krve, sniZuje sekreci reninu v ledviné a re-
dukuje efekty angiotenzinu. ANP antagonizuje re-
nélni i vaskularni efekty vazopresinu. Byl ovéfen
benefit ANP pro udrZeni diurézy a zlepeni mortali-
ty u oligurického renélniho selhani. Byl prokazan
stimula¢ni efekt ET-1 na uvoliiovani ANP in vivo
ain vitro. Zvy3ené hladiny ANP a ET-1 byly naleze-
ny pfi sepsi s MODS, coz potvrzuje roli endotelu
v uvolfovéni obou substanci. ANP podavany paren-
terdlné jako diuretikum vykazuje tubularni natriure-

ticky efekt, zpsobuje dilataci vas afferens. Konstrikel
vas efferens a zvySuje glomeruldrni filtraci beze.
¢mény rendilniho pratoku krve. Byl prokizin jeho
priznivy renoprotektivni efekt s dopadem na morbi-
ditu a potiebu dialyzy u oligurického renilniho se-
Ihéni.

Dilezitym endogennim reguldtorem rendlni he-
modynamiky. tubuloglomerulirni zpéiné vazby. glo-
merularni filtrace a natriurézy je oxid dusnaty (NO).
Byl prokdzén efekt blokatori NO syntetazy (iNOS)
na zvySovani sekrece reninu, aktivity ungi(;lcn/mu
11, zvySovini intrarendni cevni vaskulirni rezisten-
ce a poklesu rendlniho pritoku krve. Zda se. Ze exis-
tuji dva intrarendlni zdroje NO s relativné opa¢nym
efektem na homeostazu. Endotelidlni NO uvoliova-
ny pfi vzestupu perfuzniho tlaku je medidtorem tlu-
kové natriurézy, NO produkovany macula densa je
jednim z medidtort tubuloglomeruldrni 7péiné vaz-
by vedouci ke zvy3eni tonu vas afterens a poklesu
diurézy. Vzajemnou souc¢innosti obou systému do--
chézi za fyziologickych podminek k udrzeni ho-
meostazy a tekutinové bilance.

Adenozin je dilezitym medidtorem tubuloglome-
ruldrni zpétné vazby (TGF) mezi macula densa
a extraglomerularnimi mezangidlnimi bunkami. af-
ferentni arteriolou a granularnimi buakami. Jeho uci-
nek je rychly a kratce trvajici. Adenozin €7 blokuje
uvoliovani reninu. TGF mediovana vazokonstrikce
aredukce uvoliovani reninu ndsledkem elevace kon-
centrace NaCl v oblasti macula densa distdlniho tu-
bulu maze byt blokovina teofylinem nebo speci-
fickymi blokdtory na urovni adenozinového Al re-
ceptoru. Toho vyuZivime pii podavani kontinudlni
infuze aminotylinu, ktery by mél blokdadou tosto-
diesterazy snizovat degradaci cyklického adenozin-
monofosfatu, a tim sniZit koncentraci adenozinu
i v ledvindch. Vysledny efekt je zlepseni diuretické
odpovédi s moznosti redukce davek jinvch. prede-
v3im kli¢kovych diuretik.

Ve snaze zlep$it morbiditu a mortalitu rendlni
dysfunkce v intenzivni pé¢i jsou hledany nejen opti-
malni renoprotektivni rezimy. ale i pusobky vyka-
zujici renoproliferacni efekt, kieré by zlepsily repa-
raci poSkozenych ledvin i po prob&hlém inzulu. Mezi
né patfi regulacni ristové peptidy jako insulin-like
growth factor (IGF-I). ktery je v posledni dobé po-
davan rekombinantni v klinickych experimentech.
Jeho podavani pred rozsahlymi vaskuldrnimi vyko-
ny na hrudni aorté redukovalo procento pacientd se
zhor3enim renalnich funkci 2z 33 % v kontrolni sku-
pin€ na 22 % ve skupiné kde byl podan IGF-I.

Dal3i slibnou skupinou peptida jsou kostni mor-
fogenetické proteiny. tzv. osteogenni proteiny (OP).
Pivodné byly identifikovény pro jejich vlastnost in-
dukevat tvorbu endochondralni kosti na extraskele-
télnich mistech. Obecné je jejich vlastnosti indukce
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celularni migrace. rastu a diferenciace. Osteogenni
protein 1 (OP-1) je syntetizovin v ledvindch béhem
jejich vyvoje a indukuje diferenciaci metanefros.
Genetické studie na mysich s deleci genu pro OP-1
prokazaly jejich thyn na rendlni selhdni prvni den
7invota. Recentni studie na Krysdch s navozenym re-
nilnim selhdnim na podkladé ischemie a hypoper-
fuze a na podkladé toxickém demonstrovala protek-
tivni efekt OP-1 pfi podani pred i po hypoxickém
i toxickém inzultu. Navic skupina myS§i 1é¢enych
OP-1 vykazovala mensi mnoZstvi apoptotickych
hunék 5 dni po ischemii. Mikroskopicky obraz pro-
kazal zvvienou proliferaci bunék proximalniho tu-
bulu horukdlnich nefront a nefrond v zevni dieni
u OP-1 lécenych krys. OP-1 poddvan jak pred. tak
i po poranéni tlumil expresi ICAM-1 v ledving, ().
celuldrnich adhezivnich molekul. a tim i akumulaci
neulrofilt a rozvoj sekunddrniho cytokiny mediova-
ného zanétlivého poranéni.

Prostaglandiny jsou funk&né heterogenni skupi-
na ldtek vznikajicich z nenasycenych mastnych ky-
selin. Maji prokdzany pfimy efekt na rendlni hemo-
dvnamiku. ovliviuji produkci reninu a efekty angio-
tenzinu na ledviny. maji prevdzné tlumivy efekt na
ucinek ADH narendlni tubuly. V intenzivni péc¢i. kde
predpokldddme ¢asto vysokou aktivitu systému re-
nin-angiotenzin-aldosteron a ADH, proto velice
uvdzhvé indikujeme blokdtory syntézy prostaglan-
dind (ncopidtovd analgetika). zvIdsté u septickych
pacientl s existujici rendlni dysfunkci.

Klicovi pro aktivaci angiotenzinu | je rendlni pro-
dukce reninu v juxtaglomerularim apardtu. Konver-
7i enzyvmem (ACE) na angiotenzin 1l vznika okta-
peptid s vazokonstrikénim efektem a s efektem na
uvolnovdni aldosteronu. Vazokonstrikéni efekt vice
vyjadreny na vas efferens vede ke zvydeni filtra¢ni
frakce a udrZzeni GF i u stavd zhorSené rendlni per-
fuze. Které jsou v intenzivni péci velice Casté. Zvy-
Send angiolenzinova aktivita je v sepsi béZna. Proto
indikujeme ACE inhibitory z hemodynamické indi-
Kace velice obezfetné. nebot jejich efekt na ledviny
muZe byt velice kontraproduktivni. Renoprotektivni
indikace prakticky nemd v intenzivni pé¢i opodstat-
néni. Bezpochyby zajimavou skupinou lékd budou
v blizké budoucnosti pfimé blokatory receptoru pro
angiotenzin 1. JiZ prvni studie na prase¢im modelu
hypovolemického Soku vykazuji aZ pfekvapivé pri-
znivy efekt na pertuzi splanchniku.

V ramci Sokovych stavi byl prokazan vliv radi-
kalového podkozeni ledvin. Zhor3eni renélnich funk-
¢i bylo doprovizeno zvy&enou hladinou lipidovych
peroxidil a aktivitou superoxid dismutazy a gluta-
thion peroxiddzy oproti kontrolnim skupinam paci-
entu.

24.7.4. Hodnoceni funkce ledvin
ve skorovacich systémech

V souvislosti s vy$e zminovanym vyznamem rendl-
ni dysfunkce pro morbiditu a mortalitu pacienti
vintenzivni pé¢i je ziejmy i vyznam adekvatniho
hodnoceni rendlnich funkci ve skérovacich systé-
mech. Ty charakterizuji celkovy aktudlni stav paci-
enta a podle celkového skore jsou derivovana urCitd
doporuceni pro diagnostiku a terapii kritickych sta-
vii. Napf. nejvétsi posun v mortalité u pacientl léce-
nych kontinudlni elimina¢ni metodou (CRRT) ve
srovnani s pacienty lé¢enymi intermitentni dialyzou
(IHD) byl nalezen ve skupiné intermedidlniho Acu-
te Physiology and Chronic Health Evaluation Score
(APACHE II) 20-29 bodu s pfitomnosti 2-4 selha-
vajicich organt.

V souboru rendlné selhavajicich septickych pa-
cientd nebyl nalezen statisticky vyznamny posun
v APACHE 11 skore v pribéhu rozvijejiciho se re-
nalniho selhdni. Pramémé hodnoty APACHE 11 byly
18,6 pii pfijmu na oddéleni, 20,2 (p > 0,05) v den
ztraty tubuldrni osmotické diurézy s ndslednym pre-
chodem do izostenurie a 22.9 (p > 0.05) v den dosa-
Zeni oligurie nebo posledni den terapie u non-noli-
gurickych forem (obr. 24.9.). Vysledky sledovani
hodnot S-Kr a S-U u rendlné insuficientnich a renal-
né selhdvajicich pacientl navic poukazuji na nedo-
state¢nost skérovacich systému rutinné pouZivanych
v intenzivni péc¢i. Systémy prirozené nevystihuji za-
kladni onemocnéni. navic se zda Ze nezohledriuji ani
rendlni dysfunkci. Skoérovaci systém APACHE 11
pouZiva S-K* a S-Kr stejné jako Goristv systém ur-
¢eny pro MODS. Sepsis Organ Failure Assessment
(SOFA) skére hodnoti S-Kr a vydej mo¢i. Systém
APACHE Il pouZivé nejen S-Kr a diurézu, ale i S-U
a nehodnoti S-K*. Nicméné systém APACHE III je
zcela srovnatelny s APACHE 11 pfi hodnoceni cel-
kové morbidity a mortality.

Zavérem lze tedy shrnout, Ze pouZivané skérova-
ci systémy operuji s biochemickymi a klinickymi
parametry, které jsou vztahu k ¢asné diagnoze re-
nélni dysfunkce u kriticky nemocnych pacientl pa-
rametry druhofadymi. Zahrnuti alespori C-Kr by
mohlo byt pfinosem pro lepsi zohlednéni rendlni
deteriorace v pouZivanych skérovacich systémech pfi
viech znamych faktorech, které ovliviuji jeji inter-
pretaci v intenzivni péc&i.

24.7.5. Rendlni funkini parametry pri
rendlni insuficienci a progresi
do renalniho selhani

Na obr. 24.10. je uvedeno schéma prib&hu nékte-
rych bé&zné sledovanych veli¢in v zavislosti na stavu
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Obr. 24.9. Typicky prubéh renainiho se-

lhani v ramci multiorganove dysfunkce

EWC > 0, U-U/S-U > 10

1. Prerenalni syndrom: C-Kr na urovni renalni insuf. nebo normalni,
FE-Na* < 1 %, FE-H,0 < 2,5 %, t.r.> 97,5 %, C-H,0 < -0,027 ml/s,

pfi sepsi

Index C-EI/EWC plati pro hodnoty

APACHE Il : 18.6
Rehydratace, optimalizace srde¢niho indexu

|

EWC>/=0.

C-EVEWC > 3

2. C-Kr vzestup, tubularni osmoticka diuréza, FE-H,0 > 2,5 %,
t.r. < 97,5 %, U-Osm/S-Osm > 1, C-H,0 < 0, FE-Osm > 3,5 %,

|
1

Capillary leak, vzestup zanétlivych markeru, pozitivni bilance tekutin

C-Kr a t.r. klesaji, FE-Na*, Fe-H,0 a FE-Osm stoupaji,
U-Osm/S-Osm >1, C-H,0 < 0, EWC > 0, C-EVEWC > 3

3. Dalsi prerenalni inzulty, podavani vysokych davek diuretik ve snaze
o negativni bilanci tekutin, stuphovani tubularni osmoticke diurézy:

l

a mobilizace retinované tekutiny

Progrese syndromu, nemoznost udrZzeni dostate¢ného srde¢niho indexu

dal$i pokles v nasledujicich dnech, S-U 25-32 mmol/l,

tubularni osmotické a vodni diurézy: FE-H,0>2.5 %,

modové kyseliny

4.FE-Na* 2,1-15 %, pokles pod 2/3 puvodni hodnoty béhem 24 h,
S-Kr 80—-150 pmol/l, ztrata koncentraéni schopnosti, rozvoj smisené

U-Osm/SOsm </= 1, C-H,O > 0,001 ml/s, EWC > 0, C-E/EWC < 3,
FE-Osm > 3,5 %, metab. acidéza anion gap +, vzestup fosfatu,

APACHE II: 20,2

Ztrata odp. na diuretika

a nemoznost zvys$it denni obrat
tekutin, C-Kr < 20 % normalni
hodnoty, pfizniva prognéza
zakladniho onemocnéni

5. Progresivni pokles mo¢ového
vydeje, rozvoj oligurie béhem
3,6 dne, kriticka hypervolemie,
potreba restrikce tekutin,
postupny vzestup S-U, S-Kr

a sérového drasliku

a méné kalemie

5. Ztrata koncentraéni schopnosti
v dostate¢ném poctu rezidualnich
nefront stadi pro udrzeni
hypoizoosmotické diurézy,
neoligurické renalni selhani,
postupny vzestup S-U, S-Kr

APACHE 11 22.9
L 6.CRRT/IHD —

glomeruldrni filtrace (blize viz popis). Z obrazku je
zfejma postupna ztrata glomeruldrni funkce, nésle-
dovana selhdnim tubularni kompenzace a v posledni
fadé ztratou koncentracni schopnosti. Typicky pri-
béh smérem k »delayed onset renal failure« v ramci
MODS znazoriuje obr. 24.9.

U 10z 19 (52,6 %) tézce renalné insuficientnich
pacientdl byly nalezeny normalni az lehce zvy3ené
hodnoty S-Kr do 150 pmol/l, S-U byly zachyceny
normalniu 2 (10,5 %). Ve skupiné pacientd s niZ3imi
hladinami urey a kreatininu byl zachycen tnik bi-
karbondtu do moc¢i u 4 (40 %) zpisobeny bud pred-
chozi adaptaci na chronickou respiraéni acidézu,
nebo renalni tubularni acidézou. Obraz funk&niho
selhani ledvin byl zachycen u 17 (89.5 %) pacientd.

V3ichni méli pozitivni EWC a 94.1 % mélo pozitiv-
ni EWC a sou¢asné negativni C-H,0 coz korelovalo
se zvySenymi hodnotami urey v moci. Byl zazname-
nan relativné uniformni prabéh FE-Na~ v souvislos-
ti se zhroucenim odpovédi na diuretika. FE-Na~ po-
stupné stoupala az na primérnou hodnowu 12.1 %
spolu s tubuldrni osmotickou diurézou potencovanou
vysokymi davkami furosemidu (nad 3 mg/kg/den).
Béhem 24 hodin dochdzelo k poklesu FE-Na* na
primérnou hodnotu 5.3 %. coz bylo ndsledoviano
zménou typu diurézy na smisenou vodni a osmotic-
kou diurézu a ztratou koncentracni schopnosti
(94,7 %). V pripadé zachované odpovédi na diureti-
ka nebo soucasné podavané kontinualni infuze bi-
karbonatu nedochizelo pfi zméné diurézy a koncen-
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Obr. 24.10. Pribéh nékterych biochemickych parametrd
v zavislosti na poklesu glomerularni filtrace (clearance en-
dogenniho kreatininu). V§ichni pacienti meéli tendenci
k metabolické acidoze s hrani¢nim az zvydenym anion gap
pii poklesu C-Kr pod 0,45 ml/s. Ztrata koncentracni schop-
nosti byla zachycena pfi poklesu pod primérnou hodnotu
0.30 mi/s. Ztrata produkce hypotonické moéi pfi oliguric-
kem renalnim selhani vétsinou asociuje s pfechodnym
vzestupem séroveho natria nasledovaném jeho poklesem
pfi pozitivni bilanci tekutin. Pribéhy natremie a diurézy pfi
nonoligurickém renalnim selhani jsou vyznaceny preru$o-
vanymi ¢arami. Zde pokracujici produkce hypotonické moci
vede k vice vyjadienému vzestupu sérové natremie.
Vysvétleni zkratek:

SUA = neméfené anionty séra,

H- = aktivita vodikovych iontU plazmy, ostatni zkratky viz
jejich seznam.

tra¢ni schopnosti k vyvraznému poklesu FE-Na*. C-Kr
se v uvedeny den pohybovala v rozmezi 0.02 aZ
0.62 ml/s s pramérnou hodnotou 0.30 ml/s. Pozo-
rovany patofyziologicky proces nebyl doprova-
7en statisticky vyznamnym poklesem v diuréze
(4130 ml/24 h vs. 3200 ml/24 h). S-U bylau 42,1 %
pacientt mezi 25-32 mmol/l. v&ichni ostatni méli
niZ8i hodnoty. 5 pacientd pod 15 mmol/l (26,3 %).
S-Kr byl normalni nebo elevovany do 150 pmol/I
u 12 pacientl (63.2 %). S-K* bylo u v8ech normdlni.
Postupné se mirné zvy3oval SAG s tendenci k meta-
bolické aciddze. stoupaly hodnoty fosfatu a moéové
kyseliny. 16 pacientd pfeslo do oligurického rendl-
niho selhani a oligurie bylo dosazeno v priméru do
3.6 dne.

Vysledkem studie bylo sestaveni funk&niho mo-
delu selhdvajici ledviny u syndromu multiorgdnové
dysfunkce s pomoci klinicko-biochemickych para-
metri. Kumulace prerendlnich inzultd a septickych
a nefrotoxickych efektd postupné vede k poklesu
glomerularni filtrace a k indukci tubularni osmotic-
ké diurézy. V ptipadé dal3iho zhorSovani renalni
dysfunkce dochdzi typicky spolu s klesajici clearen-
ce kreatininu k pfesmyku 7 maximdlné indukované
kompenzatorni tubuldrni osmotické diurézy na smi-

Senou vodni a tubuldarmi osmotickou diurézu se ztra-
tou koncentra¢ni schopnosti a izostenurii. Tento pa-
tofyziologicky moment je mozno vysvétlit jako re-
gula¢ni efekt tubuloglomerularni zp&tné vazby a sni-
zeni glomerularni filtrace v rezidudlnich nefronech
v souvislosti s kriticky zvySenym tubuldarnim prito-
kem v pfeplnénych tubulech rezidudlnich nefronu.
Mechanismus je pravdépodobné humorilni, lokali-
zovany do oblasti macula densa v distdlnim tubulu
spolu s hydrodynamickym efektem tubularniho flow
a vnitinimi regula¢nimi vlastnostmi glomerulu.
V této fazi dochdzi obvykle i k vyznamnému zhor-
Seni odpovédi na diuretika, coZ spolu s nemoznosti
koncentrovat mo¢ déle limituje moZnost eliminace
uremickych toxin0. Jejich sérova hladina je v této
fazi s vyjimkou urey v typickém rozmezi 25 az
33 mmol/l nevyznamné zvySend, odpady moci za
24 hodin v3ak klesaji. Je samoziejmé, Ze tito paci-
enti musi mit jiz v predchozim priab&hu maximdlni
mozny renoprotektivni rezim. To znamena predevsim
optimizaci hemodynamiky a srde¢niho indexu spo-
lu s kombinaci diuretik. Pokud dojde v této fazi
k uvedenym zménam ve funkénich klinicko-bioche-
mickych parametrech spolu s dal§im poklesem diu-
rézy, dochdzi vidy k dal§imu poklesu GF, protoze
tito pacienti jiz nejsou schopni zvyS§it mo¢ovou kon-
centraci kreatininu. Pokud neni na stav promptné
reagovano spusténim CRRT zde jesté ve formé re-
nalni podpory, dochazi obvykle k vzestupu urey, kre-
atininu a vétdinou 1 poklesu diurézy s prechodem do
oligurického nebo neoligurického renédlniho selha-
ni, a to v ¢asovém horizontu 3—4 dni. Zde je jiZ in-
dikovdna plna nahrada renalnich funkci s rizikem
vy83i morbidity pacienti. Mezitim dochézi k dal§imu
po3kozovani tubulamich funkci poddvanim vysokych
dévek klickovych diuretik, coZ muZe zhorSit a pro-
dlouZit dobu nutnou k reparaci rendlnich funkci.
Standardni kritéria pro zahdjeni dialyzac¢ni 1é¢by
Jsou neaplikovatelna pro kriticky nemocné pacienty.
Vzestup urey a kreatininu je v zdvislosti na trvani
rendlni insuficience doprovazen kumulaci i jinych
béZné nemonitorovanych katabolitd a uremickych
toxind jako guanidinové latky, indoly, fenoly, myoi-
nozitol, organické kyseliny a aromatické aminy
a vede ke zhor3eni celkové metabolické situace ne-
mocného. Pfitomnost oligoanurie je u kriticky ne-
mocnych v multiorganové dysfunkci relativné pozdni
zndmkou zhor3ené funkce ledvin. Obvyklé mnoz-
stvi moci u zdravého je pfiblizné | az 2 litry denné.
Ze studii tisicovych souboru kriticky nemocnych je
ziejmé, Ze optimélni diuréza se u téchto pacientl
nachazi mezi 2-4 litry. Je-li obligatorni mnoZstvi

Ci mpsi Q;o uBtZeni homeostazy vylougit pa-

Yy
i !




24. Laboratorni diagnostika v intenzivni mediciné

479

cient se septickym multiorgdnovym selhdnim s ob-
rovskym metabolickym obratem a trvale naruSova-
nou schopnosti koncentrovat mo¢. V poslednich le-
tech byl jednozna¢né prokdzan priznivy efekt CRRT
na mortalitu renalné selhanych pacientd v intenzivni
péci a renoprotektivni efekt kontinualni metody pred
intermitentni dialyzou s dvojndsobné vys3i inciden-
ci pfechodu preZivsich pacienti do chronického dia-
lyza¢niho programu. Navic doba nutné nahrady re-
nalnich funkci na intenzivni pé¢i je kratsi v pfipadé
kontinuélni metody. Dosavadni vysledky naznacuji,
ze doplnénim celkového hodnoceni klinického sta-
vu pacienta o rutinni aplikaci klinicko-biochemic-
kych parametrii miiZzeme upfesnit ¢asnou indikaci ke
kontinudlni elimina¢ni metodé a sniZit nutnou dobu
terapie extrakorpordlni metodou, a tim sniZit i na-
klady v intenzivni péci.
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Homeostatické indikace k poddvani diuretik

BALIK M.!, KAZDA A%, DOHNAL L.2

| Klinika anesteziologie a resuscitace, Fakultnt nemocnice Krdlovské Vinohrady, prednosta doc. MUDr. J. Pachl, CSc.
2 Katedra klinické biochemie IPVZ, pracoviité Ustav klinické biochemie 1. LF UK a VFN, prednosta prof. MUDr. O. Englis, DrSc.

Souhrn

V intenzivni péci je relativné mdlo sledovdn a vyuitvdn efekt diuretik na natriové a vodnf hospoddfstvi i jejich vliv na rendini metabolismus
pikarbondtu. Tato prdce se proto zaméfuje 1éméF vylucné na vliv poddvdnf diuretik na homeostdzu sodiku a vody a jejich efekty na acidobazickou
rovnovdhu. Z hlediska monitorovdn( vnitintho prostfedf pomocl funkénich rendinich parametrd je poddvdni diuretik znacné invazivni, a proto je studie
integrdlni soucdsti monitorovactho systému, ktery vychdzf z pocttacového programu LEDVINA.

AuloFi 1éto prdce monitorovali efekty furosemidu (18 pacients), hydrochlorothiazidu (8 pacient), spironolactonu (14 pacient), acetazolamidu (10
pacientid), amiclaranu (4 pacienti) a manitolu (8 pacientl) u pacientl na resuscitacnim oddélent pomoct pocitadového programu, ktery pracuje se 17

vstupnimi béiné monitorovanymi velicinami a 19 vystupy.

Benefit studie spocivd v objasnént exaktnich mechanismi jejich u¢inku na rendinf irovni a v definici parametrit vhodnych ke sledovdnf terapie
konkrétnim prepardtem. Z nich potom vyplyvd moZnost jejich daleko 3irstho a sprdvnéjstho poddvdni z homeostatickych indikact nebo vhodnost
atazeni nékierych méné poulivanych diuretik v rdmci renoprotektivnich refimi. Tomu by neméla rozhodné brdnit relativné nizkd cena téchto

prepardtil.

Kli¢ova slova: diuretika — intenzivnf pé&e — funk&nf vy3etfenf ledvin — hypernatremie — hyponatremie — tonicita — osmolalita — acid6za - alkal6za

Summary
Homeostatic Indications for Administration of Diuretics

The effect of diuretics upon the natrium and water homeostasis and renal bicarbonate metabolism is seldom monitored and utilized in the intensive
care setting. The study deals in detail with the impact of diuretics upon the natrium and water homeostasis and their effects on acid-base balance. The
administration of diuretics is enough invasive from the point of view of homeostatic monitoring with the aid of renal function tests. Therefore this study
is the integral part of the monitoring system which is based on the use of the computer programme ,, KIDNEY*. )

The authors monitored effects of furosemide (18 patients), hydrochlorothiazide (8 patients), spironolactone (14 patients), acetazolamide (10
patients), amiclarane (4 patients) and manitol (8 patients) in critically ill patients using the computer programme working with 17 routinely monitored

input values and 19 output parameters.

The study attempts to clarify the exact mechanisms of the action of diuretics and to define the parameters available for monitoring and prediction
of the effects of the selected agents. The broader and more correct administration of diuretics in homeostatic indications or the inclusion of some of
the less used agents into the renoprotectione regimens could result from the study. This could be favoured by the acceptable costs of these agents.

Key words: diuretics — intensive care — renal function tests — hypernatremia — hyponatremia — tonicity — osmolality — acidosis — alkalosis
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Uvod

Diuretika patif mezi jedny z nej¢astéji pouzfvanych me-
dikacf v intenzivni pééi. Pfi jejich poddvén{ je sledovén
pfedev3im aspekt diureticky, eventudlné renoprotektivnf.
Dile je v praxi vyuZivén efekt nékterych diuretik na meta-
bolismus kalia. Podstatné méné je v podmink4ch intenziv-
ni pé¢e zndm jejich efekt na natriové a vodnf hospodéfstvi,
vliv na rendlnf metabolismus bikarbon4tu a acidobazickou
rovnovihu nebo na kalcio-fosf4tovy metabolismus.

Diuretika vyznamné ovliviiujf renéln{ funkce, které jsou
dostupnym zpdsobem sledovatelné pomoc{ funkéniho vy-
Setrenf ledvin. Z pohledu monitorovénf{ vnitfniho prostfedi,
jehoZ zdkladem je $ir8i spektrum funké&nich renélnich pa-
rametrd, je poddvéni diuretik znaéné invazivnf (obr. 1)
a zpétné ovliviiuje diagnostiku homeostdzy pomocf funkg-
niho vySetfeni ledvin. Na podkladé pfedchézejfcich studif
predpokldddme velmi dobrou vyuZitelnost funkéniho vy-
Setfenf ledvin pro management homeostézy u kriticky ne-
mocnych pacientd. Proto je i tato studie integraln{ sou&4st{
monitorovactho systému vnitfniho prostfed, ktery vychéz{
z pocitatového programu LEDVINA (obr. 2).

Diuretika 1ze definovat jako specifické blok4tory ionto-
vych kan4li. Rizn4 diuretika vzdjemné reagujf s rdznymi
iontovymi kandly v riznych segmentech nefronu. Lze je
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tedy klasifikovat tradi¢nfm zplisobem jednak podle kon-
krétniho cflového mista u¢inku, jednak vystiznéji podle
specifického iontového transportéru, na kterém tcinkujf.

Furosemid je vysoce i¢inné klickové diuretikum s pfe-
vahou t&inku v ascendentni Henleové kli¢ce a minimé4lné
i¢inkujfci v proximélnfm tubulu blokddou karboanhydr4z.
Blokuje N, K, 2Cl kotransport na lumin4ln{ strané tubul4rn{
bufiky, navozuje natriurézu, kaliurézu, naruuje dopliiové4-
ni dfefiového osmotického gradientu. SniZenf voltdZniho
potencidlu m4 za nésledek i v&t§f inik Ca’* a Mg?*, naopak
vy33f doddvka sodiku do distdlnfho tubulu potencuje jeho
reabsorbci a sekreci K* a H*. Dlouhodobé poddvanf navo-
zuje kompenzaénf mechanismy pfi hypertrofii bunék dis-
tdlnfho tubulu.

Spironolacton je steroidni derivét, ktery je metabo-
lizovén v jétrech na i¢inny kanreon, ktery svym antialdos-
teronovym efektem v distdlnim tubulu kompetitivné inhi-
buje vyménny mechanismus sekrece kalia a retence natria
(Na, K-ATPasu). Jeho Wcinek je zdvisly na pfedchozim
podflu aldosteronové aktivity na resorbci natria a sekreci
kalia. Teoreticky moZny efekt na sniZen{ sekrece H* a na-
vozen{ poklesu sérového pH zplsobeny unikem Na do
tubulu by se mohl projevit jen pfi excesivnim hyperaldos-
teronismu.

151



[ HEMODYNAMIKA

| «—

[ NADLEDVINY
/ 1
o l HYPOFYZA

J¢—

LEDVINY

PGE2, PGI2, TXA2,
ADENOSIN, NO, ET-1

¢ { NATRIUR. PEPTIDYJ <

AN

I PARATHORMON

V\ | ABR, VENTILACE J

[ STITNA ZLAZA J

Obr. 1. Hlavn{ efektorové
mechanismy vodniho a iontového
hospoddfstvi v intenzivni péci

Vstupy Vystupy
SNa (mmol/l) bilance tek. (ml/h*x)
SK (mmol/l CKr (ml/s)
SCI (mmol/l) t.resorpce (%)
SU (mmol/) EFH>0 (%)
SKr (umol/l) EFNa (%)
SOsm (mosm/kg) dU-Na (mmol)
VU (ml/h*x) EFK (%)
UNa (mmol/l) dU-K (mmol)
UK (mmolA) uU/sU
UCI (mmol/) dU-U (mmol)
UU (mmol/) Cel (I/h*x)
UKr (mmol/l) EWC (I/h*x)
UOsm (mosmvkg) Cosm (ml/s)
pf. tekutin (ml/h*x) Cosm (I/h*x)
vyd. tekutin (ml/h*x) CH20 (ml/s)
| aHCO3 (mmol/l) CH20 (1/h*X)
albumin (g/1) EFosm (%)
AG (mmol/l)
uAG (mmol/l)

Obr. 2. Pouzivany poéitatovy program LEDVINA, verze 1.2

Hydrochlorothiazid je thiazidové diuretikum dostupné
jen v perordlni formé, u¢inkuje v distdlnim tubulu a ve
sbémém kandlku blokddou NaCl kotransportu. Zvy3end
intratubuldrni koncentrace natria ovlivnénim voltdZniho
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potencidlu navozuje kaliurézu a potencuje sekreci H*. Thi-
azidy navic pfimo zlep3uji zpétnou utilizaci bikarbonétu
bez ohledu na minimdln{ inhibi¢n{ efekt na karboanhydrazy
v proximélnim tubulu. Zvy3uji reabsorbci Ca®* v distalnim
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Tabulka 1. Priibéh dUK a EFK u pacienti 1é¢enych spironolactonem*

Lﬂfﬂ‘w, 0. den 1. den terapie 2. den terapie 3. den terapie

‘\ JUK (mmol/24 h) 90,2 +/-66,6 89,6 +/-62,8 (ns.) 799 +/-52,8 (ns.) 87,3 +/-67,6 (ns.)

| EFK (%) 156,43 +/- 94,89 147,13 +/- 90,21 (n.s.) 141,87 +/- 81,53 (n.s.) 154,33 +/- 85,52 (n.s.)

| sK (mmol/1) 4,11 +/- 0,73 4,03 +/- 0,60 (n.s.) 4,47 +/- 0,71 (p <0,05) 4,63 +/- 0,77 (p < 0,05)

*pnﬁméry' sm. odchylka, hladiny vyznamnosti rozd{lu mezi hodnocenymi dny a 0. dnem

Tabulka 2. Pribéhy vybranych parametrd u pacientd 1éZenych hydrochlorothiazidem*

Parametr 0. den 1. den terapie 2. den terapie
| sNa (mmol/l) 155,1 4/~ 9,7 1545 +4/-82 (ns.) 151,04+/-94  (p<0,02)
| EFNa (%) 11,09 +/- 8,78 8,76 +/- 6,16 (n.s.) 13,05 +/- 13,70 (n.s.)
l dUNa (mmol/24 h) 583,8 +/-2674 548,1 +/-280,9 (n.s.) 520,6 +/-227,5 (ns.)
Cel (1724 h) 4,775 +/- 1,983 4,439 +/-2,020 (n.s.) 4,336 +/- 1,666 (n.s.)
| EWC (1724 h) 0,995 +/- 0,916 0,609 +/-0,907 (p<0,03) 0,356 +/- 1,114 (p <0,002)
| HCO3 (mmol/l) 19,59 +/- 1,88 21,95 +4/-2,18 (p<0,001) 25,01 +/-2,65 (p<0,001)

* priméry, smérodatné odchylka, hladiny vyznamnosti rozdfld mezi hodnocenymi dny a 0. dnem

tubulu. Chronické poddvén{ vede ke kompenzatornimu
hyperaldosteronismu a ztraté G¢innosti.

Amilorid je perordlni{ diuretikum se zcela opaénym efek-
tem na rendlni metabolismus kalia, bikarbon4tu a pfi dlou-
hodobém poddvdn{ i natria. Cil jeho i¢inku je v distdlnfm
tubulu a sbérném kandlku, kde blokuje reabsorpci Na*,
zpiisobuje velmi mirnou natriurézu a nepffmo blokuje sek-
reci K* a sekreci H" a reapsorbci bikarbonitu.

Acetazolamid je inhibitor karboanhydréz, pfedev3im in-
traceluldrni karboanhydrézy II a intratubuldrniho izoenzy-
mu IV v proximélnim tubulu. Tim zpisobuje inkompletn{
inhibici zpétné utilizace bikarbon4tu a tnik natria a kalia.
Natriureticky a diureticky efekt je v§ak z velké ¢4sti kom-
penzovén distdlné.

Manitol je osmoticky aktivn{ polyol, ktery nenf resorbo-
vén po profiltrovdni glomerulem a ¢inkuje na vech pro
vodu propustnych mistech nefronu. Maximdlniho efektu
z kvantitativniho hlediska dosahuje v oblasti proximalniho
tubulu. -,

Dopamin je vazoaktivnf ldtka s vazodilataénfm efektem
na rendlni arterioly a pffmym diuretickym efektem na
tirovni Na, K-ATPasy v prox. tubulu. Kontinudlnf poddv4-
ni aminophyllinu a bikarbondtu hodnotime jako rendln{
,rescue postupy* u hroziciho renélniho selhdni. Amino-
phyllin jako blokétor fosfodiesterdzy snizZuje mnoZstv{ ade-
nosinu v ledvindch. Klesd tedy i mnoZstvi medidtoru tu-
buloglomeruldrn{ zpé&tné vazby pfi kritickém kompenza-
tornim pfeplnén{ tubuld, blokdda adenosinu m4 efekt na
rendln{ arterioly a pfimy diureticky efekt na renéln{ tubuly.
Poddvén{ bikarbon4tu vede pti dosazen{ piipustného ,,base
excess" a tonicity k pfekro¢en{ rendlnfho prahu a overflow
bikarbonétové diuréze, kter4 je tubuldrni osmotick4. Poten-
cuje diureticky efekt ostatnich diuretik a m4 protektivn{
vliv na proximdln{ tubulus.

Materidl a metody

Autofi této price monitorovali efekty furosemidu (18
pacientil), hydrochlorothiazidu (8 pacientt), spironolacto-
nu (14 pacienti), acetazolamidu (10 pacienti), amiclaranu
(4 pacienti) a manitolu (8 pacientl) u pacientd na resusci-
tatnim oddéleni pomocf poéftatového programu LEDVI-
NA verze 1.2, ktery pracuje se 17 vstupnfmi b&Zné moni-
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torovanymi veli¢inami a 19 vystupy. Na3e studie, monito-
rujici renéln{ ddvky dopaminu, poddvan{ aminophyllinu
a bikarbondtu z rendln{ indikace, nebyly dosud statisticky
zpracovdvény, studie zabyvajici se amiloridem nebyla
uzaviena. Uvaddéné tdaje jsou pribéznym vysledkem stu-
die, kterd byla pfedndsena v bloku ,,Ionty a vnitini prostre-
di* v rdmci Hoderova dne 4. 6. 1998. U v3ech diuretik
jsme monitorovali v§echny vstupn{ a vystupn{ parametry.
Pfi zdvére¢ném hodnoceni funkénich parametrl jsme se
zaméfovali na nékolik parametrd typickych pro prib&¢h
terapie urditym prepardtem. Pro posouzen{ vyznamnosti
rozd{lid hodnot mezi vzdjemné srovndvanymi dny byl po-
uzit Studenttiv pdrovy t-test. VSichni pacienti byli adekvét-
né ventilovdni, hemodynamicky stabilni, bez néhlych
zmén v nutrién{ i infuzn{ terapii, bez pfitomnosti rendlniho
selhédni.

Dopad furosemidu na funkéni rendlni parametry byl
monitorovén u 18 pacientd, u kterych doslo k rozvoji re-
nélnftho selhdni v rdmci multiorgdnové dysfunkce. Ve
viech pfipadech byl poddvédn ve vysokych dennich dév-
k4ch nad 3 mg/kg. Sledovédny byly pribé&hy exkreénich
frakei sodiku (EFNa), drasliku (EFK), typ diurézy, koncen-
traénf schopnost a souvislost jejich zmén s tonicitou a diu-
rézou.

Spironolacton byl vyhodnocovén u 14 pacientti s poru-
chami homeostazy. Indikaci podani byla hypokalemie pfi
sou¢asném podévan{ kli¢kovych diuretik nebo sekundarn{
hyperaldosteronismus. Monitorovali jsme EFNa, EFK, sé-
rovou kalemii (SK) a dennf ztraty kalia (dUK) pfed pod4-
nim prepardtual. az3. den terapie ve snaze nalézt rendlni
markery jeho u¢inku.

Hydrochlorothiazid byl monitorovén u 8 pacienti. Indi-
kacf byla bud renéln{ tubulérnf acid6za, nebo t&zk4 porucha
koncentraéni schopnosti renélni etiologie, ddle snaha
o zlepSenf odpovédi na furosemid a sniZenf jeho d4vek.
Byly sledovédny parametry sodného a draselného hospo-
défstvf, typ diurézy, koncentraéni schopnost a ovlivnén{
acidobazické rovnovéhy. Sledovali jsme moZnou pfitom-
nost jinych vedlej$ich efekti thiazidové terapie. Monitoro-
vény byly den pfed nasazenim terapie a prvnf dva dny
poddvani.
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Tabulka 3. Pribéh vybranych parametri pfi terapii amiloridem u 4 pacientd

1. den terapie

2. den terapie

Parameltr 0. den

sNa (mmol/1) 143,0 (131,3 - 158,3)
EFNa (%) 2,96 (2,74 - 3,38)

dUNa (mmol/24h) 340,9 (264,6 - 393,6)
Cel (14 h) 3,360 (2,364 - 3,887)
EWC (1724 h) 0,090 (- 0,287 - +0,336)
sK (mmol/) 4,105 (4,28 - 4,65)

EFK (%) 46,1 (25-70,1)

dUK (mmol/24 h) 153,9 (86,4 - 221,4)
HCO'3 (mmol/) 33,1 (31,5-34,2)

140,5 (133,0 - 147,0)

4,38 (3,31-534)

532,6 (426,4 - 645,8)
4,705 (4,150 - 5,262)
-0,443 (- 0,901 --0,012)
4,44 (4,28 - 4,65)
35,3(22-61,9)

142,0 (85,2 - 246)

30,7 (29,5 -32,5)

138,7 (133,6 - 144)

6.70 (5,81 - 8,02)

755,8 (558,2 - 981,3)
6,029 (4,985 - 7,538)
-0,526 (- 1,288 -+ 0,016)
4,61(4,12-54)
253(15,2-41.5)

97,4 (66,3 - 147)

28,0 (26,5 -29,1)

* priméry a rozptyl

Tabulka 4. Pribéh vybranych parametri pfi terapii acetazolamidem

Parametr 0. den 1. den terapie
dUNa

(mmol/24 h) | 3689 +/-112,1 580,8 +/-262,7 (p <0,01)
dUK

(mmol/24 h) | 185+/-67,8 216,6 +/-42,0 (p<0,03)
Cel (1/24 h) | 3,759 +/- 0,970 5,572 +/- 1,681 (p <0,005)
sHCO'3

(mmol/l) 30,19 +/- 1,88 26,26 +/-1,11 _ (p <0,001)

* priméry, smérodatnd odchylka, hladiny vyznamnosti

Amilorid byl dosud sledovén u 4 pacientd, kde jsme ho
poddvali v rdmci posthyperkapnické alkalézy sdruZené
s overflow bikarbonédtovou diurézou a hypokalemif. Moni-
torovén byl den pfed nasazenim diuretika a prvnf 2 dny
terapie. Sledovdny byly efekty na metabolismus sodiku
adrasliku, koncentra¢ni schopnost a acidobazickou rovno-
véhu.

Sledovali jsme dopad acetazolamidu na renéln{ funkce
u 10 pacientd v den pfed za¢4tkem i.v. pod4dvén{ a prvnf
den terapie. Indikace jeho pod4n{ byla metabolick4 alkal6-
za a base excess, v jednom pifpadé se jednalo o iatrogenné
navozenou rendln{ tubuldmi acid6zu (RTA). Sledovény
byly parametry sodného a draselného hospodéfstvi a vliv
na acidobazickou rovnovéhu.

Vliv manitolu na funkénf rendln{ parametry jsme pozo-
rovali u 8 pacientl. Ve v3ech piipadech byl podévén z an-
tiedematdznf indikace. Pozorovén byl jeho efekt na glome-
ruldrnf filtraci, typ diurézy a koncentran{ schopnost
v posledn{ den pod4dvén{ a den po jeho vysazeni.

Vysledky

Ve viech piipadech furosemid zvySoval parametry tu-
buldmé& osmotické diurézy. Kromé toho také zvySoval
EFNa a dennf ztrétu sodfku (dU-Na), ve viech pt{padech
zvySoval dU-K, u 33,3 % zvy3oval i EFK. V rdmci hodno-
cenf koncentraénf schopnosti nach4zfme zvy$enou clearen-
ce bezelektrolytové vody (EWC) v porovnénf se zvySenfm

Tabulka 5. Prib&hy vybranych parametr u pacientd lé¢enych mani-
tolem

Parametr Terapie Vysazenf terapie
CKr (ml/s) 2,011 +/-1,58 1,73 4/-0,61 (ns.)
tr (%) 96,0 +/-3,4 96,8 +/-2,4 (ns.)
EWC (1224 h) | 1,003 +/-1,910 2,504 +/-3,482 (n.s.)
Cel (1/24 h) 2,710 +/- 1,709 1,946 +/-2,439 (n.s.)

* priméry, smérodatr.d odchylka, hladiny vyznamnosti
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clearence elektrolytové (Cel). U pacientl s progredujici
rendln{ insuficienci byla nalezena vyznamnd potenciace
tubuldrnich kompenza&nich mechanismt. Byl pozorovén
progresivn{ vzestup EFNa a tubuldrni osmotické diurézy.
Primérmn4 maximéln{ dosazend EFNa byla 12,5 %. Pouze
1 pacient (5,5 %) mé&l EFNa v norm4lnfm rozmez{ (1-2 %),
byl u n&j v8ak diagnostikovadn hepatorendln{ syndrom. 9
pacientd (50,0 %) dosdhlo maximdlnich hodnot EFNa
mezi 2,1 a 10 %, 3 pacienti (16,7 %) mezi 10,1 a 20,0 %
a 5 pacientd (27,8 %) mezi 20,1 a 30,4 %. S progresi do
renélntho selhdnf doch4zelo k pomé&mé rychlému poklesu
EFNa. Primém4 roveil poklesu EFNa nésledujici den po
maximéln{ hodnoté byla vZdy pod 2/3 maximéln{ hodnoty
s primérem 5,5 % (p < 0,05). Pokles EFNa byl u 15 pa-
cientdi (83,3 %) niésledovdn: poklesem indexu
UOsm/SOsm, indexu Cel/EWC a vzestupem clearence
bezsolutové vody (CH20). Typ diurézy se zménil ve smi-
$enou vodnf a tubuldrn{ osmotickou diurézu, doslo ke ztré-
t& koncentraén{ schopnosti s izostenurif. Tyto zmény v tu-
buldrnich parametrech nebyly doprovazeny signifikantnim
sniZzenfm diurézy ve dnech maximélnf EFNa (4354 ml za
24 h) a dnech nésledujictho poklesu EFNa (3376 ml/24 h)
(p>0,05).

Spironolacton s ndstupem Wc¢inku (3 dny) zvy3uje SK,
av8ak nenachdzeli jsme statisticky vyznamny pokles
v dUK a EFK (tab. 1). U uvedenych pacientd byl spirono-
lacton bez diferencovatelného efektu na EFNa, dU-Na
a ostatnf parametry. Blok4da aldosteronu sniZuje reabsorp-
ci Na v distdlnfm nefronu, a teoreticky tfm zhor$uje moz-
nost vyludovanf H'. Vliv na acidobazickou rovnovéhu
nebyl pozorovén.

U v3ech pacienti pti CKr nad 0,3 ml/s hydrochlorothia-
zid (tab. 2) zvy3oval EFNa, Cel, dU-Na a potencoval
tubuldm{ osmotickou diurézu. To vedlo k poklesu SNa.
SniZuje EWC a CH20 a zlep3uje koncentraén{ schopnost
ledvin. Pfi ddvkdch 1-2 tbl denné nedochdzelo ke zvy¥eni
EFK, dU-K, ¢i hypokalemii, pokud nebyla pouZfvéna sou-
Casn&klickovd diuretika. ZlepSenfm reabsorpce bikarbon4-
tu dochdzf k mfmému vzestupu sHCO3', BE a sérového
pH. Pfi ddvkdch ndmi pouZivanych (1-2 tbl denng) jsme
nenachézeli pokles mo¢ového pH. Mogovy AG (UAG)
v prvnf f4zi mfmé stoup4 vlivem zvy$eného vylu€ovéni Na
a K, postupné se zvy$enou reabsorpc{ bikarbon4tu doch4z{
k vétdimu vylu€ovén{ Cl a poklesu UAG. PHi pouZitf niz-
kych dévek jsme sou¢asné& nenachdzeli zhorSeni glukézové
tolerance.

Autofi statisticky neanalyzovali vysledky studie pod4-
vén{ amiloridu z homeostatické indikace s ohledem na niz-
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ky pocet pacientli. Vysledky jsou prezentovany v tabulce
3. Amilorid zvySoval EFNa, dU-Na, Cel, parametry tubu-
14rn& osmotické diurézy. Doch4zelo k pfechodnému pokle-
su SNa béhem prvnich dnf terapie a k poklesu EWC (a
CH;0) a ke zlep3en{ koncentra¢nf schopnosti ledvin. Sni-
soval EFK, dU-K, zvy3oval kalemii. Amilorid navozoval
nevyznamny vzestup UAG, v prvnf fdzi zvy$enym vyludo-
vénim kationtd, ddle potom zvy$enym vylu€ov4nim bikar-
ponatu. Nach4zeli jsme pokles sHCO3', BE, mirny pokles

H.
P Acetazolamid (tab. 4) vlivem na natriurézu a kaliurézu
zvyduje predeviim Cel, méné dU-K a dU-Na. Ztraty kat-
iontd jsou nejvé&td{ pfi kombinaci s jinymi salureticky pd-
sobicimi diuretiky. Rychle sniZuje sHCO3', BE, pH, zvy-
Suje uAG.

V rdmci terapie manitolem (tab. 5) nachdzime nekon-
stantné zvySenou clearence kreatininu (CKr) vypodtem,
nebot zvySuje nejen diurézu, ale svym osmotickym efek-
tem v tubulech i tubuldrnf sekreci kreatininu, parametry
overflow osmotické diurézy, zvySené EFNa a EFK. Ovliv-
fiije koncentrainf schopnost ledvin jako intratubuldrné
osmoticky pusobici faktor, mél by vést ke zvy$eni EWC
a poklesu CH20. V na3f studii jsme u relativné nehomo-
genniho souboru pacientd nachdzeli elevaci EWC, nicmé-
né pomér Cel/EWC (primér 2,702) neklesal vyznamné.

Diskuse

Benefit studie, zaméfujfc{ se téméf vyluéné na dopad
poddvani diuretik na natriové a vodnf hospodéfstvf a efek-
ty na acidobazickou rovnovéhu, spo¢fv4 v objasnéni exak-
tnich mechanismd jejich d¢inku na renéln{ drovni a v de-
finici parametrti vhodnych ke sledovén{ terapie konkrétnfm
prepardtem. Z nich potom vyplyv4 mozZnost jejich daleko
§ir§iho a sprdvnéjsiho poddvéni z homeostatickych indika-
ci nebo vhodnost zafazeni nékterych méné pouzivanych
diuretik v rdmci renoprotektivnich rezimd. Tomu by nemé-
la rozhodné brénit relativné nizk4 cena téchto preparatui.

Vysledky naSich pozorovan{ potvrzujf pfedpoklad, Ze
furosemid je indikovén v terapii hyponatremie. Zvy3uje
dU-Na, EWC (jiZz v malé ddvce) a nésledné tonicitu pfi
substituci roztoky o vy$3f efektivnf osmolalit&, nez je vy-
slednd osmolalita mo¢i. Jeho pod4vénf tedy vede k depleci
celkového télesného poolu sodfku, av8ak soucasné k vy-
znamnéjsi ztraté bezelektrolytové vody, a tfm k vzestupu
sérové natremie. Intenzivnf terapie klickovymi diuretiky
patii mezi faktory naruujic{ koncentraéni schopnost v je-
jich efektorovych mechanismech, v tomto piipadé bloké-
dou dopliiovan{ dfefiového osmotického gradientu v as-
cendentn{ Henleové kli¢ce. Typicky dochédzi k posunu
CH,0 i EWC do pozitivity. U kriticky nemocnych &asto
dochédzi k potenciaci adverzntho efektu furosemidu na
schopnost ledvin koncentrovat mo¢ dal§fmi mechanismy,
zv143té ,,vymytim* dfefiového osmotického gradientu pre-
renédlnfmi inzulty, déle intratubuldrnfmi osmoticky pisobf-
cimi faktory jako vysoké odpady urey, glykosurie ¢&i terapie
manitolem. Tato druh4 skupina faktor vede k opaénému
posunu v trendech CH,0 a EWC, kdy je CH20 negativn{
a EWC pozitivni. Kumulaci té€chto vlivd dochéz{ nékdy
k situaci, kdy pacienti spliiujf diagnostick4 kritéria pro
sekunddmf{ nefrogenni diabetes insipidus v $ir§fm slova
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smyslu. V jiném souboru kriticky nemocnych pacienti
s poruchami homeostdzy (112 pacientdl) byla zachycena
dvojnédsobné vy33f incidence hypernatremie (33,1 %) nez
hyponatremie (12,5 %), coZ je opak frekvence u viech
hospitalizovanych pacientd. Ddvky nad 3 mg/kg/den byly
nachdzeny u 94,4 % pacientd se ztratou schopnosti kon-
centrovat mo¢. Teoreticky by furosemid mél zvySovat do-
dévku sodfku do dist4lniho tubulu, a tfm potencovat jeho
reabsorpci vyménou za H*, a tak potencovat acidifikaci
modi. Tento efekt na acidobazickou rovnovédhu jsme viak
nepozorovali.

Autorim se nepodafilo nalézt funkénf renédlnf parametr,
ktery by dostate¢né charakterizoval priibéh terapie spiro-
nolactonem. Homeostatické indikace aldactonu spoéivajf
pfedevsim v hyperaldosteronismu s retencf sodiku a ztr4-
tou kalia. Potencuje diureticky efekt ostatnfch (hlavné kli¢-
kovych diuretik), omezuje kaliovou depleci. Pod4vén{ je
vhodné v rdmci thiazidové terapie hypokalemické RTA
spolu se suplementaci kalia. Z na3{ studie vyplyvé4, Ze
jediny parametr, k jehoZ zméné by mélo dojit s ndstupem
klinického déinku spironolactonu (obvykle do tff dnd) je
sérov4 kalemie.

Pod4véan{ hydrochlorothiazidu vede k deple&nf hyponat-
remii a ke zlep3enf renéln{ koncentraénf schopnosti. Sou-
¢asné dochdézi konstantné ke zlepSen{ reutilizace bikarbo-
nétu s rizné intenzivné vyjddienym efektem na sérovou
acidobazickou rovnovéhu. Thiazidy v kombinaci s kli¢ko-
vymi diuretiky pfi nepfitomnosti hyponatremie, hypoos-
molality a metabolické alkalézy vedou k lep$f odpovédi na
furosemid, zmen3en{ jeho ddvek a jeho adverzntho efektu
na koncentra&n{ schopnost. Pisobenfm v oblasti distdlntho
tubulu za oblast{ macula densa navic pravdépodobné tolik
nepotencujf tubuloglomerularn{ zpétnou vazbu, kterd vede
k poklesu diurézy jako terapie pouze klickovymi diuretiky.
Je vak tfeba pfipomenout, Ze terapeuticky efekt thiazidd
je obvykle limitovén urovni poklesu glomeruldrni filtrace
pod 0,3 ml/s, nicméné& uvedeny mechanismus hraje dilezi-
tou roli pfi ztr4té odpovédi na diuretika i pfi vy33f glome-
ruldrnf filtraci. Svym pifznivym efektem na koncentranf
schopnost se hydrochlorothiazid v intenzivnf pé&i uplatni
jako terapeutikum sekundérniho nefrogennfho diabetu in-
sipidu v $ir§fm slova smyslu. Je kli¢ovym terapeutikem
rendln{ tubuldrni acidézy, zv145té hyperkalemické formy,
u hypokalemickych se suplementacf kalia, ev. se spirono-
lactonem. Zde se plné vyuZiv4d jeho pHznivy efekt na
metabolismus natria, bikarbonétu i renélni{ kalciofosfatovy
metabolismus. Vedlej$f d¢inky thiazidd na metabolismus
glukdzy a lipidd jsou z4vislé na ddvce. V ndmi pouziva-
nych ddvkach (obvykle 25 mg/den, maximélné 50 mg/den)
jsme nepozorovali zhorSeni glukézové tolerance, coZ od-
pov{d4 idajim v literatufe.

Pribézné vysledky pod4vén{ amiloridu u pacienti s po-
sthyperkapnickou alkalézou potvrzuj{ sprdvnost vyuZitf
jeho efektd na rendlnf utilizaci bikarbon4tu, kaliovou sek-
reci a sekund4rnf ovlivnén{ sodného hospodéfstvi. Homeo-
statické indikace amiloridu jsou metabolickd alkal6za,
overflow bikarbondtov4 diuréza, kterd je rezistentn{ na
substituci chloridd a kterd nevyZaduje urgentnf zésah do
ABR (acetazolamid i.v.). Je to vyhodnéjs{ terapie z hledis-
ka ztrét kalia i natria a pfi del§im pod4v4n{ s men3{ tenden-
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ci k sekunddrni RTA (ovéfeno zatim u 4 pacienti). Pri
del§im poddvéni miZe zpisobit hyperkalemickou RTA.
V ndmi pouZivanych ddvkéch 1/2-2 tbl denné nebylo ne-
pozorovéno,

Studie sledujicf rendln{ efekty acetazolamidu prok4zala
nejen jeho promptni efekt na acidobazickou rovnovéhu
a rendlnf reutilizaci bikarbondtu, ale i jeho vyznamné
ovlivnéni sodného a draselného hospodéfstvi. Deplece so-
diku a drasliku vedoucf k hyponatremii a hypokalemii se
nejvice projevi pfi sou¢asném pod4vani kli¢kovych diure-
tik. Indikacf acetazolamidu je pfedeviim metabolick4 alka-
16za, nutnost rychle deregulovat rendln{ metabolismus bi-
karbondtu. Pfi del§fm poddvdni vede acetazolamid
k opétovnému vzestupu sNa a sCl a ke vzniku hypokale-
mické RTA.

Manitol byl sledovén na zna¢né nehomogennim souboru
pacienti. Obvyklé zkreslenf clearence endogenniho krea-
tininu smérem nahoru nebylo statisticky vyznamné. SnfZe-
ni poméru Ce/EWC bylo u pacienti Ié¢enych manitolem
pfitomno, aviak zmé&ny v den po vysazen{ ve smyslu opé-
tovného vzestupu nebyly opét statisticky vyznamné. Ne-
konstantni zvy$ovdn{ EWC a nésledné i sérové tonicity
patfi spiSe k nechténym vedlej3fm efektim dlouhodobé
terapie manitolem. Iatrogenné miZe zpisobit hyperosmo-
14Inf syndrom, nej¢asté&ji pfi del$fm pod4vén{ s postupnym
vzestupem tonicity. Z tohoto pohledu studie ovéfila cha-
rakteristicky obraz manitolu ve funk&nim vy3etfenf ledvin,
nicméné z4roveii zpochybnila jeho homeostatickou indika-
ci ve vztahu k metabolismu natria a sérové tonicité.

Ze soudasnych cen uvedenych preparétd vyplyvé eko-
nomick4 vyhodnost ptechodu na peroréln{ formu podénf,
jak jen to umozZiiuje stav gastrointestindlniho traktu. ZvI4s-

t& je to aktudlnf u spironolactonu a acetazolamidu. Velmi
pHiznivé4 cena hydrochlorothiazidu a amiloridu by neméla
byt ptekdzkou jejich Sirdfho vyuZiti v intenzivn{ pé¢i.

Seznam zkratek:

SNA = sérové natrium, SK = sérové kalcium, SCI =
sérové chloridy, SU = sérovd moCovina, SKr = sérovy
kreatinin, SOsm = sérovéd osmolalita, Vu = objem mo¢i,
UNa = mocové natrium, UK = mocové kalium, UCI] =
mocové chloridy, UU = mocov4 urea, UKr = mocovy
kreatinin, UOsm = modov4 osmolalita, sHCO3; = stan-
dardnf bikarbondty v séru, CKr = clearence endogenniho
kreatininu, t.resorbce = tubuldrnf resorbce, EFH,0 = ex-
kreénf frakce vody, EFNa = exkreéni frakce sodiku, dU-Na
= odpad sodiku moéf, EFK = exkre¢n{ frakce drasliku,
dU-K = odpad drasliku mo&i, UU/SU = koncentraén{ index
urey, dU-U = odpad urey mo¢i, Cel = elektrolytovd clearen-
ce, EWC = clearence bezelektrolytové vody, Cosm =
clearence osmolédlnf, CH20 = clearence bezsolutové vody,
EFosm = exkre&nf frakce osmoticky aktivnich ldtek, AG =
sérovy anion gap, UAG = moc¢ovy anion gap.
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PREHLEDNY CLANEK

PORUCHY REGULACE EFEKTIVNI OSMOLALITY

U POSTIZENI CENTRALNIHO NERVOVEHO SYSTEMU

A MOZNOSTI JEJICH MONITOROVANI

M. Balik, 'A. Kazda

, Klinika anesteziologie a resuscitace 1. LF UK a VFN, Praha
Katedra klinické biochemie IPVZ, pracovisté OKB VFN a 1. LF UK, Praha

SOUHRN

Autofi detailné rozebiraji patofyziologii osmoldlnf regulace. Na zvySeni sekrece antidiuretického hormonu (ADH)
se kromé zvy$eni osmolality podileji i hypovolémie a hypotenze. Pfi hypoosmolalité sekrece ADH naopak ustdvé.
Vsechny dal§i mechanismy jsou primdrné volumoregulani a ovliviiujf pfedev§im retenci a vylu¢ovdni natria. Jsou
diskutovdny homeostatické efekty systému renin-angiotenzin-aldosteron, rendlniho selhdni s prevahou postiZeni
glomeruldmich nebo tubuldmnich funkci, vliv diuretik, natriuretickych peptidd, digitalis-like hormonu, urodilantinu
a vliv ostatnich solutd. Poruchy regulace efektivni osmolality jsou asté u postiZenf mozku pivodu traumatického,
zdnétlivého pti cévnich komplikacich nebo tumorech. Hypoosmolalita a hyponatrémie vznikaji u dvou réznych
situaci: u syndromu nepfimétené sekrece ADH (IADHS) a u syndromu solné diurézy (CSWS). Rychl4 diferencidln{
diagndza je dilezitd, protoZe 1é&ba obou stavl je zdsadn& odli¥nd. Typickou pfi¢inou hypernatrémie je centrdlnf
diabetes insipidus (DI).

V diferencidlnf diagnéze t&chto stavil se uplatiiuje fada dostupnych vypo&itdvanych parametrd rendlnich funkci.
Jsou to clearance kreatininu, frak&ni exkrece vody a natria, clearance elektrolytovd a clearance bezelektrolytové
vody. Vy3etfeni ADH a natriuretického peptidu je v praxi zpravidla nedostupné a miZe byt i zavaddéjfcf. Patofyzio-
logickym disledkem situace vyvolané pdvodnim zvy$enim jednoho z nich miZe byt zvy3en{ druhého.

Kli¢ové slova: hypernatrémie, hyponatrémie, syndrom neptiméfené sekrece ADH (IADHS), syndrom solné
diurézy (CSWS), diabetes insipidus (DI), efektivni osmolalita, funkéni vy3etfen{ ledvin.

SUMMARY

Balik M., Kazda A.: Disorders of the Effective Osmolality Regulation in Central Nervous System Injury and
Possible Ways of their Monitoring

Authors deal in detail with the pathophysiology of the osmolal regulation. Besides hyperosmolality the secretion
of antidiuretic hormone (ADH) in increased by hypovolemia and hypotension. Secretion of ADH is lowered in
hypoosmolal states. All other mechanisms are preferebly volume regulating and they influence mainly retention and
excretion of sodium. Authors discuss homeostatic effects of the renin - angiotensin - aldosteron system, effects of
renal failure with prevailing glomerular or tubular function disorder, impact of diuretics, natriuretic peptides, digitalis
- like hormone, urodilantin and influence of the other solutes.

Disorders of the effective osmolality regulation are frequent in the cerebral affections that originate from trauma,
vascular disease, inflammation or tumors. Hypoosmolality and hyponatremia are presented in two different
conditions: Inappropriate Vasopressin Secretion Syndrome (IADHS) and Cerebral Salt Wasting Syndrome (CSWS).
Quick differential diagnose is important because the treatment of both syndromes is essentially different. Typical
cause of hypernatremia is central diabetes insipidus (DI).

The group of available calculated renal function parameters is applied in the differential diagnosis of these
syndromes. They are creatinin clearance, excretion fraction of water and sodium, electrolyte clearance and clectrolyte
free water clearance. Investigation of ADH and natriuretic peptide could be even misleading. Pathophysiologic
consequence of the state given by inappropriate elevation of one hormone can be the elevation of the second one.

Key words: hypematremia, hyponatremia, Inappropriate ADH Secretion Syndrome (IADHS), Cerebral Salt
Wasting Syndrome (CSWS), diabetes insipidus (DI), effective osmolality, renal function tests.

Cas. Lék. Ces., 137, 1998, No. 16, p. 488-492.

érov4 tonicita, neboli efektivni osmolalita, a osmolalita vii-

bec, jsou z kvantitativniho hlediska predev§im odrazem sé-
rového natria. Plazmatickd hladina sodiku je determinovédna
pomérem jeho zdsoby a zdsoby dalSich efektivnich solutd (iontd,
glukézy) k objemu extraceluldmf tekutiny (ECT) (14, 15, 18, 21,
23,24, 26, 29).

Hlavnim reguladnim mechanismem (tab. 1) ovliviiujicim tuto
rovnovdhu mezi zdsobou natria a jeho distribu¢nim prostorem je
integrace hypotalamické sekrece ADH s koncentraénimi a dilu¢-
nimi schopnostmi ledvin. Hypotalamicky osmoreceptor reguluje
pti zménéch osmolality pocity Zizné a sekreci ADH. Tak udrZuje
norméln{ plazmatickou osmolalitu mezi 280 az 295 mosm/kg.
Citlivost osmoreceptoru zvy3uje i hypovolémie. Osmotick4 ak-
tivace je naopak tlumena napfiklad v téhotenstvi nebo hypergly-

kémii. Sérov4 osmolalita je normélné udrZovédna v pomémé uz-
kém rozmezi s odchylkou 2 % (tj. + 6 mosm/kg). Pfitomnost
vy33ich hladin ADH stimuluje v buiikdch kortikdlntho a medu-
larmiho sbémého kandlku tvorbu cAMP s ndslednou inzerci ak-
vaporinl do apikalni membrény a zvySenim prostupnosti téchto
segmentl pro vodu. Dal${m impulzem pro sekreci ADH je hypo-
tenze. Aortédlni a karotické baroreceptory a atridlni volumore-
ceptory stimuluji sekreci ADH pfi poklesu krevniho tlaku
0 10 %. Na této prahové hodnoté za&inajf stoupat hladiny expo-
nencidlné v proporci k poklesu krevniho tlaku. Maxima dosahuji
pfi sniZenf 0 30 % a vice, kdy ADH funguje jiZ jako vazopresor.
Hladiny hormonu se fyziologicky pohybuji mezi 0 aZ 5 pg/ml.
Pfi stimulaci sekrece majf hladiny 5 az 10 pg/ml a vice antidiu-
reticky uCinek a od 30 pg/ml jiZ prokazatelné vazokonstrikeni.
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Tab. 1. Regula¢nf mechanismy a faktory zasahujfci do vodniho
a solného hospodéfstvi

_
1. Osmoregulace
ADH

2. Volumovd regulace
Renin-angiotenzin-aldosteron
PGE2, PGI2
BNP, ANP
digitalis-like hormone
urodilantin

3. Ostatni klinicky duleZité faktory
renalni selhani s kritickym poklesem GF
tubulointersticialni nefritidy a jina organickd poskozeni
koncentra&niho segmentu nefronu
diuretika - klickova
- thiazidy
jiné efektivni soluty (glukéza, manitol)
hypokalémie

Nonosmoticka stimulace uvolnéni ADH chrdni organismus pfed
ardtou tekutin. Odpovéd na osmoticky stimulus je vét3i pfi
pritomnosti hypovolémie a obrdcené. Rendlni \i¢inky ADH tlu-
mi prostaglandiny, pfedev3im PGE2, PGI2, které vazodilatac{
udrzuji rendlnf cirkulaci, sniZuji meduldrni intersticidlni osmo-
licky gradient potfebny pro transport vody a pfimym plisobenfm
na tubuly modifikuji efekt vazopresinu (12, 14, 15, 18, 19, 21,
23,24, 27).

Na rozdil od ADH v3echny dal3{ mechanismy jsou primdrné
volumoregula¢ni a ovliviiuji pfedev§im exkreci ¢&i retenci natria
(tab. 1). U stavi spojenych s poklesem cévni ndplné je aktivovan
systém renin-angiotenzin-aldosteron. Zvysi se retence Na a vody
vproximalnim nefronu a snizi se mnoZstvi tekutiny v distdlnim
segmentu. Vysledny efekt na natrémii je potom ddn odpovédi
receptori na ADH, kvalitou dfeflového osmotického gradientu,
osmolalitou a mnoZstvim intratubuldmi tekutiny. Efekty angio-
tenzinu na ledviny jsou opét antagonizovany vazodilata¢nimi
arenoprotektivnimi uéinky ledvinovych prostaglandind, pfede-
viim PGE2, PGI2.

Podobné u pacientd v rendlnim selhdni s poklesem glomeru-
lémi filtrace a ndslednym sniZenim mnoZstvi mo¢i v distdlnim
wbulu mizZe pfijem tekutin prevySit maximalni exkreci volné
vody a ztrdty perspiraci a vést k hyponatrémii.

Hladiny sodiku v séru vyznamné ovliviiuje pfitomnost jinych
efektivnich solutl ve zvy§ené koncentraci. Napf. hyperglykémie
¢ manitol osmotickym efektem zptsobi pfesun vody extracelu-
lémé a pokles natrémie. Ndsledn& ov3em pfi del§im trvani tohoto
stavu muZe dojit k navozeni overflow osmotické diurézy, spoje-
né s opétovnym vzestupem koncentrace sodiku v séru. Co se
ty¢e neefektivnich solutd ve vztahu k efektivni osmolalité, jejich
vyznam je pravé na urovni tubuldrni osmotické diurézy a ovliv-
néni koncentra¢ni schopnosti. Vylu¢ovénf urey typicky zvy3uje
clearance bezelektrolytové vody (EWC) s tendenci k hyper-
natrémii, coZ je zv143t€ patrné v rdmci prerenélnfho syndromu.

Naru$enf rendlnich koncentra¢nich a dilu¢nich mechanismi je
vétdinou komplexniho rézu pfi tubulointersticidlnich nefritiddch
avede ke smi3ené vodn{ a osmotické diuréze spojené s hypemat-
rémif, nékdy aZ k plné vyjddfenému nefrogennimu diabetes insi-
pidus. PostiZenf na trovni jednotlivych segmentd je patrné na
piikladu diuretik. Klickov4 diuretika plisobf sniZenou reabsorpci
iontd v ascendentni Henleho kliéce i v distdlnim tubulu. Doch4-
zi tak k naruSenf tvorby hypertonického intersticia a sou¢asné ke
zvySené sekreci natria do tubuldmf tekutiny, coZ vede jak k po-
rule koncentraéni, tak i dilunf schopnosti. Vysledkem je ztrita
volné vody a méneé i natria, &ehoZ se vyuZiv4 kromé jinych indi-

kaci téz ke korekci hyponatrémii. Na rozdil od kli¢kovych diu-
retik thiazidy naruuji diluénf schopnost v kortikdlnim sbémém
kandlku a zplsob{ vétsi ztratu solutd (Na, K, Cl) nez vody, coZ
navozuje typicky hyponatrémii. Mechanismus vzniku poruch
v efektivni osmolalité pfi pod4vani diuretik vak miZe byt dale-
ko komplexnéjsi. Pokles efektivniho plazmatického volumu sti-
muluje sekreci ADH a Z{zef, hypokalémie jako vedlejsi efekt
potencuje vznik hyponatrémie.

Pti ztrdtdch kalia doch4zf k jeho pfesunu z intraceluldmi teku-
tiny. Pro udrZenf elektroneutrality se natrium a v mensi mife
ionty H* pfesunuji do bunék, doch4zi ke sniZenf plazmatického
sodfku. Inicidln{ pokles osmolality sniZi sekreci ADH, coZ zvysi
vyluCovani volné vody a zplisobf op&tovny vzestup sNa. Av3ak
pfi nemozZnosti sniZit sekreci ADH dochdézi k poklesu sNa trva-
lej$tho rdzu, coZ je napf. stav volumové i kaliové deplece po
diuretikdch. Terapii hyponatrémie je potom i podanf kalia (14,
15, 18, 21, 23, 24, 26, 29).

Diilezitou regula¢ni skupinou jsou natriuretické peptidy. Moz-
kovy natriureticky peptid (BNP) byl izolovén z ventralniho hy-
potalamu, kde vznik4, i ze srde€nich sini. Je produkovan jako
preproBNP o molekulové hmotnosti 30 kDa, z néhoZ po odsté-
penf signdlnich peptidid vznikd proBNP a posléze cirkuluje
C termindlni fetézec o 32 aminokyselindch a molekulové hmot-
nosti cca 500 Da jako aktivni forma. Stimulus pro jeho sekreci
je aktivace intratorakdlnich volumoreceptori, pfedevdim v sr-
de¢nich sinich, kterd se pfendsi cholinergné pfes n. vagus a snad
i sympatické pletené centrdlné. Hladina stoupd s potfebou vylu-
Covat sodik, md del§i polotas neZ atridlni natriureticky peptid
(ANP), vyluéuje se do mo¢i. Zvysuje doddvku sodiku do medu-
larniho sbérného kanélku, tlumi jeho reabsorpci v juxtameduldr-
nich nefronech snad snizenim aktivity Na, K-ATP4zy. Je u néj
popisovan vazokonstrikénf efekt.

Atridln{ natriureticky peptid (ANP) byl izolovdn z bunék sr-
de&nich sini jako preproANP a proANP, do cirkulace jsou uvol-
fiovany aktivni formy z C terminélniho konce o 21, 23, 36 a 49
aminokyselinidch a molekulovych hmotnostech 2000 az 5500
Da, jejichZ natriuretickd potence je srovnatelnd. Impulz pro jeho
sekreci pfichdzi opét z atridlnich volumoreceptort, plazmaticky
polo¢as ANP je 3 minuty. ANP m4 vazodilata¢nf icinky, zvy3u-
je pritok vnitfni kirou a dfenf, zvy$uje glomeruldmi filtraci.
Prokazateln& sniZuje tubulamni reabsorpci sodiku v meduldmim
sbémém kandélku, tlumf sekreci reninu a ¢inky angiotenzinu II,
m4 inhibi¢ni efekt na uvoliiovdni ADH. Mechanismus plisoben{
na reabsorpci natria zfejmé souvisi s aktivitou kalciovych kané-
14, nebot verapamil sniZuje natriuretickou odpovéd na ANP.
ANP mi4 krat§i polo¢as nez BNP, natriuréza jim produkovan4 je
v&tsi, m4 ale krat3{ trvani neZ po poddn{ BNP. Hladiny ANP jsou
za norméalnich okolnosti cca 2 aZ 2,8krét vy3si nez BNP, u kar-
diakt a pacientd v dialyzaZnfm programu se pomér blfZ{ 1,3 : 1
azl: 1.

JelikoZ nejvétdf natriuréza byla pozorovdna po poddni BNP
i ANP soulasné, pfedpoklddd se jisty synergismus v ucinku.
BNP zvy$uje doddvku soli a vody do medulémiho sb&émého
kandlku, kde ANP inhibuje tubuldmf reabsorpci Na. Podle né-
kterych autori je BNP dilezZity pro korekci mensich a chronic-
kych zmén v t€lesném obsahu Na a ANP kompenzuje akutni
vykyvy vétsiho rozsahu. Déle byl izolovan digitalis-like hor-
mon, produkovany v kife nadledvin, ktery zpisobuje natriurézu
blokddou Na, K-ATP4zy. Zvy$ovan{ intraceluldrn{ koncentrace
sodiku a vépniku se v pfipadé endotelidlnich bunék ddv4 do
souvislosti se vznikem esencidlni hy pertenze. MiZe byt pfi€inou
pozitivniho testu na digoxin. Natriurézu téZ navozuje peptid
urodilantin, produkovany v distdlnim tubulu a izolovany z moci
2,3,4,5,6,8,9, 11,19, 21).
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palezitost hlavniho regulacniho mechanismu, tj. osy ADH-
Jedviny, spolu s prokdzanymi efekty natriuretickych peptidd,
o5y hypofyza-kira nadledvin a ostatnich regula¢nich mechanis-
ol zdtraziiuji dileZitost hlub$i analyzy vnitiniho prostredi a os-
molélnich zmén u postizeni CNS.

poruchy vnitiniho prostfedf u postizeni CNS jsou velmi &asté,
2 25 % pacientll vy Vviji hyponatrémii, kterd &asto souvisi s neu-
rologickou deterioraci. Jednd se nejcastéji o syndrom nepfimére-
né sekrece ADH (IADHS) a ,cerebral salt wasting syndrome*
(CSWS). Pri¢iny IADHS jsou zminény v tabulce 2. CSWS mu-
jeme najit prakticky u v3ech intrakranidlnich etiologii IADHS,
typicky u subarachnoidélniho krviceni. Zvy$end sekrece ADH
je obecné &astd u pacientd v intenzivni péci a souvisi se streso-
vou stimulaci neurohypofyzy ¢i jinymi podnéty. Dosazenim

méfenych koncentracif ADH do grafu z4vislosti hladin ADH na .

sérové osmolalité bylo zji§téno, Ze na 30 az 40 % hyponatrémif
sachycenych u hospitalizovanych pacientl se zfejmé podilf sek-
rece ADH inadekvdtni s ohledem na korelujicf sérovou osmola-
litu. Vzestup sekrece ADH byl pozorovén pfi stresu i v rdmci
akutniho postiZenf CNS, napf. pfi vzestupu intrakranidlniho tla-
ku, & b&hem kraniotomie (1, 4, 6, 8, 17, 19, 20, 21, 22, 29).

Tab. 2. Pii¢iny IADHS

1. Onem. CNS - subarachnoidalini krvaceni a jiné cévni
mozkové pfihody
- kraniocerebralni poranéni

- meningitida, encefalitida, absces

- mozkovy tumor

- sy. Guillainv-Barrého

- novorozenecka hypoxie

- postizeni CNS pfi systémovém lupus erythematodes
a akutni intermitentni porfyrii

- akutni psychézy

2. Aktivace ADH sekrece v rdmci stresu, bolesti, nauzey

3. Plicni onem. se zvy$. sekreci ADH
- virové pneumonie
- bakteridini pneumonie
- tuberkuloza
- astma
- aspergilomy a plicni abscesy
- chronické nitrohrudni infekce
- pneumotorax

4, Plicni méstndni pii kardidlni insuficienci

5. Ektopickd produkce z tumoru
- bronchogenni ca
- adenokarcinom pankreatu
- duodenaini adenokarcinom
- karcinom m. méchyre a ureteru
- leukémie
- m. Hodgkin
- thymom
- malignity v obl. hlavy a krku

6. Idiopaticky IADHS (geriatricky)

Podle nékterych zdroju je typicky ndstup hyponatrémie u pa-
cientd s postizenim CNS mezi 4. aZ 16. dnem od inzultu, se
sttedni hodnotou okolo 10. dne. Pokles koncentrace sodiku
miZe zpisobovat zhorSeni neurologického stavu jak poklesem
efektivni osmolality, tak i zménami v intravaskuldmf néplni (IVT).
Postupny vyvoj v klasifikaci hyponatrémif pfi postizeni CNS
dospél od diagnézy ,solné diurézy*, neboli CSWS, k jejfmu
lplnému zavrZen{ a hled4n{ pfi¢iny pouze v IADHS. V posled-
nich letech viak s vyzkumem natriuretickych peptidi do3lo
k opétovné reklasifikaci na dva patofyziologicky provazané syn-
dromy IADHS a CSWS, jejichZ odlideni je vSak krucislni pro

spravnou terapii hyponatrémie. Incidence obou se v rdmci stavii
se snizenou koncentraci sodiku pohybuje od 57 % ve prospéch
IADHS aZ po 76 % ve prospéch CSWS. Vétsina autorti se sho-
duje na ¢astéjsim vyskytu CSWS (1, 4, 5, 6, 7, 8).

Drivéjsi standardni podminky pro diagnézu IADHS byly pfi
splnéni vyluCovacich kritérii pro adekvatni sekreci ADH zaloze-
ny na pritkazu hyponatrémie, hypoosmolality, zvy$eni mocové
koncentrace sodiku a mocové osmolality (tab. 4). Do tohoto
metabolického obrazu v8ak zapadali jak pacienti s mirnym vzes-
tupem extraceluldrniho objemu (ECT) a IVT, nebo nejcastéji
normovolemiéti (85 %), tedy s IADHS, tak i pacienti s poklesem
IVT, ktefi pfi restrikci tekutin v rdmci terapie hyponatrémie
reagovali aZ poklesy tlaku, tedy spi$e s diagn6zou CSWS. Hlub-
§i analyzou vnitfniho prostfedi spolu s funkénim vySetfenim
ledvin a popiipadé endokrinologickym vySetfenim dospivdme
k roz3ifeni diagnostickych kritérif, kterd prezentujeme v tabulce
4. Zde je tfeba zduraznit diferencidlné diagnosticky vyznam
CEl a EWC v diagnostice poruch metabolismu natria, nebot
u obou syndromt je elevovdna shodné Cosm i vyrazné zdpornd
CH,0 (13, 14, 15, 16, 29).

U postizeni CNS nachdzime tedy dva hlavnf typy hyponatré-
mii, které spliiuji star$i kritéria pro IADHS, ale rozliSuji se
intravaskuldrn{ ndplnf a bilanci sodiku. V pfipadé IADHS je IVT
normalni ¢&i lehce zvy$end a jde o hyponatrémii dilu¢ni, v pfipa-
d& CSWS nach4zime pokles IVT a hyponatrémii spiSe deple¢ni.
Ztraty sodiku mo&i u JADHS odrdzeji pfijem natria, a na rozdil
od ztrdt u CSWS jde nej¢astéji o jisty rovnovdzny stav s vyrov-
nanou bilanci pti nizsich hladindch sNa, ktery oviem miZze byt
ovlivnén sekundarni hypersekreci ANP (1,4, 6,7, 8, 14, 19, 23).

Co se ty¢e hormondlnich hladin, ADH byva u IADHS normal-
ni & zvy3eny. Avak s ohledem na stuperi hyponatrémie lze
nékdy i normdlni hladiny povazovat za excesivni. Asi v 10 az
15 % klinicky jasného IADHS, ktery i reaguje na adekvatni
terapii, nebyly nachdzeny zddné detekovatelné hladiny ADH.
Soudi se na zvySenou senzibilizaci rendlnich receptor nebo na
,posunuti* osmostatu, pfedev§im v souvislosti s tumordzni etio-
logii. JelikoZ byl IADHS popsdn u 3 % malignit hlavy a krku,
lze uvaZovat i o jisté modifikaci vagovych drah vedoucich sig-
nély z torakdlnich volumo- a baroreceptort kranidlné. U IADHS
téZ neni prokazovédna korelace mezi hladinou ADH a sosm, ¢i
exkreci sodiku. U CSWS byly popsdny konstantné zvy3ené hla-
diny ANP, které téméf linedrné korelovaly s dennf ztrdtou natria
moti, vzestup hladin ANP byl v logaritmickém vztahu k poklesu
sosm. Dulezité je si uvédomit komplexni provdzanost obou syn-
dromd, nebot v ramci CSWS mizZe pii objemové depleci sekun-
ddmé stoupat hladina ADH bez ohledu na hyponatrémii, pres-
toZe je popisovan tlumivy efekt ANP na sekreci ADH. Naopak
pii IADHS mim4 expanze objemu mizZe pres atridlni volumore-
ceptory stimulovat sekreci ANP, jehoZ zvy$end hladina koreluje
s natriurézou a ddvd se do souvislosti s nepfitomnosti hyperten-
ze u IADHS (vazodilataéni efekt a tlumeni produkce a ¢inku
angiotenzinu). Zvy3eni{ reninu a aldosteronu nebylo u IADHS
pozorovéno. U CSWS miiZe dojit k aktivaci osy renin-angioten-
zin-aldosteron pfi poklesu efektivniho objemu i pfes tlumivy
efekt ANP. DilleZitost vySetfeni hormonélnich hladin zpochyb-
fiuje vétSina autori i s ohledem na jejich ndkladnost (1, 2, 4, S,
6,8,9,11,18,19).

Nejvétsi dileZitost pro diagnézu je piikldddna analyze vnitini-
ho prostfedi a funk&nimu vySetfeni ledvin. Soucasné by mél
pacient spliiovat nékterd vyluCovaci kritéria pro jiné pii¢iny
hyponatrémie ¢i adekvétni sekrece ADH. Jsou to nepifitomnost
hypovolémie, hypotenze, edémi (kardiak, cirhotik), déle je tfeba
vyloucit rendln{ selhdni, vliv diuretik, hypotyreézu, hypokorti-
kalismus. Deficit kortikoidl vede k uniku natria do mogi a hypo-
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natrémii, hypotenzi, spolu s hypoglykémii a pfipadnou nauzeou
jde 0 Ctyfi stimuly, v tomto pfipadé adekvétn{ sekrece ADH.
Vylouceni této laboratorné podobné diagnézy je poddvanim
substitu¢nich ddvek kortikoidi (1, 4, 5, 6, 10, 14, 24, 26).

Pro sprdvnou terapii hyponatrémie je dileZité rozliseni IADHS
a CSWS. V piipad€ IADHS je krucidlni restrikce tekutin a opti-
malni by bylo poddvéni pouze hypertonickych roztokd, jejichz
osmolalita je vy3$8i neZ osmolalita mo¢i. uosm lze viak sniZit
a zvySit EWC podédvanim kli¢kovych diuretik, nebo 1éky, které
primo interferuji s i¢inky ADH na tubulu (lithium, demeclocyc-
lin), popf. navozenim osmotické diurézy manitolem. Je-li dia-
gnostikovdn CSWS, je restrikce tekutin kontraindikovéna pro
nebezpeCi progrese volumové deplece, hypotenze, popf. tvorbu
cerebrélnich infarktl a potenciaci vazospazmi pfi subarachnoi-
dalnim krv4ceni. Retrospektivni studii bylo zji§téno, Ze u pa-
cientd se subarachnoiddlnim krvdcenim a hyponatrémii dia-
gnostikovanou jako IADHS podle star$ich kritérif, ktefi byli
JéZeni restrikci tekutin, doSlo v 81 % k vazospazmu, oproti 33 %
u pacientd s normdlnim pifjmem tekutin. Zajimavy je téZ statis-
ticky koreldt mezi ndstupem hyponatrémie (4. az 16. den po
inzultu) a kritickym obdobim pro vznik vazospazmu (4. az 12.
den po zakrvicenf, s maximem 6. aZ 7. den). Sprdvnou terapif
je poddvani hypertonickych roztokd NaCl a zvy3ovdni EWC
sohledem na stav efektivniho plazmatického objemu (1, 4, 5, 6,
8, 14, 15, 16, 19, 20, 23, 25).

Tab. 3. Pfitiny centrdlniho diabetes insipidus

1. Kraniocerebralni poranéni (fraktury baze, sfenoidaini kosti,
obli¢ejového skeletu az v 86 %, poruchy védomi v 96 %,
40 % vSech poranéni ma urcity stupen dysfunkce ade-
nohypofyzy b&hem 6 mésicl po inzultu)

2. Operace hypofyzy

3. Hypoxicka encefalopatie (st. p. kardiopulmonalni resusci-
taci, respirac¢ni selhani, otrava CO, hemoragicky 3ok a jiné
hypoperfuzni stavy)

4. Subarachnoidalni krvaceni, hemoragicky iktus, infarkty, pi-
tuitdrni krvdceni, Sheehantv syndrom, trombocytopenicka
purpura, srpkovita anémie

5. Pfechodny DI po aortokoronarnim bypassu (pfi preexistujici
dysfunkci osmoreceptoru dojde k alteraci funkce volumo-
receptort v levé sini vedouci k supresi uvolnéni ADH)

6. Tumory hypotalamu, infundibula, hypofyzy

7. Metastazy do hypotalamo-hypofyzarniho systému, lymfo-
my, leukemicke infiltraty

8.  Meningitidy, encefalitidy, tuberkuléza, syfilis; u déti zvl. me-
ningitidy zpusobené pneumokokem a hemofilem

9. Granulomatdzy - sarkoiddza, histiocytéza

10.  Idiopaticky -DI. 25 - 30 % v8ech pfipadu centréiniho DI,
typicky nastup okolo 16. roku Zivota u muza (63 %), 60 %
méa koexistujici autoimunni onemocnéni a 37 % ma pro-
tilatky proti ADH

11.  Autozomdln& dominantni ztrata neuronu v ncl. supra-
opticus; typicky nastup mezi 1. aZ 2. rokem Zivota

Hypematrémie pfi postizeni CNS souvisi asto se vznikem
centralniho diabetes insipidus. Kraniocerebralnf poranéni repre-
zentuje cca 30 % vSech pfi¢in centrdlniho diabetes insipidus
a asi 18 % pfic¢in diabetes insipidus vibec (tab. 3). Traumata
s rotatnim ¢&i pfedozadné deceleraénim mechanismem vedou
k stfiznimu efektu na stopce hypofyzy s axondlni destrukci. Po-
Skozeni honiho infundibula vét§inou vede k permanentnfmu DI,

trauma dolnf ¢dsti stopky a neurohypofyzy je Castéji spojeno
s tranzientn{ poruchou. Pfechodnd porucha sekrece je u traumat
Cast€jsf (50 - 60 %) a trvd obvykle 3 az 5 dni, vzacnéji nékolik
tydnd. Tticet az 40 % posttraumatickych pfipadi prezentuje per-
manentni DI, o kterém hovofime, trva-li nejméné 6 mésicd po
inzultu. Klasicky pribéh poruchy je trojfazovy. Inicidlni diure-
tickd faze spojend se snizenym uvolnénim ADH z neurohypofy-
zy nastupuje do 12 az 24 hodin po poranéni a trvd v priméru 4
aZ 8 dnf (resp. 5 aZ 6 dni). Déle dochdzi k pfechodu do antidiu-
retické faze, kdy béhem hodin aZ dni (nejCastéji 5 az 6 dni)
dochdzi k uvolilovén{ presyntetizovaného ADH z degenerujic{
tkdné neurohypofyzy. Klinicky miZe dojit k hyponatrémii odpo-
vidajici IADHS. Trvéni tfeti faze jakoZto manifestniho DI zdvisi
na rozsahu poranéni, a tedy na tom, bude-li porucha permanentn{
¢i tranzientni (12, 18, 23, 24).

Tab. 4. Diferencidlni diagnéza nejéastéjdich poruch regulace
efektivnf osmolality u postizeni CNS

IADHS CsSws cDI
sNa < 135 mmoli > 145 mmol/
sosm < 280 mosm/kg > 295 mosnvkg
< 25 mmolA
uNa > 25 mmol/l <1
uosm/sosm >1
CKr zvys. norm. norm.
EFH.0 norm., snizend  zvySena zvy$ena
EFNa norm., snizend  zvy3ena norm., snizena
Diuréza norm., snizend  norm., zvySena
CEl norm. zvySena norm.
EWC snizena norm. zvy$ena
dU-Na < 100-150 mmol > 150 mmol  =/< pfijem Na
renin, ald. norm. norm., z vy§. norm., zvys.
ADH norm., zvySeny  zvySeny snizeny
(v10-15 %
neprokazatelny)
ANP norm., zvySeny  zvySeny norm., snizeny
Urikémie snizena norm.

Pro dg. IADHS je treba vyloucit:

- hypokortikalismus, hypotyredzu

- hypovolémii, hypotenzi, dehydrataci
- edémy (kardiak, cirhotik)

- rendini selhén/

- diuretika (thiazidy)

- hyperglykémii, manitol

Ztrita cca 75 % ADH produkujicich neurontl vede k rozvoji
klinicky vyznamné polyurie s objemy mo¢i az do 20 litrii za den
v zévislosti na stupni deficitu ADH. Pfi chronické polyurii do-
chdzi ke ztraté dfeflové hypertonicity, coZ ddle zhor§enim kon-
centraénich mechanismd pfispiv4 k polyurii. Mezi zdkladni pfi-
znaky DI (tab. 4) pati{ priikaz sérové hypernatrémie, hyperosmo-
lality, tvorba hypoosmolélni mogi s osmolalitou niZ3i, neZ je
sérovéd. Déle je zmifiovéna nizk4 koncentrace natria v moci a
nizk4 specifickd vdha mogi, coZ jsou v8ak nekonstantn{ pfizna-
ky. Sodik v mogi je obvykle sniZeny, av3ak ztrdty Na jsou s ohle-
dem na objem mogi pfiblizné v rovnovaze s pfijmem natria.
EFNa byv4 normdlni, ale jeji pokles je moZny v souvislosti
s dehydrataci a retencf natria. Elektrolytova clearance (CEl) je
vétsinou normélni, EWC je zvy3end v zdvislosti na deficitu
ADH a ztraté koncentragni schopnosti, diurézu hodnotime jako
vodni. Vétdina pacientd mé inkompletni formu DI s alespoii
&4stenym zachovanim koncentraéni schopnosti a je schopna
retinovat volnou vodu v piipadé vyznamného osmotického ¢i
hemodynamického stimulu. Velk4 ¢4st pacientdl m4 intaktni me-
chanismy navozujici Zizefi jakoZto prevenci hypertonické de-
hydratace. To neplati pro vétdinu pacientl v resuscitatnf péci
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(bezvédoml’, tlumeni, relaxace). JelikoZ jsou tito pacienti zcela
Zivisli na parenterdlnim a enterdlnim pfisunu tekutin a jsou ¢as-
1o klinicky neurologicky nepfistupni, mizZe u nich dojit k latent-
nimu poskozenf CNS pfi posunech v efektivnf osmolalité.

S ohledem na inkompletni formy DI, které nespliiuji vyse
;minénd klinickd a laboratorni{ kritéria, se doporu€uje prikaz
nedostateéné odpovédi na osmotické stimuly. Restrikc{ tekutin
s¢ ma dosdhnout poklesu objemu mo¢i, vzestupu uosm o 30
mosm/kg, nebo sosm alespoii 295 mosm/kg. Pacienti s neuro-
gcnm'm diabetes insipidus pokralujf ve vyluZovani hypotonické
moti a typicky za 3 aZ 5 hodin jevf zndmky poklesu efektivniho
p]azmatického objemu a dehydratace. Poddni ADH obvykle
vy jejich uosm o 50 % a vice, pfi jeho neuinnosti lze vyslo-
vit podezieni na nefrogenni formu onemocnéni. Pod4n{ desmo-
presinu (DDAVP), ktery nem4 efekt na tlak, intranazalné po 2 - 3
dny by mélo u pacientd s centrdlnim DI zmirnit polyurii, norma-
lizovat koncentratni schopnost a plazmatickou osmolalitu. Je-li
aplikace DDAVP bez efektu, doporucuje se podat naz4Iné dese-
tindsobnou ddvku desmopresinu a diferencovat parcidlni & kom-
plemi rendlni formu DI. V pfipadé diagnostické nepfinosnosti
testu restrikce tekutin, k ¢emuZ dochdzi asi v 10 % pfipadd,
hlavné u nékterych inkompletnich forem a polyurif se sekundér-
ni ztrdtou koncentra¢ni schopnosti, se doporutuje stanoveni
plazmatické koncentrace ADH a jejf grafické vztaZen{ vii¢i séro-
vé osmolalité€. TéZ je moZno vyhodnocovat hladiny ADH po
infuzi 3% NaCl, pokud neni kontraindikovéna (12, 13, 14, 16,
18,23, 24).

Terapie akutniho DI spo¢ivé v korekci efektivniho plazmatic-
kého objemu, tj. substituci izotonickymi roztoky a nisledném
hrazen{ deficitu volné vody podle pfislu§ného vypocltu, pfi ma-
ximaln{ rychlosti poklesu sNa o 0,5 - 1 mmol/I . h, popf. v po-
déni intranazdlniho DDAVP 2 aZ 4 kapky po 12 hodindch. Je-li
polyurie nad 6, resp. 8 1/24 h, doporucuje se hormon4lnf substi-
tuce vodnym roztokem ADH intramuskuldmé nebo subkutdnné
2 - 5 U podle potreby, nejéastéji po &tyfech aZ Sesti hodinéch.
Mezi jednotlivymi ddvkami je variabilni rozmezi, pacient by mél
vyvinout hypotonickou polyurii pfed dal$i ddvkou jako prikaz
perzistujictho DI. Vedlejsi efekty ADH jsou presorické, dile
nauzea, prijem, bfidni kie¢e. U hemodynamicky nestabilnich je
indikovdno pod4dvéani{ vazopresinu v kontinudln{ infuzi pfi po¢4-
te¢nf ddvce 2,5 U/h a nésledujicf titraci podle diurézy. Polo¢as
intravenézniho vazopresinu je 20 minut, takZe se komplikace
dajf rychle zvlddnout pferu$enim infuze. Pro moZnost dysfunkce
hypotalamopituitdrni osy je na mist&€ paralelni poddvan{ substi-
tuénich stresovych ddvek kortikoidd. U trvalych DI se posléze
prechdzi na chronické, nejcastéji intranazéln{ aplikace DDAVP.

U inkompletnich forem nékdy vystafme s karbamazepinem,
ktery v ddvce 200 az 600 mg denné zvy3uje uvolfiovani ADH,
a soutasné je jeho pod4vén{ profylaxi posttraumatické epilepsie.
Podobny efekt m4 i klofibrat a chlorpropamid, ktery je v3ak
kontraindikovén pfi soucasné hypofunkci adenohypofyzy
s ohledem na hypoglykémie (10, 12, 16, 18, 19, 23, 24, 26).

ZAVER

V diagnostickém pfistupu k poruchdm efektivni osmolality
bychom chtéli zddraznit vySetfeni{ koncentraini schopnosti
a tedy i funkce osy ADH-ledviny pomoc{ stanoven{ clearance
bezelektrolytové vody. I u hyperosmolélni mo¢i s vysoce zapor-
nou hodnotou CH,O mizZe byt EWC vyrazné pozitivni. Je to
déno predevsim osmotickou diurézou pfi vy33f koncentraci solu-
td ovliviiujfcich osmolalitu tubuldrni tekutiny (urea, glukdza,
manitol). Rozdil mezi CH,0 a EWC je funkcf téchto solutd. Ke
stavim, kdy dojde k podhodnocenf clearance volné vody vypoc-
tem CH,0 ve srovnéni s odhadem podle EWC, dochdzi napt.
u katabolickych stavi, natrium retinujicich pacientd, IADHS ¢i
chronickych acid6z spojenych s trvale vysokymi hodnotami
NH4+ v moti (13, 14, 15, 16, 29, 30).

Funkéni vy$etfen{ ledvin zahrnujici vyhodnocenf koncentraéni
schopnosti na podkladé EWC, popf. jejf porovnén{ s hodnoce-
nim podle CH,0, mé vyznam pro lep$f pochopen{ patofyziolo-
gickych mechanismi a stanoveni diagnézy a terapie. Uplatni se
zv143té v diferencidlni diagnéze IADHS a CSWS. Rutinni zad4-
van{ parametrl v séru a v mo¢i za 24 hodin u pacienti s postize-
nim CNS by mohlo mit preventivn{ vyznam z hlediska ¢asného
zdchytu mechanismi vedoucich k posuniim v sérové koncentra-
ci natria a sérové osmolalité. Déle lep$i odhad zmén v celkové
télesné vodé by mohl byt pomiickou pro raciondlni vedeni tera-
pie té&chto dysregulaci. Mohli bychom se tak snad vyvarovat
vétsich vykyvl v efektivni osmolalité a jejich negativniho vlivu
na centrdlni nervovy systém, zvl43t€ u pacienti, kde jiz doslo
k poskozeni CNS v rdmci primdmiho inzultu (tab. 4).

Literatura je zafazena v préci ,Kasuistiky poruch regulace
efektivni osmolality u postiZen{ centrdlniho nervového systému*
v Cas. Lék. &es., 137, 1998, &. 14, 5. 442-445,

MUDr. Martin Balik,
KAR I. LF UK a VFN,
128 08 Praha 2, U Nemocnice 2
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Renal Function Tests as an Indication for Early
Continuous Renal Replacement Therapy

M. Balik and A. Kazda

Introduction

There is a need to implement continuous renal replacement therapy (CRRT) ear-
lier in patients developing systemic inflammatory response multiple organ dys-
function syndrome (SIRS/MODS) when the overall prognosis is more favourable
[1]. In this study we have attempted to define kidney functional status when the
development of renal failure is inevitable and provide an early indication for
CRRT before the usual indications for dialysis are present.

Methods

Nineteen patients who developed renal failure during their stay in the ICU were
enrolled in the study over a two year period. Patients whose glomerular filtration
rate was already below 20% of normal values for a given age and gender on
admission were excluded from the study. All patients met the criteria for sepsis
according to Society of Critical Care Medicine consensus conference (1992).
Average age was 60.] years. Seventeen patients were treated conservatively,
CRRT was administered in 2 cases and 18 patients died with overall mortality
94.7%. Patient data were analyzed using a computer programme consisting of 13
routinely monitored serum and urine values and 12 output parameters. The
authors evaluated creatinine clearance (Ccr) and correlating values of serum urea
(sU) and creatinine (sCr), presence of prerenal syndrome and the influence of dif-
ferent diuretics. The type of diuresis was analyzed together with the concentrat-
ing ability [2, 3]. General status of patients at various stages of renal failure was
scored using APACHE II. Paired Student’s t-test was used for analysis of the
selected parameters.
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1./ Prerenal syndrome: Ccr at the level of renal insufficiency or normal,
EFNa<1%, EFH,0<2.5%, t.r.>975%, CH,0<-0.027 ml/s, EWC>0,
uU/sU>10

APACHE II: 18.6

Rehydratation, optimizing cardiac index.

l

r 2./ Cer increase, tubular osmotic diuresis, EFH,0>2.5%, t.r.<97.5%,

uOsm/sOsm>1, CH,0<0, EFosm>3.5%, Cel/EWC>3

l

Capillary leak, rising of the inflammatory markers, positive balance of fluids.

|

3./ Further prerenal insults, administration of high dose diuretics when aiming
for negative fluid balance and release of the retained fluid, graduation of the
tubular osmotic diuresis: Ccr and t.r. decrease, EFNa, EFH,0 and EFosm
increase, uOsm/sOsm>1, CH,0<0, EWC>0, Cel/EWC>3

|

Progression of the syndrome, it is impossible to keep sufficient cardiac index and
to mobilize retained fluid.

I

4./ EFNa 2.1-15%, decreases below 2/3 of the top level during 24 h, further
decrease during the following days, sU 25-32 mmol/l, sCr 80-150 umol/l,
loss of the concentrating ability, development of the mixed tubular osmotic and
water diuresis: EFH,0>2.5%, uOsm/sOsm</=1, CH,0>-0.001 ml/s, EWC>0,
Cel/EWC<3, EFosm>3.5%, met. acidosis anion gap +, rising phosphate,
uric acid

APACHE 11: 20.2

Ccr<20% of normal value for given
age and gender, favourable prognosis
of the basic disease, APACHE Il
</=29 points, age </=79 years

5./ Progressive decrease of urine
output, development of oliguria
within 3.6 days, critical
hypervolemia, need for fluid
restriction, gradual increase of sU,
sCr and serum potassium

5./ Loss of the concentrating ability
sufficient for maintaining hypo-
isoosmotic diuresis in the residual
nephrons, non-oliguric renal failure,
gradual increase of sU, sCr and
less of serum potassium

APACHE 1I: 22.9

{ 6./ CRRT / intermittent hemodialysis ]

Fig. 1. Functional kidney model in a typical SIRS/MODS patient. The relation Cel/EWC is valid

only for EWC>0.
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Results

Normal levels of serum creatinine were found during renal failure in 10 patients
(52.6%) and 2 had normal urea levels. Seventeen patients (89.5%) had prerenal
syndrome at least once during the course of the disease. In all patients the excre-
tion fraction of sodium increased during loop diuretics, potentiated tubular osmot-
ic diuresis and reached an average maximum of 12.1% on the day D. During the
following 24 hours there was a decrease to less than 2/3 of the original level with
the average value of 5.33% on the day D + 1 (p<0.05). At this point 16 patients
(84.2%) switched to mixed tubular osmotic and water diuresis and they lost their
concentrating ability. The remaining 2 patients lost the ability to concentrate urine
later. A decreased Ccr to the average level of 0.30 ml/s was recorded in this time.
Oliguria was reached in 16 patients on the average day D + 3.6, 3 patients devel-
oped nonoliguric renal failure. Serum urea levels were always below 32 mmol/l,
serum creatinine was generally (12 patients — 63.2%) below 150 pmol/l on the day
D + 1. There was decrease in diuresis from the average 4130 ml on the day D to
3200 ml on the day D + 1 (p>0.0S). The average APACHE II on admission was
18.6, on the day D + 1 20.2 (p>0.05) and the value was 22.9 (p>0.05) on the day
when oliguria developed or on the last monitored day in nonoliguric patients.
Fig. 1 shows the kidney functional model developed from our computer analysis
of the results of this study.

Conclusions

Pathophysiologic process described on the day D + 1 may be one of the indica-
tions for early CRRT when associatet with Ccr below 20% of normal value. The
decision to administer early CRRT should be supported in case of favourable
prognosis in terms of the basic disease and intermediate APACHE II score. Patient
age should be considered as well. With regards to the revealed relations among
diuresis, creatinine levels, urea levels and clearance of endogenous creatinine the
authors consider clearance as more sensitive available renal function parameter
and they suggest its inclusion into the scoring systems.
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Abstract

Background: The level of residual renal function (RRF)
has an important impact on follow-up in critically ill
patients with renal failure. There is currently no clear
marker of RRF. Methods: Cystatin C (cysC) concentra-
tions were measured before and during the first 48 h of
CVVHDF in 33 mechanically ventilated patients suffering
from renal failure. Samples were drawn both from the
ports proximal and distal to the filter. Each of the two
control groups consisted of 10 patients. Results: The lev-
els of cysC were significantly higher in the group where
diuresis (Vu) remained low or decreased after 48 h of
treatment (n = 21, Vu median 380 (80-935) ml/24 h, cysC
range 4.44-3.42 mg/l) than in the group where Vu
increased to the level of 1.5 ml-kg='-h-! or higher after
48 h of treatment (n = 12, Vu 4,570 (4,000-5,130) mi/24 h,
cysC 3.17-2.46 mg/l, p < 0.01). Creatinine clearance taken
before treatment was not different between the groups.
Significant correlation between cysC levels and Vu was

found (r=-0.44, p<0.0001). CysC levels were significant-
ly higher in non-survivors than in survivors (3.54 = 1.38
vs. 3.07 = 1.24, p < 0.03). Conclusion: The levels of cysC
are inversely related to Vu. High levels of cysC are asso-
ciated with low residual diuresis, longer duration of
CVVHDF and higher intensive care unit mortality in
patients treated with CVVHDF.

Copyright© 2005 S. Karger AG, Basel

Introduction

Continuous renal replacement therapy (CRRT) has
become a routine therapeutic tool in an intensive care
unit (ICU) over the last 15 years. The data concerning
outcome of patients treated with CRRT in comparison to
patients treated with intermittent dialysis (IHD) are in-
conclusive. However, the advantages of CRRT in criti-
cally ill mechanically ventilated patients with potential
hemodynamic instability are generally accepted. An im-
portant measure of safety of care for patients with severe
acute renal failure is the influence on residual renal func-
tions (RRF) and renal recovery [1-3].

After the start of CRRT the residual diuresis often
deteriorates further even under conditions of the maxi-
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mum possible renoprotective regimen and hemodynamic
stability. However, there are patients treated with the
same configuration of CRRT who improve their urine
output after commencing the therapy. The reasons for
these events have not yet been sufficiently clarified. In
chronic renal failure, possible evidence exists that the
institution of hemodialysis may accelerate the nephronal
injury in the few residual nephrons that are still function-
ing at the onset of dialysis [4]. The residual diuresis may
contribute to the elimination of potential uremic toxins,
regulation of fluid and electrolyte balance and may en-
hance nutritional status in chronic renal failure patients
5]. The role of diuretics in preservation of residual diure-
sis was investigated in patients on continuous ambulatory
peritoneal dialysis [6]. The preservation of RRF and con-
version to a non-oliguric form of acute renal failure are
associated with a better outcome [7]. At present there is
no measure of RRF in a patient on CRRT other than
diuresis because serum concentrations and urine outputs
of urea and creatinine and other calculated renal function
tests are influenced by the method itself.

Cystatin C (cysC) represents a newly proven marker of
glomerular filtration. CysC is a non-glycosylated basic
protein produced at a constant rate by all nucleated cells.
It is freely filtered by the renal glomeruli and catabolized
in tubuli. No secretion or re-uptake in tubuli was de-
scribed. The serum concentration is independent of age,
gender and muscle mass. It is possibly influenced by ste-
roid therapy and in patients with asthma [8, 9]. Ectopic
production of cysC by certain tumors has also been
described [10]. Having a molecular weight of 13,359 Da,
cysC is classified as a middle molecule [11]. Little data
[12-17] is available about possible elimination of cysC by
various filters in IHD. CysC levels may represent the
removal of middle molecules and small proteins by renal
clearance in patients treated with peritoneal dialysis and
CysC may be used as a marker of removal rate of low-
molecular-weight protein on high-flux membranes. No
such data concerning CRRT has yet been published. The
question 1s thus raised as to whether cysC can be used as a
marker of residual glomerular filtration in patients with
acute renal failure on CRRT.

Methods

The levels of cysC were investigated in mechanically ventilated
patients with acute renal failure treated with CVVHDF (Fresenius
ADMO08/ABM). The study period was 48 h. AV600 Ultraflux poly-
sulfone filter (1.4 m?) was used, blood flow 120 ml/min, dialysis
1,000 mU/h, hemofiltration 500 ml/h. 84.4% of circuits were antico-

Cystatin C during Continuous
Hemodiafiltration

agulated with citrate and all filters in the study were routinely
changed after 24 h. Membrane saturation with immunologically
active substances in sepsis occurs over a period of time and is usually
complete before 24 h [18, 19]. Sampling took place before the filter
change to avoid the possible influence of cysC adsorption on the new
filter and circuit surface. Concentrations of cysC were not corrected
for hematocrit due to the rather low filtration fraction on the filter
and negligible changes of haematocrit in the pilot study. All patients
(n = 33) commenced CYVHDF treatment due to progressing renal
insufficiency when conservative therapy was no longer effective.
Exclusion criteria were represented by chronic renal insufficiency or
previous dialysis treatment before admission to the ICU. All patients
who had a non-renal indication for CVVHDF treatment (n = 3), died
(n = 1) or were disconnected (n = 2) from CVVHDF during the first
48 h of treatment were excluded too. There were no patients with
asthma in the study group. 9 patients were on steroid therapy, 8 of
those were given substitution or stress dosage of hydrocortisone (1 or
2-3mg/kg-24 h). All patients were septic [20]. The indication criteria
for early CYVHDF were defined as the following: (i) creatinine clear-
ance (C,;) <20% of the normal rate with respect to the given age and
gender; (ii) isostenuria (urine osmolality similar to the osmolality of
plasma, i.e. 250-350 mosm/1) [21], and (iii) no response to a combi-
nation of diuretics in order to increase the turnover of fluids and
elimination of catabolites (urine output of urea <250 mmol/24 h).
C., was monitored until the start of therapy and calculating serum
and urine levels of creatinine, urine was collected for 24 h.

Samples for the analysis of cysC were drawn before the start of
CVVHDEF from a central venous catheter and after 24 and 48 h of
CVVHDEF both from the ports proximal and distal to the filter. CysC
levels (Dade-Behring, normal serum levels <0.99 mg/l) were mea-
sured and arteriovenous concentration differences (A-V y;y) were cal-
culated. This parameter was calculated as the difference between the
prefilter minus postfilter concentration divided by the prefilter con-
centration. According to the present configuration of the CYVVHDF
(filtration fraction on the filter), a value greater than -6.9% reflects
sieving, adsorption or both [22]). The continuous infusion of furose-
mide was administered in all patients in the maximum dosage of
500 mg/day and it was reduced to 1.5 mg/kg-day after commencing
CVVHDF. All patients continued receiving a diuretic infusion of
aminophylline. Patients were divided according to the volume of
diuresis (Vu) after 48 h of treatment into a group where Vu remained
low or decreased and the group where diuresis increased to the level
of 1.5 ml-kg-!'-h-! or higher. The length of CVVHDF treatment and
ICU mortality was recorded in both groups of patients. Patients in
the study were compared with a control group of 10 septic mechani-
cally ventilated patients and with another 10 patients without any
signs of inflammation. The latter group consisted of 10 patients
exposed to elective abdominal surgery. There were no renal disorders
and no steroids were given to the patients of the control groups. The
three samples for cysC of the control groups were taken at the same
intervals as in the study group, i.e. initially (i.e. before surgery), after
24and 48 h.

The statistical analysis was performed using Medcalc and Statisti-
ca version 6.0 software. The significance of the difference between
the cysC levels and volumes of urine in the group with preserved
diuresis and the group with decreasing diuresis was compared before
CRRT therapy, after 24 h and after 48 h utilizing repeated measures
ANOVA followed by post-hoc Fisher LSD test. The same method
was used for data comparison between the group with steroid medi-
cation and patients with no administration of steroids. The Wilcoxon
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non-parametric test was used for the comparison of data distribu-
tions between defined groups of patients. The relationship between
mortality and cysC levels was analyzed by comparing the levels in the
groups of survivors and non-survivors. The last glomerular filtra-
tion (C.) measurement, serum creatinine and serum urea before
CVVHDEF therapy were compared between the group with low or
decreasing diuresis and group with increasing diuresis to evaluate the
possible predictive effect on the RRFs. The length of CVVHDF ther-
apy was compared between the group where diuresis remained low or
decreased and the group for whom diuresis increased. The calculated
AV differences for cysC were compared with the filtration fraction of
the CVVHDF. A linear regression analysis of residual diuresis and
cysC levels was performed.

The study was approved by the University Hospital Ethical Com-
mittee.

Results

The levels of cysC were analyzed in 33 patients on
CVVHDF, in 10 patients of the septic control group and
in 10 patients of the non-septic control group. There were
18 men and 15 women in the study group, the mean age of
the patients was 60.85 = 15.1 years. ICU mortality of the
studied patients was 45.5%, the average Apache II score
was 25.1 = 8.2 in the group with decreasing diuresis on
the day of commencement of CVVHDF and 23.9 £ 6.9
in the group where diuresis increased (p > 0.05). The ICU
mortality was significantly higher in the group with de-
creasing diuresis than in the group where diuresis in-
creased (13/21,1.e.61.9% vs. 2/12, i.e. 16.7%). The mean
duration of CVVHDF therapy in the group with continu-
ing low or decreasing diuresis was 216.4 = 199.1 h com-
pared to 79.6 £ 36.5 h (p < 0.001) in the group where
diuresis increased. As far as the grouping is concerned, in
21 patients out of the 33 the residual diuresis remained
low after 48 h of CVVHDF. In this group the mean diure-
sis (mean £ SD) was 894 + 964 ml/24 h (median and
interquartile range: 610 (250-1,200) ml/24 h) before com-
mencing CVVHDF, 690 £ 1,023 (median and interquar-
tile range: 220 (120-550) ml/24 h) after 24 h, and 641 *
792 ml/24 h (median and interquartile range: 380 (80-
935) ml/24 h) after 48 h; of these patients, 7 were oliguric.
In 12 other patients out of the 33, the diuresis was 2,244
+ 909 ml/24 h (median and interquartile range 2,480
(1,350-2,750) ml/24 h, p = 0.05) before the start of
CVVHDEF, 3,732 + 1,588 ml/24 h (median and inter-
quartile range 4,020 (3,380-4,745) ml/24 h, p < 0.0001)
after 24 h and the residual diuresis increased to the aver-
age 5,090 = 2,161 ml/24 h (median and interquartile
range: 4,570 (4,000-5,130) ml/24 h, p<0.0001) after 48 h
of CVVHDF.

16 Kidney Blood Press Res 2005;28:14-19
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Fig. 1. Repeated measures ANOVA for data comparison between
with the decreasing diuresis group, increasing diuresis group, septic
control group and non-septic control group. The boxes represent 25th
to 75th percentile with a horizontal line at the median; the whiskers
extend to the highest and lowest values if no outliers are present.

The mean AVy;r (%) of cysC was +3.4 = 10.7. The
comparison with the calculated filtration fraction showed
certain elimination on the filter. A statistically significant
decrease in cysC levels was recorded during the first 24 h
of CVYVHDF (mean = SD 398 £ 1.38 vs. 3.16 %
0.86 mg/l, p<0.001). No further elimination of cysC was
recorded in the next 24 h (3.27 £ 0.99 mg/l, p>0.05). We
found no difference comparing AV after 24 h of thera-
py (3.4 £ 11.8%) with the AVy;r after 48 h of therapy
(3.4 £ 9.6%, p > 0.05). The levels of cysC (fig. 1) were
significantly higher in the group with low diuresis (4.44 +
1.15 mg/l at 0 time, 3.42 + 0.82 mg/l after 24 h, 3.54 =
0.83 mg/l after 48 h) than the levels in the group where
diuresis increased (3.17 £ 1.41 mg/l at O time, p < 0.001;
2.46 £ 0.96 mg/l after 24 h, p < 0.02; 2.66 £ 1.38 mg/!l
after 48 h, p < 0.05). The levels of cysC were in both
groups significantly higher than in the septic control
group (0.92 + 0.23 mg/l at 0 time, p < 0.001; 0.92 +
0.24 mg/l after 24 h, p < 0.001; 0.94 + 0.19 mg/l after
48 h, p<0.001) and also compared to the levels with non-
septic controls (0.81 * 0.13 mg/l at 0 time, p < 0.001;
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Fig. 2. Box and whiskers plot of the cysC levels in the groups of survi-
vors (n = 18, 3.07 £ 1.24 mg/l) and non-survivors (n = 15, 3.54 £
1.38 mg/l, p< 0.03). The boxes represent 25th to 75th percentile with
a horizontal line at the median; the whiskers extend to the highest
and lowest values if no outliers are present.

069 £ 0.13 mg/l at 24 h, p<0.001; 0.69 £ 0.12 mg/] at
48 h, p < 0.001). A significant correlation between cysC
and Vu during CVVHDF was found (r = -0.44, p <
0.0001). The levels of cysC were significantly lower in sur-
vivors (3.07 £ 1.24 vs. 3.54 = 1.38 mg/l of non-survi-
vors, p< 0.03; fig. 2). C,, (ml/s) monitored before the start
of CRRT in patients where diuresis remained low or
decreased was almost the same as in the patients where
diuresis increased later. Therefore, C, did not predict suf-
ficient Vu during therapy (0.12 = 0.09 vs. 0.17 %
0.09 ml/s, p> 0.05). Mean serum creatinine levels before
the start of CRRT were insignificantly different between
the two groups (401.8 £ 193.2 vs. 452.6 = 374.8 umol/l,
p> 0.05) as well as the mean serum urea levels (31.1 =
10.4 vs. 29.3 £ 10.3 mmol/l, p > 0.05).

There were 9 patients on steroid therapy. One of these
was given an immunosuppressive dose of methylprednis-
olone and his levels were the highest (6.79-6.10 mg/1) of
the whole study group. 8 patients of those 9 were adminis-
tered either a substitution dose (1 mg/kg-day, n = 6) or
stress dose (2-3 mg/kg-day, n = 2) of hydrocortisone.
They were equally distributed between the low diuresis
group(n=4;4.21 = 1.12 mg/lat 0 time; 3.06 £ 0.84 mg/l
at24 h; 3.31 + 0.86 mg/l at 48 h) and high diuresis group
(n=4;4.58 £ 1.26 mg/l at 0 time; 3.91 £ 0.59 mg/l at
24 h;4.31 £ 1.26 mg/l at 48 h). Utilizing ANOVA test for
data comparison between the two groups, we found no

Cystatin C during Continuous
Hemodiafiltration

significant difference between either levels of cysC (p =
0.31) or course of cysC levels during the time of the study
(p=0.44).

Discussion

Mean serum creatinine levels and mean calculated glo-
merular filtration rates were not statistically different
before the start of CVVHDF between the two groups of
patients. Conversely, cysC levels were significantly higher
in the group where diuresis later remairied low or further
decreased. The difference in diuresis before the start of
CVVHDF also reached statistical significance. These
findings could be interpreted as a higher sensitivity of
cysC to distinguish, in acute renal failure, a subgroup of
patients characterized by a more severe impairment of
renal function. A small but statistically significant elimi-
nation of cysC was found during the first 24 h of
CVVHDF, but later cysC levels can be interpreted omit-
ting the impact of extracorporeal elimination. The au-
thors decided to quantify the eventual elimination of cysC
by means of calculated AV difference due to the fact that a
pilot study of 8 patients on the same configuration of
CVVHDF produced the mean levels of cysC in the dialy-
sate/filtrate of 0.075 £ 0.05 mg/l. The calculated clear-
ance was thus negligible. The levels of cysC are inversely
related to residual diuresis. The levels of cysC were signif-
icantly lower (2.5-3.2 mg/l) in patients with preserved or
increasing residual diuresis than in patients with decreas-
ing diuresis (3.4-4.5 mg/l) after the start of CYVHDF
therapy. According to the data already available [12-17],
it seems that removal of cysC by hemodialysis is highly
dependent on the ultrafiltration coefficient of the mem-
brane used and it is significant with high-flux membranes
in particular. The authors used ordinary polysulfone fil-
ters with low potential for elimination of low-molecular-
weight proteins in continuous hemodiafiltration. The cen-
tral role of the residual diuresis for low-molecular-weight
protein removal has been shown in peritoneal dialysis
patients. Therefore, cysC levels probably represent the
amount of residual glomerular filtration in acute renal
failure patients treated with CVVHDF. The study showed
that it is rather unlikely that the cysC levels could be
influenced by the substitution or stress dosage of hydro-
cortisone even in patients with low glomerular filtration
(8].

Concerning the assessment of renal functions during
weaning of a critically ill patient from CRRT, no criteria
are available. In general, disconnection from CRRT is
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possible in a stable patient with no hemodynamic com-
promise and corrected serum homeostasis. The normal
diuresis in the critically ill was defined to be 2,000-
4,000 ml/day [23]. Concerning the recovery of renal func-
tions, the ideal diuresis is >1.0-1.5 ml-kg-!-h-! at the
time of ceasing of CRRT. A further increase is expected
after disconnection from CRRT because of the continuing
loss of the renal concentrating ability, which is almost
always present. The recovering kidneys are unable to
increase the concentrations of catabolites in the urine.
Thus for example the serum levels of urea and creatinine
are dependent on the amount of urine passed. Daily fluid
turnover which is necessary in those patients with recov-
ering renal failure may be guided by the urine concentra-
tion of urea and creatinine.

The continuous dosage of loop diuretics appears to be
more effective and less toxic rather than as a bolus. The
dosage was limited to 1.5 mg/kg-day due to the lack of
evidence concerning the benefit of continuing a high
diuretic dose during CRRT [24-26]. The authors consider
aminophylline administration to be a renal rescue and a

The recorded ICU mortality was directly related to the
length of CRRT and both were significantly higher in the
group with decreasing or low diuresis during CRRT com-
pared to the group where diuresis increased. The indica-
tion criteria for commencing with CRRT were the same
in both groups as well as the levels of C,, serum urea and
serum creatinine. The authors conclude that the results
support previous reports on better survival of patients
with a non-oliguric form of renal failure.

According to our knowledge, this is the first report
dealing with cysC as a marker of RRF in CRRT. Whether
cysC could be used as an indicator of recovery of renal
function during CYVHDF needs to be confirmed by fur-
ther study. High levels of cysC are associated with low
residual diuresis, longer duration of CRRT and higher
mortality in patients treated with CVVHDF.
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)stract

ckground: The reasons for the decrease or increase of
ne output following the start of continuous venove-
us hemodiafiltration (CVVHDF) have not yet been ex-
ined sufficiently. The renoprotective properties of na-
rretic peptides were described. Methods: The levels of
ial natriuretic peptide (ANP) and brain natriuretic pep-
e (BNP) were measured in 23 mechanically ventilated
ients before and during the first 48 h of CVVHDF.
mples were drawn both from the ports proximal and
tal to the filter. The results were compared between
rgroup where daily diuresis (Vu) remained low or
;reased and the group where diuresis increased to the
el of 1.5 ml-kg=1-h-" or higher after 48 h of treatment.
t ventricular dysfunction (LVD) was defined as LV
ction fraction below 40%. A control group consisted
10 patients exposed to abdominal surgery. Results:
r average AVdiff (%) of ANP and BNP on filter were
ignificant. Patients with increasing diuresis (n = 12)
Isignificantly lower levels of both ANP (p <0.001) and

BNP (p < 0.005) than the patients with decreasing diure-
sis (n = 11). Significant correlations were revealed for
ANP and Vu (p<0.01) and for BNP and Vu (p < 0.05). The
levels of both peptides were grossly elevated in compari-
son to controls and were predictive of survival. The dif-
ferences between cardiac and non-cardiac patients were
significant both for ANP and for BNP. Conclusions: The
elimination of ANP and BNP by the CVVHDF is negligible.
The levels of natriuretic peptides are inversely related to
Vu and predict survival. ANP and BNP levels correlate
with left ventricular function even during acute renal fail-
ure and CVVHDF.

Copyright © 2003 S. Karger AG, Basel

Introduction

Continuous renal replacement therapy (CRRT) has
become a routine therapeutic tool in an intensive care
unit (ICU) over the last 15 years. The data concerning
outcome of patients treated with CRRT in comparison to
patients treated with intermittent dialysis (IHD) is incon-
clusive. However, the advantages of CRRT in critically ill
mechanically ventilated patients with potential haemody-
namic instability are generally accepted. An important
measure of safety of care for patients with severe acute
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renal failure is the influence on residual renal functions
(RRF). It seems that early CRRT enables better renopro-
tection than IHD with a possible favorable impact on the
outcome [1].

Very little data can be found in the literature about the
RRF in critically ill patients on dialysis treatment. At
present there is no measure of RRF in a patient on CRRT
other than diuresis because serum concentrations and
urine outputs of urea and creatinine and other calculated
renal function tests are influenced by the method itself.
After the start of CRRT the monitored residual diuresis
often deteriorates further even under conditions of the
maximum possible renoprotective regime and haemody-
namic stability. However, there are patients treated with
the same configuration of CRRT who improve their urine
output after commencing the therapy. The reasons for
these events have not yet been sufficiently clarified. In
chronic renal failure possible evidence exists that the
institution of hemodialysis may accelerate the nephronal
injury in the few residual nephrons that are still function-
ing at the onset of dialysis. The loss of RRF appears to
occur more rapidly with hemodialysis than with contin-
uous ambulatory peritoneal dialysis [2]. The residual
diuresis may contribute to the elimination of potential
uremic toxins, regulation of fluid and electrolyte balance
and may enhance nutritional status in chronic renal fail-
ure patients [3]. The role of diuretics in preservation of
residual diuresis was investigated in patients on contin-
uous ambulatory peritoneal dialysis [4]. The preservation
of RRF and conversion to a nonoliguric form of acute
renal failure are associated with a better outcome (5, 6].

The renoprotective properties of atrial natriuretic pep-
tide (ANP) with their favourable impact on diuresis and
outcome were described in patients with severe renal
insufficiency and oliguric renal failure. ANP is produced
by the atrial myocardium under the conditions of left
atrial stretch. Thus it represents a compensatory mecha-
nism in conditions of elevated left atrial pressure such as
hypervolemia or heart failure. The pathophysiology of the
ANP effect upon kidney functions is based on a tubular
natriuretic effect and a favorable impact on glomerular
filtration by means of the increasing of the filtration frac-
tion. ANP decreases renin secretions in the kidney, re-
duces the effects of angiotensin and the vascular effects of
vasopressin [7-9]. The association between diuresis and
ANP and observed higher levels of natriuretic peptides in
cardiac and septic patients suggests that the patients, with
hemodynamic compromise as a main cause of renal fail-
ure, may retain or even increase diuresis while treated
with CRRT. The level of ANP is directly related to prog-
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nosis and mortality in patients with circulatory and renal
failure [10-12]. Synthetic analogues of ANP were proven
to promote diuresis in acute renal failure patients and to
reduce the need for dialysis in oliguric acute renal failure
[7].

BNP is secreted from the ventricular myocardium.
The main stimulus for secretion is elevated left ventricu-
lar end-diastolic pressure and similarly the secretion of
BNP represents a compensatory mechanism in heart fail-
ure or hypervolemia. It stimulates natriuresis in coopera-
tion with ANP. Its synthetic analogue has been proven to
promote diuresis in heart failure patients in particular [9,
13, 14].

Another topic is the influence of different modes of
CRRT on natriuretic peptide levels. The different elimi-
nation patterns of continuous venovenous hemodiafiltra-
tion (CVVHDF), continuous venovenous hemofiltration
(CVVH) and continuous high flux dialysis (CHFD) are
described. All techniques use dialysis, hemofiltration or
both on filters with different sieving and adsorption prop-
erties. Both ANP (Mr = 3,077 Da) and brain natriuretic
peptide (BNP, Mr = 3,460 Da) are classified as middle
molecules [15] which are eliminated predominantly by
hemofiltration and less by dialysis. A significant portion
of the proteins may be adsorbed by the filter; however, no
such data have yet been published.

The authors hypothesized that the levels of natriuretic
peptides could be directly related to the amount of residu-
al diuresis during CRRT. Possible elimination of natri-
uretic peptides by CRRT may diminish their renoprotec-
tive effect and may result in the decrease of diuresis after
the start of the therapy. Unless there are significant clear-
ences on the filter, the residual renal functions could be
possibly estimated and their course predicted by measur-
ing the levels of ANP and BNP. Monitoring of residual
renal functions could have an impact on the renoprotec-
tive regime.

Methods

The levels of natriuretic peptides were investigated in mechani-
cally ventilated patients treated with CVVHDF (Fresenius ADM,
AV600 Ultraflux polysulfone filter, blood flow 120 ml/min, dialysis
1,000 ml/h, hemofiltration 500 ml/h). All patients (n = 23) com-
menced CVVHDF treatment due to progressing renal insufficiency
when renal failure was imminent. Exclusion criteria were repre-
sented by chronic renal insufficiency or previous dialysis treatment
before admission to the ICU. All patients who had a non-renal indi-
cation for CVVHDF treatment (n = 3), died (n = 1) or were discon-
nected (n = 2) from CVVHDF during the first 48 h of treatment were
excluded too. All patients fulfilled the criteria of Systemic Inflamma-
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 Response Syndrome [16]. The indication criteria for early
+VHDF were defined as follows: (i) creatinine clearence (Ccr)
1% of the normal rate with respect to the given age and gender,

| sostenuria, (iii) mixed water and osmotic diuresis, (iv) no re-
onse to a combination of diuretics in order to increase the turnover
ifuids and elimination of catabolites (urine output of urea
50mmol/24 h). Average serum urea was 30.23 + 9.40 mmol/l,
gmcreatinine 368.22 + 164.91 umol/l at the time of commencing

(WHDF. Renal function tests were monitored until the start of
sapy, urine was collected for 24 h.

samples for the analysis of natriuretic peptides were drawn into
ypre-cooled vials with EDTA before the start of CVVHDF from a

aral venous catheter and after 24 h and 48 h of CYVHDF both

o the ports proximal and distal to the filter. Immediately after

wing, the samples were bedside centrifuged in pre-cooled centri-

¢(4°C, 4,000 g/min, 10 min), then they were incubated with apro-
in (Gordox, Gedeon Richter, 20 pl) and frozen at -38°C. The
iP levels (Shionoria, normal < 14.0 pmol/l) and BNP levels (Shio-
ia, normal <5.3 pmol/l) were measured and arteriovenous con-
wration differences (AV differences) were calculated. This param-
ris calculated as the difference between the prefilter minus post-
erconcentration divided by the prefilter concentration. According
he present configuration of the CYVHDF (filtration fraction on
filler), a value greater than -6.9% reflects sieving, adsorption or

h[17). Furosemide was reduced to 1.5 mg-kg-'-day-' after com-
«ncing CYVHDF. All patients continued receiving a diuretic infu-
nof aminophyllin [18]. The hemodynamic status of the patients
smonitored invasively by arterial and central venous catheter and
ninvasively by repeated echocardiographic investigations. Eight
tients out of the 23 included in the study underwent pulmonary
«ry catheterization. Left ventricular dysfunction (LVD) was de-
wdas decreased LV ejection fraction below 40% on at least 2 echo-
«diographic investigations not taken in severe hemodynamic insta-
iy. Patients were divided according to the volume of diuresis (Vu)
¢er 48 h of treatment into a group where Vu remained low or
creased and the group where diuresis increased to the level of
iml-kg='-h-! or higher. The length of CYVHDF treatment and
U mortality was recorded in both groups of patients.

Acontrol group consisted of 10 patients who underwent laparoto-
i for elective abdominal surgery with no history or presence of
1al or haemodynamic disorders. The samples for natriuretic pep-
¢s were taken as described above, i.e. before, 24 and 48 h after the
ugical procedure. )

The statistical analysis was performed using Medcalc and NCSS
iiware package v.6. The Wilcoxon nonparametric test was used for
¥ comparison of data distributions between defined groups of
dients. The significance of the differences between the natriuretic
ptide levels in the group with preserved diuresis and the group with
treasing diuresis was compared before CRRT therapy, after 24 h
id after 48 h. The relationship between mortality and ANP and
\P levels was analysed separately by comparing the levels of both
oteins in the groups of survivors and nonsurvivors. The relation-
ipbetween LVD and ANP and BNP levels was evaluated compar-
tthe levels of both peptides in the group with left ventricular dys-
rction and the group with no presence of serious LVD. The follow-
i parameters were compared between the group with increasing
uresis and the group with low or decreasing diuresis: percent of
D, the last glomerular filtration (Ccr) measurement before
[VHDF therapy and the length of CYVHDF therapy. The calcu-
¢d AV differences for ANP and for BNP were compared with the

triuretic Peptides and Residual Diuresis
ring Continuous Hemodiafiltration

filtration fraction of the CVVHDF. A linear regression analysis of
residual diuresis and ANP levels and of residual diuresis and BNP
levels was performed.

The study was approved by the University Hospital Ethical Com-
mittee.

Results

Natriuretic peptide levels were analyzed in 23 patients
in the study group and in 10 patients in the control group.
There were 17 men and 6 women in the study group, the
mean age of the patients was 57.7 + 15.4 years. Major
diagnoses of the patients from the study group (cause of
MODS and acute renal failure) are summarized in table 1.
ICU mortality of the studied patients was 39.1%, the
average APACHE II score was 23.5 = 7.0 on the day of
commencement of CVVHDF. The ICU mortality was sig-
nificantly higher in the group with decreasing diuresis
than in the group where diuresis increased (7/11, 1.e.
63.6% vs. 2/12, ie. 16.7%). The mean duration of
CVVHDF therapy in the group with continuing low or
decreasing diuresis was 143.9 + 87.1 h compared to 82.3
+ 35.3(p<0.02) h in the group where diuresis increased.
The mean AV difference (%) of ANP was +0.65 = 38.0
and of BNP was -2.93 + 18.04. The comparison with the
calculated filtration fraction showed minimal clearence
on the filter. As far as the grouping is concerned, in 11
patients out of the 23 the residual diuresis remained low
after 48 h of CVVHDEF. In this group the mean diuresis
(mean * SD) was 917 = 1,023 ml/24 h, 5 patients of
them were oliguric. In the other 12 patients out of the 23,
the residual diuresis was preserved and Vu increased to
the average 4,647 £ 984 ml/24 h.

Only the levels of ANP in the group with low or
decreasing diuresis (47.08 = 33.61 pmol/l at 0 time; 27.37
+ 12.65 pmol/l at 24 h; 31.63 = 16.69 pmol/l at 48 h)
were significantly higher than in the controls (14.18 *
12.85 pmol/l at 0 time, p < 0.01; 10.76 * 5.58 pmol/l at
24 h,p<0.001;12.91 £ 5.81 pmol/l at 48 h, p< 0.001).
The differences between ANP levels in the group with
increasing diuresis (15.68 = 18.99 pmol/l at 0 time; 14.02
+ 14.36 pmol/lat 24 h; 11.50 £ 12.77 pmol/l at 48 h) and
the control group were insignificant (p > 0.05) during the
whole study period. The authors observed almost 50
times higher levels of BNP in the study group than in the
control group. The differences between the study group
and the control group (8.68 + 6.62 pmol/l at 0 time, 9.84
+ 3.01 pmol/l at 24 h, 4.00 £ 3.58 pmol/l at 48 h) were
highly significant both for patients with low or decreasing
diuresis (224.66 + 273.94 pmol/l at 0 time, p < 0.0001;
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Table 1. Major diagnosis (cause of

MODS), length of CVVHDF and ICU Residual diuresis ~ Major diagnosis Length of ICU mortality
mortality of the patients in the study group at48 hof therapy  (cause of MODS) CVVHDF,h vd
>1.5ml-kg-!-h-'  ARDS, sepsis 160 s
(n=12) Acute pancreatitis 82 s
Pneumonia, AMI 71 s
AMI, low CO 64 S
Multiple trauma 56 d
Urosepsis 74 S
Cerebral trauma, sepsis 88 S
Acute pancreatitis 140 d
Multiple trauma 98 S
Acute pancreatitis 55 S
Multiple trauma, AMI 52 S
ALL, mycotic sepsis 48 s
Mean: d/s=(2/12)
82.3+£353 16.7%
<1.5ml-kg-"-h-' Gl bleeding, AMI 78 d
(n=11) Thrombosis of mitral prosthesis 260 d
Lymphoma, sepsis 54 d
Polyradiculoneuritis, sepsis 94 s
Pneumonia, sepsis 332 d
Endocarditis 72 s
BMT, ARDS, sepsis 144 d
Postresection FHF 208 d
Cerebral trauma, poisoning 105 s
Myeloma, BMT 118 d
Hereditary myoglobinuria 118 s
Mean: d/s=(7/11)
143.9+87.1 63.6%
ICU mortality Total =(9/23)
39.1%

ALL = Acute lymphoblastic leukemia; AMI = acute myocardial infarction; ARDS = adult
respiratory distress syndrome; BMT = bone marrow transplant; CO = cardiac output; FHF =
fulminant hepatic failure; GI = gastrointestinal; MODS = multiple organ dysfunction syndro-
me; s = survived; d = died.

216.88 £ 260.28 pmol/l at 24 h, p < 0.0001; 259.85 *
249.55 pmol/l at 48 h, p < 0.0001) and for patients where
diuresis increased during CVVHDF (97.26 + 73.28
pmol/1 at 0 time, p<0.0001; 87.03 + 98.5 pmol/l at 24 h,
p < 0.0001; 86.18 £ 132.7 pmol/l at 48 h, p < 0.0001).
Patients with decreasing diuresis on CYVHDF had signif-
icantly higher levels of ANP than the patients with
increasing diuresis (p < 0.01 at 0 time, p < 0.002 at 24 h
and p<0.001 at 48 h, fig. 1). The levels were different also
for BNP but reached statistical significance only after the
start of CYVHDF (p>0.05atOtime,p=0.05at24 h,p<
0.005 at 48 h, fig. 2). A significant correlation between
ANP and Vu was found during CVVHDF (r=-0.38, p<
0.01) and for the whole study group (r = -0.33, p< 0.01).

Blood Purif 2003;21:401-408

A similar relationship was revealed for BNP and Vu dur-
ing CVVHDF (r = -0.32, p < 0.05) and for the whole
study group (r = =0.27, p < 0.05). The levels of both pep-
tides predicted survival (ANP 17.56 £ 18.46 vs. 30.84 +
20.66 of non-survivors, p < 0.0002, fig. 3; BNP 92.76 +
115.41 vs. 262.02 £ 265.73 of non-survivors, p < 0.0001,
fig. 4). The differences between cardiac and non-cardiac
patients were significant both for ANP (27.10 £ 21.13 of
LVD patients vs. 19.41 £ 19.20, p < 0.04) and for BNP
(176.49 £ 146.7 of LVD patients vs. 145.53 + 241.39,
p<0.0001).

Ccer (ml/s) monitored before the start of CRRT in
patients where diuresis later remained low or decreased
was approximately the same as in the patients where
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wresis later increased. Therefore Ccr did not predict suf- Discussion

cient Vu during therapy (0.14 £ 0.13 vs. 0.18 £ 0.14,
> 0.05). Mean serum urea levels before the start of
VVHDF were insignificantly different between the two
oups (33.37 £ 8.90 mmol/l vs. 27.08 £ 9.89 mmol/l,
> 0.05) as well as the mean serum creatinine levels
93.36 £ 226.0 vs. 343.08 £ 103.81 umol/l, p> 0.05).

atriuretic Peptides and Residual Diuresis
iring Continuous Hemodiafiltration

The study revealed almost no elimination of ANP and
BNP by the filter during CYVHDF and, therefore, both
ANP and BNP levels can be interpreted omitting the
impact of extracorporeal elimination. The levels of ANP
in the group with low or decreasing diuresis and the levels
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ANP: survivors vs. non-survivors
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outliers are present.

of BNP in particular were found to be extremely elevated
in renal failure patients treated with CYVHDF in com-
parison to controls. High levels of BNP have been already
described in chronic renal failure patients. Thus BNP is
probably a more sensitive marker of renal failure than
ANP. On the other hand, the levels of ANP better distin-
guished between low and high RRF from the beginning of
the study period than did BNP levels (fig. 1, 2). The levels
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BNP (pmolA, survivors)

BNP (pmol/l, non-survivors)

of ANP and BNP were inversely related to residual diure-
sis and the levels were significantly lower in patients with
increasing diuresis than in patients with decreasing diure-
sis after the commencing of CVVHDF.

The authors found that ANP and BNP levels corre-
lated with left ventricular dysfunction defined as LVEF
lower than 40%. Thus the relationship between LVD and
ANP and between LVD and BNP in particular is pre-
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erved even under the conditions of acute renal failure.
‘he proportion of patients with cardiac dysfunction was
lightly higher in the group with increasing diuresis (6 of
1e 12 patients, 50%, vs. 4 of the 11 patients, 36.4%), but
1e data are difficult to interpret due to the small number
fpatients in both groups. No relationship between LVD
ind mortality of the studied patients was observed. Con-
eming hemodynamic stability in both subgroups of pa-
iients, we recorded the type and dosage of catecholamine
reatment at the time of commencing CVVHDF. Nor-
idrenaline was administered in 9 patients (81.8%) of
hose 11 where diuresis on CVVHDF decreased. In 1
patient of those 9, noradrenaline was combined with iso-
grenaline (0.04 pg-kg='-min-!), 1 patient was treated
with dobutamine only (3.0 ug-kg='-min-1), I patient was
given no catecholamine treatment. The mean dose of nor-
renaline was 0.14 £ 0.11 pg-kg='-min-! (range 0.04-
0.35 ug-kg='-min-!). Noradrenaline was used in 11 pa-
ients (91.7%) of those 12 where diuresis on CVVHDF
ncreased. In 3 patients of those 11, noradrenaline was
ombined with dobutamine (range 3.0-5.0 pg-kg-'-
nin-'), and only 1 patient was given no catecholamine
reatment. The mean dose of noradrenaline was 0.14 +
)07 ug-kg='-min-! (range 0.05-0.25 pg-kg-!-min-1).
“omparing it with the group where diuresis decreased we
jound no difference (p > 0.05).

Another stimulus for the change of the levels of natri-
uretic peptides may be generated through elevated mean
pulmonary artery pressure and pulmonary vascular resis-
iance in patients treated with mechanical ventilation [9,
19). All patients were ventilated with PEEP in the range of
0.4-1.8 kPa and Adult Respiratory Distress Syndrome
was diagnosed in 3 patients out of the study group. Con-
rarily to some published data, we were not able to find a
relationship between the oxygenation index or applied
PEEP and the levels of natriuretic peptides. The levels
found in ARDS patients were among the lowest of the
whole study group (BNP in the ranges of 0.1-5.2, 4.0-
10.6 and 67.6-175.9 pmol/l, ANP in the ranges of 0.8-
1.4, 1.5-4.6 and 19.9-47.5 pmol/l). The levels of ANP in
he group with increasing diuresis were not significantly
iifferent from the levels of the control group. All patients
n the study group were on mechanical ventilation during
he whole study period, but patients of the control group
vere mechanically ventilated only during general anaes-
hesia for surgical procedures. It is highly likely that the
ffects of acute renal failure on natriuretic peptide levels
ind the decrease of residual diuresis in particular are
nore important than the changes of pulmonary circula-
ion during mechanical ventilation.

‘atriuretic Peptides and Residual Diuresis
uring Continuous Hemodiafiltration

Natriuretic peptides are bound and internalized by
natriuretic peptide receptor C and hydrolyzed by neutral
endopeptidase (NEP). NEP is widely distributed in the
central nervous system, lung, male genital tract, intestine,
in neutrophils, fibroblasts, and epithelial cells. Low levels
of ANP in mentioned 3 patients with ARDS could be
related also to elevated plasmatic levels of NEP; however,
the authors observed low levels of BNP in those patients
too. According to recent data, human BNP shows certain
resistance to NEP [8, 20, 21].

No criteria are available concerning renal functions
during weaning of a critically ill patient from CRRT. In
general, disconnection from CRRT is possible in a stable
patient with no hemodynamic compromise and corrected
serum homeostasis. Normal diuresis in the critically ill is
defined to be 2,000-4,000 ml/day [22]. Concerning the
recovery of renal functions, the ideal situation is charac-
terized as a diuresis of more than 1.0-1.5 ml-kg-'-h-".
Further increases of diuresis are expected after disconnec-
tion from CRRT because of the continuing loss of the
renal concentrating ability which is almost always pres-
ent. The recovering kidneys are unable to increase the
concentrations of catabolites in the urine. Thus for exam-
ple the serum levels of urea and creatinine are dependent
on the amount of urine passed. Daily fluid turnover which
is necessary in those patients with recovering renal failure
may be guided by the urine concentration of urea and cre-
atinine.

The continuous dosage of loop diuretics appears to be
more effective and less toxic rather than as a bolus [23, 24].
All patients received the maximum dosage of 500 mg/day
of furosemide up to the day when CVVHDF was initiated.
The dosage was limited with regards to furosemide toxici-
ty and due to the fact that critically ill patients who show
no response to 500 mg/day are unlikely to respond to a
higher dosage [24, 25]. In order to promote the residual
diuresis and shorten the duration of CVVHDF, the contin-
uous infusion of furosemide continued during CYVHDF.
The dosage was further limited to 1.5 mg/kg-day due to
the lack of evidence concerning the benefit of a continuing
high diuretic dose during CRRT. The growing amount of
data concerning the diuretic efficacy of aminophyllin infu-
sion can be found. The pathophysiology of aminophyllin
treatment in severe renal insufficiency lays in the manipu-
lating of the amount of adenosine as a mediator of tubulo-
glomerular biofeedback (TGBF). This should reduce the
effect of TGBF on reduction of glomerular filtration in the
residual nephrons [18, 26]. The authors consider amino-
phyllin administration to be a renal rescue approach and a
part of a renoprotective regime.
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High levels of ANP or BNP were associated with high-
er mortality in patients treated with CVVHDF. The
recorded ICU mortality was directly related to the length
of CRRT and both were significantly higher in the group
with decreasing or low diuresis during CRRT compared
to the group where diuresis increased. The ICU mortality
in the group of patients with increasing diuresis was much
better than the described ICU mortality of mechanically
ventilated patients treated with CRRT. The indication
criteria for commencing CRRT were the same in both
groups as well as the levels of creatinine clearance, serum

results support previous reports on better survival of
patients with a nonoliguric form of renal failure. Continu-
ing with the maximum possible renoprotective regime
during CRRT is thus a fully justifiable approach.
According to our knowledge, this is the first report
dealing with natriuretic peptides and RRF in CRRT.
Whether ANP or BNP could be used as an indicator of
recovery of renal function during CVVHDF needs to be
confirmed by further study. High levels of ANP and BNP
are associated with low residual diuresis, longer duration
of CRRT and higher mortality in patients treated with

urea and serum creatinine. The authors conclude that the
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bstract

ickground: The efficacy and safety of prostacyclin
Gl,) and citrate (ACD) anticoagulation were observed
id compared during continuous haemodiafiltration.
ethods: Mechanically ventilated patients received ei-
er the PGl, analogue epoprostenol (group A, n=17) in
calating doses of 4.5-10.0 ng-kg™'-min~' in combina-
in with heparin (6 IU-kg™'-h™") or 2.2% ACD (group B,
= 15). Blood flow was set to match the circuit-filling
lume per unit time equal to the intravascular half-life
PGl,. Results: Median filter lifetimes were 26 h (inter-
iartile range 16-37) in group A (39 filters) and 36.5 h
terquartile range 23-50) in group B (56 filters; p<0.01).
group A, 4 patients (23.5%, p < 0.05) had the dose re-
iced due to hypotension. The final mean dose of PGl,
3 8.7 + 2.4 ng-kg™'-min~". Four patients in group A
3.5%, p < 0.05) were switched to ACD due to a decrease
platelet count. No bleeding episodes, decrease in
itelet count or adverse haemodynamic effects were
countered in group B. The cost of epoprostenol plus
~ dose heparin (EUR 204.73 + 53.04) was significant-
higher than the cost of ACD-based anticoagulation
JR93.92 * 45.2, p<0.05). Conclusion: ACD offers lon-

ger filter survival, has no impact on platelet count and is
less expensive. Increasing the dose of PGl; up to the av-
erage of 8.7 ng-kg™'-min~' did not increase the haemo-
dynamic side effects.

Copyright © 2005 S. Karger AG, Basel

Introduction

Continuous renal replacement therapy (CRRT) has
become a routine therapeutic approach in critically ill
patients with renal failure. The requirement for antico-
agulation of an extracorporeal circuit brings with it the
risk of bleeding in high-risk patients. Patients at risk of
bleeding are those after trauma or surgery, or those with
intracranial pathology, acute pancreatitis, patients with
gastric ulcers, history of gastrointestinal bleeding, peri-
carditis, endocarditis, and severe diabetic retinopathy. A
special approach is required in patients with thrombocy-
topenia, coagulopathy and heparin-induced platelet anti-
bodies. Anticoagulation of CRRT should ideally exert
minimum effects on coagulation outside the circuit and
ideally provide filter survival beyond 24 h. The monitor-
ing should be rapid, simple, and in the case of complica-
tions anticoagulation should be rapidly reversible. Filter
times shorter than 24 h may be considered unsatisfactory
and recurrent filter clotting and the need of frequent cir-
cuit replacement is economically undesirable [1-3]. Fre-
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0253-5068/05/0234-0325$22.00/0

+41 6130612 34

ail karger@karger.ch Accessible online at:

vkarger.com www_karger.com/bpu

Dr. M. Balik

Department of Intensive Care

Westmead Hospital

Westmead, NSW 2145 (Australia)

Tel. 61 2 98456064, Fax 60 2 98458308, E-Mail balik@fnkv.cz



1.0

0.9 A

0.8

0.7 1

0.6

0.5 +

0.4 -+

03 1 -

Cumulative proportion surviving

0.2 1

0.1 7%

® (Citrate
* Prostacyclin

Fig. 1. Kaplan-Meier curves of time to hae-
mofilter clotting (according to the antico-

20 30 40 50 60 70 80 90 100 110

Time (h)

agulation used, p < 0.01).

quent periods of filter ‘down’ time cause inadequate elim-
ination of catabolites [4] and filter clotting also impacts
upon blood transfusion requirements [5].

Prostacyclin anticoagulation is one of the applied
methods with reduced risk of bleeding. Prostacyclin in-
hibits platelet aggregation and adhesion. It may be ad-
ministered as a sodium salt of the synthetic analogue,
epoprostenol, which is activated by glycine buffer, the
half life of active epoprostenol is 2.5-4 min in the circu-
lation. Monitoring is difficult and may require aggrega-
tion tests, there is no antidote. The ordinary dose is 2-
8 ng-kg~'-min~! infused pre-filter. The median filter life
under prostacyclin anticoagulation as a sole agent is about
15-19 h [6] and extends to 20-22 h when prostacyclin is
combined with low-dose unfractionated heparin (5-
6 IU-kg™!h™") [7]. Increasing the dose of heparin brings
with it the increased risk of bleeding [8] and increasing
the dose of prostacyclin may cause systemic side effects
including hypotension. On the other hand, available data
have shown the benefit of systemic prostacyclin infusion
in critically ill patients. Systemic infusion of 2-5 ng-
kg™!-min~! may exert a favourable influence on endothe-
lial cells, coagulation, leukocyte adhesion, cardiac output,
organ oxygenation and renal function [9-12].

Citrate has been a standard anticoagulation for the
patients at high risk of bleeding in our unit. 2.2% citrate
provides regional decalcification of the extracorporeal

326 Blood Purif 2005;23:325-329

circuit when infused pre-filter at the dose equal to 3-7%
of the blood flow [13]. The endpoint of citrate infusion is
either prolonged post-filter activated clotting time (ACT)
[13] or decrease of post-filter ionised calcium (Ca®*) [14].
The normalisation of ionised Ca®* is performed infusing
Ca?* post-filter, with arterial Ca?* being monitored regu-
larly. Serious liver disease may result in citrate utilisation
failure and a trend towards high anion gap metabolic ac-
idosis, decrease in ionised Ca’* and an increase in the
Ca,,/Ca®* index [13-19].

The efficacy, safety and cost of the combination of
higher dose prostacyclin plus low dose heparin versus ci-
trate anticoagulation were compared during continuous
haemodiafiltration (CVVHDF) in patients with a high
risk of bleeding.

Methods

The patients were not randomized and all patients with poten-
tial for citrate-induced metabolic side effects were given prostacy-
clin. The comparative study was approved by the hospital ethics
committee, informed consent was not required for the use of data
already collected for clinical purposes. Since 1999 citrate antico-
agulation has been the standard protocol in our unit for patients at
risk of bleeding. Prostacyclin has been registered for use in renal
replacement therapy in the Czech Republic since January 2002.

Thirty-two mechanically ventilated patients treated with
CVVHDF (Fresenius ABMOS, polysulfone filter AV 600, dialysis
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uble 1. Parameters at the initiation of
'VWHDF

Citrate | " Levelof
oo @=15) """ " significance

Age, years 52 (45-66) 56 (42-68) p=0.85
Sex: male/female ratio 8:17 6:15

APACHE II (mean * SD) 24.3+6.0 23.5%x8.0 p=0.73
Serum urea, mmoV/l 41 (20-46) 38 (18-45) p=0.78
Serum creatinine, pmol/l 351 (150-444) 380 (191-465) p=0.65
Thrombocytopenia (<80 x 10%/1) 6 (35.3%) 6 (40%)

APTT, s 45 (36-60) 39 (32-55)_ p=0.22

Unless otherwise indicated the values are medians with interquartile ranges in paren-
theses. APTT = Activated partial thromboplastin time.

%0-1,500 ml/h, haemofiltration 400-800 ml/h, substituent via
st-dilution) were included in the study. 17 of those received the
ostacyclin synthetic analogue epoprostenol (Flolan®, Glaxo-
lellcome). Five of these 17 patients had serious liver dysfunction
id bilirubin of >100 pmol/1 [19] and were given Prostacyclin to
ioid citrate toxicity. Liver dysfunction was a primary indication
rprostacyclin for the period of the study which lasted 18 months.
fteen of the total number of 32 patients received 2.2% citrate
enwall®, Baxter).

Prostacyclin was infused pre-filter at increasing doses from 4.5
y to the maximum of 10.0 ng-kg™'-min~' together with 6 1U-
~I-h! of heparin. The blood pump was slowed to 120 ml/min to
ach a blood flow equal to the circuit filling volume per time equal
half life (T'2) of prostacyclin: V (circuit+filter) 300 mlU/T% of
ostacyclin 2.5 min = 120 mlV/min. Patients with bleeding, a de-
:ase in platelets or filter clotting within the first 10 h were switched
citrate.

200-450 ml/h of citrate was infused pre-filter. The post-filter
°T (Hemochron®, Fresenius, normal 80-150 s) was taken every
1, the endpoint of the citrate infusion being an ACT of between
0 and 200s. The normalisation of ionised Ca?* was performed
using 10% calcium gluconate post-filter. Arterial Ca?* was
ecked every 6 h and kept between 1.1 and 1.5 mmol/l. Ordinary
cium (1.63 mmol/l) and magnesium (0.75 mmol/l) containing
lysis fluid with 140 mmol/l sodium eliminated the need for so-
im corrections. Magnesium was checked orice a day and cor-
ted by addition of 20% magnesium sulphate to the maintenance
usions.

The buffer in dialysis fluid was sodium lactate (45 mmol/l) and
modification was required for citrate or prostacyclin groups.
dinary Ringer’s solution was used as the haemofiltration fluid
th additional separate infusion of 8.4% sodium bicarbonate in
» prostacyclin group. Initial dose of bicarbonate (ml/h) was cal-
ated as 1.1 x 28 x volume of haemofiltration (litres/h). No
:mofiltration buffer was necessary in the citrate group.

Patient characteristics before treatment are shown in table 1.
tient monitoring consisted of platelet count, monitoring of bleed-
,episodes (from examination of sputum, urine, gastrointestinal
ct, brain, skin, naso/oropharynx, lines, wounds), haemodynam-
:ffects (hypotension: decrease in mean arterial pressure of >10%
baseline) and time to clotting of the filter (elevation of trans-
mbrane pressure above 200 mm Hg without parallel elevation

»stacyclin versus Citrate in Continuous
emodiafiltration

of venous pressure). The need for blood transfusions was recorded
every day and intensive care unit survival in both groups. The cost
of treatment was calculated as the theoretical daily expense for
prostacyclin plus the cost of heparin versus the daily cost of citrate,
calcium gluconate and ACT monitoring in the citrate group. The
cost of Ca?* monitoring was not included as it was a part of routine
acid-base analysis performed at the bedside.

Statistical analysis was performed using software Statistica v.
6.0. The Mann-Whitney test was used to compare the numerical
data of the 2 groups. Fisher’s exact test was used to compare the
frequencies of side effects between the prostacyclin and citrate
groups. Kaplan-Meier survival curves were used to present the re-
sults and generate estimated median times to spontaneous circuit
failure. The log rank test was used to compare time to failure be-
tween groups.

Results

Intensive care mortality was 8/17 (47.1%) in the epo-
prostenol group. In 1 patient the therapy was withdrawn
due to the diagnosis of cholangiocarcinoma. Two of the
remaining patients died within the first 6-8 h. One of
these 2 died of intractable intracranial hypertension and
was not on any vasopressor therapy. The other patient
died of profound oesophageal variceal bleeding and the
dosage of noradrenaline was not changed after the start
of CVVHDF. The dosage of prostacyclin was not esca-
lated in these 2 patients and they were not included in
filter evaluation. Altogether 39 filters were monitored 1n
15 patients.

In 4 patients (23.5%, p = 0.04) the dosage of epopros-
tenol was reduced due to hypotension. Mean dose of pros-
tacyclin 8.7 + 2.4 ng-kg™!-min~! was reached in 7.5 +
10 (median 5.0) h. All patients were haemodynamically
stable after dose adjustment to the above-mentioned
mean dose with no requirements for an increased dose of
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vasoactive agents. Five patients were without vasopressor
support and 10 patients were on noradrenaline infusion
at a mean dose of 0.23 * 0.18 ug-kg™'-min~'. A dobuta-
mine infusion at a mean dose of 3.9 * 1.02 pg-kg™'-
min~!' was running in addition to noradrenaline in 5 of
the 10 patients.

Four patients (23.5%, p = 0.04) were switched to ci-
trate due to the decrease in platelet count. The platelet
count stabilised on citrate in all patients. Wound bleeding
in 1 of the 4 (p = 0.50, n.s.) ceased after changing to ci-
trate. No death in the study could be attributed to haem-
orrhage. One patient (6%, p = 0.50, n.s.) was switched to
citrate due to frequent filter clotting. 2.6 filters were used
per patient with a median of 3 filters per patient. Median
filter life was 26 (interquartile range 16-37) h.

Fifty-six filters were monitored in 15 patients in the
citrate group, the maximum filter time allowed was 96 h.
Intensive care unit mortality was 6/15 (40%). No bleeding
episodes, no change in platelet count and no haemody-
namic changes were recorded. A trend towards metabol-
ic alkalosis was recorded in all patients. Therapeutic in-
tervention was necessary in 2 patients (2/15, 13.3%, infu-
sion of 0.2 mol/1 HCI). A median of 4 filters per patient
was used. Median filter survival was 36.5 (interquartile
range 23.5-50) h (p < 0.01, fig. 1).

The number of blood transfusion units per day on
CVVHDF was comparable between the two modes of
circuit anticoagulation. A median of 1.0 (interquartile
range 0.0-2.0) units/day for epoprostenol versus 0.5 (in-
terquartile range 0.0-3.0) units/day for citrate (p = 0.62)
was used. The threshold for red cell transfusion was
8.0 g/dl unless a patient had coronary artery disease or
previous adaptation to higher haemoglobin concentra-
tion.

The authors found a significant difference between the
cost of epoprostenol plus low-dose heparin (EUR 204.73
+ 53.04) versus the cost of citrate-based anticoagulation
for CRRT (EUR 93.92 * 45.2; p<0.09).

Discussion

Increasing the dosage of prostacyclin insignificantly
prolonged filter survival in comparison to a combination
of a standard dose of prostacyclin plus low-dose heparin
[7]. Filter life was substantially longer compared to when
prostacyclin was used as a sole anticoagulant [6]. The hae-
modynamic side effects of the higher dosage up to a mean
of 8.7 *+ 2.4 ng-kg™!-min~! were eliminated by slowing
the blood pump to reduce the amount of drug entering
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the systemic circulation. A higher dosage puts patients at
risk of further hypotension which was recorded in 23.5%
of the patients. With regard to the risks associated with a
higher dosage of heparin [8], epoprostenol supplementa-
tion with low-dose heparin (5-6 IU-kg™'-h~!) at dosages
up to the above-suggested limit may be an easily available
therapeutic option which may reduce the risk of bleeding.
The potential variables would be the filter and circuit vol-
ume of the individual brands of CRRT device with re-
spect to the set blood flow rate. Application of higher
blood flow in machines with small circuit volumes may
increase the amount of prostacyclin reaching the system-
ic circulation and increase its haemodynamic side effects.
Epoprostenol application is simple but significantly more
expensive than citrate. An occasional slight decrease in
platelet count has been described in patients on prostacy-
clin anticoagulation [6].

Citrate offers longer filter survival and is associated
with no risk of bleeding. Citrate is associated with no ef-
fect on platelets compared to epoprostenol, which is im-
portant for thrombocytopenic patients. Citrate anticoag-
ulation has extensive effects on the intermediate metabo-
lism and the impact on patients’ nutrition is still difficult
to assess at the bedside. The metabolic load consists of
approximately 150-330 g of citrate infused daily pre-fil-
ter which is a substrate for intermediate metabolism to-
gether with lactate infused as a buffer [20]. A significant
portion of the citrate load is dialysed. Patients on citrate-
based CVVHDF rarely develop mild metabolic alkalosis
which often does not require treatment. Commercially
available 2.2% citrate is used in transfusion departments
for preparation of packed cells and contains 2.5% glucose.
Thus 90-250 g of glucose is infused pre-filter, the major-
ity of which is dialysed. Special indications for citrate use
are hypercalcaemic states. Citrate may be considered as
contraindicated in patients with serious liver disease, and
those with liver impairment or liver transplant could be
safely anticoagulated with prostacyclin [21]. The simpli-
fied citrate protocol using commercially available citrate
is less expensive than prostacyclin circuit anticoagula-
tion.
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Can Bioimpedance Determine the Volume of Distribution of
Antibiotics in Sepsis?

M. BALIK*, J. SEDIVYt, P. WALDAUF%, M. KOLAR}, V. SMEJKALOVA**, J. PACHLt+

Departments of Anqes!hesia and Intensive Care, University Hospital Kralovske Vinohrady, and Department of Clinical
Pharmacology, Institute for Clinical and Experimental Medicine, Prague, Czech Republic

SUMMARY

The relationship between the volume of distribution, assessed according to the two-compartmental pharmacokinetic
model, and extracellular water estimated by bioimpedance was studied in mechanically ventilated patients with sepsis
and capillary leak. A prospective observational study was performed in a twenty-bed general intensive care unit in the
university hospital.

Patients received either vancomycin (n=16) or netilmicin (n=12) for more than 48 hours. Those with asciies.
pleural effusion, on renal replacement therapy or with haemodynamic instability were excluded. Serum concen-
trations of drugs were taken for pharmacokinetic analysis before, 1 hour and 4 hours after the 30 minute infuston.
Bioimpedance measurement was performed at the time of the third sampling. The protocol was repeated after
24 hours. Fluid balance during the 24 hour interval was recorded.

Extracellular water was increased and represented 45.6 to 46.6% of total body water. Fluid balance correlated
with the change of extracellular water (r=0.82, P<0.0001) and total body water (r=0.74, P<0.0001). Volumes of
distribution of vancomycin (0.677%0.339 l/kg) and netilmicin (0.505%0.172 I/kg) were increased compared (o
normal values. A correlation was demonstrated between volume of distribution (Vd,e,) of vancomycin and extra
cellular water/total body ratio (r=0.70, P<0.0001). The central compartment distribution volume (V) of neulnucin
correlated with extracellular water/total body water ratio (r=0.60, P<0.003). Serum concentrations above the recom-
mended therapeutic range were detected in 81.2% of patients on vancomycin and in 50% of patients on netilnucin.

Increased volumes of distribution can be estimated by the bioimpedance measurements but are not associated with
requirements for higher dosage of the glycopeptide or aminoglycoside antibiotics.

Key Words: SEPSIS: antibiotics, distribution volume, extracelular water, bioimpedance, therapeutic drug monitoring

Sepsis and multiple organ dysfunction induce an care unit patients may be similar, less or greater

increase in the water content of the body mainly
in the extracellular space. Antibiotics are primarily
distributed in extracellular water, therefore anti-
microbial prescribing in sepsis must take into account
the increase in volume of distribution and variable
drug clearance'’. At different stages of the disease
process, antibiotic requirements in septic intensive
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than in patients on the conventional ward®. Sub-
therapeutic antibiotic concentrations in those
patients may account for treatment failures and
may contribute towards emergence of bacterial resis-
tance*’”.

Measurement of serum levels of antibiotics is
recommended for drugs with a low therapeutic index
and is routinely practised in the ICU for antibiotics
like aminoglycosides and glycopeptides. One of the
analytic methods used in therapeutic drug monitoring
is fluorescent polarization imunoassay. By adopting a
two-compartmental pharmacokinetic model, volumes
of distribution (Vd) of an antibiotic can be calculated.
Oscillations of serum levels and kinetic parameters
can be used to predict the course of serum levels after
each dose, thus allowing for an appropriate dose to be
administered at the correct time®.

Bioimpedance is a noninvasive measure of total
body water (TBW) and its component in intracellular
(ICW) and extracellular (ECW) space. Impedance
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values obtained from healthy volunteers correlate
well with body composition values derived from a
variety of other measures like anthropometry, densit-
ometry and tritium dilution technique®*”. However,
there are less convincing data about the use of bio-
impedance methodology in critically ill'""*, By moni-
toring changes in bioimpedance sensed by superficial
electrodes attached to the limbs, a rough measure of
total body water and extracellular volume can be
obtained. Segmental bioimpedance measurements
appear to predict with reasonable accuracy the extra-
cellular and intracellular water volume status among
patients with abdominal surgery or those with ascites
and pleural effusion. Bioimpedance has still not
found universal acceptance in spite of the introduc-
tion of limited frequency and multifrequency bio-
impedance techniques. A strong relationship of im-
pedance values with ECW has been reported at low
frequencies (1-50 kHZ) and while at high frequencies
(50-100 kHz), bioimpedance correlates well with
TBW*"'“"*. Since changes in impedance are not
always well correlated with a change in the size of
fluid compartments in pathological conditions, we
were keen to study the clinical utility of bedside
measurement in a group of patients known to be
associated with fluid overload.

We hvpothesize that in critically ill patients with
sepsis. the volume of distribution of an antibiotic
(vancomycin or netilmicin) would correlate well with
bioimpedance measurement of ECW. If proven to be
true, we conjectured that a model could be developed
which would allow more accurate drug dosing
based on the information obtained by bioimpedance
assessment.

MATERIALS AND METHODS

The prospective observational study was per-
formed in a twenty-bed general ICU in the University
Hospital and was approved by the Hospital Ethics
Board. Therapeutic drug monitoring is part of the
routine management of patients in our ICU. In view
of this and the noninvasive character of bioimped-
ance measurement, the Ethics Board waived the need
for written informed consent.

Twenty-eight patients fulfilling two or more criteria
for Systemic Inflammatory Response Syndrome
(SIRS)™"" were included in the study. Capillary leak
in the presence of sepsis was defined as the occur-
rence of a positive fluid balance, signs of generalized
oedema. conjunctival chemosis and a decrease in
serum total protein™". Patients with obvious ascites,
pleural effusions or those on renal replacement
therapy were excluded from the study. Patients with

overt haemodynamic instability were also excluded.

Sixteen patients were administered vancomycin and
twelve patients netilmicin over more than 48 hours.
Initial daily dose of vancomycin was 20 to 30 mg/kg
and that of netilmicin was S to 6 mg/kg among
patients with normal or mildly reduced renal function
(over 60 ml/min/1.73 m?)*** Creatinine clearance
(Ccr) was calculated from a sample of urine collected
for 24 hours at the urine prior to the commencement
of the study.

Samples were drawn from an indwelling arterial
line for analysis of antibiotic concentrations just
before the drug was administered and at one hour and
four hours after the end of an antibiotic infusion over
30 minutes. Serum concentrations were measured by
fluorescence polarization imunoassay (FPIA) using
an ABBOTT TDx analyser. All measurements were
repeated after an interval of 24 hours.

Concentration/time drug oscillations were simu-
lated using the MW\Pharm v.3.30 software (Medi
Ware/Medisoft, Groningen) using a two compart-
ment model with a Bayesian fit procedure. All data
including the weight, height and renal function as
assessed by creatinine clearance values were entered
into the software program to derive a number of
parameters®. These included volume of distribution of
the central compartment (V,), volume of distribution
(Vdarea) and total body clearance of the antibiotic
(Cl1). A prediction of the course of serum drug levels
was made. Information derived from this pharmaco-
kinetic analysis were compared with the initial dosing
scheme and changes were recommended for each
patient.

Immediately after drawing a blood sample at four
hours after drug infusion for pharmacokinetics, bio-
impedance measurements were taken. Bioimpedance
was analysed at multiple frequencies (1, 5, 50 and
100 kHz) using the B.I.A.2000-M device (Data Input
GmbH, Frankfurt, Germany). Electrodes were
placed on the dorsal surface of the hand and foot
at the metacarpals and metatarsals. Patients were
placed supine while on mechanical ventilation, haemo-
dynamically stable with maintenance infusions. Re-
sistance (R), reactance (Xc) and phase angle (alpha)
were measured and all bioimpedance measurements
were repeated after 24 hours. The data were entered
along with weight and height into a computer pro-
gram Nutri 4 (Data Input GmbH, Frankfurt, Ger-
many) for the calculation of ECW volume and TBW
volume. TBW was calculated from measured re-
sistance according to the formula of Kushner and co-
workers®?. ECW was calculated according to the modi-
fied formula of Segal and colleagues™. Extracellular
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water calculated as a percentage of total body water
(ECW/TBW) 1is considered an index of volume
load***. To assess the influence of alterations in body
composition between two measurements taken 24
hours apart, the changes in TBW and ECW were
recorded and compared to the expected physiological
norm® and to the total fluid balance (difference
between the fluid intake and output over 24 hours).
Statistical analysis was performed using Statistica
Software, version 6.0. The test of normality of data
distribution was carried out using Normal Propability
Plot and Shapiro-Wilk W Test. Parameters of body
water distribution (ECW, TBW and ECW/TBW
index) obtained by bioimpedance were correlated
with distribution volume parameters (V,, Vdarea)
derived from pharmacokinetic modeling. Regression
analysis was applied for prediction of pharmaco-
kinetic parameters using bioimpedance parameters.

RESULTS

Patient characteristics are shown in Table 1. The
mean age of patients was 58.8 +18 years and the mean
APACHE 11 score was 21.5+7.3. ICU mortality was
32.1% (9 of 28 patients). Seventeen patients (60.7%)
received catecholamine support. Sixteen patients of
those 17 were treated with noradrenaline (mean
0.06%0.08 ug/kg min, median 0.03, quartile range
0.06), in three patients in combination with dobuta-
mine (range 1.0-3.5 ug/kg min). One patient received
dobutamine (2.5 ug/kg min) only.

TABLE |
Patients characteristics

347

The balance of fluids during the interval of 24
hours between the two measurements showed a mean
change of 0.16+1.47 1/24 h (median 0.10 [/24h and
quartile range 1.87 1/24h). The mean change of ECW
was 0.31+1.81 1/24h (median 0.10 and quartile range
1.85 1/24h) and TBW change was 0.60+3.65 1/24h
(median -0.45 and quartile range 2.15 /24 h) during
the same period. A significant correlation between
the ECW change and the balance of fluids was found
(r=0.82, P<0.0001) as well as between the TBW
change and the balance of fluids (r=0.74; P<0.0001).

Thirty-two measurements were taken in 16 patiens
receiving vancomycin. The results are shown in Table
2. The initial dosage of vancomycin corrected accord-
ing to the GFR was compared with the recommended
dosing after the pharmacokinetic analysis. Only three
patients received the correct dosage (18.8%). In 13
other patients (81.2%) serum drug concentrations
above the recommended therapeutic range were
reached, one suffering severe renal insufficiency
(16.8 ml/min/1.73m?). The dose was reduced in two
patients, the dosing interval was prolonged in other
10 patients and both dose and interval were changed
in one of those 13 patients.

Twenty-four measurements were performed in 12
patients treated with netilmicin. The results are
shown in Table 3. The initial dosage of netilmicin had
to be corrected in eight patients (66.7%). Only four
patients (33.3%) of the study group received the cor-
rect dosage. In six (50.0%) patients the dosage had to
be reduced, three of them suffered from severe renal
insufficiency (GFR 18.5-32.5 ml/min/1.73m-). The
dose was reduced in three patients. the dosing inter-
val was prolonged in two patients and both were

Major diagnosis (cause of ICU admission) n=28 changed in another patient of those six. The dosage
Haemato-oncologic sepsis 8 was increased in two patients of those 12 studied and
Cardiac ' o 5 glomerular hyperfiltration was recorded in those two
%‘;5:;:' including petitenitis i patients (GFR range 132.3-134.0 ml/min/1.73m").
Acute pancreatitis 2
Cerebral stroke 2 DISCUSSION
Respi 2 . . . ; ;

ol This study confirms that sepsis is associated with an

TABLE 2
Results of the vancomycin study
Parameter V1 (I/kg) Vd-area (I/kg) Cl (I/h.kg)
mean*SD 0.212+0.100 0.677+0.339 0.037=0.018

ECW (1) 22.75+6.04 r=0.15 r=0.41"° r=0.42""
ECW/TBW (%) 45.56+4.67 r=0.15 r=0.70""* r=0.33
GFR (mU/min/1.73m?) 67.76+25.73 r=0.83""""
Body weight (kg) 84.6+18.2

r: correlation coefficient

P level of significance; *P<0.02; **P<0.02; ***P<0.0001; ****P<0.0001.
Abbreviations: V1: central distribution compartment; Vd-area: volume of distribution; Cl: total body clearance; ECW: extracellular water:
ECW/TBW: the volume of extracellular water expressed as percentage of total body water; GFR: glomerular filtration rate.
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TABLE 3
Results of the netilmicin study

Ea}rameler V1 (I/kg) Vd-area (I/kg) Cl (I/h.kg)

mean+SD 0.243%0.069 0.505%0.172 0.050+0.033
ECW (l). 20.97+3.86 r=0.36 r=0.22 r=0.29
ECW/TBW (%) 46.56+4.03 r=0.60" r=0.44** r=0.13
GFR (mUmin/1.73m?) 67.01+35.93 r=0092***
Body weight (kg) 75.8+11.8

r: correlation coefficient; P level of significance; *P<0.003; **P<0.04; ***P<0.0001.
Abbreviations: V1: central distribution compartment; Vd-area: volume of distribution; Cl: total body clearance; ECW: extracellular water,
ECW/TBW: the volume of extracellular water expressed as percentage of total body water; GFR: glomerular filtration rate.

increase in ECW but with little increase of TBW as
assessed by bioimpedance". Almost 50% of TBW
accumulates in the extracellular space as a result of
an alteration in capillary permeability. An increase in
the ratio of ECW to TBW is a frequent observation,
not only due to an expansion of ECW but also as a
result of catabolism and loss of body protein accom-
panied by a loss in intracellular water'""?. On the other
hand the increase in TBW may parallel the increase
in ECW in the early stage of sepsis in particular®?*.
Changes of ECW and TBW correlated well with the
fluid balance over 24 hours between the two bio-
impedance measurements in all patients. Bioimped-
ance is thus a reliable measure of change in body fluid
compartments.

The mean volume of distribution of studied anti-
biotics was also increased above normal for both, but
for netilmicin in particular'* suggesting a relationship
with capillary leak. Statistical analysis showed a sig-
nificant correlation between pharmacokinetic para-
meters of volume and volumes measured by bio-
impedance among vancomycin treated patients. A
similar but less significant result was found among
patients treated with netilmicin. In other words, esti-
mates of volume change by bioimpedance paralleled
changes in the volume of distribution calculated
by pharmacokinetic modelling. The lack of better
agreement could, in part, be explained by the fact
that pharmacokinetic estimation of volume (Vd) is
actually a mathematical construct that is influenced
as much by protein binding as by actual increases in
volume of distribution. Bioimpedance analysis only
estimates the actual body water. In critically ill
patients, several factors affect the volume of distribu-
tion of antibiotics that in turn influence antibiotic
levels in serum and tissues.

The correlation found between ECW/TBW and V,
of netilmicin was not found for vancomycin. The find-
ings could be explained by the better penetration of
vancomycin into the tissues than netilmicin and by

different protein binding of both drugs. The total
clearance of the drugs (Cl) correlated with GFR rep-
resented with clearance of creatinine which confirms
the importance of renal function assessment for the
adequate dosage of both drugs.

The Bayesian program was used in pharmaco-
kinetic modelling as it is probably significantly more
precise and less biased than the Moellering or
Matzke method and less biased than the Sawchuk-
Zaske method in predicting both peak and trough
concentrations®®. Dosing based on individual phar-
macokinetic data is a more reliable way of achieving
therapeutic blood concentrations than a nomogram-
based dosing system. In this study we wanted to
develop a system by which it would be possible for us
to individualize dosing of renotoxic antibiotics for
ICU patients. We expected to find low therapeutic
levels of both antibiotics in line with an expected
increase in extracellular water and distribution
volumes in septic ICU patients. Suprisingly, only
three patients (18.8%) in the vancomycin group and
four patients in the netilmicin group (33.3%) had
their dosing regimen correct. In the majority of
patients, serum concentration of antibiotics were
above the therapeutic level and required a reduction
in the dose or extension of the dosing interval. Three
patients with a significant impairment of renal func-
tion (GFR<40 ml/min/1.73m?) in the netilmicin
group and one in the vancomycin group were among
those who required a reduction of the dose but this
step might have been justified later with regard to
their renal function parameters. The hypothesis that
it would be possible to adjust the dose of the nephro-
toxic antibiotics in terms of increasing the dose
according to the bioimpedance estimate of the distri-
bution volume of the agent was not confirmed. In
fact, a dosing regimen based on a pharmacokinetic
construct of volume (Vd) was also not confirmed. In
contrast, drug levels were found to be high in spite of
an increase in volume of distribution calculated from
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pharmacokinetic modelling. A lowered clearance of
antibiotics or a higher protein binding are the only
two plausible explanations for this finding. Clearance
of renally excreted antibiotics is related to the GFR,
which at certain times during the septic process can
be overestimated by clearance of creatinine®, leading
to a higher dose administration. The prospect that
some of the commonly used antibiotics in the inten-
sive care unit may be bound to acute phase proteins
also emerges as a possibility for consideration®.
Another explanation for the finding of high serum
levels in spite of a demonstrable increase in body
water is the possibility of a preferential distribution of
antibiotics in the central compartment even in the
presence of a capillary leak. Aminoglycosides are
seemingly poorly distributed in the extravascular
space™ giving credence to the last of the explanations
mentioned above. Data on sub-therapeutic tissue
levels of antibiotics (measured by microdialysis)
in sick and septic patients also support this
contention™*.

Decisions related to the use of antibiotics in the
ICU are complex and are based on the pharmaco-
kinetic parameters, microbial sensitivity, site of the
infection and presence of the postantibiotic effect*”.
For the moment, routine drug levels will continue to
guide therapy in septic ICU patients. Few units
around the world will use computerized algorithms
for antibiotic dosing in individual patients. Papers
suggesting an increase in doses of aminoglycosides™"
during the first few days of sepsis need to be viewed
with caution, especially if the suggestion is made on
the basis of increases in volume of distribution. Sepsis
is a dynamic process and results in multiple conflict-
ing changes in the composition of the body as well as
its ability to handle and metabolize drugs. All these
need to be factored in while determining the dose and
dosing interval of an antibiotic. Bioimpedance that
measures only the body water ‘and estimates the
extracellular water is unlikely to help in determining
the dose requirement of an individual patient.

Our study had an attractive hypothesis but suffered
from a few weaknesses. Measurements were done
after at least 48 hours of therapy when the patients
were haemodynamically stable. Changes in volume
that may impact on the decision to give higher doses
of antibiotics are frequently seen in the early unstable
phase of sepsis. Also the timing of the study matters
for another important reason. Drug levels measured
after a few days of therapy reflect steady state kinetics
that are more profoundly influenced by clearances
rather than volume of distribution. If we were to con-
sider a future in which we would consider the initial
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or loading dose of an antibiotic based upon volume of
distribution to achieve a good therapeutic level.
bioimpedance analysis may still have something to
offer.
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