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Seznam zkratek biochemicqch parametru uvadenj/ch v textu: 

Sna+  (serove natrium), SK + (serove kalium), SOsm (serova osmolalita), UNa +  
(moOove natrium), UK + (moeove kalium), dU-Na +  (odpady natria v mod za 24h), dU-
K+  (odpady kalia v moai za 24h), UU (konc. urey v moai), dU-U (odpady urey v mooi 
za 24h), U0sm (m000va osmolalita), UKr (konc. kreatininu v moei), Ckr (clearence 
endogenniho kreatininu), FE_H20 (exkreeni frakce volne vody), FE_Na+ (exkreeni 
frakce natria), FE_K+ (exkreoni frakce kalia), UU/SU (koncentraeni index urey), 
C_Osm (clearence osmolalnich latek), C_H20 (clearence bezsolutove vody), C_El 
(elektrolytova clearence), EWC (clearence bezelektrolytove vody), FE_Osm 
(exkreeni frakce osmolainich latek), Vu (objem moei), SAG (serova aniontova 
mezera),UAG (m000va aniontova mezera), UOG (m000va osmolaini mezera), CRRT 
(kontinualni eliminaenf metoda), ECW (extracelularni tekutina), TBW (celkova telni 
voda) 
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Abstrakt 

Ovod: Systematick9 pristup k monitoringu renalnich funkci s vyu2itim 
funkenich renalnich testO vypooitavan9ch ze serov9ch a m000v9ch parametru nebyl 
dosud pine zpracovan. Anal9za natriuretick9ch peptide.' oi nizkomolekularnich 
proteinO v diagnoze pokroeileho renalniho selhani vy2adujiciho nahradu funkce 
Iedvin nebyla u kriticky nemocn9ch vyu2ita. Provadeni kontinualnich eliminaonich 
metod zahrnuje i adekvatni antikoagulaci extrakorporalniho okruhu. Prostacyklinova 
antikoagulace jako jedna z novej§ich postupu nebyla porovnana s citratem, kter9 je 
standartni metodikou na mnoha jednotkach intenzivni peoe. Zmeny distribueniho 
objemu antibiotik jsou predmetem diskuze ve smyslu alterace davkovani ale nebyly 
dosud klinicky stanovovany u 162ka pacienta jinak ne2 s pomoci farmakokinetickeho 
modelu. 

Metody: Zavedeni pooitaeoveho programu vypoeitavajiciho spektrum 
funkenich renalnich parametrO umo2nilo monitorovat efekty diuretik, posuny 
v osmolalite, poruchy acidifikace mooi a progresi renalni insufficience smerem 
k renalnimu selhani. Sestaveni funkoniho modelu akutniho renalniho selhani slou21 
jako nastroj pro dal§i studie pacientu vy2adujicich nahradu fukce ledvin. Vztah mezi 
rezidualni diurezou a hladinami natriuretick9ch peptidu a cystatinem C byl studovan 
pred a behem prvnich 48 h kontinualni venovenozni hemodiafiltrace. Prostacyklinova 
antikoagulace spoleOne s nizkou davkou nefrakcionovaneho heparinu byla 
porovnavana s regionalni citratovou dekalcifikaci extrakorporalniho okruhu. 
Distribuoni objem glykopeptidov9ch a aminoglykosidov9ch antibiotik odhadovan9 
z farmakokinetickeho modelu byl korelovan s volumem extracelularni tekutiny 
meren9m s pomoci bioimpedance u septick9ch pacientu. 

Vjtsledky: Studie navrhla mo2ne postupy v monitoringu homeostatick9ch 
efektO diuretik, renalni funkeni testy byly potvrzeny jako vhodn9 monitorovaci nastroj 
pro poruchy tonicity u posti2eni centralniho nervoveho systemu. Prevalence poruch 
acidikace mod neni u kriticky nemocn9ch zanedbatelna a funkani renalni testy 
umo2iluji jeji rychlou diferencialni diagnostiku. Aplikace funkenich testO v diagnostice 
akutniho renalniho selhani u kriticky nemocn9ch mij2e eliminovat vliv ostatnich 
nonrenalnich faktoru na pou2ivane parametry. Nebyla potvrzena hypoteza, 2e 
natriureticke peptidy mohou stimulovat rezidualni diurezu u akutniho renalniho 
selhani. Jejich v9znam spoeiva v diagnostice renalniho selhani per se a diferenciace 
oliguricke a neoliguricke formy se zachovanou rezidualni diurezou. Cystatin C ma 
schopnost take diferencovat pacienty ye smyslu zachovane rezidualni diurezy a 
prognOzy na kontinualni eliminaeni metode. Prostacyklin nenabizi srovnatelne pre2iti 
filtru ye srovnani s citratem a mu2e u easti pacientO interferovat s funkci destieek i 
kdy2 jeho aplikace s nizkou davkou heparinu je bezpeend. Zv9§en9 distribueni objem 
aminoglykosidov9ch a glykopeptidov9ch antibiotik v sepsi nesouvisi s po2adavkem 
na nav9§eni davky. 

Zaver: Studie jsou v9sledkem klinickeho v9zkumu provadeneho na kriticky 
nemocn9ch pacientech. Pokou§eji se prispet k medicinsky a finanene efektivni 
diagnostice na oddelenich, ktera tvori pouze okolo 10% kapacity nemocnic ale 
souoasne odsavaji neproporene vice medicinsk9ch zdrojei. Interpretace homeostazy 
a prevence renalniho selhani ve forme renoprotektivniho re2imu zahrnujiciho 
monitoring nefrotoxick9ch antibiotik spoleane se spravne indikovanou a ukoneovanou 
nahradou funkce ledvin jde ruku v ruce s efektivitou leeby pacienta. 

5 



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 patienth treatment. 
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tivod 

Prognoza pacientu yyZadujicich umelou plicni ventilaci je ovlivriovana do 
znaene miry stavem renalnich funkci a vnitrniho prostredi. Akutni renalni selhani 
postihuje cca 3-25% pacientO na jednotkach intenzivni peee (ICU) v zavislosti na 
typu oddeleni a charakteru poskytovane terapie a take v zavislosti na zvolen9ch 
diagnostick9ch kriteriich. Svoji zavaZnosti posunuje morbiditu a mortalitu qrazne 
vzhuru, at' u2 se jedna o mortalitu na ICU, nebo dlouhodobou mortalitu po propu§teni 
z intenzivni pesde (1,2,3). 

Maloktera diagnosticka entita ma v sou6asnosti tolik propracovanou a 
praktikovanou terapii jako je nahrada funkce ledvin a soueasne postrada jasnou 
definici selhani organu, kter9 je touto technikou nahrazovan. Trend poslednich let ye 
v9zkumu eliminaenich metod je sledovani efektO na homeostazu, aktivitu zanetu, 
stabilizaci hemodynamiky a zlep§eni ventilace pacienta. Neexisuje konsenzus 
v definici renalni indikace a non-renalni indikace k eliminaoni metode (4,5). Neni 
dosud znamo, jak ruzne re2imy eliminasenich technik ovlivriuji rezidualni renalni 
funkce s mo2n9m dal§im dopadem na morbiditu pacientO. Problem jednotne definice 
renalniho selhani je demonstrovan na review 28 studii na pooperaeni selhani ledvin 
(6), kde jsou v ka2d6 jednotlive studii pou2ity jind diagnosticka kriteria. 

Pokud budeme chtit definovat precizne stay, kdy mO2eme hovorit o renalnim 
selhani s potrebou ART z renalni indikace, budeme muset k definici navrhovane 
pouze na podklade hladin katabolitO a diur6zy (5,6,7) priradit je§te §ir§i spektrum 
funkOnich renalnich vy§etreni. Bez tohoto pristupu zrejme Ade obti2n6 sestavit 
homogenni kohorty pacientO s ruzn9m stupnem a typem renalni dysfunkce tak, aby 
studie mely prislu§nou v9povedni hodnotu (8). Podrobna anal9za §ir§lho spektra 
funkenich renalnich parametru nam umoZnuje nejen diagnostikovat poruchy 
renalnich funkci, ale i poruchy iontoveho a yodniho hospodarstvi (9). Jde o 
kvantitativni sip& moei spolu s merenim m000v9ch elektrolytu, kreatininu, urey a 
osmolality. K pinernu vyu2iti biochemick9ch vy§etreni v9znamne prispiva i hlub§i 
anal9za homeostazy s pomoci yypoeitavan9ch funkonich parametru. 

Z novej§ich parametrO sledovan9ch ve vztahu k ledvinam je aktualni sledovani 
nizkomolekularnich proteinO u renalne selhavajicich pacientO. Cystatin C ma 
nepochybne v9znam jako marker glomerularni filtrace, otazka je jeho ovlivneni 
systemov9m zanetem a jeho v9povedni hodnota u pacientu na kontinualni eliminaeni 
metode (10,11,12,13). Hladiny natriuretick9ch peptidO jsou v9znamne oylivneny 
nejen pinicimi tlaky myokardu a objemy sini, ale i Orovni renalnich funkci. Vliv 
renalniho selhani a stupne jeho zava2nosti na hladiny endogennich natriuretick9ch 
peptidu nebyl doposud zkouman (14,15,16,17). Zavadeni eliminaenich metod u 
pacientO a jejich klinick9 benefit zavisi i na kvalite antikoagulace extrakorporalniho 
okruhu, ktera by mela zajistit funkeni filtr bez rizika krvaceni pro pacienta. Jednou 
z moZnosti je regionalni dekalcifikace okruhu s pou2itim 2,2% citratoveho roztoku 
uraeneho k v9robe transfuznich konzerv nebo pou2iti prostacyklinu (18,19,20). 
Srovnani techto dvou antikoagulaenich postupO je srovnanim dvou dostupn9ch 
technik, kter6 jsou pro riziko krvaceni indikovany a2" u 85% kriticky nemocn9ch 
vy2adujicich eliminaeni metodu. Ruku v ruce s poruchami ledvin jdou i poruchy 
yodniho a iontoveho metabolismu. Systemov9 zanet a porucha integrity kapilar 
potencuje u kriticky nemocn9ch kumulaci extracelularni tekutiny (ECT), s tim se 
zvet§uje i distribueni objem lediv (21,22,23). Odhad narOstu objemu ECT 
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bioimpedanci u pacientO s rOzne zachovanou funkci ledvin by mohl mit v9znam pro 
davkovani leoiv exkluzivne distribuovan9ch v ECT, zvlaete antibiotik. 

Metody a vjtsledky 

1. Renalni funkanf testy 

V prvni oasti jsou nastineny mo2nosti aplikace funkonich renalnich parametrO 
na diagnostiku poruch ledvin a vnitrniho prostredi u kriticky nemocn9ch pacientu. 
Praci nam v mnohem usnadnuje originalni poeitaeov9 program „Ledvina" 
programovan9 v jazyce Visual Basic. Schema programu se vstupy a v9stupy je na 
Obr. 24.7 v PHloze 6. 2. 

1.1. Glomerularni filtrace 

Deteriorace renalnich funkci a soueasne normalni hodnoty seroveho 
kreatininu (SKr) a urey (SU) potvrzuji znam9 fakt, 2e se pri hodnoceni funkce ledvin 
nelze spolehat na hodnoty SU a SKr. GF je nejsnadneji dostupna v podobe 
clearance endogenniho kreatininu (Ckr), ktera je pri sberu mod za 24 hodin 
pova2ovana za relativne validni vy§etreni. Pri jeji interpretaci je treba uva2ovat 
faktory ovlivnujicici zadavane promenne. Zv9§en9 podil tubularni sekrece kreatininu 
na jeho moeove koncentraci a sni2eni serove koncentrace vlivem vet§iho 
distribuoniho objemu pri vzestupu ECT a vlivem Obytku svalove hmoty mohou vest k 
preceneni skuteene urovne glomerularni filtrace u kriticky nemocn9ch. Tyto efekty 
sni2ujici SKr se obvykle s prubehem syndromu prohlubuji, paralelne oast° dochazi 
ke zhor§ovani funkce ledvin. Z toho vypI9va, 2e preceneni GF pri stanoveni Ckr je 
tim vet§i, Oim je hor§i funkce ledvin a u uremick9ch pacientO mij2e dosahnout a2 
dvojnasobku skuteene hodnoty (24). Problematicka interpretace clearence 
endogenniho kreatininu vede intenzivisty k hledani presnej§ich a mene variabilnich 
ukazatelu glomerularni filtrace. Jako perspektivni se jevi stanovovani endogenniho 
cystatinu C (viz ni2e). 

1.2. Obraz funkeni insufficience a jeho vjanam 

Monitorujeme pritomnost, öí nepritomnost prerenalniho syndromu jako2to 
znamky renalni hypoperfuse u jednotliqch pacientu. Clearence bezelektrolytove 
vody (EWC) ve vztahu k prerenalnimu syndromu pou2ivame spi§e jako dopliikoveho 
parametru (25), u ktereho nas zajima korelat s CH20 ve smyslu pozitivity, 6i 
negativity a faktory s tim souvisejici (viz ni2e). Prerenalni syndrom mei° vice nei 
80% pacientO ph prijmu na oddeleni. Je to dano predev§im obehovou nestabilitou. 
Jako u kakleho klinicko biochemickeho vy§etreni je nutria interpretace soueasne se 
znalosti klinickeho stavu pacienta. Korekci volemie a optimalizace hemodynamiky 
podanim prislu§njtch vazoaktivne pOsobicich latek lze indikovat i na podklade 
funkeniho vy§etfeni ledvin. Zpetne funkani stay ledvin nelze hodnotit bez znamosti 
klinickeho stavu pacienta a vy§etfeni hemodynamiky. 
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1.3. Tubularni funkce a efekty diuretik 

Diuretika patrf mezi jedny z nejeasteji pou21van9ch medikacf v intenzivnf peei. 
Jejich podavanf v9znamne ovlivriuje rendInf funkce, ktere jsou dostupn9m zpOsobem 
sledovatelne pomocf funkonfho vyS'etrenf ledvin (26). Z pohledu monitorovanf 
vnitrnfho prostredf jeho2 zakladem je S'ir'Sf spektrum funkenfch renalnich parametr6 je 
podavanf diuretik znaene invazivni a zpetne ovlivnuje diagnostiku homeostazy 
pomocf funkenfho vy'Setrenf ledvin (Prfloha 6.3). 

1.4. Typ diurezy 

Typ diurezy uroujeme s pomocf FE_H 20, C_H20, EWC, FE_Osm a indexu 
U0sm/S0sm. Parametr EWC jsme priradili ke klasick9m kriterifm typO diuresy. 
Tubularnf osmoticka diureza je typicka pro progredujfcf renaInf insuficienci jako 
kompenzatornf, dale pro terapii kliakov9mi diuretiky, thiazidy, acetazolamidem. Te2 ji 
nachazfme jako tzv. overflow osmotickou diurezu pri glykosurii, hyperkatabolismu 
s vysok9mi odpady urey, terapii manitolem oi po podanf kontrastu, nebo pri uniku 
bikarbonatu do mod. SraSend vodnf a osmoticka diureza je obrazem sekundarnf 
destrukce koncentraenf schopnosti. Je typicka pro progredujfcf rendInf selhanf, 
te2kou tubulointersticialnf nefritidu, nebo sekundarnf nefrogennf diabetes v'Sirtfm 
slova smyslu. Vodnf diureza je obrazem centraInfho nebo juvenilnfho nefrogennfho 
diabetu insipidu. Mohla by b9t fyziologicka pri vylueovanf velke nalo2e volne vody 
(27,28). 

1.5. Koncentradni schopnost 

Koncentraeni schopnost ledvin hodnotime porovnavanfm vztahu SOsm jak 
k C_H 20, tak i k EWC, co 2 ma vj/znam predev§im pro pochopeni posunO v efektivni 
osmolalite. Faktory naruSujici schopnost vytvaret adekvatne koncentrovanou moo' 
rozdelujeme do dvou skupin. Jednak se jedna o shodu v ureeni koncentraeni 
schopnosti pomoci C_H20 a pomoci EWC, kdy se obe pohybujf smerem do kladn9ch 
nebo zaporn9ch hodnot. Pak se mO2e jednat o dysregulaci na efektorove Orovni, kam 
patrf poruchy hypotalamohypofysarnfho systernu (centraInf diabetes insipidus, 
syndrom inadekvatnf sekrece ADH), nebo poruchy tubularnf bunky, receptoru pro 
ADH, syntesy aquaporinO (nefrogennf diabetes insipidus), ei nejaasteji poruchy 
drenoveho osmotickeho gradientu vym9vaneho prerenalnimi inzulty a naru§ovaneho 
kliekov9mi diuretiky (nefrogennf diabetes insipidus v §i(Sfrn slova smyslu). Vliv ma i 
nedostateene kvantum tekutiny v distaInfm segmentu nefronu v ramci renaInfho 
selhanf. Druha skupina faktoru zahrnuje vesmes intratubularnf osmoticky pOsobici 
substance navozujici diskrepanci mezi smerem pohybu C_H20 a EWC. Typicky je 
C_H20 snf2ena pri positivnf EWC, co 2 nachazime pri vy§§1 koncentraci urey v moei, 
nebo v souvislosti s glykosurif, terapif manitolem, al u chronick9ch acid& se 
zv9§enou sekrecf NH 4+ . Je mo2n9 efekt radiokontrastu, ei ketolatek pri jejich vy§§1 
koncentraci v moai. Je mo2ne, 2e se podobne uplatnf nektera antibiotika. Diference 
mezi C_H20 a EWC je funkcf techto solutO. Jedna se tedy o situace, kdy vyS'etrenf 
koncentraenf schopnosti pomocf C_H20 bez vy§etrenf EWC vede k podhodnocenf 
clearence volne vody (25,27,28). 

Uveden9 postup ma v9znam pro diagnostiku ka2de nejasne poruchy natremie 
a osmolality. OsmolaInf dysbalance jsou u pacientu v intenzivnf peei velmi Caste. 
Naprfklad hyponatremie u posti2enf CNS east° souvisf s patofyziologicky 
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provazaqmi syndromy inadekvatni sekrece ADH (IADHS) a solne diurezy (CSWS), 
jejich2 odli§eni je vsSak krucialni pro spravnou terapii hyponatremie. Hypernatremie 
pri posti2eni CNS souvisi east° se vznikem centralniho diabetu insipidu. 
Diferencialne diagnosticke schema poruch tonicity u patologif CNS ukazuje Prfloha 
6.4. Rutinni monitorovanf funkenich parametrO u pacientO s posti2enim CNS by 
mohlo pri racionalni infusni a diureticke terapii vest k men§fm vjrkyvum v efektivni 
osmolalite a tim i k men§imu sekundarnfmu po§kozeni centralniho nervoveho 
systemu ji2 naru§eneho primarnfm inzultem (27,29,30). 

1.6. VI/Setfeni acidifikace modi. 

Vy§etrujeme pH mod, seroq anion gap korigovaq na hladinu albuminu 
(SAG), moOovjt anion gap (UAG) a m000q osmolal gap (UOG). Poruchy acidifikace 
mob (RTA) mohou vznikat sekundarne na zaklade pornerne §irokeho spektra inzult6. 
NejeastejSJ pfleinou jsou nefrolithiaza, obstrukeni uropathie obecne (a2 u 25 %), da1§1 
eastou priainou jsou tubulointersticialni nefritidy. Frekvence sekundarni RTA byla 
v na§em souboru 225 kriticky nemocqch 5,8%. Diferencialni diagnostika je soueasti 
diferencialni diagnostiky hyperchloremicqch metaboliclqch acid& s normalnim 
anion gap po jeho korekci na hladinu albuminu (Prfloha 6.5). Pro terapii neni u 
kriticky nemocnj/ch pacientO dOle2ita exaktni diferenciace proximalni a distalni RTA, 
ale predev§fm odli§eni hyperkalemicke formy RTA a ev. RTA IV od nejeastej§1 
hypokalemicke RTA. Signifikantnim laboratornim nalezem je hyperchloremicka 
metabolicka acidOza s normalnim SAG, spojena s hypernatremil, hypofosfatemii, 
normo Oi hypokalcemif a normo ei hypomagnezemif (31,32). 

1.7. PrObeh renalni insufficience a progrese do renainfho selhanf, easna 
indikace k CRRT na podklade funkenich biochemictqch parametr6 

Na§e studie (33,34,35) sledovala prUbeh renalniho selhanf ve funkenich 
renalnich parametrech. Wsledkem studie bylo sestaveni funkonfho modelu 
selhavajici ledviny u syndromu multiorganove dysfunkce. Kumulace prerenalnich 
inzultu a septiclqch a nefrotoxicqch efektO postupne vede k poklesu glomerularni 
filtrace a k indukci tubularni osmoticke diurezy. V pripade dal§fho zhor§ovani renalni 
dysfunkce dochazi typicky spolu s klesajici clearance kreatininu k presmyku z 
maximalne indukovane kompenzatorni tubularni osmoticke diurezy na smf§enou 
vodni a tubularni osmotickou diurezu se ztratou koncentraeni schopnosti a 
isostenurif. Tento patofyziologic4 moment je mo2no vysvetlit jako regulaanf efekt 
tubuloglomerularni zpetne vazby a sni2eni glomerularni filtrace v rezidualnich 
nefronech v souvislosti s kriticky zq§encrrn tubularnfm prCitokem v pfepineqch 
tubulech rezidualnich nefronO (36). Je samozfejme, 2e tito pacienti musi mit ji2 
v predchozim prObehu maximalni mo2njr renoprotektivni re2im. Pokud dojde v teto 
fazi k uvedenjan zmenam ve funkenich klinicko biochemicqch parametrech spolu 
s darSim poklesem diurezy, dochazi v2dy k dal§imu poklesu GF, proto2e tito pacienti 
ji2 nejsou schopni zyit mothvou koncentraci kreatininu. Nasledne dochazi k 
k vzestupu urey, kreatininu a vethinou i poklesu diurezy s pfechodem do oligurickeho 
selhanf. RI dostateenem poetu rezidualnich nefronO dojde sprSe k neoligurickemu 
renalnimu selhanf (37). 
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Na podklade tohoto funkoniho modelu jsme v pozdej§ich studiich (38,39,45) a 
✓na'§i dalei praxi uplatnili v intenzivni peoi ponekud nestandartni indikaci k nahrade 
funkce ledvin. Tu jsme definovali jako pokles glomerularni filtrace pod 20% normalni 
hodnoty pro dann9 vek a pohlavi, isostenurii a pokles dennich odpadO urey pod 250 
mmol/den. 

2. Pfinos vy§efreni nizkomolekularnich proteirth a stfednich molekul pro 
diagnostiku renalnich funkci 

Problematicke ureeni GF jako Ckr, pomoci inulinu, nebo s vyu2itim 
isotopov9ch metod vede k hledani jineho spolehlivejeiho a citlivej§iho markeru pro 
diagnozu renalni dysfunkce v intenzivn I peel. Jednim z techto markerO je i cystatin C 
(cysC). Je to blokator cysteinov9ch proteaz, neglykosylovan9 basick9 protein 
produkovan9 konstantni rychlosti jadern9mi burikami organismu, kter9 je volne 
filtrovan glomeruly a katabolizovan renalnimi tubuly. Jeho serova koncentrace je 
nezavisla na pohlavi a svalove hmote, pravdepodobne je merle zavisla na veku ne2 
SKr. Jako marker je cysC vice senzitivni ne2 kreatinin ye vztahu ke GF, je vhodn9 
pro easnou detekci i mal9ch poklesu GF, tj. stavu, kde je easna terapie rozhodujici. 
SKr se zda b9t v9hodnej§i pro detekci prechodn9ch zmen GF u pacientO s ji2 
chronick9m renalnim posti2enim (10,11,12,13). Predmetem zkournani (38) byl vztah 
cysC a rezidualni diurezy u ji2 selhavajicich pacientu. Rezidualni renalni funkce u 
pacientO na kontinualni eliminaani metode by mohly b9t pova2ovany za marker 
Ospe—§nosti eliminaeni techniky, nebot' cilem sna2eni intenzivisty je indikovat techniku 
yeas a stabilizaci pacienta napomoci v optimalnim pripade k navratu rezidualni 
diurezy. Byl nalezen vztah mezi rezidualni diurezou a hladinou cysC a take mezi 
mortalitou a hladinami cysC (Priloha 6.7). Inicialni pokles hladin po nasazeni CRRT 
si pri zanedbatelne eliminaci na filtru vysvetlujeme adsorbci na filtru a 
extrakorporalnim okruhu. Otazkou je vliv sepse a systemoveho zanetu na hladiny 
cysC. V uvedene studii byly hladiny septick9ch kontrol vy§'§i ne2 u kontrolni skupiny 
neseptick9ch pacientu, rozdil v'Sak nedosahl statisticke v9znamnosti. V soueasnosti 
probiha ve Westmead Hospital v Sydney autorova studie sledujici vliv systemoveho 
zanetu na hladiny nizkomolekularnich proteinu u rOzne zava2ne renalni insufficience. 

Ze strednich molekul jsou ve vztahu k renalnim funkcim easto diskutovany 
natriureticke peptidy. Jejich v9znam v laboratorni diagnostice spoeiva v detekci 
srdeeniho selhavani. Zde je prave diskutabilni vliv selhani ledvin. Uvoltiovani BNP 
souvisi se zv9§en9m enddiastolick9m tlakem v komorach, sekrece ANP souvisi se 
zv9 .6en9m tlakem v sinich a aktivaci srdeaniho endokardu, predpoklada se u nej 
renoprotektivni, natriuretick9 a diuretick9 efekt. Tonizaci vas efferens zvy§uje filtraeni 
frakci a GF bez ovlivneni renalniho prOtoku krve, sni2uje sekreci reninu v ledvine a 
redukuje efekty angiotenzinu. ANP antagonizuje renalni i vaskularni efekty 
vasopressinu a endothelinO. BNP i ANP podavan9 parenteralne jako diuretikum 
vykazuje tubularni natriuretick9 efekt, zpOsobuje dilataci vas afferens, konstrikci vas 
efferens a zvy§uje glomerularni filtraci beze zmeny renalniho prOtoku krve. Byl 
prokazan prizniv9 efekt syntetickeho ANP s dopadem na morbiditu a potrebu dial9zy 
u oligurickeho renalniho selhani (14,15,16,17,40). 

Many ztraty rezidualni diurezy po zavedeni eliminaani metody nejsou zcela 
objasneny ani u nefrologick9ch pacientu (41). Jedna z teorii je eliminace 
natriuretick9ch peptidO na filtru. Na§e studie (39) prokazala vysokou senzitivitu BNP 
pro diagnozu renalni insufficience, kdy byly nachazeny hodnoty a2 60-70x vy§§1 ne2 
✓kontrolni skupine. Hladiny ANP byly podobne vysoke, av§ak vzestup ANP lepe 

11 



koreloval se ztratou rezidualnich renalnich funkci ne2 BNP. Natriureticke peptidy byly 
v9znamne zv9§ene u pacientO s klesajici diurezou oproti pacientOrn se zachovanou 
zbytkovou diurezou nebo u pacientO, kde diureza po spuMeni stoupala (Prfloha '6.8). 
V re2imu kontinualni hemodiafiltrace nedochazelo k eliminaci obou proteinO a tim 
byla i poprena teorie o souvislosti mezi eliminaci natriuretick9ch peptidu a ztrate 
rezidualni diurezy. Paralelni echokardiografick9 monitoring prokazal souvislost mezi 
hladinami natriuretick9ch peptidO a ejekeni frakci leve komory i za podminek 
renalniho selhanf. Byl nalezen vztah ANP i BNP a mortality pacientO leeen9ch 
kombinaci umela plicni ventilace a kontinualni eliminaOni metoda. 

3. Vliv adekvatni antikoagulace na efektivni a bezpeene provadeni 
kontinualnich eliminadnich metod u kriticky nemocnjrch. 

Kontinualni nahrada funkce ledvin (CRRT) vy2aduje antikoagulaci 
extrakorporalniho okruhu. Pacienti s rizikem krvaceni jsou traumatizovani nebo po 
chirurgick9ch v9konech, s intrakranialni patologif, akutni pankreatitidy, s vredovou 
chorobou gastroduodenalni, anamnezou krvaceni do gastrointestinalniho traktu, 
perikarditidy, endokarditidy a te2ke diabeticke retinopatie. Specialni pristup vy2aduji 
pacienti s trombocytopenif, koagulopatif a heparinem indukovan9mi destiekov9mi 
protilatkami (HITTS). Antikoagulace CART by idealne mela vykazovat minimalni 
efekty na koagulaci mimo extrakorporalni okruh a mela by idealne zajistit pre2iti filtru 
derS1 ne2 24 hodin. Monitoring by mei b9t jednoduch9, rych19 a v pripade komplikaci 
by antikoagulace mela b9t rychle revezibilni (42,43,44). Na'Se studie (Pfiloha 6.9) 
vychazela ze zkuSenosti s regionalni citratovou dekalcifikaci okruhu (18), jej12 
efektivitu a bezpeenost jsme srovnavali s v eechach nove registrovan9m 
syntetick9m analogem prostacyklinu epoprostenolem. Prostacyklinova antikoagulace 
inhibuje aggregaci a adhezi destieek v extrakorporalnim okruhu, plazmatick9 
poloeas latky je 2,5-4 minuty (19,20). Ve studijni skupine byl epoprostenol podavan 
s malou davkou nefrakcionovaneho heparinu (5-6 IU.kg -1 .11 -1 ), kontrolni skupinou byli 
pacienti antikoagulovani citratem. Median pre2iti filtru byl 26 h v prostacyklinove 
skupine a 36.5 h v citratove, p<0.01. Citrat oproti prostacyklinu nema vliv na 
hemodynamiku, destiaky a je lacinej§1. Zvy'Sovanf davky PGI2 a2 k prumerne 8.7 
ng.kg -1 .min -1  nezvy'Sovalo hemodynamicke vedlefS1 efekty, na rozdfl od citratu nerna 
prostacyklin vliv na intermedialni metabolismus a nutrici pacienta a mO2e b9t 
bezpeane pou2it u pacienta s jaterni dysfunkci (45). 

4. Vliv poruch renalni funkci a zmen vodniho hospodastvi na distribudni objem 
nefrotoxickl■ch lediv. 

Sepse a multiorganova dysfunkce a renalni insufficience indukuji zv9§eni 
objemu telesn9ch tekutin a zvla§te extracellularni tekutiny (ECW). Antibiotika jsou 
primarne distribuovany v ECW, a proto jejich podavani musi brat v potaz vzestup 
distribuenfho objemu a variabilni lekovou clearance. V rOzn9ch stadifch onemocneni 
jsou davky antibiotika podobne, nifS1 nebo vy§§1 ne2 u pacient6 na standartnim 
oddelenf. Subterapeuticke koncentrace antibiotik mohou mit za nasledek selhanf 
terapie a pfispet k vzestupu bakterialni rezistence (21,22,23). Mereni hladin 
antibiotik je zvlaSle aktualni u latek s nizk9m terapeutick9m indexem jako jsou 
aminoglykosidy a glykopeptidy. Vyvarovanf se toxick9ch hladin a uoinne davkovani 
po pokud mono limitovanou dobu je soueasti renoprotektivniho re2imu (46,47). 

Na'Se studie (48) hodnotila vztah mezi distribuenim objemem sledovan9m 
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s pomoci dvoukompartmentoveho farmakokinetickeho modelu a objemem ECW 
meren9m bioimpedanci (49) u mechanicky ventilovan9ch pacientO se sepsi a 
syndromem zv9§ene kapilarni permeability. ECW byla zv9§end a predstavovala 45.6- 
46.6% celkove telni vody (TBW). Bilance tekutin mezi 2 merenimi korelovala se 
zmenou ECW (r=0.82, p<0.0001) a TBW (r=0.74, p<0.0001). Distribueni objemy 
vankomycinu (0.677±0.339 I/kg) a netilmicinu (0.505±0.172 I/kg) byly zv9§ene ve 
srovnani s normalnimi hodnotami. V9znamna korelace byla nelezena mezi 
distribuenim objemem (Vdarea) vankomycinu a ECW/TBW a mezi centralnim 
kompartmentem (V 1 ) distribuaniho objemu pro netilmicin a ECW/TBW (Priloha 6.10). 
Bez ohledu na uvedene korelace a zv9§ene distribueni objemy jsme nachazeli 
serove koncentrace vy§§1 ne2 doporueene terapeuticke rozmezi u 81.2 % pacientO 
na vankomycinu a u 50.0% pacientO na netilmicinu. Studie ukazala, 2e zv9§ene 
distribuani objemy antibiotik Ize odhadnout s pomoci bioimpedance, ale prekvapive 
nejsou v pripade aminoglykosidO a glykopeptidu spojeny s po2adavkem na nav9§eni 
davek. Tim nebyla potvrzena naae hypoteza, 2e bude mo2ne sestavit davkovaci 
schema, ktere by umo2nilo presnej§i davkovani na podklade informaci ziskan9ch 
z bioimpedaneniho mereni. Studie je naopak v souladu se zavery recentnich studii, 
ktere s pomoci tkariove mikrodial9zy poukazuji na nizke tkanove koncentrace 
antibiotik pri jejich adekvatnim davkovani a plazmaticke hladine (50). 

Diskuze 

Ce19 projekt vychazi z ureit9ch mezer v pinohodnotnem a racionalnim vyu2iti 
klinickobiochemick9ch parametrii v intenzivni peei. Autor se domniva, 2e existuje 
ureit9 nepomer mezi mno2stvim klinickobiochemick9ch parametrO, jejich cenou a 
efektivnim vyu2itim v praxi. Pokud v intenzivni medicine budou chtit lekari 
monitorovat efektivne renoprotektivni postupy, easne a spravne indikovat eliminaeni 
metody a v ramci v9zkumn9ch projektu sestavovat kohorty pacientu s podobn9m 
stupnern a typem renalni insufficience, budou muset pristoupit k hlub§imu sledovani 
funkonich renalnich parametrii ne2 se to be2ne deje dosud. Minimem je stanovovani 
glomerularni filtrace s pomoci clearance endogenniho kreatininu, ureeni koncentraeni 
schopnosti ledvin, dennich odpadu katabolitu a iontO a kvality renalni acidifikace 
mooe. Studie na jejich2 podklade vznikla tato dizertaoni prace jsou zati2eny 
podobn9mi problemy jako vet§ina praci z oblasti intenzivni mediciny. Jsou to 
predev§im nehomogenita pacientsk9ch souborO z hlediska zakladnich diagnoz a 
variabilita typu a stupne renalniho po§kozeni. Posledni fakt jsem se sna2i1 
objektivizovat prave zarazenim definice renalniho selhani na podklade funkenich 
renalnich parametrO (clearance endogenniho kreatininu, typu diurezy a odpadO 
katabolitO v mod). Dal§i limitace m9ch zaver6 (38,39) prameni z pou2iteho typu 
eliminaeni metody. Kontinualni venovenozni hemodiafiltrace je ve svete intenzivni 
mediciny stale easteji pou2ivana ne2 kontinualni venovenozni hemofiltrace, ale 
soueasn9 trend smeruje k pou2ivani pouze konventivniho typu eliminace. Zde potom 
mO2e dochazet k v9znamnej§i eliminaci strednich molekul a nizkomolekularnich 
proteinO na filtru, co2 by mohlo limitovat jejich pou2iti v praxi. To je prave cilem m9ch 
praci, nebot' cystatin C se stava v klinicke medicine rutinnim laboratornim 
parametrem, stejne jako se zvy§uje dostupnost stanoveni natriuretick9ch peptidO, 
predev§im ve forme pre-peptidu. Ponekud neprobadanou velieinou v eliminaci v9§e 
uveden9ch substanci je adsorbce na stenach extrakorporalniho okruhu a filtru. JO 
efekt je v m9ch studiich predpokladan, nikoliv v§ak objektivne dokazovan. Pri 
sledovani efektu expanze ECW na hladiny leaiv jsem se v experimentu zarneril na 
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farmaka s exkluzivni distribuci v ECW. Prave na efektivnim a ainnem davkovani 
leeiv jako jsou antibiotika easto zavisi pre2iti pacienta v kritickem stavu. K na§emu 
prekvapeni jsme sice na§li korelat mezi stupnem expanze ECW a distribuenim 
objemem antibiotik av§ak bez potreby navy§ovat davku antibiotika. Zde se °pet 
nachazime v podobne situaci jako u v9§e zminen9ch studii, kde svoji roli hraje 
variabilita zakladniho onemocneni. V9znamn9m faktorem je zde i aasov9 faktor po 
nasazeni antibiotika, kdy po uplynuti inicialnich desitek hodin mohlo dojit k saturaci 
distribuoniho objemu latkou. Prace zpochybriuje studie nazna6ujici vhodnost 
pau§alniho navy'Sovanf daykovani antibiotik u pacient6 s narustem ECW. 

Zaver 

Predkladana disertaeni prace je v9stupem klinickeho v9zkumu provadeneho 
na kriticky nemocn9ch pacientech. Jako takova je orientovana klinicky s cilem prispet 
k medicinsky a cenove efektivni diagnostice a terapii na oddelenich, ktera tvori sice 
jen 10% 162kove kapacity nemocnic, souaasne v§ak odOerpavaji nepomerne vice 
medicinsk9ch zdrojO. Problematika eliminaenich metod je hodne diskutovana i z 
hlediska cenove efektivity. S Um souvisi prave spravne indikovand a ukoneovana 
technika nahrad funkce ledvin. Ruku v ruce s tim jde i prevence renalniho selhani 
v podobe renoprotektivniho re2imu a funkeni diagnostiky renalni insufficience. 
V ramci tohoto pristupu je i monitoring nefrotoxick9ch aminoglykosidO a glykopeptidO, 
ktere byly predmetem v9zkumu vlivO zmen distribuOniho objemu na ilainne hladiny 
antibiotik. 
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Akutni renalni selhani v roce 2003 

Akutnf rendInf selhanf postihuje 3-25 `)/0 pacientif na 
jednotkach intenzivnf peoe (JIP) v zdvislosti na typu  

oddeleni a charakteru poskytovane terapie a take v za-
vislosti na zvolenych diagnostickych knteriich. Svym 
charakterem pfipomina jine syndromy u kriticky nemoc-
nych pacientO, jako jsou sepse, septicky §ok a ARDS 
Svoji zava2nosti posunuje morbiditu a mortalitu vyrazne 
vzhuru, at' u2 se jedna o mortalitu na JIP, nebo dlouho-
dobou mortalitu po propu§teni z intenzivni pede. Pa-
cienti, u kterych dojde k akutnimu selhani ledvin, maji 
2,5-3krat vy§§i mortalitu, ne2 nemocni, u kterych selha-
ni nenastane. Obecne dosahuje mortalita na akutni 
selhanf ledvin u hospitalizovanych pacientii napfid od-
delenimi nemocnic a2 50 %. Jisty pfelom v mortalite 
pacientu s akutnim renalnim selhanim v intenzivni peb 
pfinesla dostupnost eliminadnich metod a_jejich rozvoj 
v rukou intenzivistO a nefrologO. Je nepochybne, 2e do-
lo ke sni2eni morbidity a mortality a soudasna debata 

srovnavajici efekty kontinualnich eliminadnich metod 
(CRRT) a intermitentni dialyzy v re2imu denni nekolika 
hodinove dialyzy na tomto nic nemeni [1, 2, 3]. 

Maloktera diagnosticka entita ma v soutasnosti talk 
propracovanou a praktikovanou terapii, jako je nahrada 
funkce ledvin, a soudasne postrada jasnou definici sel-
hani organu, ktery je touto technikou nahrazovan. Trend 
poslednich let ve vyzkumu eliminadnich metod je sledo-
\rani efekt0 na homeostazu, aktivitu zanetu, stabilizaci 
hemodynamiky a respiradni aparat. Neexisuje konsen-
zus v definici renalni indikace a nonrenalni indikace 
k RRT. Neni dosud znamo, jak riane re2imy eliminat-
nich technik ovlivriuji rezidualni renalni funkce s mo2- 
nym dal§im dopadem na morbiditu pacientii. Problem 
jednotne definice renalniho selhani je demonstrovan na 
pfehledu 28 studii na pooperadni selhani ledvin [4]. kde 
jsou v kaide jednotlive studii pou2ita jina diagnosticka 
kriteria. 

Pokud se pokusime definovat selhani ledvin z hledi-
ska renalnich funkci, musime pojmout diagnOzu akutni-
ho renalniho selhani (AR F) velmi komplexne. Od acido-
bazicke rovnovehy pies endokrinni system a2 po 
produkci mode a eliminaci katabolitO. Z rutinne stanovo-
vanych a monitorovanych parametr6 se v klinicke praxi 
sleduji pfedevtim hladiny dusikatych katabolit0 a pro-
dukce modi. Serova urea je vice ovlivriovana extrarenai-
nimi faktory, jako jsou anabolicko-katabolicke zmeny 

metabolismu, pfijem dusiku nebo krvaceni do G IT. Kre-
atinin je o new stabilnejtim markerem glomerularni 
filtrace (GF) pfi vedomi hyperbolicke zavislosti jeho 
hladiny na poklesu GF. Jeho serove hodnoty se meni 
s distribudnim objemem pfi pozitivni bilanci tekutin 
a s urovni svaloveho metabolismu a jeho vypovedni 
hodnota ve vztahu ke GF je z dasti setfena tubularni 
sekreci pfi poklesu GF. Diureza je u kriticky nemocnych 
pacientO velice variabilnf parametr. 

Bellomo et al. ve sve praci [5] navrhuji klasifikaci 
renaInf insuficience podobnym zpOsobem, jako je stra-
tifikovano plicnf po§kozenf ve smyslu ALI a ARDS [6]. 
Promenne jsou kreatinin, urea, diureza a des, behem 
ktereho dochazi k zmenam uvedenych parametr6. Vy-
sledkem je pokus o definici ARI (Acute Renal Injury). 
ARFS (Acute Renal Failure Syndrome) a zavainy ARFS 
(ARI nebo ARFS plus potfeba eliminadni metody). Pei 
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Tabulka 1. Navrh klasifikace akutniho renalniho potkozeni (ARI), akutniho renalniho selhanf (ARFS) a teikeho akutniho renalniho 

seihani podle BeHomo et. al. [5] 

rm 	ho 	t Noalni 	dnoy _.. 	..__ 	. ARI 	 ARFS 	 Te2kLARFS _ 
. 	 _i__ 

SKr>120 pmo1/1 a 	SKr>240 pmo1/1 a 	Potfeba RAT a pfitomnost ARI nebo SU. SKr. Vu>800 m1/24 h 
, SU>8 mmol/la/nebo 	SU>16 mmol/la/nebo 	ARFS 
; Vu<800 m1/24 h nebo Vu<400 m1/24 h nebo 

. ' Vu<200 m1/6 h 
i 

Vu<100 m1/6 h 

Modifikace akutnim zhortenim . NC ARI = vzestup NC ARFS = vzestup Potfeba RAT a pfitomnost NC ARI 

chronicke ren. insuficience i SKr 060 prnol/Inebo SKr o 120 pmol/Inebo nebo A/C ARFS 
1 SU o 4 mmo1/1 a/nebo SU o 8 mmol/la/nebo 

Vu jako vyte  Vu jako vyle 	 L_ 
Pro zafazeni musi byt znarna pfidina akutniho renalniho selhani a k vyvoji pfiznaku by mei° dojit !Ahem 24 hodin 
zkratky: SKr - serovY kreatinin, SU - serova urea, Vu - diureza, RAT - renal replacement therapy, NC - akutni zhorteni chronickeho 

procesu 

pohledu na navrhovanou tabulku mO2e etenafe s praxi 
v intenzivni medicine napadnout spousta otazek. Jiste 
je prinosem definice chronicke renalni leze jako patolo-
gicke hodnoty kreatininu v pfedchorobi. Oasovy faktor 
u definice AR] by mei eliminovat hypoperfuzni stavy 
iedvin se vzestupem urey a poklesem diurezy, kdy GF 
mute inicialne i stoupat. Je otazkou, zda po 6 hodinach 
diurezy okolo 30 ml/h lze hovofit o AR], pokud neprove-
deme vytetreni modoveho iontogramu, hodnot urey 
a kreatininu, eventualne i osmolality mod oi m000veho 
sedimentu. Od definice AR] se logicky odviji ARFS jako 
dvojnasobek limitujicich hodnot pro AR]. V hodnotach 
diurezy jsou v tomb o pfipade navrhovany polovieni hod-
noty za 24 a za 6 hodin. Pokud vtak vyloudime renalni 
hypoperfuzi a subrenalni blokadu, jedna se o velmi po-
kroNe poklesy diurezy, ktere jsou spojeny s indikaci 
eliminanich technik (Renal 'Replacement Therapy - 
ART) a mely by byt spite zafazeny do posledniskupiny 
zava2nych ARFS. Ta neni nijak definovana z pohledu 
vyte uvedenych promennych a je definovana jako pot-
reba RRT u pacienta s AR], nebo ARFS. To znamena, 
2e se do ni vejde RRT z nonrenalni i renalni indikace! 
Jako pfiklad bych uvedl pfipadnou indikaci k ART u pa-
ciente s te2kym, ale funkdnim selhanim ledvin pfi dila-
taci myokardu v ramci septickeho t oku, ktera by mega 
byt klasifikovana jako nonrenalni indikace. Podobne by 
autofi studii, ktefi budou pou2ivat ke klasifikaci pacient6 
navrhovanou tabulku, nemeli zafazovat do jedne skupi-
ny s akutnim renalnim selhanim te2ke septicke stavy 
s dominujici poruchou oxygenace, lcdy mu2e byt opet 
dominantni nonrenalni indikace. 

Muieme konstatovat, 2e v roce 2003 - po pfibli2ne 
20 letech intenzivniho vyzkumu metod nahrady funkce 
ledvin - je definici selhani ledvin u kriticky nemocneho 
stay, kdy ledviny nestaoi narokum na ne kladenym. 
Standardni kriteria pro zahajeni dialyzaoni le6by jsou 
nepouiitelna u pacientu se syndromem multiorganove 
dysfunkce. Vzestup urey a kreatininu je v zavislosti na 
trvani renalni insuficience doprovezen kumulaci i jinych 
beine nemonitorovanych katabolitii a uremickych toxi- 

jako jsou guanidinove latky, indoly, fenoly, myoino-
sitol, organicke kyseliny a aromaticke aminy, co± aso-
ciuje se zhortenim celkove metabolicke situace 
nemocneho. Pfitomnost oligoanurie je u kriticky nemoc-
nych v multiorganove dysfunkci relativne pozdni znam-
kou zhortene funkce ledvin. Obvykle mno2styl mooi  

u zdraveho 6ini pfibli2ne 1-2 itry denne. Ze studii tisi-

covjtch soubor0 kriticky nemocnych [7) je zfejrne, 2e 
optimalni diureza se u techto pacientu nachazi mezi 2-4 
litry. Je-li obligatorni mno2stvi modi u zdraveho oloveka 
s normalni koncentra6ni schopnosti asi 700 ml, je otaz-
kou, jak velke mnoistvi mooi musi pro udr2eni homeo-
stazy vyloudit kriticky nemocny pacient s vyttim meta-
bolickym obratem a trvale narutovanou schopnosti 
koncentrovat moo. 

Pokud budeme chtit precizne definovat stay, kdy 
mO2eme hovofit o renalnim selhani s potfebou RRT 
z renalni indikace, budeme muset k definici navrhovane 
v tabulce 1 priradit jette irti spektrum funkdnich renal-
nich vytetreni. Bez tohoto pfistupu pOjde zfejme jen 
obti2ne sestavit homogenni kohorty pacient0 s ruznym 
stupnem a typem renalni dysfunkce tak, aby studie mely 
pfislutnou vypovedni hodnotu. 
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Tab. 24.14. Referenoni meze vybraqch klinicko-bioche-
mickch parametrO v intenzivni peoi 

C-Kr 1,1-2,2 ml/s 
v zavislosti na veku a pohlavi 

tub. resorpce 97,5-99 % 

FE-E-1 70 1-2,5 % 

FE-Na* 1-2 % 

FE-K• 5-25 '% 

U-U/S-U 10-20 

C-Osm < 0,050 mVs, tj. < 4320 m1/24 h 

C-1-1 20 —0,007 a2 —0,027 mVs, 
tj. —610 a2 —2,330 mV24 h 

C-Et 0,5-3,0 V24 h 

EWC —1,1 a2 +0,9 V24 h 
pti normalni osmolalite sera 

FE-Osm > 3,5 % 

Vu 2-4 V24 h 

U-Na• 80-200 mmol/1 

dU-Na• 160-300 mmol 

U-K' 30-80 mmoV1 

dU-K* 60-180 mmol 

U-U 120-300 mmoV1 

dU-U 250-550 mmol 

U-Kr 2,2-7,5 mmoV1 

U-Osm 400-900 mosm/kg 

SAG 10-18 mmoV1 

UAG <+5 mmo1/1 

UOG > 150 mmoV1 

24.7. Biothemickif monitoring 

rencilnich funkci u kriticky 

nemocnith patient') 

Martin Batik 

24.7.1. Monitorace a diagnostika 

rencilnich funkci 

Mortalita pacientii. u kter)%ch dojde k akutnimu sel-

hani ledvin, pi-evyuje v riizn)%ch souborech SO %. 

V podminkach intenzivni pae je rozhociujici poet 

selhavajicich organO. Je-h mortalita ph selhavani 

dvou organCi 50-60%, ph selhavani ttijii pfekrk*u-

je 90 %. Pacienti na oddelenich intenzivni 

u kterjich dojde k akutnimu selhani ledvin, maji é-

më 	vyI mortalitu ne2. nemocni, u kterjich 

k selhani nedojde. K prudkennu zhorkni prognOzy 

dochazi zvlEte u renalne selhavajicich septiclqch 

pacientil. Potreba prubeneho monitoringu renalnich 

funkci v intenzivni pUi je zfejma. Krome rutinniho 

monitoringu vitalnich funkci a oxygena&iich a he-

modynamicky/ch parametrii jde zejmena o monito-

ring serov)ich a moovjich biochemickyich paramet-

rii a z nich derivovanjtch funUnich renalnich para-

metrii (tab. 24.14.). 
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Kvantitativni sber moei spolu s meeenim moeo-

vjch elektrolytit. kreatininu. urey a osmolarity je na 

oddelenich intenzivni peee pracujicich s kriticky 

nemocnjmi pacienty vy2adujicimi umelou plicni 

ventilaci samozeejmosti. K pinemu vyuZiti bioche-

mickjch vyktfeni vjznamne ptispiva i hluMi ana-

ljza homeostazy s pomoci vypoeitavanjch funkenich 

parametrii (obr. 24.7.). Jde o metodu neinvazivni, 

proveditelnou bez jakjchkoliv daRich naklad6 na 

diagnostiku. S ohledem na validitu je doporueovano 

zadzivani pii sberu moei za 24 hodin. peesto2e byl 

popsan korelaeni koeficient 0,85 i pro dvouhodino-

vj sber moei. Je vhodne dodriovat 4 hodiny jako 

minimalni vhodnj interval pro validitu vykteeni 

a vykteeni tak mO2e bjt peinosem i v akutni situaci. 

Vstupy 
	

Vystupy 

S-Na• (mmo(l1) Nance lek (mVh - x) 

S-K .  (mmolA) C-Kr (ml/s) 

S-C1 -  (mmoVI) iub resorpce (%) 

S-L1 (mmo1/1) FE•H 70 (%) 
SKr (mmoV1) dU-Nas (mmot) 

S-Osm (mmoV1) FE-KS (%) 

Vu (mVhsx) dU•K• (mmol) 

U-Na (mmoIA) U•U/S-U 

U•K' (rnmoV1) dU-U (mmol) 

U-C1-  (mmo1/1) CE) (Vhsx) 

U-U (mmoV1) EWC (Vhsx) 

U-Kr (mmo)/1) C-Osm (mils) 

U-Osm (mosrn/kg) C-Osrn (1/h•x) 

phiem tekutin (mVhsx) C-H70 (mils) 

yydej tekutin (mVh•x) C-11,0 (1/rtsx) 

a14CO3 -  (mmo1/1) FE-Osm (%) 

albumin (g/l) AG (mmou)) 

UAG (rnr-no1/1) 

UOG (mosniA) 

Obr. 24.7. Pouiivany poditatovy program LEDVINA v. 1.2, 
1998 

• Glomerularni filtrace 

Deteriorace renzilnich funkci a soueasne normalni 

hodnoty seroveho kreatininu (S-Kr) a urey (S-U) 

potvrzuji znamj fakt, 2e se ph hodnoceni funkce led-

yin nelze spolehat na hodnoty S-U a S-Kr. V soubo-

rech pacientii se zava2nou renalni insuficienci byla 

zachyeena vice nei 50% eetnost normalnich a2 leh-

ce zvjknjch hodnot S-Kr do 150 pmo1/1. Jako za-

kladni funkeni parametr stanovujeme glomerularni 

filtraci (GF). Ta je nejsnadneji dostupna v podobe 

Tab. 24.15. Clearance kreatininu (ml/s). Hodnoty pod 70 % 
normalu odpovidaji pfibli±ne renalni insuficienci, pod 20 `)/. 
renalnimu selhani 

Vek Mull 2eny 

20-29 2,1 t 0,75 1,67 t 0,3 

30-39 2,25 t 0,45 1,82 t 0,3 

40-49 1,91 t 0,60 1,45 t 0,4 

50-59 1,82 t 0,60 1,55 t 0,55 

60-69 1,50 t 0,45 1,35 t 0,45 

70-79 1,25 t 0,55 1,05 t 0,25 

clearence endogenniho kreatininu (C-Kr). ktera je 

ph sheru moei za 24 hod in pova2ovana /a relati ■ 11 

validni vykteeni. Jde o zakladni funkeni parametr. 

jeh°2 pokles pod 70 % hodnot adekvatnich pro dan) 

vek a pohlavi hodnotime jako renalni 

pokles pod 20 % jako renalni selhani (tab. 24.15.). 

Ph jeji interpretaci je teeha uvakwat faktory 

nujIcIcI zadavane promenne. Zvjknj podil tubular-

ni sekrece kreatininu na jeho moeove koncentraci 

a sni2eni serove koncentrace vlivem ekiho dtiri 

bueniho objemu ph viestupu ECT a \ lkeni Oh) tku 

svalove hmoty mohou vest k peeceneni sktiteene 

urovne. glomerularni tiltrace u pacientu se ,) ndro-

mem multiorganove dysfunkce (MODS). T) to clek-

ty sni2ujici S-Kr se oh' ykle s prCthehem s) ndromu 

prohlubuji, paralelne easto dochazi ke zhor'o' ani  

funkce ledvin. Z toho vypljva. e peeceneni GE pei 

stanoveni C-Kr je tim vCti,eim je hor;i funkce led-

vin a u uremickjch pacienti, mit2e dosahnout ai d oj-

nasohku skuteene hocinotv. Krome vVRe tniineiisrh 

faktoru ovlivnujicich serovj kreatinin se ntenti ■ - 

ni peel mite uplatnit i pomerne vysokj podil hospi-

talizovanjch pacientu s bikarbonatovou diureiou. 

kde nachazime niI hladiny S-U a S-Kr. Ta je zpU-

sobena bud nadbytkem bikarbonatu. typicky ph /a-

vedeni umele plicni ventilace u pacientu adaptova-

njch na chronickou respiraeni acidOzu. nebo u renal-

niho posti2eni v podohe renalni tuhularni acid6/ \' 

Problematicka interpretace clearance endogenniho 

kreatininu vede intenzivisty k hledani peesnejik..h 

a !Ilene variabilnich ukazatelt) glomerularni tiltrace. 

Jako perspektivni se jevi stanovovani endogenniho 

cystatinu C (vit Mk). Pro mutmnni vySetieni . je obtli-

ne vyOitelne stanoveni GE clearanci inulinu ne-

ho pomoci izotoptl — nape. jako stanoveni clearance 

znaeene dietylentriaminpentaKtm e k)sclim. 

S ohledem na interpretaci hodnot S-Kr u kriticlo 

nemoenjch povai.ujeme ía nepeipustne stano ■ m,•ffli 

C-Kr vjpoetein jako nape. metodou pudic Cockrot-

ta-Gaulta. 

• Okras funkini insuficience 
a jeho vicznam 

Monitorujeme peitomnost ei nepeitomnosi 

nIho syndromu jako2to znamky renalni h)poperfu-

ze u jednotlivjch pacientit (tab. 24.16.). 

Ten je definovan poklesem exkreenich frakci so-

diku (FE-Na*), volne vody (FE-H 2 0). clearance bez-

solutove vody (C-F1 2 0) a vtestupem clearance he/e-

lektrolytove vody (EWC). tuhularni resorpce (TR ) 

a koncentraeniho indexu trey (U-U/S-13). Clearan-

ce bezelektrolytove vody (EWC) ve vztahu k prere-

nalriimu syndromu poOlvame spik jako dopletko-

veho parametru, u ktereho nas zajima korelat 
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Tab. 24.16. Diagnostika - vy-
loudeni prerenalniho syndro-
mu 

Parametr 
1 Referenani meze Prerenalni syndrom Renalni syndrom 

FE-Na -  1-3% < 1 % (< 2 %) > 3% 

tub resorpce 97-99 `)/0 > 98 % < 97 % 

FE-H 20 1-2,5 r'/0 < 2 % > 2,5 % 

U-U ./S-U > 10 <5 

C-H 2 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 mmo1/1 < 40 mmo1/1 > 40 mmo1/1 

C-H :0 ■ C sin ■ Nil] pozitivity ei negativity a l'tiktory 

iim souvisejici (viz ni.e). Prerenalni syndrom vy-

kazuje vice ne?. 80 % pacienti, pfijmu na oddele-

ni. Je to Llano pfedevim obehovou nestabilitou. Ty-

pieky funkeni renIlni insulicience ma temef 

vhiv u pacienta v kritickem stavu EWC pozitivni. 

co, je v rozporu s nekterymi Odaji v literatufe (Sho-

ken). Jako u ka,deho klinicko-biochemickeho vykt-

feni je nutna interpretace soueasne se znalosti kli-

niekeho stavu pacienta. V pfipade zhorKeni renzilni 

perfuze. al  u, na podk lade hypoyolemie. nizkeho mi-

nutoveho vydeje srdeeniho. nebo alterované syste-

move vaskularni rezistence, dochazi k manifestaci 

funUniho renalniho sclhani ve vyktfovanych para-

metrech. Byl jednoznane proktizan renoprotektivni 

elekt udOeni rentilni dodavky kysliku (DO.), ktera 

je nejvice tavisla na renalni perfuzi. tj  optimalizaci 

Nrdeim h o vydeje a dosai.eni idealniho renalniho per-

fuzniho ilaku, ktery je ureovan rozsahem systemo-

vy'eh tlakCi pfi ktcrych funguje renalni autoregulace 

u daneho pacienta. Korckci volemie a optimalizace 

hemodynamiky podanim pfisluSnych vazoaktivne 

pusobicich latek Ize indikovat i na podklade funk-

Mho ■■ ;etfeni ledvin. Zpetne funkeni stay ledvin 

nel/e hodnotit hez znamosti klinickeho stavu paci-

enta a vyktfeni hemodynamiky. 

• Tubularni funkce a vliv diuretik 

Diuretika path mezi .jedny z nejeasteji poOlivanych 

medikaci v intenzivni peei. Jejich podavani vyznam-

ne ovlivriuje renalni funkce. ktere jsou dostupnym 

7pCisohem sledovatelne pomoci funkeniho vyktfeni 

ledvin. Z pohledu monitorovani vnittniho prostfedi, 

jeho3. zakladem je RirSi spektrum funkenich renal-

nieh parametrii. je podavani diuretik znatne invazivni 

(ohr. 24.8.) a zpetne ovlivnuje diagnostiku homeo-

staiy pomoci funkeniho vyktfeni ledvin. 

Furosemid zvyuje parametry tubularne osmotic-

ke diurezy. Zvy4ije FE-Na a denni ztratu sodiku 

tc1U-Na'). zvyuje ztraty drasliku (dU-K*). V ramci 

hodnoceni koncentratni schopnosti nachazime zvy-

knou EWC v porovnani se zvyknim clearance elek-

trolytove (C-El). Jeho podavani vede tedy k depleci  

celkoyeho telesneho poolu sodiku. avak soutasne 

k vyznamneji ztrate bezelektrolytove vody. a tim 

k vzestupu serove natremie. Tohoto efektu se vy0i-

va v terapii hyponatremie pfi podani male davky. 

ktera zvyKi EWC a C-H 20 v relaci k C-El a C-Osm. 

Intenzivni terapie kliekovymi diuretiky path mezi 

faktory nanAujici koncentradni schopnost v jejich 

elektorovych mechanismech. v tomto pfipade blo-

kadou dopinovani dfenoveho osmotickeho gra-

dientu v ascendentni Henleho kliece. Davky mid 

3 mg/kg/den byly nachazeny u 94.4 % pacienat se 

ztratou schopnosti koncentrovat moe. V souboru kri-

ticky nemocnych pacienti, s poruchami homeosta/y 

(112 pacientO) letenych vysokymi davkami furosc-

midu hyla zachycena dvojnasohne vyM incidence 

hypernatremie (33.1 %) ne hyponatremie (12.5 c/r). 

je opak frekvence u vkch hospitalizovanych pa- 

Teoreticky by furosemid met zvy;ovat do-

davku sodiku do distalniho tubulu, a tim potencovat 

jeho reabsorpci vymenou za H. a tak potencovat 

moei. 

Spironolakton s nastupem tieinku (3 dny) zvy4i-

je S-K*. avkik nebyl nalezen statisticky vyznamny 

pokles dU-K* a FE-K• ani vyznamny efekt na 

FE-Na'. dU-Na• a ostatni parametry. Teoreticky 

a  osta 

0 	

lonty kttniivni  

"ma°„u6e.,7 6  ..r„,,,  
soluty 

‘ 

plazma 	 iST }-41-•-( IC T 

\L 	
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nadledviny 	Hi 

t  ledviny 	 ..„ 	I hypotyza 	] 	4  dluretlka 	• 	adenoztn, RAA. 
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Ubr. 24.3. Patotyziologie vodniho a iontoveho hospodai,  
stvi v intenzivni Ott 
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ny elekt na snilieni sekrece H' a navozeni poklesu 

plazmatickeho pH zpUsobeny unikem Na' do tubulu 

by se mohl projevit jen ph excesivnim hyperaldoste-

ronismu. Vliv na acidobazickou rovnoviihu nebyl po-

zorovan. JedinY parametr. k jeho2 zmene by melo 

dojit s nastupem klinickeho kinku spironolaktonu 

je serova kalemie. 

Hydrochlorothiazid ivyujc FE-Na*. C-El. 

dU-Na -  a potencuje tubularni osmotickou diurezu. 

To vede k pokiest! S-Na' a k depleeni hyponatremii. 

Snii.uje EWC a C-FI :0 a zlepSuje koncentraeni 

schopnost ledvin. PUsobi antikalciureticky. zvykna 

intratubularni koncentrace natria ovlivnenim 

potencialu navozuje kaliurezu a potencuje sc-

kreci H. davkach 25-50 mg denne nedochazi ke 

zvykni FE-K'. dU-K•. ei hypokalemii. pokud ne-

ism.' soueasne kliekova diuretika. Thiazi-

dv ptimo zlepS'uji zpetnou utilii.aci bikarbonatu. do-

chazi konstantne k rUzne intenzivnimu viestupu 

sHCO, BE a seroveho pH. Moeove pH a UAG se 

meni nevyznamne. Thiazidy v kombinaci s klieko-

vymi diuretiky vedou k lepI odpovedi na furose-

mid. zmenkni jeho davek a jeho adverzniho deka' 

na koncentraeni schopnost. Terapeuticky elekt thia-

zidO je limitovan urovni poklesu glomerularni filtra-

ce pod 03 ml/s. Svynn pfiznivym elektem na kon-

centraeni schopnost se hydrochlorothiazid v inten-

zivni peel uplatni jako terapeutikum sekundarniho 

net rogenniho diabetu insipidu v irSim slova smys-

lu. Je klieovym terapeutikem renalni tubularni aci-

dOzy (RTA). 

Amilorid zvySuje FE-Na". dU-Na*. C-El. para. 

metry tubularne osmoticke cliurezy. Dochazi 

k ptechodnemu pokiest' S-Na' behein prvnich dni 

terapie a k poklesu EWC fa C-HO) a ke zlepkni 

koncentraeni schopnosti ledvin. Snitije FE-K'. 

dU-K•. zvySuje kalemii. Amilorid navozuje nevy,- 

znamny vzestup UAG, pokles sHCO 3 - . BE. mirny 

pokles pH. Homeostaticka indikace amiloridu je 

posthyperkapnicka metabolicka alkalOza, kterti je 

rezistentnf na substituci chloridO a ktera nevy2aduje 

urgentni zasah do ABR (acetazolamid i.v.). Je to 

vyhodnep terapie z hlediska ztrat kalia a nutria a ph 

delSim podavani s menSitendenci k sekundarni RTA. 

Acetazolamid zvyS'uje C-El. Vzestup dU-K• 

a dU-Na je nejvetSi ph kombinaci s jinymi salure-

ticky pOsobicImi diuretiky. Rychle sniLije sHCO ., , 

BE. pH a zvytiuje UAG. Pi deRim podavani vede 

k opetovnernu vzestupu S-Na' a S-Cl a ke vzniku 

hypokalemicke RTA. 

V ramci terapie manitolem nachuzime nekon-

stantne zvyknou C-Kr vypottem. nebol zvyS'uje 

nejen diurezu, ale svym osmotickym elektem 

v tubulech i tubultirni sekreci kreatininu. paramet- 

ry overflow osmoticke diurezy. zvykne FE-Na' 

a FE-K*. Ovlivriuje koncentradni schopnost ledvin 

jako intratubularne osmoticky pusohici faktor. mel 

by vest ke zvykni EWC a pokiest! C-H :O. Snieni 

pomeru C-EI/EWC je u pacientO lench manito-

lem nevYznamne. Nekonstatni zvySo\ ani EWC 

a misledne  i  serove tonicity path proto spiSc k latro-

gennim elektUm dlouhodobe terapie manitolem. B ■ Ia 

zpochybnena jeho homeostaticka indikace se v/ta-

ho k metabolismu nutria a serove tonicite. V ptipade 

pokiest, glomerularni Ii trace vede moi.na kumulace 

manitolu naopak sprk k di bu3n1 hyponatremii. 

Elekt dopaminu by sc mel projevit /vcnim GI; 

a FE-Na'..jinak by mel hyt vysa/en. 

Aminophyllin jako hlokator lostOdiestera/y  sni-

?..uje mno'istvi adenotintl V ledvinach. Klesa ted ■ 
i  mnoZistvi mediatoru tubuloglomerularni zpetne \ a/- 

by ph kritickem kompenzatornim ptcpineni tuhulti. 

blokada adenozinu ma elekt na renalni arteriol  \ 

pfimy diureticky elekt nu renalni tuhuly. Jeho po-

davani vede k lepSiodpovedi na diuretick ■ relini kc 

snIeni davek kliekovych diuretik. Mel h ■ vs Sit GF 

dU-Na• a dU-K'. 

Podavani bikarbonatu vede ph dosai.eni ptiptist-

neho base excess a tonicity k ptekroeeni renalniho 

prahu a»owerllow bikarbonatove diurezett. ktera je 

tubularni osmoticka. V ptipade prohehle ztrat \ kon-

centraeni schopnosti dochazi ke zv sSeni FE-Na• 

s potenciaci smikne vodni a oNnlotickt: diure/A. Po-

tencuje diureticky efekt ostatnich diuretik a osino-

ticky elekt bikarhonatu mi protektivni vlis na no-
ximalni tuhulus. Navykni serove tonicity ma /a na-

sledek snieni .jednoho me stiniiilO vysoke aldosicro-

nove aktivity v ramci kriticke renalni insulicience. 

Rizena korekce tonicity mtli.e umoilnit rychlejSi eli-

minaci urey a ostatnich osmoticky ziktivnich urt.smic-

kych toxintl. Pfedpokladame i ptizniv\",  efekt hikar-

bonatove purrace v ramci CRRT na odeeitatelnost 

laktatu jako markeru oxygenaeniho metaholismu ve 

srovnani s laktatovou paraci. 

• Typ diurezy 

Typ diurezy ureujeme  s  pomoci FE-HO.  C-HO. 

EWC. FE-Osm  a  indexu U-Osm/S-Osm 	24.17.1. 

Tab. 24.17. Urteni typu diurezy. Soutasne  se  doporuLije 
vyhodnotit vlivy diuretik a infuzni terapie 

Parametr 
Typ diurezy 

osmoticka smfiend vodnf 

FE - H20 > 2 % > 2 % > 2  % 

U-Osm/S-Osm > 1 <1 <1 

C-H 20 <0 > 0 >0 

FE-Osm > 3,5% > 3,5 ''/. <3,5 % 

C-EVEWC >3 <3 <3 

FE -Na• > 2 % > 2 % 1-2  % 
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Parametr EWC jsme pfifadili ke klasiclqm krite-

riim typi, diurezy. Tubularni osrnoticka diureza je 

tvpicka pro progredujici renalni insuficienci jako 

kompenzatorni. dale pro terapii kliekoqmi diureti-

kv. thiazidy. acetazolamidem. Te ji nachazime jako 

tzv. overflow osmotickou diurezu pi glykosurii, 

hyperkatabolismu s vysoky/mi odpady urey, terapii 

manitolem ei po podani kontrastu. nebo pi uniku 

bikarhonatu do mo6. Smikna vodni a osmoticka 

diureza je obrazem sekundarni destrukce koncent-

ratnii schopnosti s j6te zvy/Senou FE-Osm. Je typic-

La pro progredujici renalni selhani. teikou tubuloin-

tersticialni nefritidu nebo sekundarni nefrogenni dia-

betes \irirnslova smyslu. Vodni diureza je obra-

zem centralniho nebo juvenilniho nefrogenniho dia-

betu insipidu. Mohla by IV( fyziologicka pN vylu-

eovani velke náloe volne vody. 

• Koncentraini schopnost 

Koncentrani schopnost ledvin hodnotime porovna-

vanim vztahu S-Osm jak k C-H 2 0, tak i k EWC, col 

ma vy/znam pfedevim pro pochopeni posunit v efek-

tivni osmolalite (tab. 24.1s.). 

Byl sledovan korelat C-H : 0 a EWC a byly moni-

torovan ■,,' faktory ovlivnujici koncentra&li schopnost 

ledvin. Zachycene faktory nart.Aujici schopnost vy-

ty,ifet adekvatne koncentrovanou mo rozdelujeme 

do dvou skupin. Jednak se jeclna o shodu v ureeni 

koncentrani schopnosti pomoci C-H 2 0 a pomoci 

EWC. kdy se obe pohybuji smerem do kladnjich nebo 

zaporn)ch hodnot. Pak se rno2e jednat o dysregulaci 

na efektorove urovni. kam patfi poruchy hypothala-

mo-hypofyzarniho systernu (centralni diabetes insi-

pidus. syndrom inadekvatni sekrece ADH) nebo po-

ruchy tubularni flunky. receptoru pro ADH, syntezy 

aquaporinu (nefrogenni diabetes insipidus) ei nej-

v`asteji poruchy dfenoveho osmotickeho gradientu 

vym ■ivaneho prerenalnimi inzulty a nariAovaneho 

kliekoqmi diuretiky (nefrogenni diabetes insipidus 

v irim slova smyslu). Vliv ma i nedostateene kvan-

turn tekutiny v distalnim segmentu nefronu v ramci 

renalniho selhani. Druha skupina faktoril zahrnuje 

vesmes intratubularni osmoticky pCisobici substan-

ce navozujici diskrepanci mezi smerem pohybu 

C-H 2 0 a EWC. Typicky je C-H 20 sniena pi pozi-

tivni EWC, co 2 nachazime pi vyM koncentraci urey 

v mai nebo v souvislosti s glykosurii, terapii mani-

tolem ei u chronickjtch acid& se zqknou sekreci 

NW. Je mo2r1) efekt radiokontrastu, ei ketolatek pfi 

jejich vyi koncentraci v mai. Je ma,ne. -2e se po-

dobne uplatni nektera antibiotika. Diference mezi 

C-H 2 0 a EWC je funkci techto solutit. Jedna se tedy 

o situace. kdy vyktfeni koncentraeni schopnosti po-

moci bez EWC podhodnocuje clearence vol-

ne vody. 

Tradieni postup v hodnoceni retence nebo exkre-

ce volne vody a renalni koncentraeni schopnosti pied-

stavuje hodnoceni C-H 20. 

C-H,0 = Vu -C-Osm 

Vu 
C-H,0 Vu - U-Osm 	 

S-Osm 

C-H 20 charakterizuje maovou eliminaci vody ve 

vztahu ke vkm osmoticky aktivnim solutilm v ni 

rozpLAtenjich. Signifikantni east takto vyloueene 

vody je osmoticky »taiena nap. ureou, co2 mie 
vest k dezinterpretaci vlivu ledvin na rovnovahu mezi 

vodou a sodikem. EWC informuje o nem vice o vli-

vu ledvin na tuto rovnovahu: 

EWC = Vu -C-El 

Vu  •  2[U-Na .  + U-K . ]+ jine el so!. v mo6 
EWC = Vu 	  

2[S-Na• + S-K 	jine ef. sot. v seru 

Pfi dobre funkci osy ADH-Iedviny pi hyperosmo-

lalite ledvina retinuje vodu a EWC je vice negativni. 

Pi hypoosmolalite je EWC naopak znaene pozitiv-

ni. Rozdil mezi C-H 2 0 a EWC je funkci osmoticky 

aktivnich soluti jinj,ch ne ionty jako nap. urea, glu-

kOza nebo manitol. 

Tab. 24.18. Stanoveni koncentraoni schopnosti. Autofi doporuouji vyhodnocovat soudasne C-H 20 a EWC ve vztahu 
k S-Osm 

S-Osm C-11 20 zq§ena C-H 20 sniiena 	
. 

Podle Schiicka: porovnanim C-H 20 s S-Osm 

<275 mOsm/kg zvyteny prisun vody, nevylueuje poruchu 
koncentradnf schopnosti 

susp. porucha koncentradnf schopnosti 

*> 295 mOsm/kg susp. porucha koncentradni schopnosti nevyluduje poruchu koncentradnf 
schopnosti 

Metodou s pomoci EWC: 

S-Osm norrnalni odpoOd porucha koncentradnf schopnosti 

<275 mOsrn/kg C-El <I = EWC, EWC > 0,9 1/24 h C-El > EWC nebo EWC < 0,9 V24h, 
EWC <0,5 V24h naznaduje kontraregulaci 

> 295 mOsm/kg C-EVEWC > 3 (neplatf pro negativnf 
hodnoty EWC), EWC <0,4 1/24 

C-EVEWC < 3 (neplatf pro negativnf 
hodnoty EWC) nebo EWC > 0,4 V24 h 
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Uvedenj postup ma vjznam pro diagnostiku kai-

de nejasne poruchy natremie a osmolality. Osmolal-
ni dysbalance jsou u pacientil v intenzivni pedi vet-

ml aste. Nap. hyponatremie u postileni CNS dasto 

souvisi s patofyziologicky provazanjmi syndromy 

inadekvatni sekrece ADH (IADHS) a some diurezy 

(CSWS), jejichtodlienIjevak krucialni pro spray-

nou terapii hyponatremie. U obou syndrom0 je ele-

vovana shodnd C-Osm i qrazne zaporna C-HO. 

U IADHS nachazime vedle negativni i nega-

tivni EWC, zatimco u CSWS je koncentratni schop-

nost zachovana a EWC je normalni, resp. pozitivni 

v relaci k hyponatremii. V phpadd IADHS jde o hy-

ponatremii diludni, v phpadd CSWS nachazime hy-
ponatremii spik depletni. Hypernatremie pi posti-

2eni CNS souvisi dasto se vznikem centralniho dia-
betu insipidu. Mezi zakladni pfiznaky DI path Ivor-

ba hypoosmolalni modi s osmolalitou ni2g1 ne2 je 

serova. FE-NW' bj, va normalni, ale jeji pokles je 

moinj v souvislosti s dehydrataci a retenci natria. 

C-E1 je vdtinou normalni. EWC je zvy,kna v zavis-

losti na deficitu ADH a ztrate koncentradni schopnos-

ti. diurezu hodnotime jako vodni. Rutinni monitoro-

vani funkdnich parametrii u pacientii s posti2enim 

CNS by mohlo pi racionalni infuzni a diureticke 

terapii vest k menim vjkyviim v efektivni osmola-

lite. a tim i k menNmu sekundarnimu pcAkozeni cen-

tralniho nervoveho systemu ji2 narukneho  primár- 

nim inzultem. 

Vyktteni specificke hmotnosti modi (sp. hm .) je 

metodou jednoduchou avak zavadejici a na nakm 
pracoviMi ji nepou2ivame. Sp. hm. je umerna nejen 

pottu ale te2 i hmotnosti soluta v modi a koreluje 

s osmolalitou u normalni moti, ktera obsahuje nej-

vice soluty jako Na*, K'", CI - , urea, kreatinin. NHL 
H : PaL Zde ka2djch 30-35 mosm/kg pfibli2nd zvy-
kije sp. hm . o 0,001. V plipade napf. glykosurie, te-
rapie manitolem, podani rentgenoveho kontrastu, vy-
sokjch davek penicilinovjch antibiotik dochazi ke 
zvjteni sp. hm . a2.  na  hodnoty 1030-1040 bez vze-
stupu osmolarity mode, ktera me bjt nap. izoste-

nuricka. Jeliko2 u polymorbidnich pacientO s vel-

kou heterogenitou postiieni dochazi ke kumulaci 

nejrCizneAch vmiva s potencionalnim efektem na sp. 
hm. davame pfednost vjk uvedenemu vyktfeni 
koncentradni schopnosti pomoci funkdnich renalnich 
parametrO. 

• Vyietivni acidifikace mod 

Vyktfujeme pH modi, serovj anion gap korigovanj 

na hladinu albuminu (SAG), mo600v9 anion gap 
(UAG) a motovjf osmolal gap (UOG) (tab. 24.19.). 

UAG = U-Na -  + 	— U-CI  

Jde o parametr s vjpovidajici o modove exkreci bi-

karbonatu a acidifikaci modi. Jeho normalni hodno-

ta by mela bjt meni ne2 0. v intenzivni pedi toleru-

jeme hodnoty do +5 mmo1/1. Ph deficitu reutilizace 

bikarbonatu v tubulech a jeho uniku do modi jako 

sodne di draselne soli je parametr pozitivni. TO ph 

deficitu sekrece NH. jako chloridu. 

UOG = U-Osm - (2. U-Na +2 U-K + U-U ) 

Normalne nad 150 mosmil, pokles souvisi s poru-

chou vyludovani H' (viz ni2e), upfesnuje drag.nosti-

ku pomoci UAG. 

Poruchy acidifikace modi (RTA) mohou vznikat 

sekundarnd na zakladd poindrne Sirokeho spektra 

inzult6. Nejtasteji pfidinou jsou nefrolitiziza. ob-

struktni uropatie obecnd (a2 u 25 %). dalSi dastou 
phdinou jsou tubulointersticialni nefritidy. Hypona-

triureticke stavy spojene s masivni retenci Na a jeho 

snitenou dodavkou do distalniho tubulu mohou na-

rukram voltainiho potencialu potfebneho pro dis-

talni sekreci H' zpiisobit poruchu distalni acidifika-

ce. Protrahovanj prerenalni syndrom spojenj s re-

distribuci renalniho priitoku di pfechodna ischemie 

mile zpiisobit alespon dastedny defekt tubularnich 

transportnich mechanismii na tirovni renalni &end. 

a tim i poruchu distalni acidifikace modi. Z leko-

vjch phdin renalnich tubularnich acidOz v intenziv-

ni pedi je tfeba ptipomenout acetazolamid a =foie-

ricin. Frekvence sekundarni RTA je ye v:eohecne 

resuscitadni pedi 5,8 % (soubor 225 pacientio. toho 

RTA hypokalemicka u 4.9 % (11 pat:lentil) a RTA 

hyperkalemicka u 0,9% (2 pacienti). Pro terapii neni 

u kriticky nemocnjch pacientil dale2ita exaktni di-

ferenciace proximalni a distalni RTA. ale pfedev;irn 

odliKeni hyperkalemicke formy RTA a event. RTA 

IV od nejdastdfi hypokalemicke RTA. Signifikant-
nim laboratornim nalezem je hyperchloremicka inc-

tabolicka acidOza s normalnim SAG. spojena s hy-
pernatremii, hypofosfatemii. hypokalcemii a normo-

di hypomagnezemii. DCiIeitC je vylotiOeni sae\ ni 

ztraty bikarbonatu. nap. duodenalnim drenem. jeju-

nostomii nebo v ramci ileOzniho stavu se sekvestra-

el tekutiny v tenkem stfevd. Ph vyhodnocovani SAG 

je nutno ji korigovat na hladinu albuminu. neboi .  
hypalbuminemie ji sni2uje, co i je zvIzgte aktualni 
u pacientii v intenzivni pedi (tab. 24.19.). Pro poru-

chu renalni acidifikace svdddi soudasne pH modi nad 

6,5, i kdy2 rnii2e bjt variabilni v souvislosti se stup-

nem acidOzy. UAG je pova2ovana za relativne validni 

marker sekrece netitrovatelnd acidity. podle nekterjch 

zdrojil existuje linearni zavislost mezi jeji zapornou 

hodnotou a sekreci NHL Toto plan i ph nepfitomnosti 

ketolatek, salicylatu, di penicilinovjch antibiotik. ktere 

zpusobuji jeji faletnou pozitivitu. Ph masivnich ztra-

tach bikarbonatu do modi s pH > 6 je UAG mend hod-

notnjm markerem sekrece NH. Byl pozorovan efekt 
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pecialnich nutrinich substrattl, pfedevim alanyl-

olutaminu na zvyAeni vyluovani netitrovatelne aci-

dity a negativitu UAG. Pokles UOG pod 150 mosm/kg, 

u te3lo"ich poruch pod 100 mosm/kg souvisf s poru-

chou renalni aciditikace. Jeji vyznam je v pfesneAm 

odhadu moi:ove koncentrace NH:. ktery neni v2.dy 

vvluovan jako chlorid a nemusi byt tedy zahrnut do 

\ - \''potu UAG. Nem6la by tedy ht nape. ovlivnena 

nem&itelnymi anionty jako ketolatky. ktere mohou 

pocicenit odhad vylu6ovani NH; podle UAG. Toto 

vSak plati jenom pro ptipad. kdy neni jejich koncen-

trace \ moei excesivni. tj . pokud se v moei nevysky-

tuji v nedisociovane podobe. ktera neni zahrnuta ve 

vypoetu jako Na*. K. NH. DiagnOzu dopinuje kom-

plexni funkeni vyetr'eni s normalni ei lehce  snhe-

non CF. tuhularni osmotickou diurezou. Jako nepro-

vedi'telne pova2ujeme v kritickych stavech acidifi-

kaeni pokusy nebo furosemidovy test. kterY m02_e 

v ptipadd tubularni osmoticke diurezy a polyurie 
destabilizovat pacienta. Lze upfesnit diferencialni 

diagnazu proximalniho a distalniho typu stanovenim 

krivky zavislosti moeoveho pH na hladine plazma-

tickeho bikarbonatu pfi jeho substituci. Velmi pi-

none pro diagnOzu by bylo vySetfeni NCO', pCO 2  

v moei a gradientu moeove pCO rp„CO. zvlaAte pi 

mo2nosti provedeni zate2oveho testu bikarbonatem. 

RT,A int:12e vznikat sekundarne u pomerne iro-

keho spektra onemocneni ledvin a urychlit tak prci-

hh  onemocneni smerem k renalnimu 

selhani. V jiste fazi tak 1-n0:erne zachytit metabolic-

kou acidOzu. ktera je kombinaci hyperchloremicke 

JcidO/y spolu s anion gap pozitivni acidOzou v ram-

ci poeinajici renalni insuficience. S rozvojem acidO-

zy ph renalni insuficienci se nekdy SAG zvyuje jen 

mak) a milk se pohybovat okolo 20 mmo1/1. Sou-

.easne ale nachazime vyrazneA pokles GE kdy pi 

hodnotach pod 0.6. resp. 0.4 ml/s, dochazi ke ztite- 

Tab. 24.19. Diterencialne diagnosticke schema SAG nor-
malnich metabolickych acidOz. Prb diagnOzu RTA je po-
treba tirtiho vytetieni homeostazy, ne2 jsou uvedene pa-
ra metry 

SAG 10-18 mmo1/1, hyperchloremle 
1. vyloudeni podflu diludnf etiologie ph rehydrataci 
2. vyloudeni zvy§eneho pfisunu chloridO 

(HCI, ArgCI, NH 4CI, LysCI) 
3. ztraty bikarbonatu st?evem di ledvinami (RTA), 

dale delenf podle UAG a UOG 
a) UAG negativnf, UOG nad 150 — susp. stfevnf 

ztrata (prOjmy, duodenalni dren, ileostomie, 
pankreaticka fistula, ureterosigmoideostomie, 
neovesica) 

b) UAG pozitivnf ph vyloudenf pritomnosti 
ketolatek, salicylatO a penicilinovych 
antibiotik v modi, UOG pod 150, resp. 
pod 100— susp. RTA 
— K• norm. di sni2ene, pH modi > 6,5 — RTA 

hypokalemicka 
— K• zvytene, pH modi > 6,5 — RTA 

hyperkalemicka, ph pH mod' < 6,5 vyloudit 
RTA  IV 

nemu vylu6ovani H', co je (fano poklesem fosfato-

ye diurezy i produkce NH. Nasledne stoupaji S-U 

a S-Kr, jejichi hladiny u renalnich tubularnich aci-

d& jsou typicky subnormalni, te bychom nachaze- 

hladinu losforu a normalni 6i vyI hodnoty 

magnezia. U renalnich tubularnich acid& se setka-

varne naopak s hypofosfatemii a nekdy i hypomag-

nezemii. Tubularni osmoticka diureza se u renalni 

insuficience pine rozviji pi poklesu CF pod 0,8 ml/s. 

pi relativne zachovale glomerularni filtraci v ramci 

renalni tubularnf acidOzy by mohla SOUViSN s poru-

chou tubularnich funkci. Pokud se jedna o RTA 

v ramci tubulointersticialni nefritidy. mile ht ph-

tomna rOzne vyjadtena porucha koncentraeni schop-

nosti, event. ai obraz smgene diurezy. 

24.7.2. Vyietieni serovjgch a moiovjgch 

protein!) 

Problematicke ureeni GF jako C-Kr pomoci inulinu 

nebo s vyuitim izotopovych metod vede k hledani 

jineho spolehlivejiho a citliveAho markeru pro diag-

nOzu renalni dysfunkce v intenzivni 1)66. Jednim 

z techto markero je i cystatin C. Je to blokator cys-

teinovych protedz, neglykosylovany bazicky protein 

produkovany konstantni rychlosti jadernymi butika-

mi organismu, ktery je volne filtrovan glomeruly 

a katabolizovan renalnimi tubuly. Jeho serova kon-

centrace je nezavisla na pohlavi a svalove hmote. 

pravddpodobne je mene zavisla na veku net. S-Kr. 

Jako marker je cystatin C vice senzitivni ne2 kreati-

nin ve vztahu ke GF. je vhodny pro 6asnou detekci 

i malych poklesit GF, tj. stavCi, kde je iasná terapie 

rozhodujici. S-Kr se zda byt vyhodneji pro detekci 

pfechodnych zmen CF u pacientO s jii chronickym 
renalnim postiienim. 

DaRi moinosti hodnoceni glomerularni a tubu-

larni funkce jsou detekce rianych typit proteinurie. 

Jsou to pfedevim tubularni proteinurie s unikem 

peptidu o molekulove hmotnosti do 60 kDa, jako jsou 
13 2 -mikroglobulin, armikroglobulin (retinol vazaji-
ci protein), a rmikroglobulin. Tubularni proteinurii 

zpOsobuje kaIda porucha proximalniho tubulu, kte-
rj,  je ovgem pi inzultu s ohledem na energetickou 

naroenost transportnich a metabolickjtch pochodO 

v nem probihajicich postiten temef vtdy. Uvedene 

markery jsou proto velice senzitivnim, avgak malo 

specificlqm markerem renalniho pogkozeni. Byla 

prokazana souvislost mezi indexem mikroalbumin-

urie/hodnota moeoveho kreatininu a Injury Severity 

Score u polytraumat behem 24 hodin po pfijmu, cot 

lze interpretovat jako timernost mezi glomerularni 

permeabilitou a rozsahem traumatu. Navaznost na 

morbiditu a mortalitu nebyla prokazana. Dalgim 

typem proteinurie je sekreeni proteinurie 
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zpiisobena unikem bilkoviny vlastniho parenchymu 

ledvin do moti. Zde je nejdCiletitejim markerem 

stanoveni aktivity lyzosomalniho enzymu N-acetyl-

r3-D-glukosaminidazy v moei nebo stanoveni Tam-

mova-Horsfallova glykoproteinu, ktery vystyla lu-

men ascendentni Henleho klieky a je zakladem mo-

eovYch valcO. Studie venovane tubularni a sekreeni 

proteinurii v intenzivni peei veginou odhaluji tubu-

larni pokozeni a u 30 % pacientii, u kterych neni 

po§kozeni ledvin patrne standardnimi vykteovaci-

mi metodami, veetne funkeniho vykteeni ledvin. 

Je tteba zminit i vykteeni glykosurie a moeove-

ho sedimentu, jejichi vyuiiti se u kriticky nemoc-

nych neBi od interpretace vysledki, tak, jak je zna-

me z vnittniho lekaestvi. INlaity je nalez granulo-

vanych a hyalinnich valcii pro diagnOzu akutni tu-

bularni nekrOzy, nalez erytrocytarnich valci) pro di-

ferencialni diagnostiku renalniho krvdceni a leuko-

cytarnich valci, pro diagnostiku zdnetu. 

24.7.3. Endogenni regulatory rencilnich 

funkci 

Endoteliny jsou skupinou proteinii vylueovanych 

vaskularnim endotelem, ve zvykne mire nape. za  

podminek systemoveho zanetu nebo obehoveho se-

lhani af u2 kardialni, nebo nekardialni etiologie. Jed-

ná se o endogenni faktory jejichi zvykna exprese 

souvisi s vazokonstrikci renalni mikrocirkulace, po-

klesem CF a nastupem renalniho selhani. Endo-

teliny jsou mediatorem renalni dysfunk-

ce za septickych podminek. Hladiny endogenniho 

endotelinu 1 (ET-1) indukovaneho u syndromu sys-

temove zanetlive odpovedi dobee korelovaly 

s vazokonstrikci vas afferens a s poklesem renalni-

ho priitoku krve a CF. Hladiny ET-1 byly nalezeny 

zvy§ene v intenzivni peel u pacienti., s rozvojem re-

nalniho selhani a jejich dalgi vzestup asocioval se 

patnou progne•zou. Vazokonstrikeni vlastnosti ET-1 

jsou oponovany vzestupem daRich hormonCI, jako 

je atrialni natriureticky peptid (ANP) a obracene. 

Uvolnovani ANP souvisi s aktivaci srdeeniho endo-

kardu, peedpoklada se u nej renoprotektivni, natriu-

reticky a diuretickj,  efekt. Tonizaci vas efferens zvy-

uje filtraeni frakci a CF bez ovlivneni renalniho 

prinoku krve, snituje sekreci reninu v ledvine a re-

dukuje efekty angiotenzinu. ANP antagonizuje re-

nalni i vaskularni efekty vazopresinu. Byl ovelen 

benefit ANP pro udrieni diurezy a zlep§eni mortali-

ty u oligurickeho renalniho selhani. By) prokazan 

stimulatni efekt ET-1 na uvolriovani ANP in vivo 

a in vitro. Zvygene hladiny ANP a ET-1 byly naleze-

ny ph sepsi s MODS, col potvrzuje roli endotelu 

v uvolnovani obou substanci. ANP podavany paren-

teralne jako diuretikum vykazuje tubularni natriure- 

ticky efekt, zpusobuje dilataci vas afferens. konstrikci 

vas efferens a zvyuje glomerularni filtraci beze  • 

zmeny renalniho prinoku krve. B) I prokazdn jk..110 

peiznivy renoprotektivni efekt s dopadem na morhi-

ditu a pottebu dialyzy u oligurickeho renalniho se-

lhani. 

endogennim regulatorem renalni he-

modynamiky. tubuloglomerularni zpetne vazby. glo-

merulami filtrace a natriurezy je oxid dusnaty (NO). 

By) prokazan efekt blokatorii NO syntetazy (iNOS ) 

na zvy§ovani sekrece reninu. aktivity angiotenzinu 

zvySovani intrarenalni cevni vaskularni rezisten-

ce a poklesu renalniho prutoku krve. Zda se. e exis-

tuji dva intrarenalni zdroje NO s relativne opaen ■'m 

efektem na homeostazu. Endotelialni NO u olno ■ a. 

ny ph vzestupu perfuzniho tlaku je mediatorem tla-

kove natriurezy, NO produkovany macula densa je 

jednim z mediator') tubuloglornerularni zpetne vaz-

by vedouci ke zvyeni tonu vas afferens a pokiest' 

diurezy. Vzajemnou sou6nnosti obou systemu do- • 

chazi za fyziologickych podminek k udri_eni ho-

meostazy a tekutinove bi lance. 

Adenozin je dCleitm mediatorem tubuloglome-

rularni zpetne vazby (TGF) mezi macula densa 

a extraglomerularnimi mezangialnimi butikami. al-

ferentni arteriolou a granularnimi bunkum'. Jeho  ui- 

nek je rych)y a kratce trvajici. Adenozin té blokuje 

uvolnovani reninu. TGF mediovana vazokonstrikce 

a redukce uvolfiovani reninu nasledkem elevace kon-

centrace NaC1 v oblasti macula densa distalniho tu-

bulu mtlie bYt blokovana teolylinem nebo speci-

fickymi blokatory na tirovni adenozinoveho AI re-

ceptoru. Toho vy0ivame ph podavani kontinualni 

infuze aminofylinu, ktery by mel blokadou losto-

diesterazy sniLwat degradaci cyklickeho adenozin-

monofosfatu, a tim sniiit koncentraci adenozinu 

i v ledvinach. Vysledny efekt je zlepeni diureticke 

odpovedi s moinosti redukce davek jinych. peede-• 

vMm kliekovych diuretik. 

Ve snaze zlecAit morbiditu a mortalitu renalni 

dysfunkce v intenzivni peel jsou hledany nejen opti-

malni renoprotektivni re2imy. ale i pOsobky vvka-

zujici renoproliferatni elekt, ktere by zlepSily repa-

raci poMcozenych ledvin i po probehlem inzultu. Mezi 

ne path regulatni rilstove peptidy jako insulin-like 

growth factor (IGF-1). ktery je v posledni dobe po-

clavan rekombinantni v klinickych experimentech. 

Jeho podavani pied rozsahlymi vaskularnimi vyko-

ny na hrudni aorte redukovalo procento pacientO se 

zhorknim renalnich funkci z 33 % v kontrolni sku-

pine na 22 % ve skupine kde byl podan IGF-I. 

Dagi slibnou skupinou peptidi, jsou kostni mor-

fogeneticke proteiny, tzv. osteogenni proteiny (OP). 

POvodne byly identifikovany pro jejich vlastnost in-

dukovat tvorbu endochondralni kosti na extraskele- .  
talnich mistech. Obecne je jejich vlastnosti indukce 
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celularni mig.race. ritstu a diferenciace. Osteogenni 

protein I (OP-1) je syntetizovan v ledvinach bdhem 

jejich vyvoje a indukuje diferenciaci metanefros. 

Geneticke studie na mygich s deleci genu pro OP-1 

prokataly jejich uhyn na renalni selhani prvni den 

Recentni studie na krysach s navozenym re-

nalnim selhanim na podklade ischemie a hypoper-

fuze a na podkladd toxickem demonstrovala pmtek-

tivni efekt OP-1 pi podani pfed i po hypoxickem 

i toxickem inzultu. Navic skupina mygi ledenych 

OP- I vykazovala mengi mno2stvi apoptotickych 

hunk 5 dni po ischemii. Mikroskopicky obraz pro-

kazal zvVknou proliferaci bun& proximalniho tu-

bulu kortikalnich nefronit a nefroml v Levni dfeni 

u OP- I ledeiVch krys. OP- I podavan jak pfed, tak 
i po porandni tlumil expresi ICAM-1 v ledvine, tj. 
celuldmich adhezivnich molekul. a tim i akumulaci 

neulrotilii a rozvoj sekundarniho cytokiny mediova-

neho zandtliveho porandni. 

Prostaglandiny jsou funkdnd heterogenni skupi-

na Idtek vznikajicich z nenasycenych mastnych ky-

selin. Maji prokazany pfimy efekt na renalni hemo-

dvnamiku. ovlivnuji produkci reninu a efekty angio-

tenzinu na ledviny. maji pfevO.nd tlumivy efekt na 

udinek ADH na renalni tubuly. V intenzivni pedi. kde 

pfedpokladarne dasto vysokou aktivitu systemu re-

nin-angiotenzin-aldosteron a ADH, proto velice 

uva2live indikujeme blokatory syntezy prostaglan-

dinCi  analgetika). zvlagte u septickych 

pacienti, s existujici rendlni dysfunkci. 

KUova pro aktivaci angiotenzinu 1 je renalni pro-

dukce reninu v juxtaglomerularnim aparatu. Konver-

71 en7ymem (ACE) na ang.iotenzin II vznika okta-

peptid s vazokonstriktnim efektem a s efektem na 

uvolnovani aldosteronu. Vazokonstrikdni efekt vice 

vyjadieny na vas efferens vede ke zvygeni filtratni 

frakce a udr2eni GF i u stavii zhorgene rendlni per-
fuze. ktere jsou v intenzivni pedi vel ice daste. Zvy-

kna angiotenzinova aktivita je v sepsi be2na. Proto 

indikujeme ACE inhibitory z hemodynamicke indi-

kace \thee obezfetne. nebof jejich efekt na ledviny 
mie byt velice kontraproduktivni. Renoprotektivni 
indikace prakticky nemii v intenzivni pedi opodstat- 

Bezpochyby zajimavou skupinou leku budou 

v blizke budoucnosti pfime blokatory receptoru pro 
angiotenzin II. W. prvni studie na prasedim modelu 

hypovolemickeho goku vykazuji a pfekvapive pfi-

znivy efekt na perfuzi splanchniku. 

V ramci gokovych stavii byl prokazan vliv radi-

kaloveho pogkozeni ledvin. Zhorgeni renalnich funk-

ci bylo doprovdzeno zvyknou hladinou lipidovych 

peroxidit a aktivitou superoxid dismutazy a gluta-

thion peroxidazy oproti kontrolnim skupinam paci- 

24.7.4. Hodnoceni funkce ledvin 

ye skorovacich systernech 

V souvislosti s vyge zminovanym vyznamem renal-

ni dysfunkce pro morbiditu a mortalitu pacientO 

v intenzivni pedi je zfejmy i vyznam adekvatniho 

hodnoceni renalnich funkci ve skOrovacich syste-

mech. Ty charakterizuji celkovy aktualni stay paci-

enta a podle celkoveho skOre jsou derivovana urdita 

doporudeni pro diagnostiku a terapii kritickych sta-

vta. Napf. nejvdtgi posun v mortalitd u pacientii lede-

nych kontinualni eliminadni metodou (CRRT) ve 

srovnani s pacienty ledenymi intermitentni dialyzou 

(IHD) byl nalezen ve skupine intermedialniho Acu-
te Physiology and Chronic Health Evaluation Score 
(APACHE II) 20-29 boa, s pfitomnosti 2-4 selha-

vajicich organii. 
V souboru renalne selhavajicich septickych pa-

cienttl nebyl nalezen statisticky vyznamny posun 

v APACHE 11 skOre v prithdhu rozvijejiciho se re-

nalniho selhani. Priimdrne hodnoty APACHE 11 byly 

18,6 phi ptijmu na odddleni, 20,2 (p > 0,05) v den 

ztraty tubuldrni osmoticke diurezy s ndslednym pfe-

chodem do izostenurie a 22.9 (p > 0.05) v den dosa-

kni oligurie nebo posledni den terapie u non-noli-

gurickych forem (obr. 24.9.). Vysledky sledovani 

hodnot S-Kr a S-U u renalne insuficientnich a renal-

nd selhavajicich pacientt) navic poukazuji na nedo-

statednost skOrovacich systernit rutinne pou2ivanych 

v intenzivni pedi. Systemy pfirozene nevystihuji za-

kladni onemocneni, navic se zda le nezohlednuji ani 

renalni dysfunkci. SkOrovaci system APACHE 11 

potdiva S-K* a S-Kr stejnd jako Gorisiiv system ur-

deny pro MODS. Sepsis Organ Failure Assessment 

(SOFA) skOre hodnoti S-Kr a vydej moti. System 

APACHE 111 pou2iva nejen S-Kr a diurezu, ale i S-U 

a nehodnoti S-K`. Nicmend system APACHE 111 je 

zcela srovnatelny s APACHE 11 phi hodnoceni cel-

kove morbidity a mortality. 

Zavdrem Ize tedy shrnout, e pou2ivane skOrova-

ci systemy operuji s biochemickymi a klinickymi 

parametry, ktere jsou vztahu k dasne diagnOze re-

nalni dysfunkce u kriticky nemocnych pacienti, pa-

rametry druhofadymi. Zahrnuti alespon C-Kr by 
mohlo byt pfinosem pro lepgi zohledndni renalni 

deteriorace v poulivanych skOrovacich systemech phi 

vgech znamych faktorech, ktere ovliviluji jeji inter-
pretaci v intenzivni pedi. 

24.7.5. Renalni funkini parametry pH 
rencilni insuficienci a progresi 
do rencilniho selhcini 

Na obr. 24.10. je uvedeno schema prubehu nate- 

ry, ch Wine sledovanjich veRin v zavislosti na stavu 
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1. Prerenalni syndrom: C-Kr na Orovni renalni insuf. nebo normalni, 
FE-NW < 1 %, FE-H 20 < 2.5 %, t.r. > 97,5 %, C-H 20 < —0,027 ml/s, 

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

APACHE II : 18.6 
I 

Rehydratace, optimalizace srdedniho indexu 

I 

2. C-Kr vzestup, tubularni osmoticka diureza, FE-H 20 > 2,5 °/0, 
t.r. < 97,5 %, U-Osm/S-Osm > 1, C-H 2 0 < 0, FE-Osm > 3,5 %, 

C-EI/EWC > 3 

I 
Capillary leak, vzestup zanetlivych markerO, pozitivni bilance tekutin 

I 

3. Oa& prerenalni inzulty, podavani vysokych davek diuretik ye snaze 
o negativni bilanci tekutin, stupnovani tubularni osmoticke diurezy: 
C-Kr a t.r. klesaji, FE-Na*, Fe-H 20 a FE-Osm stoupaji, 
U-Osm/S-Osm >1, C-H 20 <0, EWC >0, C-El/EWC >3 

I 

Progrese syndromu, nemoinost udrieni dostatedneho srdedniho indexu 
a mobilizace retinovane tekutiny 

I 

4. FE-NW 2,1-15%, pokles pod 213 pivodni hodnoty behem 24 h, 
dalti pokles v nasledujicich dnech, S-U 25-32 mmo1/1, 
S-Kr 80-150 pmo1/1, ztrata koncentradni schopnosti, rozvoj smitene 
tubularni osmoticke a vodni diurezy: FE-H 20>2,5 %, 
U-Osrn/S0sm <I= 1, C-H 20 > —0,001 ml/s, EWC >0, C-El/EWC < 3, 
FE-Osm > 3,5 %, metab. acid6za anion gap +, vzestup fosfatu, 
modove kyseliny 

APACHE II 20,2 	 I 

Ztrata odp. na  diuretika 
a nemoinost zvytit denni obrat 
tekutin, C-Kr < 20 % normalni 
hodnoty, pfizniva prognOza 
zakladniho onemocneni 

5. Progresivni pokles modoveho 
vlideje, rozvoj oligurie behem 
3,6 dne, kriticka hypervolemie, 
potfeba restrikce tekutin, 
postupny vzestup S-U, S-Kr 
a seroveho drasliku 

5. Ztrata koncentradni schopnosti 
v dostatednem pottu rezidualnich 
nefronti stati pro udr2eni 
hypoizoosmoticke diurOzy, 
neoliguricke renalni selhani, 
postupny vzestup S-U, S-Kr 
a merle kalemie 

APACHE II 22.9 

1 
• 

Obr. 24.9. Typicky prObeh renalniho se-
lhani v ramci multiorganove dysfunkce 
ph sepsi 

Index C-El/EWC plat' pro hodnoty 
EWC > / = 0 

glomerularni tiltrace (bliie viz popis). Z obrazku je 

zfejma postupna ztrata glomerularni funkce, nasle-

dovana selhanim tubularni kompenzace a v posledni 

fade ztratou koncentradni schopnosti. Typici4 prit-

beh smerem k »delayed onset renal failurec v ramci 

MODS znazorhuje obr. 24.9. 

U 10 z 19 (52,6 %) tetce renalnd insuticientnich 

pacientit byly nalezeny normalni a lehce zvj/kne 

hodnoty S-Kr do 150 pmo1/1, S-U byly zachyceny 

normalni u 2 (10,5 %). Ve skupind pacient5 s 

hladinami urey a kreatininu byl zachycen unik bi-

karbonatu do modi u 4 (40 %) zpOsoben)% bud peed-

chozi adaptaci na chronickou respiradni acidOzu, 

nebo renalni tubularni acidemou. Obraz funktniho 

selhani ledvin byl zachycen u 17 (89,5 c70) pacientO. 

Vichni mdli pozitivni EWC a 94.1 % mdlo poziti% - 

ni EWC a soutasne negativni co i korelovalo 

se zv)geny/mi hodnotami urey v modi. Byl tazname-

nan relativne uniformni pritbdh FE-Na' v OUVi1I01- 

ti se zhroucenim odpovddi na diuretika. FE-Na' po-

stupne stoupala a2 na priimdrnou hodnotu 12.1 (4 

spolu s tubularni osmotickou diurezou potencovanou 

vysokjImi davkami furosemidu (nad 3 mg/kg/den). 

Belem 24 hodin dochazelo k poklesu FE-Na' na 

primidrnou hodnotu 5,3 %, co 2 bylo nasledovano 

zmenou typu diurezy na smgenou vodni a osmotic-

kou diurezu a ztratou koncentradni schopnosti 

(94,7 %). V pfipade zachovand odpovedi na diureti-

ka nebo soudasnd podavand kontinualni infuze bi-

karbonatu nedochazelo pi zmdnd diurezy a koncen- 
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Obr. 24.10. Priibeh nekterych biochemickych parametru 
v zavislosti na poklesu glomerularni filtrace (clearance en-
dogenniho kreatininu). Vtichni pacienti meli tendenci 
k metabolicke acidoze s hranionim a2 zvYtenym anion gap 
pñ poklesu C-Kr pod 0.45 ml/s. Ztrata koncentratni schop-
nosti byla zachycena pfl poklesu pod prOmernou hodnotu 
0.30 ml/s. Ztrata produkce hypotonicke mod' pñ oliguric-
kern renainim selhani vetSinou asociuje s piechodnym 
vzestupem seroveho natria nasledovanem jeho poklesem 
ph pozitivni bilanci tekutin. Pritehy natremie a diurezy ph 
nonoligurickem renalnim selhani jsou vyznadeny pferuto-
vanymi darami. Zde pokradujici produkce hypotonicke modi 
vede k vice vyjacifenemu vzestupu serove natremie. 
Vysvetleni zkratek: 
SUA = neme?ene anionty sera. 
H -  = aktivita vodikovych iont6 plazmy, ostatni zkratky viz 
jejich seznam. 

tradni schopnosti k vyraznemu poklesu 	C-Kr 

se v uvedeny den pohybovala v rozmezi 0,02 

0.62 ml/s s priimernou hodnotou 0,30 ml/s. Pozo-

royallv patofyziologicky proces nebyl doprova-

zen statisticky vyznamnym poklesem v diureze 

14130 m1/24 h vs. 3200 m1/24 h). S-U byla u 42,1 % 

pacient6 mezi 25-32 mmo1/1. vichni ostatni meli 

np.S1 hodnoty. 5 pacienti, pod 15 mmo1/1 (26,3 67c). 

S-Kr by I norinalni nebo elevovany do 150 mo1/1 

u 12 pacientO (63.2 %). S-K ylo u vkch normalni. 

Postupnd se mime zvyoval SAG s tendenci k meta-

bolicke acidOze. stoupaly hocinoty fosfatu a modove 

kyseliny. 16 pacientil pfelo do oligurickeho renal-

niho selhani a oligurie bylo dosaeno v promdru do 

3.6 dne. 

Vysledkem studie bylo sestaveni funkdniho mo-

delu selhavajici ledviny u syndromu multiorganove 

dysfunkce s pomoci klinicko-biochemickych para-

metrii. Kumulace prerenalnich inzult0 a septickych 

a nefrotoxickych efektu postupnd vede k poklesu 

glomerularni filtrace a k indukci tubularni osmotic-

ke diurezy. V ptipadd daKiho zhorovani renalni 

dyslunkce dochazi typicky spolu s klesajici clearen-

ce kreatininu k pfesmyku 7 maximalne indukovane 

kompenzatorni tubularni osmoticke diurezy na smi- 

knou vodni a tubularni osmotickou diurezu se ztra-

tou koncentratni schopnosti a izostenurii. Tent° pa-

tofyziologicky moment je mcthlo vysvetlit jako re-

guladni efekt tubuloglomerularni zpdtne vazby a sni-

ieni glomerularni filtrace v rezidualnich nefronech 

v souvislosti s kriticky zvygenjim tubularnim prillo-

kern v pfepinenych tubulech rezidualnich nefrontl. 

Mechanismus je pravdepodobnd humoralni, lokali-

zovany do oblasti macula densa v distalnim tubulu 

spolu s hydrodynamickym efektem tubularniho flow 

a vnitrnimi regulaanimi vlastnostmi glomerulu. 

V teto fazi dochazi obvykle i k vyznamnemu zhor-

kni odpovedi na diuretika, co spolu s nemoinosti 

koncentrovat mod dale limituje monost eliminace 

uremickych toxinO. Jejich serova hladina je v teto 

fazi s vyjimkou urey v typickem rozmezi 25 

33 mmo1/1 nevyznamne zvykna, odpady modi za 

24 hodin vak klesaji. Je samozfejme, e tito paci-

enti musi mit ji v pfedchozim prubdhu maximalni 

mcnny renoprotektivni ( -aim. To znamend pfedevim 

optimizaci hemodynamiky a srdedniho indexu spo-

lu s kombinaci diuretik. Pokud dojde v teto fazi 

k uvedenym zmenam ve funkdnich klinicko-bioche-

mickjich parametrech spolu s dagim poklesem diu-

rezy, dochazi vLly k daKimu poklesu GF, proto2e 

tito pacienti ji nejsou schopni zvyit modovou kon-

centraci kreatininu. Pokud neni na stay promptnd 

reagovano sputenim CRRT zde j6:te ve forme re-

nalni podpory, dochazi obvykle k vzestupu urey, kre-

atininu a vet:4inou i poklesu diurezy s pfechodem do 

oligurickeho nebo neoligurickeho renalniho selha-

ni, a to v dasovem horizontu 3-4 dnO. Zde je ji in-

dikovana pina nahrada renalnich funkci s rizikem 

vyI morbidity pacientii. Mezitim dochazi k daRimu 

pcAkozovani tubularnich funkci podavanim vysokych 

davek klidkovych diuretik, co mtlie zhorit a pro-

dIouii nutnou k reparaci renalnich funkci. 

Standardni kriteria pro zahajeni dialyzadni ledby 

jsou neaplikovatelna pro kriticky nemocne pacienty. 

Vzestup urey a kreatininu je v zavislosti na trvani 

renalni insuficience doprovazen kumulaci i jinych 

Mind nemonitorovanych katabolit6 a uremickych 

toxina jako guanidinove latky, indoly, fenoly, myoi-

nozitol, organicke kyseliny a aromaticke aminy 

a vede ke zhorkni celkove metabolicke situace ne-

mocneho. Pfitomnost oligoanurie je u kriticky ne-

mocnych v multiorganove dysfunkci relativne pozdni 

znamkou zhorkne funkce ledvin. Obvykle mno2.- 

stvi modi u zdraveho je plibliIne I a 2 litry denne. 

Ze studii tisicovych souborCi kriticky nemocnych je 

zfejrne, e optimalni diureza se u techto pacientO 

nachazi mezi 2-4 litry. Je-li obligatorni mnostvi 

modi u dloveka s normalni koncentradni 

schop- 	 je otazkou, jak velke mnoi- - 
stvi 	i mu 	pro uilffr • - ni homeostazy vyloudit pa- 

L VI  
't7-) 

0  Viv,4 
4 

41, 
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cient se septickjim multiorganoqm selhanim s ob-

rovskjim metabolicky/m obratem a trvale nangova-

nou schopnosti koncentrovat mo& V poslednich le-

tech byl jednoznkne prokazan pfizniq efekt CRRT 

na mortalitu renalne selhanj,ch pacientii v intenzivni 

pe6 a renoprotektivni efekt kontinualni metody pied 

intermitentni dialy/zou s dvojnasobne vyI inciden-

ci piechodu pie2ivich pacientO do chronickeho dia-

lyzkniho programu. Navic doba nutne nahrady re-

nalnich funkci na intenzivni pe6 je kragi v piipade 

kontinualni metody. Dosavadni qsledky naznkuji, 

te dopinenim celkoveho hodnoceni klinickeho sta-

vu pacienta o rutinni aplikaci khnicko-biochemic-

kjich parametrii mitieme upiesnit asnou indikaci ke 

kontinualni ehminkni metode a sniIit nutnou dobu 

terapie extrakorporalni metodou, a tim sniit i nd-

klady v intenzivni pe6i. 
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Homeostaticke indikace k podavani diuretik 

BALiK M. 1 , KAZDA A.2, DOHNAL L.2  

' Kiwi/co anesteziologie a resuscitace, Fakultni nemocnice Krdlovske Vinohrady, tgednosta doc. MUDr. J. Pachl, CSc. 

2  Katedra klinicke biochemie 	pracovifte Ustav klinicke biochemie 1. IF UK a VFN, pfednosta prof MUDr. 0. Englil. DrSc. 

Souhrn 

V intenzivni peel je relativne mato sledovdn a vyutivdn efekt diuretik na natriove a vodni hospoddfstvi i jejich vliv na rencflni metabolisms 
bikurbondtu. Tato prdce se proto zamehje tem& vfluene no vliv poddvdnt diuretik na homeostdzu sodiku a vody a jejich efekty na acidobazickou 

rovnovcfhu. Z hlediska monitorovdn( vnithurho prostfed( pomodfunkentch rentilach parametn2je poddvofni diuretik znaeni invazivnt, a protoje studie 
integrdln( souedstl monitorovact'ho systemu, ktery vychdzi z poeltaeoveho programu LED VINA. 

Autoft tiro prdce monitaravali  efekty fi4rosemidu (18 pacienta), hydrochlorothiazidu (8 pacienn2), spironolactonu (14 pacienta), acetazolamidu (10 
pacienta), amiclaranu (4 pacienti) a manitolu (8 pacientil) u pacientd na resuscitaenfm oddelent pomoct poettaeoveho programu, ktery pracuje se 17 
vstupnimi bebte monitorovanymi velieinami a 19 vYstupy. 

Benefit studie spoelvd v objasnen( exaktnIch mechanism, jejich deinku na rendInt drovni a v definici parametrt2 vhodnYch ke sledovdnt teropie 
konkretntm prepardtem. Z nich potom vyplyvd motnost jejich daleko Sirflho a sprdvnejltho poddvdni z homeostatickych indikact nebo vhodnost 
zatazeni nekterych mine poutivanych diuretik v rdmci renoprotektivnich relimil. Tomu by nemela rothodne brcinit relativni ntzkd cena techto 

preparcinl. 

Klitova slova: diuretika — intenzivnf pete — funktnf vy§ettenf ledvin — hypematrernie — hyponatremie — tonicita — osmolalita — acidoza — 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 

Anest. Neodkl. Pete, 10,1999, No. 4, p. 151-156 

1:Ivod 

Diuretika path mezi jedny z nejeasteji poutfvanych me-
dikacf v intenzivnf pedi. Pfi jejich podavanf je sledovan 
pfedevglm aspekt diureticky, eventualna renoprotektivnf. 
Dale je v praxi vyuilvan efekt nekterych diuretik na meta-
bolismus kalia. Podstatne merle je v podmfnkach intenziv-
nf pRe znam jejich efekt na natriove a vodnf hospodafstvf, 
vliv na rendInf metabolismus bikarbonatu a acidobazickou 
rovnovahu nebo na kalcio-fosfatovy metabolismus. 

Diuretika vyznamne ovlivfiujf renalnf funkce, ktere jsou 
dostupnym zpusobem sledovatelne pomocf funkdnfho vy-
ktfenf ledvin. Z pohledu monitorovanf vnitfnfho prostfedf, 
jehoi zakladem je §ir§f spektrum funk6nfch renalnfch pa-
rametrd, je podavanf diuretik znaene invazivnf (obr. 1) 
a zpetne ovlivtiuje diagnostiku homeostazy pomocf funk6- 
niho vy§etfenf ledvin. Na podklade pfedchazejfcfch studif 
pfedpokladame velmi dobrou vyulitelnost funkdnfho vy-
§etienf ledvin pro management homeostazy u kriticky ne-
mocnych pacientd. Proto je i tato studie integralnf sou6astf 
monitorovacfho systernu vnitfnfho prostfedf, ktery vychaz1 
z poNtgoveho programu LED VINA (obr. 2). 

Diuretika lze definovat jako specificke blokatory ionto-
vych kanald. ROzna diuretika vzajemn1 reagujf s rdznymi 
iontovymi kandly v raznych segmentech nefronu. Lze je  

tedy klasifikovat tradienfm zpasobem jednak podle kon-
kretnfho cfloveho 'nista ddinku, jednak vysti2n6ji podle 
specifickeho iontoveho transporteru, na kterem d6inkujf. 

Furosemid je vysoce 116inne klidkove diuretikum s pfe-
vahou d6inku v ascendentnf Henleove kli6ce a ruinimaln6 
deinkujfcf v proximalnfm tubulu blokadou karboanhydraz. 
Blokuje N, K, 2C1 kotransport na lumindInf stran8 tubularnf 
bunky, navozuje natriurezu, kaliurezu, narduje dopinova-
nf dfenoveho osmotickeho gradientu. Snfienf voltainiho 
potencialu ma za nasledek i veal dnik Ca2+  a Mg24. , naopak 
vy§§f dodavka sodfku do distalnfho tubulu potencuje jeho 
reabsorbci a sekreci K +  a H+ . Dlouhodobe podavanf navo-
zuje kompenzaenf mechanismy ph hypertrofii bun& dis-
talnfho tubulu. 

Spironolacton je steroidnf derivat, ktery je metabo-
lizovan v jdtrech na ti6inny kanreon, ktery svym antialdos-
teronovYm efektem v distalnfm tubulu kompetitivnt inhi-
buje vymenny mechanismus sekrece kalia a retence natria 
(Na, K-ATPasu). Jeho d6inek je zavisly na pfedchozfm 
podflu aldosteronove aktivity na resorbci natria a sekreci 
kalia. Teoreticky molny efekt na snflenf sekrece H +  a na-
vozenf poklesu seroveho pH zpOsobenY dnikem Na do 
tubulu by se mohl projevit jen ph excesivnfm hyperaldos-
teronismu. 
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Obr. 1. Hlavni efektorove 
mechanismy vodniho a iontoveho 
hospoddistvi v intenzivrn pe6i 

Vstupy 
	 Vystupy 

Hydrochlorothiazid je thiazidove diuretikum dostupne 
jen v peroralni forme, deinkuje v distalnfm tubulu a ye 
sbernem kanalku blokadou NaC1 kotransportu. Zvy§end 
intratubularnf koncentrace natria ovlivnenfm voltah -lfho 

Obr. 2. Poulfvany po6ftadovy program LEDVINA, verze 1.2 

potencialu navozuje kaliurezu a potencuje sekreci H. Thi 
azidy navic primo zlepkijf zpetnou utilizaci bikarbonatu 
bez ohledu na minimalni inhibienf efekt na karboanhydrazy 
v proximalnfm tubulu. Zvy§ujf reabsorbci Ca 2+  v distalnim 
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Tabulka 1. PrUbeh dUK a EFK u pacienul Wetly/6 spironolactonem* 

'arametr 0. den  1. den terapie 

89,6 	+/- 62,8 	(n.s.) 
147,13 +/- 90,21 (n.s.) 

4,03 +/- 	0,60 (n.s.)  

2. den terapie 3. den terapie 
JUK (mmo1/24 h) 

EFK (%) 
K (rnmo1/1) 

90,2 
156,43 

4,11 

+/- 
+/- 
+/- 

66,6 
94,89 
0,73 

79,9 
141,87 

4,47 

+/- 
+/- 
+/- 

52,8 	(n.s.) 
81,53 (n.s.) 
0,71 (p <0,05) 

87,3 
154,33 

4,63 

+/- 
+/- 
+/- 

67,6 	(n.s.) 
85,52 (n.s.) 
0,77 (p < 0,05) 

*pKi mery, sm. odchylka, hladiny vyznamnosti rozdflu mezi hodnocenymi dny a 0. dnem 

Tabulka 2. Prtlbehy vybranych parametrtl u pacient6 1e6enych hydrochlorothiazidem* 

arametr 0. den 1. den terapie 2. den terapie 

■Ia (mmo1/1) 155,1 +1-9,7 154,5 +1-8,2 (n.s.) 151,0 +/- 9,4 (p < 0,02) 
FNa (%) 11,09 +/- 8,78 8,76 +/- 6,16 (n.s.) 13,05 +/- 13,70 (n.s.) 
LINa (nunoV24 h) 583,8 +/- 267,4 548,1 +/- 280,9 (n.s.) 520,6 +/- 227,5 (n.s.) 
el (1124h) 4,775 +/- 1,983 4,439 +/-2,020 (n.s.) 4,336 +/- 1,666 (n.s.) 
WC (1124 h) 0,995 +/- 0,916 0,609 +1-0,907 (p <0,03) 0,356 +/- 1,114 (p < 0,002) 
CO3 (mmo1/1) 19,59 +/- 1,88 21,95 +/- 2,18 (p <0,001) 25,01 +/- 2,65 (p <0,001) 

- 
1); 
si 

dl 
IC 

,  H 

* prOmery, smerodatna odchylka, hladiny vyznamnosti rozdfld mezi hodnocenYmi dny a 0. dnem 

tubulu. Chronicke pociavanf vede ke kompenzatornfmu 
hyperaldosteronismu a ztrate ti6innosti. 

Amilorid je peroralnf diuretikum se zcela opanYm efek-
tern na renaInf metabolismus kalia, bikarbonatu a ph dlou-
hodobem podavanf i natria. Cfl jeho Oinku je v distaInfm 
tubulu a sbernem kanalku, kde blokuje reabsorpci Na + , 
zp6sobuje velmi mfrnou natriurezu a nepifmo blokuje sek-
reci K+  a sekreci H +  a reapsorbci bikarbonatu. 

Acetazolamid je inhibitor karboanhydraz, pfedevgfm in-
tracelularnf karboanhydrazy II a intratubularnfho izoenzy-
mu IV v proximalnfm tubulu. Tfm zpAsobuje inkompletnf 
inhibici zpetne utilizace bikarbonatu a tinik natria a kalia. 
Natriureticky a diureticky efekt je vgak z velke dasti kom-
penzovan distalne. 

Manitol je osmoticky aktivni polyol, ktery nenf resorbo-
van po profiltrovanf glomerulem a tielnkuje na vgech pro 
vodu propustnych mistech nefronu. Maximalraho efektu 
z kvantitativnfho hlediska dosahuje v oblasti proximalnfho 
tubulu. 

Dopamin je vazoaktivnf latka s vazodi1ata6nfm efektem 
na renaInf arterioly a primym diuretickym efektem na 
drovni Na, K-ATPasy v prox. tubulu. Kontinualnf podava-
nf aminophyllinu a bikarbonatu hodnotfme jako renaInf 
„rescue postupy" u hrozfcfho renalnfho selhanf. Amino-
phyllin jako blokator fosfodiesterazy sniiuje mnoistvf ade-
nosinu v ledvinach. Klesa tedy i mno2stvf mediatoru tu-
buloglomerularnf zpetne vazby phi kritickem kompenza-
tornfm pfepinenf tubuld, blokada adenosinu ma efekt na 
renalnf arterioly a pffmy diureticky efekt na renalnf tubuly. 
Podavanf bikarbonatu vede ph dosaienf pitustneho „base 
excess" a tonicity k piekraenf renalnfho prahu a overflow 
bikarbonatove diureze, ktera je tubularnf osmoticka. Poten-
cuje diureticky efekt ostatnIch diuretik a ma protektivnf 
vliv na proximaInf tubulus. 

Material a metody 

Autofi teto prace monitorovali efekty furosemidu (18 
pacient8), hydrochlorothiazidu (8 pacienta), spironolacto-
nu (14 pacienttl), acetazolamidu (10 pacientil), amiclaranu 
(4 pacienti) a manitolu (8 pacient11) u pacientt1 na resusci-
tadnfm oddelenf pomocf podftgoveho programu LED VI-
NA verze 1.2, ktery pracuje se 17 vstupnfmi bé.në moni- 

torovanymi veli6inami a 19 vystupy. Nage studie, monito-
rujfcf renaInf davky dopaminu, podavanf aminophyllinu 
a bikarbonatu z renaInf indikace, nebyly dosud statisticky 
zpracovavany, studie zabyvajfcf se amiloridem nebyla 
uzavfena. Uvaddne tidaje jsou prUbeinym vysledicem stu-
die, ktera byla piednagena v bloku „Ionty a vnitinf prostfe-
df" v rand Hoderova dne 4. 6. 1998. U vgech diuretik 
jsme monitorovali vgechny vstupnf a vystupnf parametry. 
Pii zavere6nem hodnocenf funk6nich parametra jsme se 
zamefovali na nekolik parametril typickych pro prtlbai 
terapie ur6itym preparatem. Pro posouzenf vyznarrmosti 
rozdflO hodnot mezi vzajemne srovnavanymi dny by! p0-
Wit Studenten,  parovy t-test. Vgichni pacienti byli adekvat-
ne ventilovani, hemodynamicky stabilnf, bez nahlych 
zmen v nutri6nli infuznf terapii, bez piftomnosti renalniho 
selhanf. 

Dopad furosemidu na funko'nf renalnf parametry byl 
monitorovan u 18 pacientu, u kterych doglo k rozvoji re-
naInfho selhanf v ramci multiorganove dysfunkce. Ve 
vgech pffpadech byl podavan ye vysokych dennfch day-
kach nad 3 mg/kg. Sledovany byly prilbehy exlcre6nich 
frakcf sodfku (EFNa), drasliku (EFK), typ diurezy, koncen-
tra6n1 schopnost a souvislost jejich zmen s tonicitou a diu-
rezou. 

Spironolacton byl vyhodnocovan u 14 pacienta s poru-
chami homeostazy. Indikacf podanf byla hypokalemie 
soudasnem pociavanf klidkovych diuretik nebo sekundarnf 
hyperaldosteronismus. Monitorovali jsme EFNa, EFK, se-
rovou kalemii (SK) a dennf ztraty kalia (dUK) pied poda-
nfm preparatu a 1. ai 3. den terapie ve snaze nalezt renalnif 
markery jeho tidinku. 

Hydrochlorothiazid byl monitorovan u 8 pacientilindi-
kacf byla bud' renaInf tubularnf acidoza, nebo t0..kaporucha 
koncentradnf schopnosti renalnf etiologie, dale snaha 
o zlepgenf odpovedi na furosemid a snaenf jeho davek. 
Byly sledovany parametry sodneho a draselneho hospo-
daistvf, typ diurezy, koncentra6nf schopnost a ovlivnenf 
acidobazicke rovnovahy. Sledovali jsme mcdnou pfftom-
nost jinych vedlejgfch efekth thiazidove terapie. Monitoro-
vany byly den pied nasazenfm terapie a prvnf dva dny 
podavanf. 
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Tabulka 3. Priibeh vybranych parametn1pri terapii amiloridem u 4 pacienttl 

Parametr , 0. den 1. den terapie 2. den terapie 
sNa (mmo1/1) 143,0 (131,3 - 158,3) 140,5 (133,0 - 147,0) 138,7 (133,6 - 144) 
EFNa (%) 2,96 (2,74 - 3,38) 4,38 (3,31 - 5,34) 6,70 (5,81 - 8,02) 
dUNa (rruno1/24h) 340,9 (264,6 - 393,6) 532,6 (426,4 - 645,8) 755,8 (558,2 -981,3) 
Cel (1124 h) 3,360 (2,364 -3,887) 4,705 (4,150- 5,262) 6,029 (4.985 - 7,538) 
EWC (1/24 h) 0,090 (- 0,287 - +0,336) -0,443 (-0,901 - - 0,012) - 0,526(- 1,288- + 0,016) 
sK (nuno1/1) 4,105 (4,28 - 4,65) 4,44 (4,28 - 4,65) 4,61 (4,12 - 5,4) 
EFK (%) 46,1 (25 - 70,1) 35,3 (22 - 61,9) 25,3 (15,2 - 41,5) 
dUK (mmo1/24 h) 153,9 (86,4 - 221,4) 142,0 (85,2 - 246) 97,4 (66,3 - 147) 
HCO3 (mmo1/1) 33,1 (31,5 - 34,2) 30,7 (29,5 - 32,5) 28,0 (26,5 - 29,1) 

* prtIrn6ry a rozptyl 

Tabulka 4. PrObth vybranych parametrtl ph terapii acetazolamidem 

Parametr 0. den 1. den terapie 

dUNa 
(mmolt24 h) 
dUK 

368,9 +/- 112,1 580,8 +/- 262,7 (p <0,01) 

(nuno1/24 h) 185 +/- 67,8 216,6 +/- 42,0 (p < 0,03) 
Cel (1124 h) 
sHCO*3 
(mmo1/1) 

3,759 

30,19 

+/- 0,970 

+/- 1,88 

5,572 

26,26 

+/- 

+/- 

1,681 

1,11 

(p <0,005) 

(p < 0,001) 

* prilmery, smerodatna odchylka, hladiny vYznamnosti 

Amilorid byl dosud sledovan u 4 pacient5, kde jsme ho 
podavali v ramci posthyperkapnicke alkalOzy sdru2ene 
s overflow bikarbonatovou diurezou a hypokalemif. Moni-
torovan byl den pfed nasazenfm diuretika a prvnf 2 dny 
terapie. Sledovany byly efekty na metabolismus sodfku 
a draslfku, koncentraenf schopnost a acidobazickou rovno-
vahu. 

Sledovali jsme dopad acetazolamidu na renalnf funkce 
u 10 pacientil v den pied zadatkem i.v. podavanf a prvnf 
den terapie. Indikace jeho podanf byla metabolicka alka16- 
za a base excess, v jednom phpade se jednalo o iatrogenne 
navozenou renalnf tubularrif acid6zu (RTA). Sledovany 
byly parametry sodneho a draselneho hospodafstvf a vliv 
na acidobazickou rovnovahu. 

Vliv manitolu na funkdnf renaInf parametry jsme pozo-
rovali u 8 pacientil. Ye v§ech plipadech byl podavan z an-
tiedemat6znf indikace. Pozorovan byl jeho efekt na glome-
rularnf filtraci, typ diurezy a koncentradnf schopnost 
v poslednf den podavanf a den po jeho vysazenf. 

Vysledky 

Ye v§ech pffpadech furosemid zvy§oval parametry tu-
bularrie osmoticke diurezy. Krome toho take zvy§oval 
EFNa a dennf ztratu sodfku (dU-Na), ye v§ech pffpadech 
zvy§oval dU-K, u 33,3 % zvy§oval i EFK. V ramci hodno-
cenf koncentradnf schopnosti nachazfme zvy§enou clearen-
ce bezelektrolytove vody (EWC) v porovnanf se zvy§enfm 

Tabulka 5. PrObEhy vybranych parametrt u pacienttl leZenych mani-
tolcm 

Parametr Terapie Vysazenf terapie 

CICi (rnl/s) 2,011 +1-1,58 1,73 +1-0,61 	(n.s.) 
tr (%) 96,0 +/- 3,4 96,8 +/- 2,4 	(n.s.) 
EWC (1124 h) 1,003+/- 1,910 2,504 +/- 3,482 	(n.s.) 
Cel (1/2A h) 2,710 +/- 1,709 1,946 +/-2,439 	(n.s.) 

* prOmery, smerodatrat odchylka, hladiny vyznamnosti 

clearence elektrolytove (Cel). U pacienta s progredujicf 
renaInf insuficiencf byla nalezena vyznamna potenciace 
tubularnich kompenzadnIch mechanismu. Byl pozorovan 
progresivnf vzestup EFNa a tubularnf osmoticke diurezy. 
Pramerna maximaInf dosaiend EFNa byla 12,5 %. Pouze 
1 pacient (5,5 %) mel EFNa v normaInfm rozmezf (1-2 %), 
byl u nej v§ak diagnostikovan hepatorenaInf syndrom. 9 
pacientil (50,0 %) dosahlo maximaInfch hodnot EFNa 
mezi 2,1 a 10 %, 3 pacienti (16,7 %) mezi 10,1 a 20,0 % 
a 5 pacientu (27,8 %) mezi 20,1 a 30,4 %. S progresf do 
renalnfho selhanf dochdzelo k pomerne rychlemu poklesu 
EFNa. Prilmerna &oven poklesu EFNa nasledujicf den po 
maximaInf hodnote byla vidy pod 2/3 maximaInf hodnoty 
s prilmerem 5,5 % (p <0,05). Pokles EFNa by! u 15 pa-
cienttl (83,3 %) nasledovan poklesem indexu 
U0sm/S0sm, indexu Cel/EWC a vzestupem clearence 
bezsolutove vody (CH20). Typ diurezy se zmenil ve smi-
§enou vodnf a tubularnf osmotickou diurezu, do§lo ke ztra-
te koncentradnf schopnosti s izostenurif. Tyto zmeny v tu-
bularnfch parametrech nebyly doprovazeny signifikantnfm 
snfienfm diurezy ye dnech maximaInf EFNa (4354 ml za 
24 h) a dnech nasledujfcfho poklesu EFNa (3376 m1/24 h) 
(p > 0,05). 

Spironolacton s nastupem Lidinku (3 dny) zvy§uje SK, 
av§ak nenachazeli jsme statisticky vyznamny pokles 
v dUK a EFK (tab. 1). U uvedenych pacienttl byl spirono-
lacton bez diferencovatelneho efektu na EFNa, dU-Na 
a ostatnf parametry. Blokada aldosteronu sniluje reabsorp-
ci Na v distalnfm nefronu, a teoreticky tfm zhor§uje mot-
nost vyludovanf H+. Vliv na acidobazickou rovnovahu 
nebyl pozorovan. 

U v§ech pacientu ph CKr nad 0,3 ml/s hydrochlorothia-
zid (tab. 2) zvy§oval EFNa, Cel, dU-Na a potencoval 
tubulamf osmotickou diurezu. To vedlo k poklesu SNa. 
Snituje EWC a CH20 a zlep§uje koncentradnf schopnost 
ledvin. Ph davkach 1-2 tbl denne nedochazelo ke zvy§enf 
EFK, dU-K, ëI hypokalemii, pokud nebyla pouifvana sou-
dasne klidkova diuretika. Zlep§enfm reabsorpce bi karbona-
tu dochazi k mfrnemu vzestupu sHCO3 -, BE a seroveho 
pH. Ph davkach narni poulfvanych (1-2 tbl denne) jsme 
nenachazeli pokles modoveho pH. Modovy AG (UAG) 
v prvnf fazi mime stoupd vlivem zvy§eneho vyludovanf Na 
a K, postupne se zvy§enou reabsorpcf bikarbonatu dochazi 
k vethmu vyludovanf CI a poklesu UAG. Ph pouhtf nfz-
kych davek jsme soudasne nenachazeli zhor§enf glukozove 
tolerance. 

Autofi statisticky neanalyzovali vysledky studie poda-
vanf amiloridu z homeostaticke indikace s ohledem na niz- 
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ic); poet pacientil. Vysledky jsou prezentovany v tabulce 
3. Amilorid zvySoval EFNa, dU-Na, Cel, parametry  tubu-
Iárnë osmoticke diurezy. Dochazelo k piechodnemu pokle-
su SNa behem prvnfch dnf terapie a k poklesu EWC (a 
0420) a ke zlep§enf koncentradnf schopnosti ledvin. Sni-
toval EFK, dU-K, zvyKoval kalemii. Amilorid navozoval 
nevYznamnY vzestup UAG, v prvnf fazi zvy§enym vylueo-
vanfm kationtd, dale potom zvy§enym vyludovanfm bikar-
bonatu. Nachazeli jsme pokles sHCO3 - , BE, mfrnY pokles 

PH- 
Acetazolamid (tab. 4) vlivem na natriurezu a kaliurezu 

zvy§uje pfedev§fm Cel, merle dU-K a dU-Na. Ztraty kat-
joflt nejvet§f pfi kombinaci s jinymi salureticky pil-
sobicfmi diuretiky. Rychle snituje sHCO3 - , BE, pH, zvy-
§uje uAG. 

V ramci terapie manitolem (tab. 5) nachazime nekon-
stantne zvy§enou clearence lcreatininu (C1(r) vYpodtem, 
nebof zvy§uje nejen diurezu, ale svym osmotickYm efek-
tern v tubulech i tubularnf sekreci kreatininu, parametry 
overflow osmoticke diurezy, zvy§ene EFNa a EFK. Ovliv-
fiuje koncentraenf schopnost ledvin jako intratubularne 
osmoticky pdsoblcf faktor, mel by vest ke zvyKenf EWC 
a poklesu CH20. V nal studii jsme u relativne nehomo-
gennfho souboru pacientd nachazeli elevaci EWC, nicme-
ne porn& Cel/EWC (prilmer 2,702) neklesal vYznamne. 

Diskuse 

Benefit studie, zametujfcf se temer vyludne na dopad 
podavanf diuretik na natriove a vodnf hospodarstvf a efek-
ty ná acidobazickou rovnovahu, spodfva v objasnenf exak-
mich mechanismd jejich ddinku na renalnf drovni a v de-
finici parametril vhodnych ke sledovanf terapie konlcretnfm 
preparatem. Z nich potom vyplyva motnost jejich daleko 
ir§fho a spravnejtfho podavanf z homeostatickych indika-

ci nebo vhodnost zatazenf nekterYch merle poutivanych 
diuretik v ramci renoprotektivnfch retimd. Tomu by nem& 
la rozhodne branit relativne nfzka cena techto preparatil. 

Vysledky na§ich pozorovanf potvrzujf predpoklad, le 
furosemid je indikovan v terapii hyponatremie. Zvy§uje 
dU-Na, EWC v male clavce) a nasledne tonicitu 
substituci roztoky o vy§§1 efektivnf osmolalite, net je vy-
sledna osmolalita moCi. Jeho podavanf tedy vede k depleci 
celkoveho telesneho poolu sodfku, av§ak soudasne k vy-
znamnej§f ztrate bezelektrolytove vody, a tfm k vzestupu 
serove natremie. Intenzivnf terapie kliekovymi diuretiky 
path mezi faktory naru§ujfcf koncentradnf schopnost v je-
jfch efektorovych mechanismech, v tomto pripade bloka-
dou doplfiovanf dretioveho osmotickeho gradientu v as-
cendentnf Henleove klidce. Typicky dochaz1 k posunu 
CH20 i EWC do pozitivity. U kriticky nemocnych dasto 
dochaz1 k potenciaci adverznfho efektu furosemidu na 
schopnost ledvin koncentrovat mod dal§fmi mechanismy, 
zv1816 „vymytfm" dieiloveho osmotickeho gradientu pre-
renalnImi inzulty, dale intratubularnfmi osmoticky p5sobf-
cfm1 faktory jako vysoke odpady urey, glykosurie di terapie 
manitolem. Tato druha skupina faktora vede k opadnemu 
posunu v trendech CH20 a EWC, kdy je CH20 negativnf 
a EWC pozitivnf. Kumulacf techto vlivd dochazf 'lady 
k situaci, kdy pacienti spinujf diagnosticka /criteria pro 
sekundarnf nefrogennf diabetes insipidus v §ir§fm slova 

smyslu. V jinem souboru kriticky nemocnych pacienn) 
s poruchami homeostazy (112 paciera) byla zachycena 
dvojnasobne vy§§1 incidence hypernatremie (33,1 %) nei 
hyponatremie (12,5 %), co2 je opak frekvence u v§ech 
hospitalizovanych pacientd. Davky nad 3 mg/kg/den byly 
nachazeny u 94,4 % pacienta se ztratou schopnosti kon-
centrovat mod. Teoreticky by furosemid met zvy§ovat do-
clavku sodfku do distalnfho tubulu, a tfm potencovat jeho 
reabsorpci vymenou za H + , a tak potencovat acidifikaci 

Tento efekt na acidobazickou rovnovahu jsme v§ak 
nepozorovali. 

Autordm se nepodarilo nalezt funkdrif renalnf parametr, 
ktery by dostateene charakterizoval prdbeh terapie spiro-
nolactonem. Homeostaticke indikace aldactonu spodfvajf 
predevSfm v hyperaldosteronismu s retencf sodfku a ztra-
tou kalia. Potencuje diureticky efekt ostatnfch (hlavne /did-
kovych diuretik), omezuje kaliovou depleci. Podavanf je 
vhodne v ramci thiazidove terapie hypokalemicke RTA 
spolu se suplementacf kalia. Z na§f studie vyplyva, fr 
jediny parametr, k jehot zmene by melo dojft s nastupem 
klinickeho tidinku spironolactonu (obvykle do trf dm)) je 
serova kalemie. 

Podavanf hydrochlorothiazidu vede k deplednf hyponat-
remii a ke zlep§enf renalnf koncentradrif schopnosti. Sou-
dasne dochazi konstantne ke zlep§enf reutilizace bikarbo-
natu s rdzne intenzivne vyjadienym efektem na serovou 
acidobazickou rovnovahu. Thiazidy v kombinaci s klidko-
vymi diuretiky p11 nepiftomnosti hyponatremie, hypoos-
molality a metabolicke alkalozy vedou k lep§f odpovedi na 
furosemid, zmen§enf jeho davek a jeho adverznfho efektu 
na koncentradnf schopnost. Pdsobenfm v oblasti distainfho 
tubulu za oblastf macula densa navfc pravdepodobne tolik 
nepotencujf tubuloglomerularnf zpetnou vazbu, ktera vede 
k poklesu diurezy jako terapie pouze kliekovymi diuretiky. 
Je v§ak treba pripomenout, e terapeuticky efekt thiazidd 
je obvykle limitovan drovnf poklesu glomerulanif filtrace 
pod 0,3 ml/s, nicmene uvedeny mechanismus hraje 

roli ph ztrate odpovedi na diuretika i ph vy§§1 glome-
nilarnf filtraci. Svym priznivym efektem na koncentradnf 
schopnost se hydrochlorothiazid v intenzivnf pedi uplatnf 
jako terapeutikum sekunclarnfho nefrogennfho diabetu in-
sipidu v Mr§fm slova smyslu. Je klfeovym terapeutikem 
renaInf tubularnf acidozy, zvla§te hyperkalemicke formy, 
u hypokalemickych se suplementacf kalia, ev. se  spirono-
lactonem. Zde se pine vyuifva jeho priznivy efekt na 
metabolismus natria, bikarbonatu i renalni kalciofosfatovy 
metabolismus. Vedlej§f ddinky thiazidd na metabolismus 
glukozy a lipid' jsou zavisle na davce. V nami poutiva-
nych davkach (obvykle 25 mg/den, maximalne 50 mg/den) 
jsme nepozorovali zhor§enf glukozove tolerance, cot od-
povida tidajdm v literature. 

Prdbeine vYsledky podavanf amilotidu u pacientd s po-
sthyperkapnickou alkal6zou potvrzujf spravnost vyutitf 
jeho efektd na renalnf utilizaci bikarbonatu, kaliovou sek-
reci a sekundarnf ovlivnenf sodneho hospodarstvf. Homeo-
staticke indikace amiloridu jsou metabolicka alkal6za, 
overflow bikarbonatova diureza, ktera je rezistentnf na 
substituci chlorida a ktera nevyiaduje urgentnf zisah do 
ABR (acetazolamid i.v.). Je to vyhodndj§f terapie z hledis-
ka ztrat kalia i natria a p11 del§fm podavanf s meal tenden- 
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cf k sekundarnf RTA (ovefeno zatfm u 4 pacientil). PH 
degfm podavanf rria2,e zp5sobit hyperkalemickou RTA. 
V nami pouEvanych clavkach 1/2-2 tbl denne nebylo ne-
pozorovano. 

Studie sledujfcf rendlnf efekty acetazolamidu prokazala 
nejen jeho promptnf efekt na acidobazickou rovnovahu 
a renalni reutilizaci bikarbonatu, ale i jeho vyznamne 
ovlivnerif sodneho a draselneho hospodastvf. Deplece so-
dfku a draslfku vedoucf k hyponatremii a hypokalemii se 
nejvfce projevf ph soueasnern podavanf k1i6kovych diure-
tik. Indikacf acetazolamidu je pfedevgfm metabolickd alka-
loza, nutnost rychle deregulovat rendlnf metabolismus bi-
karbondtu. Ph degfm podavanf vede acetazolamid 
k opetovnemu vzestupu sNa a sC1 a ke vzniku hypokale-
micke RTA. 

Manitol byl sledovdn na znaene nehomogennfm souboru 
pacientil. Obvykid zkreslenf clearence endogennfho krea-
tininu smerem nahoru nebylo statisticky vyznamne. Snae-
nf porneru CeUEWC bylo u pacientil 1e6enych manitolem 
pf-ftomno, a‘Aak zmeny v den po vysazenf ve smyslu op& 
tovneho vzestupu nebyly op& statisticky vyznamne. Ne-
konstantnf zvy§ovarif EWC a nasledne i serove tonicity 
path spge k nechtenym vedlej§fm efekt6m dlouhodobe 
terapie manitolem. Iatrogenne me zpOsobit hyperosmo-
lalnf syndrom, nej6asteji ph degfm podavanf s postupnym 
vzestupem tonicity. Z tohoto pohledu studie ovetila cha-
rakteristicky obraz manitolu ye funkenfm vy§etfenf ledvin, 
nicmene zaroven zpochybnila jeho homeostatickou indika-
ci ye vztahu k metabolismu natria a serove tonicite. 

Z,e sou6asnych cen uvedenych preparath vyplyva eko-
nomicka vyhodnost pfechodu na perordlnf formu podanf, 
jak jen to umo2riuje stay gastrointestindInfho traktu. Zvlag- 

t6 je to aktualnf u spironolactonu a acetazolamidu. Velmi 
prizniva cena hydrochlorothiazidu a amiloridu by nemela 
byt pfekaRou jejich ir§fho vyu2itf v intenzivrif 

Seznam zkratek: 

SNA = serove natrium, SK = serove kalcium, SC1 = 
s6rove chloridy, SU = serova maovina, SKr = serov 
kreatinin, SOsm = serova osmolalita, Vu = objem mai, 
UNa = maove natrium, UK = maove kalium, UCI = 
maove chloridy, UU = maova urea, UKr = maovy 
kreatinin, U0sm = maova osmolalita, sHCO3 -  = stan-
dardnf bikarbonaty v seru, CKr = clearence endogennfho 
kreatininu, t.resorbce = tubularnf resorbce, EFH20 = ex-
krenf frakce vody, EFNa = exkre6nf frakce sodfku, dU-Na 
= odpad sodfku maf, EFK = exkreonf frakce drasliku, 
dU-K = odpad drasliku mai, UU/SU = koncentraenf index 
urey, dU-U = odpad urey mai, Cel = elektrolytovA clearen-
ce, EWC = clearence bezelektrolytove vody, Cosm = 
clearence osmolaInf, CH20 = clearence bezsolutove vody, 
EFosm = exkre&if frakce osmoticky aktivnfch latek, AG = 
serovy anion gap, UAG = maovy anion gap. 

• • • 
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1ASOP1S LEKAk0 CESOTH, 137, 1998, d. 16 

PORUCHY REGULACE EFEKTIVNi OSMOLALITY 
U POSTIiENi CENTRALNiHO NERVOVEHO SYSTEMU 

A MOiNOSTI JEJICH MONITOROVANt 

M. Ban, 'A. Kazda 
Klinika anesteziologie a resuscitace 1. LF UK a VFN, Praha 

Katedra klinicke biochemie IPVZ, pracovigte OKB VFN a I. LF UK, Praha 

SOUHRN 

Autoti detailne rozebiraji patofyziologii osmolalni regulace. Na zvygeni sekrece antidiuretickeho hormonu (A DH) 
se krome zvygeni osmolality podileji i hypovolemie a hypotenze. Ph hypoosmolalitd sekrece ADH naopak ustava. 
Vgechny dalgi mechanismy jsou primarne volumoregulatni a ovlivhuji ptedevgim retenci a vylutovani natria. Jsou 
diskutovany homeostaticke efekty systemu renin-angiotenzin-aldosteron, renalniho selhanf s pfevahou posti3.eni 
glomerularnich nebo tubularnich funkci, vliv diuretik, natriuretickych peptida, digitalis-like hormonu, urodilantinu 
a vliv ostatnich soluttl. Poruchy regulace efektivni osmolality jsou t astd u posti/enf mozku phvodu traumatickeho, 
zanetliveho ph cevnIch komplikacich nebo tumorech. Hypoosmolalita a hyponatrdmie vznikajt u dvou rOznYch 
situaci: u syndromu neptimttene sekrece ADH (IADHS) a u syndromu some diurezy (CSWS). Rychla diferencialrif 
diagnOza je d6le2ita, proto& !dna obou stava je 'Asada odligna. Typickou pfitinou hypernatrernie je centraInf 
diabetes insipidus (DI). 

V diferenciald diagnOze tachto stavh se uplathuje tada dostupnYch vypotftavanYch parametr8 renalnIch funkcf. 
Jsou to clearance kreatininu, fralanf exkrece vody a natria, clearance elektrolytova a clearance bezelektrolytove 
vody. Vygetfeni ADH a natriuretickeho peptidu je v praxi zpravidla nedostupne a mil& byt i zavadtjfcf. Patofyzio-
logickym dhsledkem situace vyvolane phvodnim zvygenim jednoho z nich mtl/e byt zvygenf druheho. 

Klftova slova: hypernatremie, hyponatremie, syndrom neptimttend sekrece ADH (IADHS), syndrom solne 
diurezy (CSWS), diabetes insipidus (DI), efektivni osmolalita, funktni vyktfenf ledvin. 

SUMMARY 

Balfk 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 electrolyte 
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: hypernatremia, hyponatremia, Inappropriate ADH Secretion Syndrome (IADHS), Cerebral Salt 
Wasting Syndrome (CSWS), diabetes insipidus (DI), effective osmolality, renal function tests. 

B. 

Cas. Lek. des., 137, 1998, No. 16, p. 488-492. 

Cerova tonicita, neboli efektivra osmolalita, a osmolalita 
jsou z kvantitativnfho hlediska ptedevgfm odrazem sd-

roveho natria. Plazmaticka hladina sodfku je determinovana 
pomftem jeho zasoby a zasoby dalgfch efektivnfch soluta (iontu, 
glukOzy) k objemu extracelularrif tekutiny (ECT) (14, 15, 18, 21, 
23, 24, 26, 29). 

Hilavnfm regulanfm mechanismem (tab. 1) ovlivnujfcfm tuto 
rovnovahu mezi zasobou natria a jeho distribanfm prostorem je 
integrace hypotalamicke sekrece ADH s koncentrenfmi a di1u6- 
nfmi schopnostmi ledvin. Hypota1amic4 osmoreceptor reguluje 
ph zmenach osmolality pocity ifzne a sekreci ADH. Tak udriuje 
normalnf plazmatickou osmolalitu mezi 280 ai 295 mosm/kg. 
Citlivost osmoreceptoru zvyguje i hypovolemie. Osmoticka ak-
tivace je naopak tlumena napifklad v tehotenstvf nebo hypergly- 

kemif. Serova osmolalita je normalne udriovana v pornerne  üz-
kern rozmezf s odchylkou 2 % (tj. ± 6 mosm/kg). Pfltomnost 
vyggfch hladin ADH stimuluje v buiikach kortikalnfho a medu-
larnfho sberneho kanalku tvorbu cAMP s naslednou inzercf ak-
vaporinu do apikalnf membrany a zvygenfm prostupnosti techto 
segment pro vodu. Dalgfm impulzem pro selcreci ADH je hypo-
tenze. Aortalnf a karotickd baroreceptory a atrialnf volumore-
ceptory stimulujf sekreci ADH pu poklesu krevnfho tlaku 
o 10 To. Na teto prahove hodnote za6fnajf stoupat hladiny expo-
nencialne v proporci k poklesu Icrevnibo tlaku. Maxima dosahujf 
pFi snfienf o 30% a vice, kdy ADH funguje jii jako vazopresor. 
Hladiny horrnonu se fyziologicky pohybujf mezi 0 al 5 pg/ml. 
Ri stimulaci sekrece majf hladiny 5 al 10 pg/ml a vice antidiu-
retic14 t.16inek a od 30 pg/ml jii prokazatelne vazokonstrikftf. 

(488) 
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Tab. 1. Regulaenf mechanismy a faktory zasahujfcf do vodrao 
a solneho hospodatstvi 

1. Osmoregulace 
ADH 

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

3. Ostatni klinicky dOlelite laktory 
renalni selhdnf s kritickym poklesem GF 
tubulointersticidInf nefritidy a jind organickd potkozenf 
koncentradniho segmentu nefronu 
diuretika - kliokova 

- thiazidy 
jine efektivnf soluty (glukOza, manitol) 
hypokalemie 

Nonosmoticka stimulace uvolneni ADH chrani organismus pied 
ztratou tekutin. Odpoved na osmoticky stimulus je veal pi 
ptitomnosti hypovoldmie a obracene. RenaIni tidinky ADH 

prostaglandiny, pfedev§im PGE2, PGI2, kterd vazodilataci 
udriuji renalnf cirkulaci, sni2uji medularni intersticialni osmo-
tickY gradient pottebny pro transport vody a ptimYm pesobenim 
na tubuly modifikuji efekt vazopresinu (12, 14, 15, 18, 19, 21, 
23, 24, 27). 

Na rozdfl od ADH v§echny da1§1 mechanismy jsou primarnd 
volumoregulkni a ovliviiuji ptedev§im exlcreci di retenci natria 
(tab. 1). U stave spojenych s poklesem cdvni napIne je aktivovan 
system renin-angiotenzin-aldosteron. Zvy§i se retence Na a vody 
v proximalnim nefronu a sniii se mnoistvi tekutiny v distalnim 
segmentu. Vysledny efekt na natremii je potom dan odpovedi 
receptor-6 na ADH, kvalitou diefloveho osmotickeho gradientu, 
osmolalitou a mnoistvim intratubularni tekutiny. Efekty angio-
tenzinu na ledviny jsou opet antagonizovany vazodilatadnimi 
a renoprotektivnimi tidinky ledvinovych prostaglandine, pfede-
vim PGE2, PGI2. 

Podobne u paciente v renalnim selhani s poklesem glomeru-
larni filtrace a naslednym snlienim mnoistvi modi v distalnim 
tubulu me pffjem tekutin ptevY§it maximalni exkreci volnd 
vody a ztraty perspiraci a vest k hyponatremii. 

Hladiny sodfku v sdru vyznamne ovliviiuje ptitomnost jinych 
efektivnich solute ye zvy§end koncentraci. Napt. hyperglykdmie 

manitol osmotickym efektem zpesobi ptesun vody extracelu-
lame a pokles natremie. Naslednd ov§em pti del§im trvani tohoto 
stavu me dojit k navozeni overflow osmoticke diurdzy, spoje-
ne s opetovnym vzestupem koncentrace sodfku v sdru. Co se 
t )le neefektivnich solute' ve vztahu k efektivni osmolalite, jejich 
1, )%znam je prav6 na drovni tubularni osmoticke diurdzy a ovliv-
nénI  schopnosti. Vyludovanf urey typicky zvytuje 
clearance bezelektrolytovd vody (EWC) s tendenci k hyper-
natremii, coi je zvlattd patrnd v ramci prerenalniho syndromu. 

Nardeni renalnich koncentradnich a diludnich mechanisme je 
v6t§inou komplexniho razu pfi tubulointersticialnich nefritidach 
a vede ke smi§end vodni a osmoticke diurdze spojend s hypernat-
remii, 'lady a k pine vyjadtendmu nefrogennimu diabetes insi-
pidus. Postiienf na drovni jednotlivych segment e je patme na 
pffkladu diuretik. Klidlcova diuretika pesobi sniienou reabsorpci 
ionte v ascendentni Henleho klidce i v distalnim tubulu. Docha-
zItak k naru§eni tvorby hypertonickeho intersticia a soudasnd ke 
zvy§end selcreci natria do tubularni tekutiny, cot vede jak k po-
rule koncentradni, tak i diludni schopnosti. VYsledkem je ztrata 
volnd vody a merle i natria, dehoi se vytdiva krome jinYch indi- 

kacf té ke korekci hyponatremii. Na rozdfl od klidkovych diu-
retik thiazidy naru§uji diludni schopnost v kortikalnim sberndm 
kanalku a zpesobi veal ztratu solute (Na, K, Cl) nei vody, cot 
navozuje typicky hyponatrernii. Mechanismus vzniku poruch 
v efektivni osmolalite pfi podavani diuretik v§ak meie byt dale-
ko komplexnej§i. Pokles efektivniho plazmatickdho volumu sti-
muluje selcreci ADH a iizen, hypokalemie jako vedlej§i efekt 
potencuje vznik hyponatrernie. 

Pfi ztratach kalia dochazi k jeho pfesunu z intracelularni teku-
tiny. Pro udrieni elektroneutrality se natrium a v men§i mite 
ionty 11* pfesunuji do bunek, dochazi ke sniieni plazmatickdho 
sodiku. Inicialni pokles osmolality sniii selcreci ADH, coi zvY§i 
vyludovani volnd vody a zpesobi op6tovny vzestup sNa. Av§ak 
pti nemo2nosti sniiit sekreci ADH dochazi k poklesu sNa trva-
lej§fho razu, co i je napf. stay volumovd i kaliovd deplece po 
diuretikach. Terapii hyponatrernie je potom i podani kalia (14, 
15, 18, 21, 23, 24, 26, 29). 

Deleiitou reguladni skupinou jsou natriureticke peptidy. Moz-
kovy natriureticky peptid (BNP) byl izolovan z ventralniho hy-
potalamu, kde vznika, i ze srdednich sini. Je produkovan jako 
preproBNP o molekulovd hmotnosti 30 kDa, z ndhoi po ocBte-
peni signalnich peptide vznika proBNP a posleze cirkuluje 
C terminalni fetezec o 32 aminokyselinach a molekulove hmot-
nosti cca 500 Da jako aktivni forma. Stimulus pro jeho selcreci 
je aktivace intratorakalnich volumoreceptore, pfedev§fm v sr-
dednich sinich, ktera se ptena§i cholinergne pfes n. vagus a snad 
i sympatickd pletene centralne. Hladina stoupa s pottebou vylu-
dovat sodIk, me del§i polodas ne2 atrialni natriureticky peptid 
(ANP), vyluduje se do mai. Zvy§uje doclavku sodiku do medu-
larniho sberndho kanalku, tlumi jeho reabsorpci v juxtamedular-
nich nefronech snad snfienim aktivity Na, K-ATPazy. Je u ndj 
popisovan vazokonstriktni efekt. 

Atrialnf natriureticky peptid (ANP) byl izolovan z bun& sr-
dednich sfni jako preproANP a proANP, do cirkulace jsou uvol-
riovany aktivni formy z C terminalnfho konce 021, 23, 36 a 49 
aminokyselinach a molekulovych hmotnostech 2000 ai 5500 
Da, jejich2 natriureticka potence je srovnatelna. Impulz pro jeho 
sekreci pfichazi °pet z atrialnich volumoreceptore, plazmaticky 
polodas ANP je 3 minuty. ANP ma vazodilatadni tidinky, zvy§u-
je pretok vnittni kerou a dteni, zvy§uje glomerularni filtraci. 
Prokazatelne snituje tubularni reabsorpci sodiku v medularnim 
sberndm kanalku, tlumf sekreci reninu a tidinky angiotenzinu II, 
ma inhibitni efekt na uvolnovani ADH. Mechanismus pesobeni 
na reabsorpci natria zfejme souvisi s aktivitou kalciovych kana-
la, neboi verapamil sniiuje natriuretickou odpovecr na ANP. 
ANP ma kraal polodas nei BNP, natriurdza jim produkovana je 
vdt§i, ma ale Icratgi trvani neC po poclanfBNP. Hladiny ANP jsou 
za normalnich okolnosti cca 2 ai 2,8krat vy§§f nei BNP, u kar-
diake a pacientti v dialyzadnim programu se porn& blaf 1,3 : 1 
ai 1: 1. 

Jelikoi nejvet§1 natriurdza byla pozorovana po podanf BNP 
i ANP soueasne, ptedpoklada se jisty synergismus v tieinku. 
BNP zvy§uje dodavku soli a vody do medularrifho sberneho 
kanalku, kde ANP inhibuje tubulartif reabsorpci Na. Podle ne-
kterych autorii je BNP dilleiity pro korekci men§fch a chronic-
kych amen v telesnem obsahu Na a ANP kompenzuje akutrif 
vYkyvy vet§fho rozsahu. Dale byl izolovan digitalis-like hor-
mon, produkovany v kilte nadledvin, ktery zpasobuje natriurezu 
blokadou Na, K-ATPazy. Zvy§ovanf intracelularnf koncentrace 
sodfku a vapniku se v pifpade endotelialnfch bun& dava do 
souvislosti se vznikem esencialnf hypertenze. Melte bYt pildinou 
pozitivnfho testu na digoxin. Natriurezu tei navozuje peptid 
urodilantin, produkovany v distaInfm tubulu a izolovany z modi 
(2, 3, 4, 5, 6, 8, 9, 11, 19, 21). 
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Dillditost hlavnfho regulaenfho mechanismu, tj. osy ADH-
iedvi rty, spolu s prokazanymi efekty natriuretickych peptidtl, 
osy hypofYza-kura nadledvin a ostatnech regulaenfch mechanis- 

zdarazilujidiileiitost hlubgf analyzy vnithlfho prosttedf a os-
molalnech mien u postiiene CNS. 

Poruchy vnittnfho prosttedf u postiienf CNS jsou velmi east& 
g 25 % pacientu vyvfjf hyponatremii, ktera east° souvisf s neu-
rologickou deterioracf. Jedna se nejeasteji o syndrom neptimete-
ne sekrece ADH (IADHS) a „cerebral salt wasting syndrome" 
(CSWS). Pte6ny IADHS jsou zmeneny v tabulce 2. CSWS 
ieme najet prakticky u vgech intrakranialnech etiologif IADHS, 
typicky u subarachnoidalneho krvacene. ZvYgena sekrece ADH 
je obecne 6asta u pacienta v intenzivne peei a souvisf se streso-
you stimulacf neurohypofyzy 6i jinymi podnety. Dosazenfm 
imetenYch koncentracf ADH do grafu zavislosti hladin ADH na 
serove osmolalite bylo zjigteno, e na 30 ai 40 % hyponatremil 
zachycenych u hospitalizovanych pacientil se ztejme podfle sek-
rem ADH inadekvatne s ohledem na korelujice serovou osmola-
litu. Vzestup sekrece ADH byl pozorovan ph stresu i v ramci 
akutnfho postiiene CNS, napt. ph  vzestupu intralcranialneho tla-
ku,Zi behem Icraniotomie (1, 4, 6, 8, 17, 19, 20, 21, 22, 29). 

Tab. 2. Pritiny IADHS 

Onem. CNS - subarachnoidaInf krvacenf a jine cevnf 
mozkovO pffhody 

- kraniocerebraInf poranenf 
- meningitida, encefalitida, absces 
- mozkovY tumor 
- sy. Guillainuv-Barreho 
• novorozenecka hypoxie 
- postileni CNS pn• systemovem lupus erythematodes 

a akutnf intermitentnf porfyrii 
- akutni psychOzy 

I 2. Aktivace ADH sekrece v ramci stresu, bolesti, nauzey 

3. Plicni onem. se  zvy.l. sekreci ADH 
- virove pneumonie 
- bakterialni pneumonia 
- tuberkuldza 
- astma 
• aspergilomy a plicni abscesy 
- chronick6 nitrohrudni infekce 
- pneumotorax 

4. Plicni mestnani pii kardiaIni insuficienci 

5. Ektopicka produkce z tumon) 
• bronchogennf ca 
- adenokarcinom pankreatu 
- duodenaInf adenokarcinom 
• karcinom m. mechyfe a ureteru 
• leukemie 
- m. Hodgkin 
- thymom 
- malignity v obl. hlavy a krku 

6. Idiopaticky IADHS (geriatrickY) 

Podle nekterych zdrojil je typicky nastup hyponatremie u pa-
cienté postitenem CNS mezi 4. a2 16. dnem od inzultu, se 
sttednf hodnotou okolo 10. dne. Pokles koncentrace sodfku 
mCie zpilsobovat zhorgene neurologickeho stavu jak poklesem 
efektivnf osmolality, tak i zmenami v intravaskularnf napini (IVT). 
Postupny vyvoj v klasifikaci hyponatremif postiiene CNS 
dospel od diagndzy „solne diurezy", neboli CSWS, k jejfmu 
tipinemu zavrienf a hledanf pifeiny pouze v IADHS. V posled-
filch letech v§ak s vyzkumem natriuretickych peptida do§lo 
k opetovne reklasifikaci na dva patofyziologicky provazand syn-
dromy IADHS a CSWS, jejicht odli§enf je v§ak krucialnf pro  

spravnou terapii hyponatremie. Incidence obou se v ramci stavii 
se snfienou koncentracf sodfku pohybuje od 57 % ye prospech 
IADHS a2 po 76 % ye prospech CSWS. Vetgina autori) se sho-
duje na tastejkm vyskytu CSWS (1, 4, 5, 6, 7, 8). 

Dfivejk standardnf podminky pro diagnOzu IADHS byly ph 
spinenf vylaovacfch kriterif pro adekvdtnf sekreci ADH zaloie-
ny na prOkazu hyponatrernie, hypoosmolality, zvygeni motove 
koncentrace sodfku a moeove osmolality (tab. 4). Do tohoto 
metabolickeho obrazu vgak zapadali jak pacienti s mfrnym vzes-
tupem extracelulamfho objemu (ECT) a IVT, nebo nejeasteji 
normovolemi6t1 (85 %), tedy s IADHS, tak i pacienti s poklesem 
IVT, ktete ph restrikci tekutin v ramci terapie hyponatremie 
reagovali a poklesy tlaku, tedy spfge s diagnOzou CSWS. Hlub-
gf analyzou vnittrifho prostfedf spolu s funkthlfm vygettenfm 
ledvin a pope-epode endokrinologickym vygettenfm dospevame 
k rozgftenf diagnostickych kriterif, ktera prezentujeme v tabulce 
4. Zde je tteba zduraznit diferencialne diagnosticky vyznam 
CE1 a EWC v diagnostice poruch metabolismu natria, nebof 
u obou syndroma je elevovana shodne Cosm i vyrazne zaporna 
CH 2 0 (13, 14, 15, 16, 29). 

U postiienf CNS nachazfme tedy dva hlavne typy hyponatre-
mil, ktere splhujf stark kriteria pro IADHS, ale rozligujf se 
intravaskularnf napInf a biland sodfku. V pi-epode IADHS je IVT 
normalnf ei lehce zvy§ena a jde o hyponatremii diluenf, v ptipa-
de CSWS nachazime pokles IVT a hyponatremii spf§e depleenf. 
Ztraty sodfku moef u IADHS odraiejf pifjem natria, a na rozdfl 
od ztrat u CSWS jde nejeasteji o jisty rovnova2ny stay s vyrov-
nanou bilancf nitglch hladinach sNa, ktery ovgem byt 
ovlivnen sekunclarnf hypersekrecf ANP (I, 4, 6, 7, 8, 14, 19, 23). 

Co se ty6e hormonalnech hladin, ADH byva u IADHS normal-
ni 6 zvygeny. Avgak s ohledem na stuperi hyponatrernie lze 
nekdy i normalne hladiny povaiovat za excesivnf. Asi v 10 ai 
15 % klinicky jasneho IADHS, ktery i reaguje na adekvatnf 
terapii, nebyly nachazeny iadne detekovatelne hladiny ADH. 
Soudf se na zvygenou senzibilizaci renalnech receptoril nebo na 
„posunutf" osmostatu, ptedevkm v souvislosti s tumorOzni etio-
logif. Jelikoi byl IADHS popsan u 3 % malignit hlavy a krku, 
lze uvaisovat i o jiste modifikaci vagovych drah vedoucfch sig-
naly z torakalnich volumo- a baroreceptorCi kranialne. U IADHS 
tei nenf prokazovana korelace mezi hladinou ADH a sosm, et 
exkrecf sodfku. U CSWS byly popsany konstantne zvy§ene hla-
diny ANP, ktere ternet linearne korelovaly s dennf ztratou natria 
moef, vzestup hladin ANP byl v logaritmickem vztahu k poklesu 
sosm. Duleiite je si uvedomit komplexnf provazanost obou syn-
drom0, nebof v ramci CSWS maie pri objemove depleci sekun-
dame stoupat hladina ADH bez ohledu na hyponatremii, pies-
to2e je popisovan tlumivy efekt ANP na sekreci ADH. Naopak 

IADHS mfma expanze objemu mil2e p1-es atrialnf volumore-
ceptory stimulovat sekreci ANP, jehoi zvykna hladina koreluje 
s natriurezou a dava se do souvislosti s neptitomnostf hyperten-
ze u IADHS (vazodilataenf efekt a tlumenf produkce a deinku 
angiotenzinu). ZvyKenf reninu a aldosteronu nebylo u IADHS 
pozorovano. U CSWS mute dojft k aktivaci osy renin-angioten-
zin-aldosteron pfi poklesu efektivnfho objemu i p1-es tlumivy 
efekt ANP. Duleiitost vy§ettenf hormonalnfch hladin zpochyb-
iiuje veffina autoril is ohledem na jejich nakladnost (1, 2, 4, 5, 
6, 8, 9, 11, 18, 19). 

Nejvetge duleiitost pro diagn6zu je ptikladana analyze vnitinf-
ho prostiedf a funkenfmu vy§etfenf ledvin. Soueasne by mel 
pacient spliiovat nektera vylueovacf kriteria pro jine piIéiny 
hyponatremie ei adekvatnf sekrece ADH. Jsou to nepiitomnost 
hypovolemie, hypotenze, edema (kardiak, cirhotik), dale je tfeba 
vyloueit renaInf selhanf, vliv diuretik, hypotyre6zu, hypokorti-
kalismus. Deficit kortikoidil vede k dniku natria do mai a hypo- 
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natremii, hypotenzi, spolu s hypoglykemif a pffpadnou nauzeou 
jde o dtyti stimuly, v tomto pfipadd adekvatnf sekrece ADH. 
Vyloudenf tdto laboratorne podobne diagn6zy je podavanfm 
substitudnfch davek kortikoidii (1, 4, 5, 6, 10, 14, 24, 26). 

pro spravnou terapii hyponatremie je Mend rozli§enf IADHS 
a CSWS. V phpade IADHS je krucialnf restrikce tekutin a opti-
rnalni by bylo podavanf pouze hypertonickych roztola jejicht 
osmolalita je vy§§1 nei osmolalita modi. uosm lze v§ak snfiit 
a zvY§it EWC podavanfm klidkovYch diuretik, nebo leky, ktere 
pfimo interferujf s titinky ADH na tubulu (lithium, demeclocyc- 

), popf. navozenfm osmoticke diurezy manitolem. Je-li dia-
gnostikovan CSWS, je restrikce tekutin kontraindikovana pro 
nebezpedf progrese volumove deplece, hypotenze, pop. tvorbu 
cerebralnich infarktu a potenciaci vazospazma ph subarachnoi-
dalnfm krvacenf. Retrospektivnf studif bylo zji§teno, te u pa-
cienta se subarachnoidalnfm krvacenfm a hyponatremif dia-
gnostikovanou jako IADHS podle stargfch kriterif, kteff byli 
ledeni restrikcf tekutin, dao v 81 % k vazospazmu, oproti 33 % 
u pacient5 s normalnfm phjmem tekutin. Zajfmavy je tet statis-
ticky korelat mezi nastupem hyponatremie (4. at 16. den po 
inzultu) a lcritickym obdobfm pro vznik vazospazmu (4. at 12. 
den po zakrvacenf, s maximem 6. ai 7. den). Spravnou terapif 
je podavanf hypertonickych roztokil NaC1 a zvy§ovanf EWC 
s ohledem na stay efektivnfho plazmatickeho objemu (1, 4, 5, 6, 
8, 14, 15, 16, 19, 20, 23, 25). 

Tab. 3. Pf-feiny centrilnfho diabetes insipidus 

1. KraniocerebraIni poraneni (fraktury baze, sfenoidalni kosti, 
oblieejoveho skeletu a2 v 86 %, poruchy Odom( v 96 °A, 
40 % %/tech poraneni ma urdity stupen dysfunkce ade-
nohypofyzy behem 6 mesicu po inzultu) 

2. Operace hypofyzy 

3. Hypoxicka encefalopatie (St. p. kardiopulmonalni resusci-
taci, respiraeni selhani, otrava CO, hemoragicicy §ok a jine 
hypoperfuzni stavy) 

4. Subarachnoidalni krvaceni, hemoragicky iktus, infarkty, pi-
tuitarni krvaceni, Sheehan& syndrom, trombocytopenicka 
purpura, srpkovita anernie 

5. Pfechodny DI po aortokoronarnim bypassu (pfi preexistujici 
dysfunkci osmoreceptoru dojde k alteraci funkce volumo-
receptoru v !eve sini vedouci k supresi uvolneni ADH) 

6. Tumory hypotalamu, infundibula, hypofYzy 

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

8. Meningitidy, encefalitidy, tuberkuk5za, syfilis; u deti zvl. me-
ningitidy zpOsobena pneumokokem a hemofilem 

9. Granulomatdzy - sarkoidOza, histiocytaza 

10. Idiopaticky -DI. 25 - 30 % v§ech pfipadii centralniho DI, 
typicky nastup okolo 16. roku iivota u MUM (63 %), 60 '% 
ma koexistujici autoimunni onemocneni a 37 (3/. ma pro-
tilatky proti ADH 

11. Autozomalne dominantni ztrata neuron0 v ncl. supra-
opticus; typicky nastup mezi 1. al 2. rokem iivota 

Hypernatremie ph postitenf CNS souvisf dasto se vznikem 
centraInfho diabetes insipidus. KraniocerebraInf poranenf repre-
zentuje cca 30 % vtech pridin centraInfho diabetes insipidus 
a asi 18 % phdin diabetes insipidus vtlbec (tab. 3). Traumata 
s rotadnfm di pfedozadne deceleradnfm mechanismem vedou 
k sthinfmu efektu na stopce hypofYzy s axonalnI destrukcf. Po-
§kozenf homfho infundibula vet§inou vede k permanentnfmu DI,  

trauma dolnf dasti stopky a neurohypofyzy je dasteji spojeno 
s tranzientnf poruchou. Pfechodna porucha sekrece je u traumat 
eastelgf (50 - 60 %) a trva obvykle 3 ai 5 dnf, vzacneji nekolik 
tydn5. Tficet at 40 % posttraumatickych pflpadii prezentuje per-
manentnf DI, o kterem hovorime, trva-ii nejmene 6 mesfcii po 
inzultu. Klasicky priibeh poruchy je trojfazovY. Inicialnf diure-
ticka faze spojena se snfienym uvolnenfm ADH z neurohypofy-
zy nastupuje do 12 at 24 hodin po poranenf a trva v priimeru 4 
at 8 dnf (resp. 5 at 6 dnf). Dale dochazi k pfechodu do antidiu-
reticke faze, kdy behem hodin a dnf (nejdasteji 5 at 6 dnf) 
dochaz1 k uvolnovanf presyntetizovaneho ADH z degenerujfcf 
tkane neurohypofyzy. Klinicky me dojft k hyponatremii odpo-
vidajfcf IADHS. Trvanf tfetf faze jakotto manifestnfho DI zavisf 
na rozsahu poranenf, a tedy na tom, bude-li porucha perrnanentnf 
*di tranzientnf (12, 18, 23, 24). 

Tab. 4. Diferencialnf diagnoza nej6aste .Wch poruch regulace 
efektivnf osmolality u postiknf CNS 

sNa 
sosm 

uNa 
uosm/sosm 

IADHS 	CSWS 

<135 mmo1/1 
<280 mosm/kg 

> 25 mmo1/1 
> 1 

cDI 

> 145 mmoVI 
> 295 mown/kg 
<25 mmoVI 
<1 

CKr DINA. norm. norm. 
EFH20 norm., sni2ena zvYtena zvY§ena 
EFNa norm., sni2ena zvy§ena norm., sniiena 
Diureza norm., sniiena norm., zvytena 
CEI norm. zvY§ena norm. 
EWC sni2ena norm. zyytena 
dU-Na <100-150 mmol > 150 mmol =/< pfijem Na 
renin, aid. norm. norm., z vyt. norm., zvY§. 
ADH norm., zvy§eny zvlAeny sni±eny 

(v 10-15% 
neprokazatelny) 

ANP norm., zvy§eny zvy§eny norm., sniieny 
Urikernie sniiena norm. 

Pro dg. IADHS je tfeba vyloudit: 
- hypokortikalismus, hypotyreozu 
- hypovolemii, hypotenzi, dehydrataci 
- edemy (kardiak, cirhotik) 
- renaInt selhant 
- diuretika (thiazidy) 
- hyperglykernii, manitol 

Ztrata cca 75 	ADH produkujfcfch neuronu vede k rozvoji 
klinicky vyznamne polyurie s objemy modi at do 20 1itr za den 
v zdvislosti na stupni deficitu ADH. Ph chronicke polyurii do-
chaz1 ke ztrate cifenove hypertonicity, cot dale zhor§enfm kon-
centradnich mechanismii pfispIva k polyurii. Mezi zalcladnf pff-
znaky DI (tab. 4) path prtlkaz serove hypernatremie, hyperosmo-
lality, tvorba hypoosmolalnf modi s osmolalitou nittf, net je 
serova. Dale je zminovana nfzka koncentrace natria v modi a 
nfzka specificka vaha modi, cot jsou v§ak nekonstantnf pfirna-
ky. Sodfk v modi je obvykle snfteny, av§ak ztraty Na jsou s ohle-
dem na objem modi pfiblitne v rovnovaze s prijmem natria. 
EFNa byva normaInf, ale jejf pokles je moiny v souvislosti 
s dehydratacf a retencf natria. Elektrolytova clearance (CE1) je 
vet§inou normaInf, EWC je zvykna v zavislosti na deficitu 
ADH a ztrate koncentradnf schopnosti, diurdzu hodnotfme jako 
vodnf. Veaina pacientil ma inkompletnf formu DI s alespoii 
dastednym zachovanfm koncentradnf schopnosti a je schopna 
retinovat volnou vodu v pripade vYznamneho osmotickeho di 
hemodynamickeho stimulu. Velka dast pacient11 ma intaktnf me-
chanismy navozujfcf ifzeil jakotto prevenci hypertonicke de-
hydratace. To neplatf pro vet§inu pacientil v resuscitadnf pedi 
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(bezvedomi, tlumeni, relaxace). Jelikoi jsou tito pacienti zcela 
zavisli na parenterdlnim a enteralnim phisunu tekutin a jsou das-
to klinickY neurologicky neptistupni, me u nich clojit k latent-
ranu pogkozeni CNS ph posunech v efektivnf osmolalite. 

S ohledem na inkompletni forrny DI, kterd nespinuji vyge 
zminend klinicka a laboratomi kriteria, se doporuduje prukaz 
nedostatednd odpovedi na osmotickd stimuly. Restrikci tekutin 
se  ma dosahnout poklesu objemu modi, vzestupu uosm o 30 
mostrifkg, nebo sosm alespon 295 mosmIkg. Pacienti s neuro-
gennirn diabetes insipidus pokraduji ye vyludovani hypotonickd 
mai a typicky za 3 ai 5 hodin jevf znamky poklesu efektivnfho 
piazmatickdho objemu a dehydratace. Podanf ADH obvykle 
zvYgi jejich uosm o 50 % a vice, phi jeho netidinnosti lze vyslo-
vit podezieni na nefrogenni formu onemocneni. Podani desmo-
presinu (DDAVP), ktery nema efekt na tlak, intranazdlne po 2 - 3 
dny by melo u pacient0 s centrdlnim DI zmirnit polyurii, norma-
lizovat koncentradni schopnost a plazmatickou osmolalitu. Je-li 
aplikace DDAVP bez efektu, doporuduje se podat nazalne dese-
tinasobnou davku desmopresinu a diferencovat parcidlni di kom-
pletni rendlni formu DI. V phipade diagnosticke nephinosnosti 
testu restrikce tekutin, k demu i dochazi asi v 10 % phipadu, 
hlavne u nekterych inkompletnich forem a polyurif se sekunddr-
ni ztratou koncentradni schopnosti, se doporuduje stanoveni 
plazmatickd koncentrace ADH a jejf grafickd vzta&ni vudi sdro-
ye osmolalite. Td2 je mono vyhodnocovat hladiny ADH po 
infuzi 3% NaC1, pokud nenf kontraindikovana (12, 13, 14, 16, 
18, 23, 24). 
Terapie akutniho DI spodivd v korekci efektivniho plazmatic-

Who objemu, tj. substituci izotonickymi roztoky a ndsledndm 
hrazeni deficitu volnd vody podle ptislugneho vypodtu, ph ma-
ximálnI poklesu sNa o 0,5 - 1 mmo1/1 . h, poph. v po-
dánI intranazdInlho DDAVP 2 a2 4 kapky po 12 hodinach. Je-li 
polyurie nad 6, resp. 8 1/24 h, doporuduje se hormondlni substi-
tuce vodnym roztokem ADH intramuskuldnie nebo subkutanne 
2 - 5 U podle potteby, nejdasteji po dtyfech a gesti hodinach. 
Mezi jednotlivymi davkami je variabilnf rozmezi, pacient by mel 
vyvinout hypotonickou polyurii pied dalgi davkou jako priikaz 
perzistujiciho DI. Vedlejgi efekty ADH jsou presorickd, dale 
nauzea, priijem, bfigni kiede. U hemodynamicky nestabilnich je 
indikovano podavdni vazopresinu v kontinualrif infuzi phi poda-
tedni davce 2,5 U/h a nasledujici titraci podle diurdzy. Polo6as 
intravenOznfho vazopresinu je 20 minut, take se komplikace 
dajf rychle zvladnout pherugenim infuze. Pro mo2nost dysfunkce 
hypotalamopituitarni osy je na miste paralelnf podavani substi-
tutnich stresovych davek kortikoid5. U trvalych DI se posldze 
phechdzi na chronicke, nejdasteji intranazalni aplikace DDAVP. 

U inkompletnich forem nekdy vystatime s karbamazepinem, 
ktery v davce 200 ai 600 mg denne zvyguje uvolilovani ADH, 
a soudasne je jeho podavanf profylaxf posttraumatickd epilepsie. 
Podobny efekt ma i klofibrdt a chlorpropamid, kterY je vgak 
kontraindikovdn phi soudasnd hypofunkci adenohypofyzy 
s ohledem na hypoglykdmie (10, 12, 16, 18, 19, 23, 24, 26). 

Z A VE R 

V diagnostickdm phistupu k porucham efektivni osmolality 
bychom chteli zduraznit vygethenf koncentradnf schopnosti 
a tedy i funkce osy ADH-ledviny pomoci stanovenf clearance 
bezelektrolytovd vody. I u hyperosmolalni moZi s vysoce zapor-
nou hodnotou CH20 mil& bYt EWC vYrazne pozitivni. Je to 
dano piedevgim osmotickou diurdzou phi vyggi koncentraci solu-
ttl ovlivilujicich osmolalitu tubularni tekutiny (urea, glukoza, 
manitol). Rozdfl mezi CH20 a EWC je funkcf techto so1utia. Ke 
staviim, kdy dojde k podhodnocenf clearance volnd vody vypo-
tern CH20 ye srovnani s odhadem podle EWC, dochazi napt. 
u katabolickych stavtl, natrium retinujicich pacienttl, IADHS di 
chronickych acid6z spojenych s trvale vysokymi hodnotami 
NH4+ v mai (13, 14, 15, 16, 29, 30). 

Funkdnf vygethenf ledvin zahrnujici vyhodnoceni koncentradni 
schopnosti na podklade EWC, popi. jejf porovnani s hodnoce-
nim podle CH20, ma vyznam pro lepgf pochopenf patofyziolo-
gickych mechanismtl a stanoveni diagnOzy a terapie. Uplatni se 
zvlagte v diferencialni diagn6ze IADHS a CSWS. Rutinni zadd-
vanf parametrii v sdru a v modi za 24 hodin u pacient0 s posti2e-
nim CNS by mohlo mit preventivni vyznam z hlediska dasndho 
zachytu mechanisma vedoucich k posuntim v sdrovd koncentra-
ci natria a serove osmolalite. Dale lepgi odhad zmen v celkovd 
telesnd vode by mohl byt pomackou pro raciondlni vedenf tera-
pie techto dysregulacf. Mohli bychom se tak snad vyvarovat 
vetgich vykyvti v efektivni osmolalite a jejich negativnfho vlivu 
na centralni nervovy system, zvlagte u pacienttl, kde ji2 doglo 
k pogkozeni CNS v ramci primarniho inzultu (tab. 4). 

Literatura je zaiazena v praci „Kasuistiky poruch regulace 
efektivnf osmolality u postiieni centralniho nervoveho systdmu" 
v Cm. Lek. des., 137, 1998, C. 14, s. 442-445. 

MUDr. Martin Balik, 
KAR 1. 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 
[l). 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 60.1 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%, EFF1 2 0<2.5%, t.r.>975%, CH 2 0<-0.027 ml/s, EWC>0, 

uU/sU>10 

APACHE II: 18.6 

Rehydratation, optimizing cardiac index. 

2./ Ccr increase, tubular osmotic diuresis, EFH 2 O>2.5%, t.r.<975%, 
u0sm/sOsm>1, CH 2O<O, EFosm>3.5%, Cel/EWC>3 

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 2 0 and EFosm 
increase, u0sm/sOsm>1, CH 2O<0, EWC>0, Cel/EWC>3 

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

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 mmo1/1, sCr 80-150 umo1/1, 

loss of the concentrating ability, development of the mixed tubular osmotic and 
water diuresis: EFH 2 0>2.5%, u0sm/sOsm</=1, CH 2 0>-0.001 ml/s, EWC>0, 

Cel/EWC<3, EFosm>3.5%, met. acidosis anion gap +, rising phosphate, 
uric acid 

APACHE II: 20.2 

Ccr<20% of normal value for given 
age and gender, favourable prognosis 

of the basic disease, APACHE II 
<1=29 points, age <1=79 years 

5.1 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 

APACHE II: 22.9 

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 

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 mUs 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 mmoUl, 
serum creatinine was generally (12 patients — 63.2%) below 150 gmoUl 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>0.05). 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) m1/24 h, cysC 

range 4.44-3.42 mg/1) than in the group where Vu 

increased to the level of 1.5 ml•kg -1 •h -1  or higher after 

48 h of treatment (n = 12, Vu 4,570 (4,000-5,130) m1/24 h, 

cysC 3.17-2.46 mg/I, 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 02005 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 is 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 
ADM08/ABM). The study period was 48 h. AV600 Ultraflux poly-
sulfone filter (1.4 m 2) was used, blood flow 120 mUmin, dialysis 
1,000 mUh, hemofiltration 500 mUh. 84.4% of circuits were antico- 

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 CVVHDF 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 CVV_HDF 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 ( I or 
2-3 mg/kg. 24 h). All patients were septic [20]. The indication criteria 
for early CVVHDF 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/l) (211, 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 mmo1/24 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 
CVVHDF from a central venous catheter and after 24 and 48 h of 
CVVHDF both from the ports proximal and distal to the filter. CysC 
levels (Dade-Behring, normal serum levels <0.99 mg/1) were mea-
sured and arteriovenous concentration differences (A-V d ,ff) 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 CVVHDF 
(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 -  I 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 
24 and 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 (Ccr) measurement, serum creatinine and serum urea before 
CVVHDF 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 
C'VVHDF, 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, i.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 m1/24 h (median and 
interquartile range: 610(250-1,200) m1/24 h) before com-
mencing CVVHDF, 690 ± 1,023 (median and interquar-
tile range: 220 (120-550) mU24 h) after 24 h, and 641 ± 
792 mU24 h (median and interquartile range: 380 (80- 
935) m1124 h) after 48 h; of these patients, 7 were oliguric. 
In 12 other patients out of the 33, the diuresis was 2,244 
± 909 mU24 h (median and interquartile range 2,480 
(1,350-2,750) m1124 h, p = 0.05) before the start of 
CVVHDF, 3,732 ± 1,588 m1124 h (median and inter-
quartile range 4,020 (3,380-4,745) mU24 h, p < 0.0001) 
after 24 h and the residual diuresis increased to the aver-
age 5,090 ± 2,161 m1124 h (median and interquartile 
range: 4,570 (4,000-5,130) m1/24 h, p <0.0001) after 48 h 
of CVVHDF.  

. 	. 

• 
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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 AVdifr (%) 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 CVVHDF (mean ± SD 3.98 ± 1.38 vs. 3.16 ± 
0.86 mg/1, p <0.001). No further elimination of cysC was 
recorded in the next 24 h (3.27 ± 0.99 mg/1, p >0.05). We 
found no difference comparing AV difr after 24 h of thera-
py (3.4 ± 11.8%) with the AVdiff 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/1 at 0 time, 3.42 ± 0.82 mg/1 after 24 h, 3.54 ± 
0.83 mg/1 after 48 h) than the levels in the group where 
diuresis increased (3.17 ± 1.41 mg/1 at 0 time, p < 0.001; 
2.46 ± 0.96 mg/1 after 24 h, p <0.02; 2.66 ± 1.38 mg/1 
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/1 at 0 time, p < 0.001; 0.92 ± 
0.24 mg/1 after 24 h, p < 0.001; 0.94 ± 0.19 mg/1 after 
48 h, p < 0.001) and also compared to the levels with non-
septic controls (0.81 ± 0.13 mg/1 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/I) and non-survivors (n = 15, 3.54 ± 
1.38 mg/I, 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. 

0.69 ± 0.13 mg/1 at 24 h, p < 0.001; 0.69 ± 0.12 mg/1 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/1 of non-survi-
vors, p < 0.03; fig. 2). Ccr  (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 c, did not predict suf-
ficient Vu during therapy (0.12 ± 0.09 vs. 0.17 ± 
0.09 mUs, 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 Amo1/1, 
p> 0.05) as well as the mean serum urea levels (31.1 ± 
10.4 vs. 29.3 ± 10.3 mmoUl, 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/I) 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/I at 0 time; 3.06 ± 0.84 mg/I 
at 24 h; 3.31 ± 0.86 mg/1 at 48 h) and high diuresis group 
(n = 4; 4.58 ± 1.26 mg/1 at 0 time; 3.91 ± 0.59 mg/1 at 
24 h; 4.31 ± 1.26 mg/1 at 48 h). Utilizing ANOVA test for 
data comparison between the two groups, we found no  

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 remained 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/1) in patients with preserved or 
increasing residual diuresis than in patients with decreas-
ing diuresis (3.4-4.5 mg/1) after the start of CVVHDF 
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 hemodiafiltrat ion. 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 mllday [23]. Concerning the recovery of renal func-
tions, the ideal diuresis is >1.0-1.5 ml-kg --1 -11 -1  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 
part of the renoprotective approach [27, 28]. 

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 cr , 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 CVVHDF 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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ickground: The reasons for the decrease or increase of 

ne output following the start of continuous venove-

us hemodiafiltration (CVVHDF) have not yet been ex-

lined sufficiently. The renoprotective properties of na-

iretic peptides were described. Methods: The levels of 

ial natriuretic peptide (ANP) and brain natriuretic pep-

e (BNP) were measured in 23 mechanically ventilated 

;lents 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 

group where daily diuresis (Vu) remained low or 

:reased and the group where diuresis increased to the 

el of 1.5 ml.kg - l.h -1  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: 
average AVdiff (%) of ANP and BNP on filter were 

Ignificant. Patients with increasing diuresis (n = 12) 

significantly 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- 

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 

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 mecbanism 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 hemodiafilt ra-
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/mm, 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 

, HDF were defined as follows: (i) creatinine clearence (Ccr) 

:096 of the normal rate with respect to the given age and gender, 

isostenuria, (iii) mixed water and osmotic diuresis, (iv) no re-

ose to a combination of diuretics in order to increase the turnover 

[ fluids and elimination of catabolites (urine output of urea 

:so mmoll'24 h). Average serum urea was 30.23 ± 9.40 mmo1/1, 

creatinine 368.22 ± 164.91 gmo1/1 at the time of commencing 

vVHDF. Renal function tests were monitored until the start of 
or, urine was collected for 24 h. 

Samples for the analysis of natriuretic peptides were drawn into 

e pre-cooled vials with EDTA before the start of CVVHDF from a 

ntral venous catheter and after 24 h and 48 h of CVVHDF both 

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

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

e(4°C, 4,000 g/m in, 10 min), then they were incubated with apro- 

(Gordox, Gedeon Richter, 20 pi) and frozen at -38°C. The 

;p levels (Shionoria, normal <14.0 pmo1/1) and BNP levels (Shio-

ria, normal <5.3 pmo1/1) were measured and arteriovenous con-

gration differences (AV differences) were calculated. This param-

r is calculated as the difference between the prefilter minus post-

erconcentration divided by the prefilter concentration. According 

he present configuration of the CVVHDF (filtration fraction on 

filter), a value greater than -6.9% reflects sieving, adsorption or 

h [14 Furosemide was reduced to 1.5 mg• kg -  I day -  after com-

.encing CVVHDF. All patients continued receiving a diuretic infu-

yi of am inophyllin [18]. The hemodynamic status of the patients 

is monitored invasively by arterial and central venous catheter and 

:ninvasively by repeated echocardiographic investigations. Eight 

aients out of the 23 included in the study underwent pulmonary 

er-y catheterization. Left ventricular dysfunction (LVD) was de-

ed as decreased LV ejection fraction below 40% on at least 2 echo-

!cliograph ic investigations not taken in severe hemodynamic insta-

ity. 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 

ml kg' h -1  or higher. The length of CVVHDF treatment and 

U mortality was recorded in both groups of patients. 

A control group consisted of 10 patients who underwent laparoto-

, for elective abdominal surgery with no history or presence of 

!al or haemodynamic disorders. The samples for natriuretic pep-

es were taken as described above, i.e. before, 24 and 48 h after the 

.:gical procedure. 
The statistical analysis was performed using /Viedcalc and NCSS 

itware package v.6. The Wilcoxon nonparametric test was used for 

:e comparison of data distributions between defined groups of 

aients. The significance of the differences between the natriuretic 

!ptide levels in the group with preserved diuresis and the group with 

!creasing diuresis was compared before CRRT therapy, after 24 h 

:d after 48 h. The relationship between mortality and ANP and 
V levels was analysed separately by comparing the levels of both 

Dteins in the groups of survivors and nonsurvivors. The relation-

ira between LVD and ANP and BNP levels was evaluated compar-

g the levels of both peptides in the group with left ventricular dys-

nction and the group with no presence of serious LVD. The follow-

parameters were compared between the group with increasing 

Iresis and the group with low or decreasing diuresis: percent of 

the last glomerular filtration (Ccr) measurement before 

:THDF therapy and the length of CVVHDF therapy. The calcu-

ed AV differences for ANP and for BNP were compared with the  

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, i.e. 
63.6% vs. 2/12, i.e. 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 (°/0) 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 CVVHDF. In this group the mean diuresis 
(mean ± SD) was 917 ± 1,023 m1/24 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 m1/24 h . 

Only the levels of ANP in the group with low or 
decreasing diuresis (47.08 ± 33.61 pmol/lat 0 time; 27.37 
± 12.65 pmo1/1 at 24 h; 31.63 ± 16.69 pmo1/1 at 48 h) 
were significantly higher than in the controls (14.18 ± 
12.85 pmo1/1 at 0 time, p < 0.01; 10.76 ± 5.58 pmoUl at 
24 h, p < 0.001; 12.91 ± 5.81 pmo1/1 at 48 h, p < 0.001). 
The differences between ANP levels in the group with 
increasing diuresis (15.68 ± 18.99 pmolil at 0 time; 14.02 
± 14.36 pmoUlat 24 h; 11.50 ± 12.77 pmoUlat 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 pmo1/1 at 0 time, 9.84 
± 3.01 pmo1/1 at 24 h, 4.00 ± 3.58 pmo1/1 at 48 h) were 
highly significant both for patients with low or decreasing 
diuresis (224.66 ± 273.94 pmolil at 0 time, p <0.0001; 
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Table 1. Major diagnosis (cause of 
MODS), length of CVVHDF and ICU 
mortality of the patients in the study group 

Residual diuresis 	Major diagnosis 	 Length of 	ICU mortality 
at 48 h of therapy 	(cause of MODS) 	 CVVHDF, h 	ski 

>1.5 ml.kg - l.h -1 	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, AM! 	 52 	s 
ALL, mycotic sepsis 	 48 	s 

Mean: 	d/s = (2/12) 
82.3±35.3 	16.7% 

<1.5 ml' kg -  ' . h -  ' 	GI bleeding, AM! 	 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; AM! = 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 pmo1/1 at 24 h, p<  0.0001; 259.85 ± 
249.55 pmolil at 48 h, p <0.0001) and for patients where 
diuresis increased during CVVHDF (97.26 ± 73.28 
pmoV1 at 0 time, p <0.0001; 87.03 ± 98.5 pmo1/1 at 24 h, 
p <0.0001; 86.18 ± 132.7 pmo1/1 at 48 h, p <0.0001). 
Patients with decreasing diuresis on CVVHDF 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 CVVHDF (p >0.05 at 0 time, p = 0.05 at 24 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). 

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, 
2<0.0001). 

Ccr (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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:ig. 2. Box and Whiskers plot of the BNP 
in the group with decreasing diuresis 

A-C) and the group with increasing diuresis 
D-F). A and D are values before CRRT. 
and E are values after 24 h of therapy and 
and F are values after 48 h. The boxes 
present 25th to 75th percentile with a hori-
)ntal line at the median; the whiskers ex-
md to the highest and lowest values if no 
.:thers are present. 
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iuresis later increased. Therefore Ccr did not predict suf-
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 mmo1/1 vs. 27.08 ± 9.89 mmo1/1, 
> 0.05) as well as the mean serum creatinine levels 

, 93.36 ± 226.0 vs. 343.08 ± 103.81 pmo1/1, p > 0.05). 

Discussion 

The study revealed almost no elimination of ANP and 
BNP by the filter during CVVHDF 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 

Fig. 3. Box and Whiskers plot of the ANP 
levels in the groups of survivors and non-sur-
vivors (17.56 ± 18.46 vs. 30.84 ± 20.66 
pmo1/1 of non-survivors, p < 0.0002). 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. 
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BNP: survivors vs. non-survivors 

Fig. 4. Box and Whiskers plot of the BNP 
levels in the groups of survivors and non-sur-
vivors (92.76 ± 115.41 vs. 262.02 ± 265.73 
pmo1/1 of non-survivors, p < 0.0001). 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. 
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of BNP in particular were found to be extremely elevated 
in renal failure patients treated with CVVHDF 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 

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 
le 12 patients, 50%, vs. 4 of the 11 patients, 36.4%), but 
le data are difficult to interpret due to the small number 

,f patients in both groups. No relationship between LVD 
3nd mortality of the studied patients was observed. Con-
oning hemodynamic stability in both subgroups of pa-
tients, we recorded the type and dosage of catecholamine 
treatment at the time of commencing CVVHDF. Nor-
adrenaline was administered in 9 patients (81.8%) of 
those 11 where diuresis on CVVHDF decreased. In 1 
patient of those 9, noradrenaline was combined with iso-
prenaline (0.04 mg.kg -  .min -1 ), 1 patient was treated 
with dobutamine only (3.0 ptg•kg --1 . min -  I), 1 patient was 
given no catecholamine treatment. The mean dose of nor-
adrenaline was 0.14 ± 0.11 pg. kg -  ' min -  ' (range 0.04-
t35 pg.kg -  min -  I). Noradrenaline was used in 11 pa-
tients (91.7%) of those 12 where diuresis on CVVHDF 
increased. In 3 patients of those 11, noradrenaline was 
:ombined with dobutamine (range 3.0-5.0 ;1•g -1 . 
nin -  I). and only 1 patient was given no catecholamine 
reatment. The mean dose of noradrenaline was 0.14 ± 
1.07 1.1g•kg --  •min - ' (range 0.05-0.25 pg•kg - i.min -1 ). 
:omparing it with the group where diuresis decreased we 
found no difference (p > 0.05). 

Another stimulus for the change of the levels of natri-
aretic peptides may be generated through elevated mean 
pulmonary artery pressure and pulmonary vascular resis-
tance in patients treated with mechanical ventilation [9, 
19]. All patients were ventilated with PEEP in the range of 
14-1.8 kPa and Adult Respiratory Distress Syndrome 
was diagnosed in 3 patients out of the study group. Con-
trarily to some published data, we were not able to find a 
:elationship 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 pmo1/1, ANP in the ranges of 0.8-
.4. 1.5-4.6 and 19.9-47.5 pmo1/1). The levels of ANP in 
he group with increasing diuresis were not significantly 
lifferent 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 
'fleets 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. 

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 - 
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 CVVHDF. 
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-
phyll in administration to be a renal rescue approach and a 
part of a renoprotective regime. 

tat riuretic Peptides and Residual Diuresis 
	

Blood Purif 2003;21:401-408 
	

407 
uring Continuous Hemodiafiltration 



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 
urea and serum creatinine. The authors conclude that the  

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 
CVVHDF. 
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bstract 

;aground: The efficacy and safety of prostacyclin 

G1 2 ) and citrate (ACD) anticoagulation were observed 

id compared during continuous haemodiafiltration. 

ethods: Mechanically ventilated patients received ei-

er the PGI 2  analogue epoprostenol (group A, n = 17) in 

calating doses of 4.5-10.0 ng • kg -l • min -1  in combina-

in with heparin (6 IU • kg -1 . h -1 ) or 2.2% ACD (group B, 

= 15). Blood flow was set to match the circuit-filling 
ilume per unit time equal to the intravascular half-life 

PGI 2 . Results: Median filter lifetimes were 26 h (inter-

artile range 16-37) in group A (39 filters) and 36.5 h 

Iterquartile 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 PGI 2  

Is 8.7 ± 2.4 ng • kg -l • min -1 . 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 

)telet count or adverse haemodynamic effects were 

countered in group B. The cost of epoprostenol plus 

ni dose heparin (EUR 204.73 ± 53.04) was significant-

higher than the cost of ACD-based anticoagulation 

JR 93.92 ± 45.2, p <0.05). Conclusion: ACD offers Ion- 

ger filter survival, has no impact on platelet count and is 

less expensive. Increasing the dose of PGI 2  up to the av-

erage of 8.7 ng • kg -l • min -1  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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Fig. 1. Kaplan-Meier curves of time to hae-
mofilter clotting (according to the antico-
agulation used, p < 0.01). 
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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-l • min-1  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-1 •11-1 ) [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  

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 2 +) [14]. 
The normalisation of ionised Ca 2 + is performed infusing 
Ca2 + post-filter, with arterial Ca 2+ 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 2+ and an increase in the 
Cat0t/Ca2+  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 ABM08, polysulfone filter AV 600, dialysis 
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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 ± 8.0 	p= 0.73 
Serum urea, mmoUl 	 41 (20-46) 	38(18-45) 	p = 0.78 
Serum creatinine, iimo1/1 	 351 (150-444) 	380 (191-465) 	p = 0.65 
Thrombocytopenia (<80 x 10 94) 	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 mUh, haemofiltration 400-800 mUh, substituent via 
)st-dilution) were included in the study. 17 of those received the 
vstacyclin synthetic analogue epoprostenol (Flolan ®, Glaxo-
'ellcome). Five of these 17 patients had serious liver dysfunction 

bilirubin of >100 jimo1/1 [19] and were given Prostacyclin to 
+old citrate toxicity. Liver dysfunction was a primary indication 
r prostacyclin 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 

) to the maximum of 10.0 ng• • min -I  together with 6 IU• 
•11 -1  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 (T1/2) of prostacyclin: V (circuit+filter) 300 mUT1/2 of 
ostacyclin 2.5 min = 120 mUmin. Patients with bleeding, a de-
nse in platelets or filter clotting within the first 10 h were switched 
citrate. 
200-450 mVh of citrate was infused pre-filter. The post-filter 

(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 24.  was performed 
'using 10% calcium gluconate post-filter. Arterial Ca 2 + was 
ecked every 6 h and kept between 1.1 and 1.5 mmo1/1. Ordinary 
cium (1.63 mmoV1) and magnesium (0.75 mmoUl) containing 
ilysis fluid with 140 mmoV1 sodium eliminated the need for so-
im corrections. Magnesium was checked once a day and cor-
led by addition of 20% magnesium sulphate to the maintenance 
'usions. 
The buffer in dialysis fluid was sodium lactate (45 mmo1/1) and 
modification was required for citrate or prostacyclin groups. 

dinary Ringer's solution was used as the haemofiltration fluid 
:h additional separate infusion of 8.4% sodium bicarbonate in 
prostacyclin group. Initial dose of bicarbonate (mUh) 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-
!fleets (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 

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 24.  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 in 
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• min -1  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 pg • kg-I • min-I . A dobuta-
mine infusion at a mean dose of 3.9 ± 1.02 p,g• kg -I  • 
min -I  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-
narnic 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 mo1/1 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 < 0.05). 

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- l• min' were eliminated by slowing 
the blood pump to reduce the amount of drug entering  

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- •11 -1 ) 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. WALDAUFt, M. KOLARt, V. SMEJKALOVA**, J. PACHLtt 

Departments of Anaesthesia 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 phannacokinetic 
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 ascites. 

pleural effusion, on renal replacement therapy or with haemodynamic instability were excluded. Serum concen-
trations of drugs were taken for phannacokinetic analysis before, 1 hour and 4 hours after the 30 minute infusion. 
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 Ilkg) and netilmicin (0.505±0.172 Ilkg) were increased compared to 
normal values. A correlation was demonstrated between volume of distribution (Vd„,„) of vancomycin arid extra 
cellular water/total body ratio (r=0.70, P <0.0001 ). The central compartment distribution volume (Vd of netilinicin 

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 
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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care unit patients may be similar, less or greater 
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 
CICW) 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 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"  1 "  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 hypothesize 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)A7 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 5 to 6 mg/kg among 
patients with normal or mildly reduced renal function 
(over 60 ml/min/1.73 m 2 ) 4.". 2 '. 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 M'W\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 1 ), volume of distribution 
(Vd area ) and total body clearance of the antibiotic 
(Cl). 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) is 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 I , Vd area ) 
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 II 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 Agfkg min, median 0.03, quartile range 
0.06), in three patients in combination with dobuta-
mine (range 1.0 -3.5 Ag/kg min). One patient received 
dobutamine (2.5 Ag/kg min) only. 

TABLE I 

Patients characteristics 

Major diagnosis (cause of ICU admission) 	 n=28 

Haemato-oncologic sepsis 8 

Cardiac 5 
Surgical including peritonitis 5 

Trauma 4 
Acute pancreatitis 2 

Cerebral stroke 2 

Respiratory 2 

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 1/24 h and 
quartile range 1.87 1/24h). The mean change of ECW 
was 0.31±1.81 1/24 h (median 0.10 and quartile range 
1.85 1/24 h) and TBW change was 0.60±3.65 1/24 h 
(median —0.45 and quartile range 2.15 1/24 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 2 ). 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 Tour 
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 
changed in another patient of those six. The dosage 
was increased in two patients of those 12 studied and 
glomerular hyperfiltration was recorded in those two 
patients (GFR range 132.3-134.0 ml/min/1.73m 2 ). 

DISCUSSION 

This study confirms that sepsis is associated with an 

TABLE 2 

Results of the vancomycin study 

Parameter VI (I/kg) Vd-area (I/kg) Cl (Iih.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 (ml/min/1.73m 2 ) 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: VI: central distribution compartment; Vd-area: volume of distribution; CI: 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 

Parameter V1 (1/kg) Vd-area (1/kg) Cl (I/h.kg) 

mean±SD 0.243±0.069 0.505±0.172 0.050±0.033 
ECW (I). 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 2 ) 67.01±35.93 r=0.92*** 
Body weight (kg) 75.8±11.8 

r: correlation coefficient; P level of significance; *P<0.003; ••P<0.04; • • *P<0.0001. 
Abbreviations: VI: central distribution compartment; Vd-area: volume of distribution; CI: 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" ' 2 . 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 i  
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 2 ) 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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