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Abstrakt

Snizovani centralniho Zilniho tlaku je dnes doporuCovanym a Siroce uzivanym postupem
v jaterni chirurgii. PouZiti této tzv. anestezie s nizkym centralnim Zilnim tlakem je spojeno
se snizenim krevni ztraty a zlepSenim klinickych vysledki operovanych pacientti. Existuje
nekolik postupit vedoucich ke sniZzeni centralniho Zilniho tlaku. Doposud vSak nebylo jasné
se stale vede diskuze o tom, je-li monitorace centralniho Zzilniho tlaku jako hlavniho
parametru pro vedeni anestezie u jaternich resekci optimalni, ¢i zda by neméla byt nahrazena
sofistikovanéj$i metodou hemodynamické monitorace a princip anestezie s nizkym centralnim
Zilnim tlakem nahrazen napf. principem anestezie s vysokou variaci tepového objemu (nebo
jiného dynamického parametru preloadu). Vysledky nasi prace neprokézaly zasadni rozdily
ve srovnavanych postupech vedoucich k dosazeni nizkého centralniho zilniho tlaku, ale
naznacuji moznost ndhrady anestezie s nizkym centrdlnim zilnim tlakem za anestezii

s vysokou variaci tepového objemu pfi pouziti hemodynamické monitorace krevniho ob&hu.
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Abstract

Lowering of central venous pressure in hepatic surgery is nowadays widely recommended
and used procedure. Low central venous pressure anesthesia is associated with decreased
blood loss and improved clinical outcome. There are several approaches how to reach low
central venous pressure. Till now none of them is recommended as superior in terms of
patient safety and clinical outcome. Concurrently there is still debate if to use the low central
venous pressure anesthesia principle or if it could be replaced with a principle of anesthesia
with high stroke volume variation (or another dynamic preload parameter) with the use of
a more sophisticated hemodynamic monitoring method. Results of our study didn’t show any
significant difference between two approaches used for reduction of central venous pressure,
but suggest that the principle of low central venous pressure anesthesia could be possibly
replaced by the principle of high stroke volume variation anesthesia which presumes the use

of advanced hemodynamic monitoring.
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Pouzité zkratky

ALP - alkalickd fosfatdza

ALT - alaninaminotransferdza

AR - absolutni tekutinova restrikce

ASA - Skéla rizika podle Americké spolecnosti anesteziologli
AST - aspartataminotransferaza

BE - prebytek bazi (z angl. base excess)

BP - krevni tlak (z angl. blood pressure)

CI - srde¢ni index (z angl. cardiac index)

CO - minutovy srde¢ni vydej (z angl. cardiac output)
CUSA - kavitronovy ultrasonograficky aspirator

Cvp - centralni Zilni tlak (z angl. central venous pressure)
CZK - centralni zilni katétr

DO, - dodavka kysliku (z angl. oxygen delivery)

DP - diastolicky tlak (z angl. diastolic pressure)

DST - exponencialni doba poklesu koncentrace indikatoru (z angl. exponencial

down slope time)

EBR - erytrocyty bez buffy-coatu resuspendované

ETCO, - parcidlni tlak CO, ve vydechované smési na konci vydechu (z angl end tidal
COy

EVLW - extravaskularni plicni voda (z angl. extravascular lung water)

GDT - cilend terapie (z angl. goal directed therapy)

GEDV - globalni end-diastolicky objem (z angl. global end-diastolic volume)

GMT - gama - glutamyltrasferaza

Hb - koncentrace hemoglobinu v krvi
HES - hydroxyethyl skrob

HR - srde¢ni frekvence (z angl. heart rate)
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/R - ischemicko — reperfiizni poskozeni tkané
JIP - jednotka intenzivni péce
kg thm. - kilogram télesné hmotnosti

L-CVP - anestezie snizkym centrdlnim zilnim tlakem (z angl. low central venous
pressure anesthesia)

LKS - leva komora srde¢ni

LVEDA - end-diastolicka plocha levé komory srde¢ni (z angl. left ventricular end
diastolic area)

LVEDI - end-diastolicky index levé komory srde¢ni (z angl. left ventricular end
diastolic index)

MAC - minimalni alveolarni koncentrace (z angl. minimal alveolar concentration)
MAP - stfedni arterialni tlak (z angl. mean arterial pressure)

MLP - Cerstvé zmrazena plasma

MSFP - stfedni systémovy plnici tlak (z angl. mean systemic filling pressure)
MTT - stfedni doba prutoku indikatoru (z angl. mean transit time)

paCO, - parcidlni tlak oxidu uhli¢itého v arterialni krvi

PCWP - tlak v zaklinéni (z angl. pulmonary capillary wedge pressure)

PEEP - pozitivni tlak na konci vydechu (z angl. positive end-expiratory pressure)
PKS - prava komora srdecni
PM - PringlGiv manévr

POSSUM - skorovaci systém umoziujici odhad ocekdvané morbidity a mortaliy
chirurgickych pacienti na zékladé jejich celkového stavu a néarocnosti
planovaného operac¢niho vykonu (z angl. physiological and operative severity
score for the enumeration of mortality and morbidity)

PP - pulzni tlak (z angl. pulse pressure )

PPV - variace pulsniho tlaku (z angl. puls pressure variation)

PVPI - index plicni vaskularni permeability (z angl. pulmonary vascular permeability
index)

RR - relativni objemova redistribuce
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RVEDA - end-diastolicka plocha pravé komory srde¢ni (z angl. right ventricular end
diastolic area)

RVR - odpor kladeny zilnimu navratu (z angl. resistence to venous return)

Sa0, - saturace hemoglobinu kyslikem v arterialni krvi

ScvO, - saturace hemoglobinu kyslikem v Zilni krvi horni duté zily

SD - smérodatnd odchylka (z angl. standard deviation)

SP - systolicky tlak (z angl. systolic pressure)

SpO, - saturace hemoglobinu kyslikem méfend pulsnim oxymetrem

SV - tepovy objem (z angl. stroke volume)

SVI - indexovany tepovy objem (z angl. stroke volume index)

SvO, - saturace hemoglobinu kyslikem ve smisené Zilni krvi

SVR - systémova vaskularni rezistence (z angl. systemic vascular resistance)

SVRI - index systémové vaskularni rezistence (z angl. systemic vascular resistance
index)

SVV - variace tepového objemu (z angl. stroke volume variation)

Tf - tepova frekvence

TVE - totalni vaskularni exkluze (z angl. total vascular exclusion)

UpPv - um¢la plicni ventilace

\Y% - objem (z angl. volume)

VCV - objemové fizena ventilace (z angl. volume controlled ventilation)

VR - Zilni navrat (z angl. venous return)

VTI - ¢asové rychlostni integral (z angl. velocity time integral)
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1 UVOD

Jatra jsou velmi specificky organ, ktery ma mimo jiné schopnost pomérné rychlé
regenerace vcetn¢ obnoveni funkce [1,2]. Tato specificka vlastnost umoznuje operacni
odstranéni velké ¢asti jaterni tkan€, aniz by byl pacient ohrozen selhdnim jaternich funkci.
U pacienta s pln¢ funkénimi jatry mize byt takto operacné odstranéno az 70 % parenchymu
[3]. Planované resekéni vykony na jaternim parenchymu maji zpravidla dvé indikace: zaprvé
slouzi k odstranéni patologického loziska (primarni tumor, metastaza, absces ...), druhou

indikaci je darcovstvi jaterni tkane€.

Jiz od svého pocatku se jaterni chirurgie potykala a dodnes potyka s velmi zdsadnim
problémem. Tim je Casto vyznamné krvaceni, spojené s nutnosti podavéani transfuznich
ptipravki. To méa zasadni vliv na periopera¢ni morbiditu i mortalitu, ale i na dlouhodobé
prezivani pacientl [4]. Morbidita a mortalita téchto pacienti se i nadale pohybuje okolo 25 %

respektive 3-5 % [5,6].

V dnesni dobé je do klinické praxe zavedena cela fada postupl, které se snazi tento
problém fesit. Jde jednak o nové postupy chirurgické, zalozené mimo jiné na peclivé selekci
pacientl a na pouziti modernich operacnich nastrojii a postupt a taktéz o postupy aplikované

anesteziologem.

Krvaceni, se kterym se béhem jaterni resekce chirurgicky tym potyka, je v drtivé vétSine
ptipadil retrogradni zilni krvaceni, jehoz zdrojem jsou jaterni sinusoidy, respektive odvodné
jaterni zily. Je to dano tim, Ze dopfedny tok krve jatry lze pomérné snadno kontrolovat
naloZzenim svorky na hepatoduodenalni ligamentum (Pringliv manévr). V ovlivnéni
retrogradniho Zilniho krvaceni je nezastupitelnd role anesteziologa. Radou praci bylo
v minulych letech dokladovéano, Ze retrogradni Zilni krvaceni 1ze zasadnim zplisobem omezit
sniZzenim centralniho Zilniho tlaku (CVP), respektive zmensenim poloméru a transmuralniho
tlakového gradientu dolni duté Zily a jaternich Zil. Za obecné uznavanou hodnotu, kterou
se snazime docilit, je povazovana hodnota CVP nizsi nez 5 mmHg [5,7-12], pficemz néktefi
autofi povazuji za optimalni 1 hodnoty nizs$i [13]. Postupt, kterymi je mozné tohoto cile
dosdhnout, existuje nckolik. Bohuzel jsou nékdy spojeny s destabilizaci krevniho obéhu
a s tim spojenou hypoperfuzi tkani a orgdn. Mezi postupy bézné uzivané pro snizeni CVP

patii: restrikce tekutin, pouziti diuretik, pouziti vasodilatacnich latek, hypovolemicka
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hemodiluce, Trendelenburgova poloha, uméla plicni ventilace s vyuzitim malych dechovych
objemli a minimalizaci pozitivniho end-expira¢niho tlaku (PEEP), epiduralni anestezie.
Nezadoucim efektem téchto postupit vSak muze byt jiz zminovana ob¢hové nestabilita

a zvysené riziko vzduchové embolie.

Cilem nasi studie bylo porovnat dvé metody snizovani CVP: 1) metodu tzv. absolutni
restrikce tekutin spojenou s vyloucenim podavani tekutin v bezprostiednim predoperacnim
obdobi a minimalizaci jejich podani béhem opera¢niho vykonu. K dalSimu pfipadnému
snizovani CVP v této skupiné byla pouzivana diuretika. 2) metodu tzv. relativni objemové
redistribuce, v rdmci niz byly pacientim podavany tekutiny v piedoperacnim obdobi i béhem
operace, pfiCemz peroperacni davka tekutin byla dvojnasobnd oproti skupin€ s absolutni
restrikei. V této skupiné byl k dalSimu snizovani CVP vyuzivan vasodilatacni u¢inek anestetik

¢i nitratu. Béhem studie byly u vSech pacientli monitorovany hemodynamické parametry

a globalni ukazatele kyslikového metabolismu.

Ptedkladana prace je ¢lenéna do dvou €asti. Prvni ¢ast shrnuje soucasné poznatky techniky
jaternich resekci a anesteziologické techniky vyuzivané u jaternich operaci.
Dale se tato ¢ast zabyvd moznostmi monitorace hemodynamiky krevniho ob¢hu a vyuzitim
méfenych parametrti. Druhd, specialni ¢ast, shrnuje klinicky vyzkum tykajici se srovnani
dvou strategii minimalizace centralniho Zilniho tlaku pfi jaterni resekci. Hodnocen je
pfedevSim vliv uvedenych postupli na velikost krevni ztraty a mnoZstvi podanych
transfuznich pfipravki b&hem operace, hemodynamickou stabilitu pacienta, globalni
kyslikovou bilanci organismu, 30 denni morbiditu a mortalitu a dobu hospitalizace na JIP
a v nemocnici. Vedlej$im cilem prace je hodnoceni vztahu mezi tzv. dynamickymi parametry
preloadu (v naSem piipadé variace tepového objemu) a CVP a vlivu pouziti Pringlova
manévru béhem jaterni resekce na velikost krevni ztraty, mnozstvi podanych transfuzi

a ne€které dalsi ukazatele.

Vysledky prace neprokazaly nadfazenost jednoho z postupii dosazeni nizkého CVP,
naznacily vyuZitelnost hemodynamické monitorace u jaternich resekci a rovnéZ prokazaly

pozitivni efekt uZziti Pringlova manévru pfi jaterni resekci.
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2 TEORETICKA CAST

2.1 SPECIFIKA CHIRURGIE PRI JATERNi RESEKCI

2.1.1 Funkéni anatomie jater a typy jaternich resekei

Z hlediska funk¢ni anatomie d€lime jatra na 8 funkEné nezavislych segmentli, z nichz
kazdy ma vlastni ptivodnou arterii, vétev portalni zily a zlu¢ovod. Z tohoto pohledu je pravy
jaterni lalok tvofen 4 segmenty a to V-VIII, levy lalok pak segmenty II-IV a jako samostatny
se uvadi segment I, coz je lobus caudatus, ktery ma portalni zdsobeni z levé 1 pravé vétve

portalni Zily (viz obrazek 1).

Jatra jsou organem s velkym metabolickym obratem a vysokou perfuzi, ktera ¢ini 20-25 %
minutového srde¢niho vydeje. % pritoku je zajisténo portalni Zilou, 4 cestou jaterni arterie.
Toto mnozstvi krve protéka nizkoodporovym systémem jaternich cév pod tlakovym
gradientem pouhych 1-5 torr, coz je normdlni tlakovy gradient mezi portalnim a jaternim
Zilnim systémem. Zilni krev pak odtéka cestou 3 jaternich il do dolni duté Zily. Na udrzeni
konstantniho pritoku krve jaternim parenchymem, ktery je velmi dilezity pro optimalni
metabolické a syntetické pochody v jatrech, se podili svoji vasomotorickou reaktivitou jaterni
arterie, kterd na zvySeni portalniho pritoku reaguje konstrikci a snizenim pritoku, a naopak

pfi sniZeni portalniho pritoku reaguje vazodilataci [14].

Z chirurgického hlediska mizeme jaterni resekce dle funk¢ni anatomie délit na anatomické
a neanatomické. Preferovany jsou anatomické resekce, které respektuji segmentalni cévni
zasobeni jater. Umoznuji tak lépe zachovat funkéni jaterni parenchym 1 lepsi kontrolu
krvaceni béhem vykonu diky moZnosti dobré kontroly cévniho zdsobeni pfislusnych
segmentl. Pfi neanatomické resekci je resek¢ni linie vedena mimo hranice segmenttl. Tento
postup se vyuziva ve snaze zachovat co nejvice zdravého funkéniho parenchymu. Je vSak
spojen s rizikem vétsi krevni ztraty nez u srovnatelné resekce anatomické. Presto studie, které
srovnavaly anatomické a neanatomické resekce jater, neprokdzaly Zadny signifikantni rozdil
v délce preziti, morbidité, mortalité ¢i Cetnosti rekurence nddoru mezi pacienty obou skupin

[15-17].

U anatomickych resekci rozliSujeme tyto typy: levostranna lobektomie (resekce II.-

III. segmentu), pravostrannd hepatektomie (V.- VIII. segment), levostrannad hepatektomie
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(IL.- TV. segment). Jako rozsifené se oznacuji resekce, pii nichz je navic resekovan lobus
caudatus (I. segment) nebo alespoii o 1 segment vice oproti standardni resekci. Jako
pravostrannou lobektomii oznacujeme rozsifenou pravostrannou hepatektomii, tedy resekci
vSech segmentl laterdln¢ od umbilikdlni fisury (tedy IV.-VIII. segmentu + eventudlné I.
segment), za rozsifenou levostrannou hepatektomii povazujeme resekci segmentt I1.-IV.,
V. a VIIL (viz obrazek €. 2). Zvlastni kategorii predstavuji tzv. centralni resekce jater, coz je
resekce IV., V. a VIIL segmentu [18]. Za takzvané velké jaterni resekce povaZujeme resekce

alespoii 3 jaternich segmentd.

Obrazek 1 Segmentalni anatomie jater
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A B

adad
vy

Obrazek 2 Déleni anatomickych jaternich resekci

A. pravostrannd hepatektomie, B. levostranna hepatektomie, C. rozSifend pravostranna

hepatektomie, D. levostranna lobektomie, E. rozSifend levostranna hepatektomie (Prevzato volng

z: Blumgart LH, Belghiti J. Surgery of the liver, biliary tract, and pankreas. 4th ed. Philadelphia, PA: Saunders Elsevier,

2007)
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2.1.2 Metody kontroly jaterni perfuze

Jaterni resekéni vykony jsou historicky zatizeny vysokou mirou perioperacni morbidity
a mortality [5]. K nejvyznamnéjSim rizikovym faktorim patii rozsah jaterni resekce a velikost
krevni ztraty a sni souvisejici nutnost podani krevnich transfuzi. S mnozstvim podanych
krevnich transfuzi je spojeno i zkraceni obdobi bez prokazatelného onemocnéni (tzv. disease
free interval) [19-24]. Riziko velké krevni ztraty béhem jaterni resekce je dano piedevsim
bohatou vaskularizaci jater a velkou resekéni plochou. Problémem vSak neni krevni ztrata
z ptivodnych cév, jejichz prutok lze snadno kontrolovat, ale retrogradni krvaceni z povodi

jaternich zil [13].

Omezeni peroperacniho krvaceni je jak vrukou chirurga, tak anesteziologa. Jednou
z moznosti chirurga, jak snizit krevni ztratu, je vyuziti techniky okluze pfivodnych nebo

ptivodnych i odvodnych jaternich cév.

%

Nejbéznéjsi z téchto technik je tzv. Pringliv manévr (PM), jehoz podstatou je nalozeni
turniketu na hepatoduodendlni ligamentum, a tim zastaveni pfitoku arteridlni i venoézni krve
do jater. Dal$i moznosti je selektivni okluze pravé ¢i levé vétve portalni Zily a hepatické
arterie, coz vede k ischemizaci pouze té Casti parenchymu, kterd ma byt resekovana a zlepSuje

vizualizaci resekované oblasti.

Mezi techniky okluze ptivodnych i odvodnych jaternich cév patii tzv. totalni jaterni
vaskularni exkluze (TVE). Pfi ni je kromé hepatoduodendlniho ligamenta zasvorkovana
1 dolni dutd Zila nad a pod jatry. Navrat Zilni krve z dolni poloviny téla pak miiZze byt zajistén
cestou venovendzniho bypassu. Pokud ma byt pritok dolni dutou Zilou zachovan, miize byt
pouzita modifikovana technika, kdy je zasvorkovano hepatoduodenalni ligamentum a jaterni

zily, ale neni nakladana svorka na dolni dutou Zilu.

Rizikem vSech téchto technik je predevsim ischemicko-reperfizni poskozeni jater (I/R).
Za maximalni dobu ischemie jaterniho parenchymu se povazuje doba 60 minut. V klinické
praxi se snazime dopad I/R poskozeni minimalizovat ischemickym preconditioningem nebo
intermitentni okluzi, v rdmci niz se stiidaji 15-20 minutové periody uzavéru cévniho zasobeni
s 5 minutovymi intervaly obnoveni krevniho pratoku jatry. Urcitd ochranna role v ramci I/R

poskozeni je pfipisovéana i volatilnim anestetikiim, ptedev§im sevofluranu [25].
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Dalsi nevyhodou téchto technik je vyznamny zasah do systémové hemodynamiky
v dtsledku vyrazného snizeni zilniho ndvratu, coz vede ve vétSin€ piipadi k vyznamnému
poklesu srde¢niho vydeje a vzestupu systémové vaskularni rezistence. Pii nejCastéji
pouzivané technice Pringlova manévru dochazi k vzestupu stiedniho arterialniho tlaku (MAP)
a systémové vaskularni rezistence (SVR) a poklesu srde¢niho indexu (CI). Rlizné prace
na toto téma se mirn¢ 1isi v uvadénych hodnotach. Decailliot ve své praci ¢itajici 10 pacienti
podstupujicich jaterni resekci otevienou cestou monitoroval tyto zmény s vyuZzitim
plicnicového katétru a popsal uvadéné zmény nasledovné: TMAP o 18%, T1SVR o 36%,
ICI 09%, vtéto studii nebyla zaznamenana zména tepové frekvence [26,27].
Tato data nasledn¢ potvrdil v dalsi studii vyuzivajici k hemodynamické monitoraci
transesofagealni echokardiografii. Zde byl Pringliiv manévr spojen se statisticky vyznamnym
vzestupem MAP a SVR, poklesem left ventricular end diastolic area index (LVEDAI)
a poklesem tepového objemu (SV) [28]. V podobné praci Delva sledoval 48 pacientd,
ashledal tyto zmény po nasazeni Pringlova manévru: tTMAP o 21 %, tSVR o 48 %
a |CI o 17 %, vzestup tepové frekvence byl pouze zanedbatelny [29]. Popisuje, ze uvedené
zmény nastaly v prvnich 3 minutich a ptetrvavaly po celou dobu aplikace manévru. Po jeho
ukonceni doslo do 3 minut k normalizaci hemodynamiky s poklesem SVR. Chouker popsal
hemodynamické zmény obdobn¢, navic ale prokazal priznivy efekt ischemického
preconditioningu, ktery spocival v 10 minutové ischemizaci jater Pringlovym manévrem
s naslednou 10 minutovou reperfuzi v predresekéni fdzi na obchovou stabilitu ve fazi
reperfuze jater a na nizsi hladinu laktatu v reperfuzni fazi [30]. Zadna z uvedenych praci viak
nebyla provadéna s vyuzitim konceptu anestezie s nizkym centralnim Zzilnim tlakem, kdy lze

predpokladat jesté vyraznéjsi vyjadieni popsanych zmén.

Tyto zmény jsou pravdépodobné zplsobeny neurohumoralni reakci s vyplavenim
endogenniho vasopresinu, adrenalinu a noradrenalinu, jak prokazal ve své praci Lentschener,
ktery potlac¢il hemodynamicky efekt Pringlova manévru ptedchozi infiltraci hepatdlniho
pediklu lokalnim anestetikem [27]. Podobné hormonélni a hemodynamické zmény byly
popsany 1 béhem jaterni vaskularni exkluze [31]. VySe uvedené zmény pak ve svém dusledku
mohou vést k hypoperfuzi tkani a naristu tkanového kyslikového dluhu se vSemi svymi

dasledky [32,33].
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2.1.3 Specidlni technické vybaveni pro resekéni vykony

Peroperacni krevni ztratu se v poslednich letech podafilo snizit taktéz diky vyuziti
modernich chirurgickych nastroji, z nichz povazuji za nutné zminit alespon kavitronovy
ultrasonograficky aspirator (CUSA) a harmonicky skalpel. Kavitronovy ultrasonograficky
aspirator kombinuje energii ultrazvuku s aspiraci tkanové drti, coz vede ke skeletizaci
parenchymovych cév a zlucovodu, které Ize poté bezpecné prerusit. Pouziti pfistroje tak

zptehlednuje operacni pole a snizuje riziko ptimého poranéni cév a zZlucovodu.

Harmonicky skalpel vyuzivd vysokofrekvencnich ultrazvukovych vibraci (55000/min.)
ke koagulaci tkani prostfednictvim denaturace proteind, ¢imz je eliminovano tepelné
poskozeni okolni tkdn€ pti velmi precizni transekci pferuSovanych struktur [34]. Pii vlastnim
operovani dochazi nejprve k bezpe¢nému obnazeni cévnich struktur a zlu€ovodid pomoci
CUSA anéasledné kjejich preruseni harmonickym skalpelem. Tato technika zvySuje
bezpe¢nost operovani, snizuje krevni ztratu a zkracuje Cas potiebny k resekci jaterniho

parenchymu.

V poslednich letech se i v jaterni chirurgii stale vice uplatiiuji laparoskopické techniky, a to
jak klasické, tak robotické. Jejich vyuziti je omezeno spiSe na periferné lokalizované tumory
mensi velikosti (cca do 5 cm), ackoliv i rozséhlé jaterni resekce je mozné provadét touto
technikou. N¢ktera data ukazuji na sniZeni krevni ztraty, kratSi dobu hospitalizace a snizenou

spotiebu analgetik u pacientll podstupujicich laparoskopické jaterni resekce [35].

2.2 SPECIFIKA ANESTEZIE PRI JATERNI RESEKCI

2.2.1 Predoperacni vySetieni a péce

U pacientii se zachovanou funkci jater se povazuje za bezpecnou resekce az 4 jaternich
segmentl, coz je vice nez 50 % jaterniho parenchymu. Za maximalni pfipustny rozsah resekce
se povazuje resekce 70 % jaterniho parenchymu [36]. U pacientd se strukturdlnim a funkénim
postizenim jater jsou takovéto vykony vysoce rizikové, jelikoZz jsou zatizeny vétsi krevni
ztratou a vysSSim rizikem perioperacniho jaterniho selhdni. Mezi rizikové faktory patii
pfedevSim vys§i vék (> 70 let), cirthosa nebo fibrosa jater, hepatitida, steatosa nebo
pfedoperacni chemoterapie [36,37]. U téchto pacienti se neresekuje vice nez 40-50 %

parenchymu. V piipad¢ rozsahlejsi resekce hrozi u téchto pacientii riziko pooperacniho
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selhani jater [38]. Prili§ rozsahla resekce jater mize vést k manifestaci tzv. small for size
syndrom, ktery je dan nedostate¢nou velikosti a funkéni zdatnosti zbylého parenchymu.
Tento syndrom je pak spojen s rozvojem portalni hypertenze, hypoalbuminemie, jicnovych
varixu, cholestdzou, hepatorendlnim selhanim atd. Urcitou moznosti, jak se této komplikaci
vyhnout i pfi nutnosti rozsahlé resekce, je embolizace ptislusné vétve portalni zily v ptredstihu
jaterniho parenchymu, coz v druhé dobé umozni provést primarné piili§ rozsahlou jaterni

resekci.

Pted jakoukoliv jaterni resekci by mél byt zhodnocen funkéni stav jaterniho parenchymu.
Soucasti predoperaniho vySetfeni by mélo byt klinické vySetfeni, pii némz patrame
po moznych znadmkach jaterniho onemocnéni (ikteru, ascitu, zvySené naplni zil v oblasti caput
medusae, znamkach zvySené krvacivosti jako jsou ¢etné podkozni hematomy, hepato- ¢i
splenomegalii apod.). V anamnéze se zaméfujeme na otazky tykajici se pfedchoziho postizeni
jater nasledkem prodélané hepatitidy, abusus alkoholu ¢i 1€ka, diive diagnostikovanou jaterni
steatosu ¢i cirhosu, ptdme se, zda pacient podstoupil chemoterapii, jelikoz ta mize byt

spojena s rozvojem chemoterapii indukované steatohepatitidy.

Soucésti laboratorniho vySetieni pfed jaterni resekci musi byt vySetieni hladiny bilirubinu
a jaternich enzymt (ALT, AST, GMT, ALP) pfi¢emz za tolerovatelné se povazuje maximalné
trojnasobné zvySeni hladiny nad normu. Daéle hladiny albuminu, standardem je
hemokoagulaéni vySetfeni vcetné INR a krevni obraz. Vylou¢ena musi byt téZ virova

hepatitida.

Standardn€¢ se u pacientll s chronickym postizenim jater uruje Child-Pugh score

(tabulka 1).

Tabulka 1 Kalkulace Child- Pugh skore

Parametr jeden bod | dva body tri body

Bilirubin <2 2,0-3,0 >3

Albumin >35 2,8-3,5 <28

INR <1,7 1,8-2,2 >2,2

Ascites ne maly, kontrolovatelny Spatné€ kontrolovatelny
Encefalopatie | ne lehka (stupeii 1 az 2) stiedné t¢zka az tézka (stupen 3—4)
Child-Pugh A = 5-6 bod, Child-Pugh B = 7-9 bodt, Child-Pugh C => 9 bodi
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A dale Model of End-Stage Liver Disease (MELD) score. Toto skore je kalkulovano podle
rovnice:

(1) MELD = 9,57 x loge(kreat./88,5) + 3,78 x log. (bilir./17,1) + 11,20 x log. (INR) +6,43
kde kreat. je hladina kreatininu v umol/l a bilir. je hladina bilirubinu v pmol/I.

Oba skorovaci systémy urcuji tizi chronického poskozeni jater. Child Pugh score predikuje
periopera¢ni mortalitu a pravdépodobnost doziti a MELD score predikuje 3 mési¢ni mortalitu.
Se stupném cirhotického postizeni jater dramaticky nartistd periopera¢ni morbidita i mortalita
[39,40]. Obecné lze tici, ze vykon je proveditelny bez zvySeného rizika u pacientti s Child-
Pugh score A a MELD score <8, ve skupiné¢ Child-Pugh B a MELD 8-14 je nutno vykon
peclivé zvazit (véetné funkéniho vysetfeni jater) a vétSinou je mozné provadét pouze vykony
omezeného rozsahu a ve skupiné Child-Pugh C a MELD > 14 neni provedeni vykonu vhodné

pro extrémné vysoké riziko pooperacni mortality.

Déle je pred planovanou velkou jaterni resekci (resekci vice nez 3 segmentll) vhodné
provést funkéni vySetfeni jater testem s indocyaninovou zeleni. Pfi tomto testu je podana
indocyaninova zelen, u které je vyrazné vyjadien jaterni first pass effect, a je v jaterni tkéni
rychle vychytdna a vyloucena do zluci. Plasmaticka clearance této latky miize byt po jejim
podéani snadno meéfena neinvazivné spektrofotometricky. Za poruchu clearance této latky
povazujeme, pokud po 15 minutidch od podéni zlstava v cirkulaci vice nez 15% indikéatoru

[5,41].

Samoziejmou soucasti piedopera¢niho vySetfeni je zhodnoceni celkového stavu pacienta
a stavu ostatnich organovych funkci. V tomto se ptredoperacni pfiprava v zdsad€ nelisi
od ostatnich velkych nitrobfisnich vykont. V ramci piedoperacni ptfipravy mize byt podana
standardni premedikace kratkodobé G¢innym benzodiazepinem nebo opioidem dle zvyklosti
pracoviSté. Vzhledem k pozadavku na udrzeni hypovolemie, respektive nizkého centralniho
Zilniho tlaku béhem vykonu neni Zadouci podani vétsiho mnoZstvi tekutin pted opera¢nim
vykonem. Pied operaci se rovnéz zavadi centralni Zilni katetr (CZK), preferenéné cestou

vnitini jugularni Zily.
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2.2.2 Vedeni anestezie a peroperacni tekutinova lécba

Resekéni vykony vétSiho rozsahu podstupuji pouze pacienti s dostate¢né zachovanou
funkcni kapacitou jater, proto neni nutné omezovat vyrazné vybér anestetik, opioidnich
analgetik, svalovych relaxancii a dalSich [ékti bézné wuzivanych béhem celkové
¢i kombinované anestezie. Vhodné&jsi je vyuzivat pfedevsim latky, jejichz eliminace neni
vazédna na jaterni metabolismus, a takové, u kterych nedochdzi k vyznamné kumulaci

v organismu. Pro vedeni anestezie jsou nejCastéji vyuzivana inhalacni anestetika.

Diilezité je udrzovat v piedresekéni fizi minimélni piivod tekutin. Udaje o kvantitd
se rizni od 1 ml/kg t.hm./h do 6 ml/kg t.hm./h [5,13,42-44]. Béhem jaternich resekei je uzivan
koncept hypovolemické tzv. low CVP anestezie (viz nize), jehoz podstatou je udrzovat CVP
pod 5 mmHg. Vétsi mnozstvi tekutin podanych v predresekéni fazi mize vést ke vzestupu
CVP atim zapfiCinit i vétsi krevni ztratu v prabéhu vlastni resekce jater. Existuji prace
poukazujici na negativni efekt nadmérného podavéani tekutin v perioperatnim obdobi
a vhodnost spiSe restriktivniho pfistupu [45,46]. Mimo jiné i z téchto divodil patii mezi
standardni zaji§téni pacienta pro tento typ vykonu zavedeni centralniho Zilniho katétru (CZK)
cestou vena subclavia nebo vena jugularis interna a zavedeni katétru do arteria radialis pro

invazivni méfeni arteridlniho tlaku ¢i hemodynamickou monitoraci.

Hlavnim cilem anestesiologa v pé¢i o pacienta podstupujiciho jaterni resekéni vykon je
udrZzeni hemodynamické stability béhem vykonu, pfedevSim pii nahlé velké krevni ztraté
¢ive fazi chirurgickych manipulaci, které zasadnim zplisobem ovliviiuji hemodynamiku
(napt. nakladani a uvoliiovani cévnich svorek, manipulace s jatry, které vedou k do€asnému
sniZzeni ¢i zastaveni Zilntho ndvratu cestou dolni duté Zily), minimalizace krevni ztraty

a racionalni pouziti transfuznich piipravki.

Pii vzniku ob&hové nestability je prvnim lé€ebnym opatfenim uloZeni pacienta
do Trendelenburgovy polohy, tedy polohy pacienta s hlavou sklonénou dolt, ¢i okamzité
vyfazeni pozitivniho end expiracniho tlaku (PEEP). Bylo potvrzeno, Ze uziti
Trendelenburgovy polohy vede ke zvySeni CO a MAP u pacientii podstupujicich jaterni
resekci [47]. Vyfazeni PEEP vede ke snizeni nitrohrudniho tlaku a tim padem ke zvySeni
zilniho navratu, coz ma za nasledek lepsi plnéni a vydej pravé komory srdecni. Prechodné

poklesy tlaku nekorigujeme podavanim velkého objemu infuznich roztokil, protoze to mize
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vést k hypervolemii a zvétSeni krvaceni z jaternich zil. Vétsi objemové néhrady pouzivame

pouze ke kryti peroperacni krevni ztraty.

Casto je nutné podani vasoaktivnich latek. Nézory na optimalni farmakum se riizni. Velmi
Casto je uzivan dobutamin pro svlj pozitivné inotropni efekt [48]. Problémem je,
ze hemodynamicka nestabilita je dana vyraznym sniZenim preloadu obou komor. Je tudiz
otazkou, zda v situaci nedostate¢ného plnéni komor podavat inotropikum, které nemusi vést
ke stabilizaci ob&hu? Casto uzivanym katecholaminem je také noradrenalin, ale i zde neni
vyuziti bez vyhrad. Divodem je dal$i zvySovani dotiZzeni levé komory srdecni pii nartstajici
vaskularni rezistenci, ktera je jiz Casto zvySena pouzitim PM. Na druhou stranu miize byt
vyhodou mobilizace krve zkapacitniho vendzniho feciSté pii jeho tonizaci UCinkem
vasopresoru a tim zvySeni zilntho navratu. S tim je spojené zvySeni naplné pravé komory
asrdecniho vydeje. Lze rovnéz piredpokladat urcity P1 mimeticky inotropni efekt
noradrenalinu [49]. K ob&hové stabilizaci je uzivan i1 efedrin, ktery vhodné kombinuje
pozitivné inotropni a vasokonstrikéni efekt pii pomérné dobré fiditelnosti (kterd je vzhledem
k epizodickému vyskytu hemodynamické nestability vyhodou). Efedrin je vyuzivan i pfi

resekénich vykonech pii darcovstvi jaterni tkané€ [50].

2.2.3 Anesteziologické moZnosti redukce krvaceni a podavani transfuzi

V podavani transfuznich pfipravkll u jaternich resekci je dnes snaha byt co nejvice
restriktivni a podavat je skute¢né pouze v indikovanych ptipadech. Kazdé podani transfuzniho
pfipravku je spojeno stadou rizik vcéetné zvySeni pooperacni morbidity a mortality
a nepfiznivym vlivem na dlouhodobé pieZivani pacienta [51-56]. Rada praci z poslednich let
prokazuje, Ze dfive obecn€ uznavané striktni transfuzni limity byly pfili§ benevolentni a ani
hladina hemoglobinu pod 90 g/l neni spojena se zvySenim perioperacnich rizik [57]. Rovnéz
indikace k podani krevni plasmy, by méla byt vazdna na vysledek hemokoagulaéniho

vySetieni.

2.2.3.1. Anestezie s nizkym centralnim Zilnim tlakem

Hlavnim néstrojem pro snizeni krevni ztraty je dnes jiz standardné pouZzivana technika

tzv. low CVP anesthesia (L-CVP) tedy anestezie s nizkym centralnim zilnim tlakem.

221 -


http://wizfolio.com/?citation=1&ver=3&ItemID=631&UserID=23002&AccessCode=15FD12CCFDFF4A6CAFAFAFB279D24E44&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=697&UserID=23002&AccessCode=1738178E446C4E4B816041A6FCA745F2&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=591&UserID=23002&AccessCode=2738780C827A43E7BBF053FFC728862C&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=633&UserID=23002&AccessCode=B214B045CDDE453EAF26FE0E08CF5AB3&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=633&UserID=23002&AccessCode=B214B045CDDE453EAF26FE0E08CF5AB3&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=648&UserID=23002&AccessCode=DBA8987D2D8F4585A897C082FEB50BC5&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=647&UserID=23002&AccessCode=87FD7669C23C4816B57863D7AA3E6A82&CitationSuffix=

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Rada praci prokazala vliv této techniky na velikost krevni ztraty, mnozstvi podanych
transfuznich ptipravki béhem jaterni resekce, jakoz i na morbiditu a mortalitu pacientl
[5,9-11,13,54,58-59]. Na druhou stranu je tieba zminit, ze nékteré¢ studie vyznam tohoto
Siroce pfijimaného principu zpochybiuji [60,61]. Divodem muize byt 1 to, Ze fada
anesteziologi neni schopna spravné urcit nulovou hladinu pro méteni CVP, jak ukazala
neddvna dotaznikova studie, v niz byla ziskdna spravnd odpovéd na tuto otazku pouze

u 3,4 % anesteziologl a intensivisti [62] .

Cilem L-CVP je udrzovat u pacienta centralni zilni tlak pod 5 mmHg. Prostfedkem
k dosazeni nizkého CVP je udrzovani jisté miry hypovolemie s cilem snizeni transmuralniho
tlakového gradientu jaternich zil a taktéz jejich priméru. Vychazime ptitom z predpokladu,
ze tlak na rovni dolni duté zily odpovida centralnimu zilnimu tlaku [55]. Krevni ztrata pii
poranéni cévy je potom piimo umérna transmuralnimu tlakovému gradientu a ¢tvrté mocniné
poloméru poranéné cévy. Snizenim CVP tak snizujeme nejen tlakovou komponentu této
rovnice, ale minimalizujeme i velikost poranéni diky mensi distenzi poranéné Zily [5]. Jak jiz
bylo zminéno vySe, doptedné krvaceni je dobie kontrolovatelné nalozenim svorky na
ptivodné cévy, ale retrogradni zilni krvaceni je obtizné kontrolovatelné, a pravé technika L-

CVP miZe ke kontrole tohoto typu krvaceni vyznamné pfispét.

K dosazZeni nizkého CVP je uZivana fada postupil, mezi néZ patii: restrikce tekutin pted
vykonem a béhem operace, pouziti vasodilatancii (nejCastéji isosorbiddinitratu)
a vasodilatacniho tuc¢inku volatilnich anestetik, pfedoperacni hypovolemicka hemodiluce,
epidurdlni anestezie, pouziti diuretik, ventilace s minimalizaci nitrohrudniho tlaku -

pfedevSim s minimalnim tlakem na konci expiria.

Cilem téchto technik je snizeni napln€ cévniho feciSté (restrikce tekutin, diuretika,
hypovolemickd hemodiluce), sniZzeni Zilniho navratu (vasodilatancia, epidurdlni anestezie)
a snizeni nitrohrudniho tlaku pfi umélé plicni ventilace pozitivnim tlakem, ktery vede
k méstnani Zilni krve pfed pravou sini a zvysSuje tak polomér jaternich Zil 1 jejich transmuralni

tlakovy gradient. I kdyz vliv posledné jmenované techniky je diskutabilni [63].

Dtive byla Siroce akceptovana mysSlenka, ze béhem jaternich resekci by neméla byt
pouzivana uméla plicni ventilace s pouzitim PEEP, jelikoZ tento pfetlak na konci expiria
muze zvySovat CVP a tlak v jaternich Zilach a vést tak ke zvySeni krevni ztraty [11,12].

Na druhou stranu byl neddvnou multicentrickou studii, kterd se zabyvala pouzitim tzv. plicni
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protektivni ventilace (jejiz soucasti je i pouziti PEEP a oteviracich plicnich manévri),
prokdzan pozitivni vliv takto vedené ventilace na vyskyt pooperacnich plicnich komplikaci
u velkych nitrobfisnich operaci [64]. Naslednd analyza této studie zaméfend na skupinu
pacientl, ktefi podstoupili jaterni resekci, neprokazala vztah mezi pouzitim PEEP a velikosti

krevni ztraty nebo mnozstvim podanych transfuzi béhem operacniho vykonu [65].

Dosud neni zcela jasné, jakého konkrétniho cilového CVP v ramci L-CVP doséhnout.
Publikovana byla prace, ktera prokazuje pozitivni efekt snizovani CVP az k nulovym
hodnotam [13]. Otazkou pfitom zdstava i optimalni tiroven pro méfeni CVP. Standardné je
tlakovy pfevodnik pro méifeni CVP umistovan do urovné pravé srdeCni siné, respektive
sttedni axilarni ¢ary. Existuje ale 1 nazor, Ze takovéto pausalni stanoveni referencni hladiny
méfeni neni u jaterni resekce optimalni. Divodem je rozdilnéd velikost pfedozadniho rozméru
jater jednotlivych pacientl, jakoz i rozdilna uroven, ve které je vlastni chirurgicky vykon
provadén [66]. Proto nekteti autofi doporucuji umistit tlakovy pievodnik do trovné, ve které
probihd vlastni chirurgickd resekce s cilem ziskat co nejptesnéjSi hodnotu zilniho tlaku

v operované oblasti.

Snizovani CVP ma krom¢ piinosu i fadu potencidlnich rizik. Vedle rizika ob&hové
nestability a hypoperfuze tkani je to i riziko vzduchové embolie. Pfi nizké hodnoté CVP miize
dojit k nasati vzduchu z poranénych Zil v oblasti opera¢niho pole a jeho priniku cestou
pravého srdce do vétvi plicni arterie, ¢i paradoxni embolizaci cestou otevieného foramen
ovale do mozkové cirkulace [67,68]. Anesteziolog musi byt schopen tuto komplikaci rychle
rozpoznat a feSit. Mezi typické priznaky patifi vyrazna obchova nestabilita, tachykardie,
vzestup CVP a pokles SpO, a koncentrace CO, na konci vydechu (ETCO,;). K rychlému
potvrzeni peroperacni vzduchové embolizace mulZe piispét okamzité provedeni
echokardiografického vySetfeni. Existuji tdaje o tom, Ze pouziti kavitronového

ultrasonografického aspiratoru miize ¢etnost vzduchovych embolizaci zvySovat [69].

Jak jiZ bylo uvedeno, snizuje chirurgicka manipulace s jatry (okluzni manévry jaternich
cév, manudlni manipulace s jatry, pii které dochazi k utlaku dolni duté Zily) vyznamnym
zpiisobem zilni navrat a tim ovliviiuje systémovou hemodynamiku. Tento efekt se manifestuje
tim vice, ¢im je niz8i ndpli cévniho fecisté pacienta. Neni proto vyjimkou, Ze béhem jaternich
resekci dochazi k epizoddm vyznamné obchové nestability, kterd si nezfidka vynuti podani
vasoaktivnich latek a Casto 1 kratkodobé pferuSeni chirurgické manipulace. Situace se mize

stat pomémné dramatickou ve chvili, kdy se ktémto nepfiznivym hemodynamickym
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podminkdm pfidruzi ndhld vyznamna krevni ztrata. Z tohoto diivodu je nutnd pecliva
monitorace krevniho ob&hu pacienta a pfipravenost anesteziologa rychle dopliiovat ztraceny
krevni objem a okamzité zahajit podavani vasoaktivnich latek. Soucasti L-CVP anestezie by

proto vzdy mélo byt zajisténi dostate¢ného mnozstvi zilnich vstupt.

2.2.3.2 Vyuziti viskoelastickych metod vysetieni hemokoagulace a cilené léechby koagulopatie

V soucasné dobé existuje moznost peroperacniho vysetfenim hemokoagulace pomoci
tzv. viskoelastickych metod (tromboelastometrie/grafie), které je rychlejsi, spolehlivéjsi
aumoznuje mimo jiné cilenou lécbu koagulopatie s vyuzitim koncentrati koagulacnich
faktordt [57,70-73]. Pfi vyuziti téchto metod je vySetiovana plnd krev, véetné své bunécné
slozZky, a tim padem je pii vySetfeni zachovdna vzajemnd interakce vSech slozek
hemokoagulace (s vyjimkou endotelu). VySetfeni je mozno provadét piimo u ltizka pacienta
nebo v prostfedi opera¢niho salu. Vysledek vySetfeni mizeme sledovat v redlném case
a okamzité na néj reagovat. Diky pouziti koncentratli koagulacnich faktort v ramci tzv. goal
directed coagulation therapy, je casto moZné se zcela vyhnout podéani alogenniho
transfuzniho ptipravku (krevni plasmy, krevnich desti¢ek) nebo jejich davku vyznamné
redukovat. Tyto postupy jsou jiz nyni zavadény do klinické praxe vramci jaternich
transplantaci [72,74]. Objevuje se stale vice diikazi, Ze podani krevni plasmy je podobn¢ jako
podani erytrocytarniho koncentratu a dalSich transfuznich piipravki spojeno s rizikem

imunosuprese, sepse, plicnich a dalSich komplikaci [75-77].

Ve skute¢nosti nejsou standardni koagulacni testy schopny spolehlivé a dostate¢né rychle
urcit hemokoagula¢ni stav operovanych pacientll a to nejen peroperacné, ale ni v ¢asném
pooperacnim obdobi [78-80]. Je to ddno piedevSim nutnosti zpracovani krevniho vzorku
v laboratofi za standardnich podminek (tzn. po centrifugaci a ohfati vzorku na normalni

télesnou teplotu) a vyloucenim bunééné slozky krve.

2.2.3.2 Antifibrinolytika

Jednou zcest ke sniZzeni peroperacni krevni ztraty miiZze byt vyuZiti antifbrinolytik
jmenovité kyseliny tranexamové a to predevsim u tézkého krvaceni, které dosdhne cca 20 %
celkového objemu krve operovaného pacienta [57,81]. Tato latka se in vivo vaze
na plasminogen a plasmin a inhibuje jeho fibrinolytickou aktivitu, a tim brani lyze jiz

vzniklého koagula. Kyselina tranexamova je dnes standardné vyuzivdna v transplantacni

-4 -


http://wizfolio.com/?citation=1&ver=3&ItemID=644&UserID=23002&AccessCode=A51615715EED49C29E4EF7163EF3DB6D&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=644&UserID=23002&AccessCode=A51615715EED49C29E4EF7163EF3DB6D&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=825&UserID=23002&AccessCode=62B0FD8557884A359AFC3305BEB1A7A4&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=626&UserID=23002&AccessCode=F88127E921B849FA80835FCE91525257&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=626&UserID=23002&AccessCode=F88127E921B849FA80835FCE91525257&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=670&UserID=23002&AccessCode=B57D7E1EB5A9419BB164D7B148A70BB9&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=670&UserID=23002&AccessCode=B57D7E1EB5A9419BB164D7B148A70BB9&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=668&UserID=23002&AccessCode=9928AC152F624890B8F17BFCEE50B3E6&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=436&UserID=23002&AccessCode=39CB45A009C94DD59C6546B7F5103316&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=436&UserID=23002&AccessCode=39CB45A009C94DD59C6546B7F5103316&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=778&UserID=23002&AccessCode=2ABB43EC8CDA4649A38290F78EC404D5&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=647&UserID=23002&AccessCode=87FD7669C23C4816B57863D7AA3E6A82&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=647&UserID=23002&AccessCode=87FD7669C23C4816B57863D7AA3E6A82&CitationSuffix=

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

chirurgii jater, kde existuji data o jejim vlivu na redukci krevni ztraty a sniZeni potieby
transfuznich pfipravklt bez zvySeni rizika tromboembolickych komplikaci [81-83].
Presvédciva data z prostiedi netransplantacni jaterni chirurgie zatim chybéji. Uziti této latky
je vsak jiz dnes soucasti evropskych doporuceni pro 1écbu masivniho peropera¢niho krvaceni
[57]. Proto jeji podani v piipad¢ vyznamného krvaceni pfi jaterni resekci miizeme povazovat

za racionalni postup.

2.2.3.3 Normovolemicka hemodiluce

Dalsi uc¢innou metodou ke snizeni krevni ztraty je akutni normovolemickd hemodiluce.
Pti této technice je bezprostiedné pied operaci odebrano pacientovi pfesné dané mnozstvi
krve, které je pak nahrazeno koloidnim ¢i krystaloidnim nédhradnim roztokem. Tato
hemodiluce vede ke sniZeni ztraty erytrocytt pii krvaceni a zlepSuje reologické vlastnosti
krve. V ptipad¢ potieby je mozno autologni krev pacientovi ihned transfundovat a tim prede;jit
rozvoji klinicky vyznamné anémie. Nékolik praci véetné metaanalyzy Cochranovy databéaze
prokazalo pfiznivy efekt normovolemické hemodiluce na mnozstvi podanych krevnich

transfuzi béhem jaternich resekci [60,84,85].

2.2.3.4 Aktivni ohrev pacienta

Béhem jaternich resekci nesmi byt opomenut ani termomanagement pacienta, spoc¢ivajici
v aktivnim ohfevu télesného povrchu pacienta ohfatym vzduchem (tzv. forced air warming
systétmy, napi. Warmtouch nebo Bairhugger) a v ohfevu vSech podavanych infuznich
a transfuznich ptipravki. Udrzovdnim normalni télesné teploty pacienta branime rozvoji
koagulaéni poruchy a sniZzujeme velikost krevni ztraty [57]. Samoziejmosti by mélo byt

méteni centralni télesné teploty napf. jicnovym teplomérem.

2.2.4 Epiduralni anestezie u jaternich resekci

Kratkou zminku si zaslouzi vyuziti epidurdlni anestezie u jaternich resekci. Jedna

se o metodu, ktera plni v rdmci jaterni resek¢ni chirurgie dvé funkce:

1) funkci anestetickou, respektive analgetickou, kterd je spojena s blokadou vedeni
bolestivych stimulli z oblasti opera¢ni rany jak v obdobi intraopera¢nim, tak v obdobi
pooperacnim. To je spojeno se zvySenim komfortu nemocného, Utlumem stresové reakce,

sniZzenim rizika pooperacnich tromboembolickych komplikaci atd.
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2) funkci vasodilataéni — intraoperacni blokada pregangliovych vldken sympatiku vede
k vasodilataci cév pod urovni blokddy, zvySeni kapacity zilniho feciSté, snizeni zilniho

navratu a redukci CVP béhem operace.

vvvvvv

zpochybiiovan. Diivodem je potencidlni riziko vzniku epiduralniho hematomu pii pooperacni
extrakci epidurdlniho katétru, kdy, jak se ptedpokladalo, vrcholi hemokoagula¢ni porucha
dana jaterni operaci a nedostatecnou syntetickou funkci residudlniho jaterniho parenchymu.
Rada praci prokazala patologické hodnoty standardnich hemokoagulatnich parametrt
v Casném pooperacnim obdobi u pacientti, ktefi podstoupili jaterni resekci [86-93].
Rozhodujicimi faktory, které ovlivnily rozvoj této pooperacni koagulopatie, byly rozsah
jaterni resekce a peroperacni krevni ztrata. NejCastéji zminovanou zménou koagulace je
prodlouzeni protrombinového Casu respektive INR s maximem v prvnim pooperacnim dni

a pokles poctu trombocytl s maximem ve tfetim poopera¢nim dni [90-92].

VysSetfenim krevni srazlivosti modernimi viskoelastickymi metodami (ROTEM, TEQG)
nebyl rozvoj této pooperacni koagulopatie prokazan [80]. Pii snizené¢ funkci jaterniho
parenchymu nedochazi totiz pouze k ovlivnéni produkce prokoagulacnich faktoru (f II, V,
VII, IX a X), ale i faktorti antikoagulacnich (protein C, protein S, antitrombin III) a navic
dochdzi k hromadéni F VIII a von Willebrandova faktoru, jak bylo prokdzano u pacientd,
ktefi podstoupili jaterni resekci i u pacientl se selhdnim jater [78,94-97]. Témito zmé&nami
dochazi k ustaveni nové rovnovahy pro — a antikoagulacnich faktorti, kdy systém krevniho
srazeni ma nizsi celkové mnozstvi koagulacnich faktort, ale srazlivost krve zlstava v dany
moment normalni. N€kdy byl viskoelastickymi metodami prokézan hyperkoagulacni stav,
ktery byl v pfimém rozporu s hypokoagulatnim stavem diagnostikovanym standardnimi
hemokoagulacnimi testy [96]. Lze predpokladat, Ze riziko vzniku epiduralniho hematomu
spojené s vyuzitim epiduralni anestezie u pacientti podstupujicich jaterni resekei (s vyjimkou
pacientll s preexistujici zadvaznou jaterni dysfunkci) se zasadné neliSi od ostatni populace
pacienti podstupujicich rozsihlé¢ nitrobfisni operaéni vykony. Dosud chybi velka
multicentricka randomizovana studie, ktera by feSila tuto problematiku, zadné z observacnich
studii doposud nepotvrdila zvySeny vyskyt komplikaci spojenych s epidurdlni anestezii
v ramci jaterni chirurgie [98]-102]. Existuje 1 prace, ktera ukazuje pozitivni vliv epiduralni
analgezie na délku intervalu bez prokazatelného onemocnéni (recurrence free interval)

po resekci jaternich metastdz kolorektalniho karcinomu [99]. Epidurdlni anestezie se tedy
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v ramci jaterni chirurgie jevi jako bezpe¢na. Usnadiiuje dosazeni nizkého CVP pfi resekci
jater (¢imz umoznuje vyhnout se podani diuretik a vazodilatancii), zajistuje kvalitni analgezii
v pooperacnim obdobi, snizuje davky systémoveé podavanych analgetik, umoznuje ¢asnéjsi

mobilizaci pacienta a snizuje riziko tromboembolickych komplikaci.

Po provedeném vykonu pacienta oSetiujeme zvykle na jednotce intenzivni péce.
K analgezii pouzivame taktéz opioidy, nevyhybame se ani pouziti neopioidnich analgetik
(metamizol, ketoprofen), ale striktné dodrzujeme maximalni povolenou davku a v ptfipadé

vyznamné elevace transaminaz od jejich pouziti vétSinou upoustime.
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2.3 OBECNE POZNAMKY K HEMODYNAMICKE MONITORACI

Monitorovani kardiovaskularniho systému patii k zakladnim modalitdm monitorace béhem
operac¢niho vykonu i v pooperacni péci. Umoznuje sledovat, jak kardiovaskularni systém
reaguje na veskeré vlivy, kterym je béhem operacniho vykonu vystaven. At uz se jedna o vliv
podavanych farmak, chirurgické manipulace nebo krevni ztraty. Cilem této monitorace je
Casnd detekce znamek ob&hové nestability ¢i nadmérné sympatické stimulace, sledovani

efektu podani vasoaktivnich latek a infuzi, ¢asné detekce peroperacnich komplikaci atd.

Nejcastéjsim problémem, se kterym se organismus pii velkych chirurgickych vykonech
potyka, je ob&hova nestabilita dand krevni ztratou nebo manipulaci v oblasti velkych cév.
V extrémnim piipadé mize tato nestabilita vyustit az v Sokovy stav, kdy krevni obéh neni
schopen zajistit adekvatni dodavku kysliku tkdnim organismu. Dusledkem je hypoxie
a organova dysfunkce. Nejcastéjsi typem Sokového stavu v rdmci chirurgickych vykoni je
Sok hypovolemicky, ktery je spojen s nedostateCnou néaplni cévniho systému, poklesem

tepového objemu srde¢niho a hypotenzi.

K monitoraci kardiovaskularniho systému muzeme v soucasnosti vyuzit celou Skalu
ptistroju, které se 1isi pouzitym fyzikalnim principem, mirou invazivity, pfesnosti, mnozstvim
poskytovanych informaci a tim, zda je méfeni provadéno intermitentné nebo kontinualné.
Hlavnim cilem vyuZiti vSech té€chto pfistroji by mélo byt udrZeni ob&hové stability pacienta,

a tedy zajiSténi dostatecné dodavky kysliku tkanim.
Dodavka kysliku DO, (ml/min) tkdnim je definovana touto rovnici:
(2) DO, =CO x [Hb x Sa0; x 1,34 + (paO, x 0,003)]

CO (I/min) je srde¢ni vydej, tzn. mnozstvi krve, které srdce piecerpd za 1 minutu. Hb (g/1)
je koncentrace krevniho barviva hemoglobinu, SaO, je saturace arterialni krve kyslikem, 1,34
je konstanta dana vazebnou kapacitou hemoglobinu pro kyslik, paO; je parcialni tlak kysliku

v arteridlni krvi (mmHg), 0,003 je koeficient rozpustnosti kysliku v plasmé.

Z pohledu hemodynamiky je zasadnim parametrem DO, srde¢ni vydej. Srde¢ni vydej je

zavisly na dvou faktorech — tepovém objemu (SV) a minutové srdecni frekvenci (HR).

(3) CO =SV x HR.
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SV je ovliviiovan nékolika faktory: piedtizenim (preload), dotizenim (afterload)

a kontraktilitou myokardu.

Preload je stav napéti vlaken myokardu na konci diastoly. Je dan plnénim srdce na konci
diastoly a urCuje vzajemné postaveni aktinu a myosinu v myofibrilach srde¢niho svalu (viz

Frank Starlingova kiivka vyse)

Afterload je napéti ve stén¢ komory v dobé systoly. Jedna se o odpor, proti kterému srdce

vypuzuje krev.
Kontraktilita je sila stahu srde¢niho svalového vlakna nezavisla na preloadu ¢i afterloadu.

Krevni tlak v obéhu je potom dan soufinem srdecniho vydeje a systémové vaskuldrni

rezistence podle rovnice:
(4) BP=COx SVR

Jak jiZ bylo feceno, je hlavni funkci krevniho obéhu dostate¢né zasobeni tkani kyslikem.
K dosazeni tohoto cile jsou dulezit¢ dva faktory: 1) adekvatni perfuzni tlak a 2) dostatecny
srde¢ni vydej. Pokud chceme ziskat uUplny piehled o hemodynamickém stavu pacienta,

musime znat oba tyto parametry.

2.3.1 Standardné sledované parametry krevniho obéhu

2.3.1.1 Arterialni tlak

Meéteni arteridlniho tlaku patfi spolecné s monitoraci EKG krutinni monitoraci
kardiovaskularniho systému b&€hem opera¢niho vykonu. Méfeni arteridlniho tlaku miizeme
provadét bud’ neinvazivné nebo invazivné — s nutnosti zavedeni katetru do ptislusné arterie
(nejcastéji radidlni nebo femordlni). Pfi neinvazivnim zplsobu monitorovani se jedna
o nepiimé méfeni arteridlniho tlaku, kdy se méfi protitlak, ktery vykonava pulsujici sténa
arterie proti manzeté tonometru ¢i jinému médiu, které predtim vyvinulo tlak, ktery vedl
k vyprazdnéni a stiSténi arterie. Existuje nckolik rtiznych zatizeni pro neinvazivni méfeni
arteridlniho tlaku, které jsou zaloZeny na vyuziti aplana¢ni tonometrie, oscilometrie,
auskultaéni metody ¢imetody tzv. objemového zdmku. Metody zaloZené na principu

aplanac¢ni tonometrie a objemového zamku umoznuji kontinudlni méfeni krevniho tlaku.

-29 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Metoda objemového zamku dle Pendze

Metoda uziva tlakovou manzetu, ktera se nasazuje na prst pacienta a ktera vykonava tlak
na prst. Soucasti zafizeni je dale emitor a detektor infraCerveného svétla, ktery méti primer
digitalni arterie. Za pomoci této fotopletysmografické metody je udrzovan v manzeté takovy
tlak, aby objem (primeér) digitalni arterie ztstal béhem srdecniho cyklu nezménén. Jestlize je
prumér arterie konstantni, pak tlak vyvijeni tlakovou manZetou naprst odpovida
intraarterialnimu tlaku a je mozné zaznamenavat kiivku arterialniho tlaku. Tento typ méfeni
tlaku v soucasnosti vyuzivaji dvé dostupna zatizeni: CNAP (CNSystems Medizintechnik AG,
Graz, Austria) a ClearSight (Edwards Lifesciences, Irvine, CA, USA). Metoda zatim nedosla

rozsahlejsiho klinického uZiti a jeji pesnost a spolehlivost je prozatim sporna.

Invazivni monitorace arteridlniho tlaku vyzaduje zvedeni kanyly do arteridlniho fecisté
améfi tak intraarteridlni tlak pifimo (pfenosem pies vodni sloupec) na membrané tlakového
prevodniku, ktery je umistén v takzvané flebostatické ose (ve stfedni axilarni ¢are na urovni
4. mezizebii). Invazivni méfeni je stale povazovano za zlaty standard monitorace tlaku. Navic

umoznuje vizualizaci tlakové kiivky a kontinualni méteni.

Pii méfeni arteridlniho tlaku rozezndvame jeho maximum, tzn. systolicky tlak (SP —
odpovidd maximu amplitudy tlakové kiivky), minimalni diastolicky tlak (DP) a stiedni
arterialni tlak (MAP), jehoZ hodnota odpovida primémé hodnoté¢ tlaku v arterialnim systému

v pribehu celého srde¢niho cyklu. Lze jej vypocitat jako:
(5) MAP=DP + (SP-DP)/3

Stfedni arterialni tlak je urcujici pro tkanovou perfuzi. Obecné piijimanym faktem je, Ze
pro zachovani dostate¢né organové perfuze by hodnota MAP neméla klesnout pod 60-65 torr,

pfi¢emzZ u pacientt s chronickou hypertenzi je nutno udrzovat vyssi hodnotu MAP.

2.3.1.2 Centralni Zilni tlak

Centralni Zilni tlak je tlak plisobici na sténu horni a dolni duté Zily v oblasti jejiho usti do
pravé sin€. Tento tlak je v dneSni dobé standardné¢ méten tlakovym pievodnikem, ktery je
umistén ve flebostatické ose t€la a je napojen na centralni Zilni katetr zavedeny do distalni
¢asti horni duté Zily (cestou vena jugularis interna ¢i vena subclavia). CVP je v zasad¢ urcen

dvéma proménnymi, a to poddajnosti stény pravé siné (pfi jejim snizeni dochazi k nartistu
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CVP bez ohledu na volemii) a objemem krve v pravé sini na konci diastoly. Hodnota CVP
byla a dodnes nékterymi Iékafi je povazovana za ukazatel naplné€ cévniho tecist¢ pacienta.
Nicméné dnes je takovéto vyuziti CVP jasné zpochybnéno [100]. Divodem je vyrazné
ovlivnéni hodnoty CVP tadou faktorii, které se bézn¢ vyskytuji v peroperacni a intenzivni
tonizuji zilni fecisté, ¢imz zvysuji tzv. stressed volume a pozitivné tak ovliviiuji zilni navrat.
Méieni CVP ma vsak nadale své opodstatnéni v fad¢ klinickych situaci a je jednou z hlavnich

determinant kapilarniho pratoku. Slouzi také k vypoctu fady hemodynamickych parametri.

2.3.2 Stfedni systémovy plnici tlak (MSFP)

Dle definice se jednd o tlak, ktery pasobi distenzi cévniho fecisté¢ ve chvili, kdy srdce
nepracuje, nedochazi k proudéni krve a dojde k vyrovnani tlaku ve vSech ¢astech cévniho
fecisté. Dosahuje normélnich hodnot 8-10 mmHg. Tento tlak je hlavni hnaci silou Zilniho

navratu (VR) a tim neptimo ovliviiyje 1 srde¢ni vydej — viz rovnice.
(6) CO=VR =(MSFP -CVP)/RVR
kde RVR je odpor kladeny zZilnimu navratu

Diky vysoké poddajnosti Zilniho fecisté dochdzi pfi podavani tekutin pouze k malému
nartstu sttedniho systémového plniciho tlaku, zatimco CVP mulZe vyznamné nartstat.
Vzhledem k autoregulaci arterialniho tlaku na trovni jednotlivych organii je CVP hlavni
determinantou kapilarniho pritoku. Z tohoto pohledu musi byt kazdé podani tekutin pecliveé
zvazeno a oduvodnéno, nebot nadmémé podavani tekutin s cilem zvysit CVP muze
paradoxné vést ke sniZeni perfuze kapilarniho feciSt€ (snizuje se rozdil mezi MAP a CVP)
a snizeni Zilniho navratu i srde¢niho vydeje pacienta (diky sniZeni rozdilu MSFP a CVP).
Z tohoto pohledu je dnes vramci peroperacni péce doporucovano nepiekratovat CVP

8 mmHg [101].

2.3.3 Rozsifena monitorace hemodynamiky

Tento typ monitorace umoziiuje detailn€j$i ndhled na stav kardiovaskuldrnich funkci
a usnadniuje rozhodovani o typu intervence pouZité ke stabilizaci krevniho ob&hu. Jejim cilem

je mimo jiné méfeni srde¢niho vydeje jako jedné z hlavnich determinant DO,. Déle tento
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zpisob monitorace umoziuje mefit ¢i kalkulovat parametry preloadu, afterloadu

a kontraktility.

2.3.3.1 Srdecni vydej

Me¢éieni srdecniho vydeje jako jednoho z hlavnich parametri DO, patii k zakladim
rozSitené¢ hemodynamické monitorace. Jedna se o objem krve precerpany srdcem za dobu
jedné minuty, ktery je dan mnozstvim krve vypuzenym z komory béhem systoly — tepovym
objemem a tepovou frekvenci. V klinické praxi se cCasto pouziva jeho hodnota pfepocitana
na télesny povrch, tzv. srde¢ni index (CI) a analogicky k tomu pouzivdme i indexovanou

hodnotu tepového objemu (SVI).

Preload je definovan jako napéti srdecnich svalovych vlaken na konci diastoly. Je ovlivnén
poddajnosti stény sin¢ a plnicim objemem. Vztah preloadu a srde¢niho vydeje pak graficky
vyjadiuje Frank — Starlingova kiivka. Na obrazku 3 pak mtizeme vidét vztah vsech faktord,

které ovlivnuji tepovy objem.

T kontraktilita
J- afterload

normalni stawv

J- kontraktilita
1T afterload

tepovy objem

end diastolicky objem

Obrazek 3 Viiv preloadu, afterloadu a kontraktility na Frank — Starlingovu krivku
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2.3.3.2 Moznosti méreni srdecniho vydeje

Ptistroje pouzivané k méfeni srde¢niho vydeje 1ze dé€lit podle metody méteni a stupné

invazivity viz tabulka 2.

Tabulka 2 - Metody meérent srdecniho vydeje a jejich rozdéleni dle stupné invazivity

Invazivni Termodiluce — plicnicovy katetr

Transpulmonalni termodiluce

Analyza kiivky invazivniho arteridlniho
tlaku

Jicnova dopplerometrie

Minimalné invazivni

Transtorakalni dopplerometrie

Fickiv princip — zpétni vdechovani CO,

Bioimpedance, bioreaktance

Neinvazivni :
Metoda objemového zamku dle Penidze

Aplanacni tonometrie

Transitni ¢as pulsni viny

Metody zaloZené na diluénim principu

Vychazi z Fickova principu. Metoda vyuziva indikatoru (barevného roztoku, chladného
roztoku...), jehoz zndmy objem o zndmé koncentraci je aplikovan do vendzni Casti krevniho
ob¢hu a je sledovana diluce tohoto indikatoru v Case pfii priichodu Casti cévniho fecisté. Na
zakladeé této zmény je potom kalkulovan srdec¢ni vydej. Srdecni vydej je pocitan za vyuZiti
Stewart — Hamiltonovy rovnice:

Vinj x Cinj

(7) CO = Kx [ CkrevxAt

K je komputaéni konstanta, Vinj je objem injektatu, Cinj je koncentrace injektatu,
J Ckrev x At je integrdl zmény koncentrace indikatoru v ¢ase (plocha pod kiivkou zmény

koncentrace indikatoru v Case)
Metoda zaloZena na Fickové principu

Tento princip je aplikaci zakona o zachovani hmoty, kdy rozdil mezi mnozstvim kysliku,

které odtece z plic za jednotku Casu arterialni krvi, musi byt rovno mnozstvi kysliku, které
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pfiteCe do plic krvi venosni krvi a mnozstvi, které se spotiebuje z vdechované smési. Pokud
ptitok kysliku cestou arteridlni krve popiseme jako: Qart. = CO x cO,,y. @ analogicky pfitok
kysliku cestou venosni krve jako: Qven. = CO X cOayen, pak miizeme vypocitat srdecni vydej

jako:
(8) CO=VO; x (CaO, — CvOy)

kde VO, je spotieba kysliku za minutu, CaO, je obsah kysliku v arterialni krvi a CvO; je

obsah kysliku ve venozni krvi.

Metodu Ize vyuzit i pii zaméné spotiebovan¢ho O, za vydechovany CO,. Fickova principu
pii Casteéném zpétném vdechovani CO, vyuziva v praxi systém NICO (NICO Sensor,
Respironics, Wallingford, CT). Metoda vSak neni v perioperaéni mediciné prakticky

pouzivana.
Swan — Ganzuv katétr

Katétr zavadény do plicni arterie (Swan-Ganztv katétr) je pouzivan k méfeni srde¢niho
vydeje od 70. let minulého stoleti. Mimo fady dalSich parametrti, z nichz je dilezité zminit
tlak v plicni arterii, pravo — a levostranné plnici tlaky a saturaci smiSené venozni krve SvO; je
schopen méfit srdecni vydej pravé komory srdecni. Principem je podani chladného roztoku
0 znamém objemu do pravé sin¢ a naslednéd detekce zméeny teploty krve v ¢ase na termistoru
umisténém na konci katétru v plicnim fecisti. Tato technika méfeni je stdle povazovana za
zlaty standard méfeni srde¢niho vydeje, 1 kdyZ je postupné nahrazovana jinymi zplisoby
méfeni CO [102]. Nevyhodou této techniky je moZzZnost pouze intermitentniho méteni
a vysoky stupeni invazivity, coz je hlavni divod soucasného odklonu od vyuZivani této
metody. Dnes existuje 1modifikace tohoto zafizeni umozZnujici kontinualni monitoring
srdecniho vydeje, kterd misto aplikace chladného roztoku vyuZziva vyhtivanych vladken

inkorporovanych v katétru (Vigilance, Edwards Life Sciences, Irvine, CA, USA).
Transpulmonalni diluce

Podobné¢ jako u Swan — Ganzova katétru i tato technika vyuziva indikatorové diluce
(diluce chladného roztoku - pfistroj PICCO — Pulsion Medical Systems, Munich, Germany
a VolumeView system — Edwards Lifesciences, Irvine, CA, USA nebo diluce lithia — pfistroj
LiDCO — LiDCO Ltd, London, UK). U této metody je vstiiknuto znamé mnozZstvi indikatoru

cestou centralniho zilniho katetru a po pruchodu indikatoru cestou pravostrannych srde¢nich
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oddilt, plicniho fecisté a levostrannych srdec¢nich oddil je jeho vysledna koncentrace métena
v nékteré z proximalnich arterii (nejcastéji femoralni). CO je kalkulovan za vyuziti Stewart-
Hamiltonovy rovnice. Vyhodou této techniky oproti Swan — Ganzovu katétru je mensi
invazivita a dal$i pfidané parametry krevniho ob¢hu, které I1ze touto metodou ziskat. Mezi tyto
parametry patii: globalni end-diastolicky objem (GEDYV), ktery odpovida diastolickému
objemu vsech 4 srde¢nich oddilii. Cardiac function index — tento parametr je podilem CO
a GEDV a je bran jako hruby ukazatel globalni systolické funkce srdce. Extra-vaskuldarni
plicni voda (EVLW) — je klinicky velmi vyznamnym parametrem, ktery lze ziskat pouze
transpulmonalni diluci. Informuje nds o mnozstvi plicni vody, kterd se nachazi mimo plicni
cévy (jeji zvySena hodnota je charakteristickym ukazatelem plicniho otoku) a v kombinaci
s dalsim kalkulovanym parametrem tzv. indexem plicni vaskularni permeability (PVPI)

umoznuje rozlisit, zda se jedna o otok plicni ¢i kardidlni etiologie.

V dnesni dobé pfistroje zalozené na transpulmondlni termodiluci umoziuji nejen
intermitentni méteni CO dilu¢ni technikou, ale kombinuji dilu¢ni techniku (ktera je vyuZivana
ke kalibraci pfistroje) s metodou kalkulace CO na zaklad¢ analyzy kiivky arteridlniho tlaku,

ktera umoznuje kontinualni sledovéani CO.
Analyza krivKky arterialniho tlaku

Jedna se o jednu znejCastéji uzivanych metod meétfeni srdecniho vydeje, predevsSim
v perioperacni praxi. Tato metoda vychazi ze vzajemného vztahu mezi krevnim tlakem,
tepovym objemem, arteridlni poddajnosti (compliance) a systémovou vaskuldrni rezistenci.
Pulsni tlak v aortdlnim fecisti (ktery je dan rozdilem systolického a diastolického tlaku) je
pfimo umérny tepovému objemu a nepfimo umérny aortidlni poddajnosti (compliance).
V dnes$ni dobé existuje nckolik monitorti, které jsou zaloZeny na rGznych principech
matematické analyzy kiivky arteridlniho tlaku: analyza plochy pod systolickou casti kiivky —
pulse contour (PiCCO/ProAQT), analyza tvaru kiivky (Vigileo FloTrac) a pfevod na pulzni
silu — pulse power analysis (LiDCO). Nékteré z monitor vyuzivaji k primarni kalibraci
metodu trasnpulmondlni indikatorové diluce (LiDCO Plus, PiICCO, VolumeView) a nésledné
ji kombinuji s kontinudlnim métenim srdecniho vydeje, zalozeném na analyze tlakové kiivky,
jiné monitory kalibraci nevyzaduji (napt. Vigileo FloTrac, LIDCO Rapid, ProAQT). Vedle
zafizeni pracujicich s invazivn€ ziskanou kiivkou arteridlniho tlaku byly v nedavné dobé
uvedeny na trh 1 monitory umoziujici stanoveni srde¢niho vydeje na podkladé neinvazivné

ziskané tlakové kiivky Pendzovou metodou ¢i aplanacni tonometrii (napiiklad CNAP HD,
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ClearSight/ccNexfin). Pfistroje jsou krom¢ SV schopny dale kalkulovat i ostatni parametry
jako jsou variace tepového objemu (SVV), systémova vaskularni rezistence (SVR) vcetné

hodnot indexovanych na télesny povrch pacienta.

V perioperacni medicin€ je ¢asto pouzivany systém Vigileo FloTrac (Edwards Life
Sciences, Irvine, USA). Zékladnim principem, na kterém je monitor zalozen, je linedrni vztah
mezi pulsnim tlakem a tepovym objemem. Tento monitor vyuziva k méteni srdecniho vydeje

matematickou analyzu tvaru tlakové kiivky bez nutnosti ptedchozi kalibrace.
(9) CO=TF x (capx )

oap je smeérodatnd odchylka oscilaci hodnot tlaku kolem MAP. Tato hodnota je
kalkulovdna na zaklad¢ analyzy ktivky arteridlniho tlaku, kterd je provadéna v prubéhu 20
sekundového intervalu s frekvenci 100 Hz, coz ptedstavuje celkem 2000 hodnot ze kterych je

poté Gap vypocitana.

¥ je pocitan jako multivariantni polynomicka funkce, kterd zohlednuje efekt vaskularniho
tonu na pulsni tlak. y zavisi na arteridlni poddajnosti (kterd je odhadovéna na zdkladé
demografickych dat pacienta — véku, pohlavi, vySky a vahy, podle vztahu popsané¢ho
Langewouterem), MAP a parametrech vychazejicich z grafické analyzy tepové kiivky
(skewness — Sikmost a kurtosis — SpiCatost). Hodnota tohoto parametru je prepocitdvana

kazdych 60 sekund, u nejnovéjsi verze piistroje pak kazdych 20 sekund.

Vyhodou pfistroje je nizky stupen invazivity, moznost kontinualni monitorace a snadné
pouziti. Jeho pfesnost je vSak omezena u nestabilnich pacienti (u téchto pacientl je
preferovdna monitorace katétrem zavedenym v arteria femoralis), pacientldl s arytmii
a zavaznou chlopenni vadou (pfedevSim aortalni regurgitaci) dale u pacientli extrémnich
vahovych skupin (<50 kg a> 150 kg télesné hmotnosti). Pfistroj neni validovan pro pouZiti
u détskych pacientl. Software pfistroje prodélal v pribéhu let postupny vyvoj a dnes
pouzivana Ctvrta generace poskytuje vEtsi presnost mefeni. Problematické vSak nadéle ziistava

jeho pouziti u obéhove nestabilnich pacientli s vazopresorickou podporou ob&hu [103,104].

Vyuziti piistroje v perioperatni mediciné vcetn¢ operaci jater dokladuje tada studii
[50,105-109]. V nedavném piehledném sdéleni poukazuje Slagt na piijatelné vysledky
dosazené systémem Vigileo FloTrac v porovnani s ostatnimi metodami mefeni srde¢niho

vydeje a odvozenych parametrt [110].
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Ultrazvukové metody

Mg¢feni je zaloZeno na pouziti ultrazvuku a Dopplerova jevu, kdy miizeme méfit rychlost
pohybujiciho se objektu diky méfeni zmény frekvence vyslanych a odrazenych
ultrazvukovych vin. Pfi méfeni tepového objemu nasobime plochu pod kiivkou rychlosti toku
tzv. velocity time integral (VTI), ktery odpovida primérné vzdalenosti, kterou urazi ¢ervené
krvinky béhem jednoho srde¢niho stahu a priifez cévy, kterou krev protékd. I kdyz ma metoda
své limitace (predpoklada, ze prufez, kterym krev protéka, je kruhovy a nebere v uvahu
zménu priméru cévy béhem systoly) jednd se pomérné piesnou, malo invazivni metodu

méieni srde¢niho vydeje.

Jicnova dopplerometrie — ultrazvukovd sonda je zavedena do distdlniho jicnu
a po spravném umisténi umoziuje mefit rychlost pritoku krve sestupnou aortou. Pokud
zname primeér aorty v misté metfeni (bud’ je méfen, nebo odhadovan podle nomogramu) jsme
schopni méfit srdeéni vydej, respektive pratok krve distalni aortou v ¢ase. Vzhledem
k naro¢nosti uloZeni sondy a nutnosti uplné imobilizace pacienta se jedna o metodu, ktera je
pouzitelna pouze usedovaného pacienta. Alternativni metodou umoziujici pouze
intermitentni méfeni je potom transtorakdlni echokardiografie s méfenim pratoku krve

vytokovym traktem levé komory srde¢ni.

Metoda bioimpedance a bioreaktance

Bioimpedance je zaloZena na zméné vodivosti hrudniku pro nizkofrekvencni stfidavy
elektricky proud v zévislosti na zméné pratoku krve hrudnim kompartmentem béhem
srdecniho cyklu. Méteni vychdzi z Ohmova zakona, kdy méfime napéti a odpor mezi
elektrodami umisténymi na povrch hrudniku a na zéklad¢ tohoto méfeni je poté pocitan

srdecni vydej.

Bioreaktance je zaloZena na meéfeni fazové zmény frekvence elektrického proudu
aplikované¢ho na povrch hrudni stény v zéavislosti na prutoku krve. Vyhodou obou metod je
jejich neinvazivita, bohuzel v klinické praxi se zatim pfiliS neosvédcCily. Jejich mira shody
s jinymi monitory CO je nizkd a vlastni méfeni v klinické praxi podléha vlivu celé tfady

zevnich faktora [111].

Mezi dalsi neinvazivni mozZnosti méfeni CO fadime analyzu kifivky arteridlniho tlaku

ziskanou metodou objemového zamku dle Pendze a aplanacni tonometrii a taktéZ metodu
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transitniho casu pulsni viny. Tyto metody vSak zatim nejsou v perioperacni medicing

standardné vyuzivany.

2.3.4 Dalsi parametry rozSirené hemodynamické monitorace

Cilem Iécebnych intervenci na urovni kardiovaskularniho systému je udrzet dostatecnou
dodavku kysliku tkanim. V fadé ptipada ale neni ziejmé, jakym zpusobem tohoto cile
dosdhnout. V zdsadé mame na vybér celkem tii typy intervenci: 1) podani tekutin, 2) podani
vazopresoru s cilem normalizovat tonus cévniho feCisté a 3) podani inotropika, které je
schopno zvysit kontraktilitu srde¢niho svalu. Ke spravnému rozhodnuti ndm muize pomoci
rozsifend hemodynamickd monitorace, piedevS§im s vyuzitim modernich pfistroji, které

umoznuji kontinudlni méfeni dilezitych proménnych a sledovani trendu jejich vyvoje v Case.

Cilem podani tekutin je optimalizovat vzajemné postaveni aktin myozinovych filament
a posunout funkéni stav myokardu dale na vzestupné ¢asti Frank — Starlingovy kiivky a tim
zvysit srdecni vydej. Pokud se ovSem pacient nachazi v blizkosti vrcholu, ¢i za vrcholem této
kiivky, mize dal$si podéani tekutin vést k nadmérné néplni srdce a nasledn¢ ke snizeni
srde¢niho vydeje, spolu s dalS§imi negativy hypervolémie jako je tkanovy otok a otok plic. Je
tedy dulezité¢, abychom byli schopni identifikovat, jestli bude pacient schopen po podani
tekutiny zvysit svij srdecni vydej, je-li pacient tzv. “objemové responzivni® (pfiCemz za
obecné uznavanou hodnotu je povazovano zvySeni srde¢niho indexu alesponi o 10 -15 %
[112]). Stimto cilem je pouZivana celd fada hemodynamickych parametrd, které mizeme

rozdélit do dvou skupin: 1) parametry statické, 2) parametry dynamické.

2.3.4.1 Statické parametry preloadu

Mezi statické parametry, které jsou pouzivany k hodnoceni objemového stavu pacienta,
patii jednak tlakové parametry - centrdlni Zilni tlak (CVP) a tlak v zaklinéni plicni arterie
(PCWP) a parametry volumetrické, ziskané pomoci echokardiografického méfeni, kam patii
end-diastolickd plocha levé a pravé komory srdecni (LVEDA, resp. RVEDA), nebo pomoci
transpulmonalni termodiluce (GEDV). Obecné se vSak dnes tyto statické parametry
nepovazuji za vhodné k hodnoceni objemové responzivity pacientd [100,101,113-116].
Dlvodem je vyrazna zavislost pfedevSim tlakovych parametrti na fadé vlivi, jakymi jsou
dotizeni srde¢nich komor, zmény nitrohrudniho tlaku pfi umélé plicni ventilaci, poddajnost

srdec¢nich oddilti, kontraktilita srdce, poddajnost a kapacita zilniho feciste aj.
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2.3.4.2 Dynamické parametry preloadu

Jednd se o parametry, které jsou schopny ptedpovidat odpovéd obchového systému
na podani tekutin s vétS$i presnosti nez parametry statické. Vyuzivaji hodnoceni efektu

dynamické zmény srde¢niho dotizeni na srde¢ni vyde;.

V perioperacni mediciné nejCastéji pouzivané dynamické parametry preloadu vyuzivaji
interakce mezi plicemi a srdcem béhem fizené ventilace pozitivnim ptetlakem. Podminkou
pro jejich pouziti je fizend ventilace bez spontanni dechové aktivity pacienta s dechovym
objemem alespoit 8 ml/kg idedlni télesné hmotnosti pacienta [117]. Béhem fizené ventilace
dochazi ke zménam v preloadu i afterloadu obou srde¢nich komor a néasledné také ke zménam
v srde¢nim vydeji v zavislosti na fazi dechového cyklu. Cim vice je tato zména vyjadfena, tim
vétsi je pravdépodobnost, Ze pacient bude objemové responzivni. Pfi fizené ventilaci
pozitivnim tlakem dochazi v €asné fazi inspiria k pfesunu krve z plicniho vendzniho fecisté
smérem do levé sin€ a zvySenému plnéni levé komory srdeni (LKS), soucasné¢ dochazi
1 k poklesu dotizeni LKS diky sniZeni transmuralniho tlaku (klesa rozdil mezi nitrohrudnim
a nitrokomorovym tlakem). Zmény na tGrovni pravé komory srde¢ni jsou opacné. Dochazi
ke vzestupu afteroladu PKS a diky pienosu nitrohrudniho tlaku na pravou sin se snizuje zilni
navrat a tim padem preload PKS. Zmény vyvolané na Grovni LKS se manifestuji okamzité,
zmeény na urovni PKS s odstupem nékolika srde¢nich cykli. Proto u objemové responzivnich
pacientdl vidime vzestup SV béhem inspiria, a naopak pokles SV ve fazi expiria. Tato zména
SV v priib¢hu tizené ventilace se oznacCuje jako variace tepového objemu (SVV) a lze ji

vypocitat podle rovnice:

(10) SVV = SVmax —SVmin

SV mean

kde SV max je maximalni hodnota SV v inspiriu, SV min je minimalni hodnota v expiriu

a SV mean je prumér téchto hodnot.

Radou provedenych studii bylo potvrzeno, Ze pozitivni odpovéd na podani tekutiny

ve smyslu zvySeni SV Ize oc¢ekavat, pokud je hodnota SVV > 10 -13% [117,118].

Obdobnym parametrem s podobnou senzitivitou i1 specificitou je variace pulsniho tlaku
(PPV). Pulsnim tlakem rozumime rozdil mezi systolickym a diastolickym tlakem. PPV je

potom kalkulovana jako:
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(1 1) PPV = PP max—PP min

PP mean

kde PP max je hodnota pulsniho tlaku béhem inspiria a PP min hodnota pulsniho tlaku
behem expiria. PP mean je aritmeticky priimér PP max a PP min. Objemovou responzivitu lze

ocekavat pfi hodnoté PPV > 11 - 13% [117,118].

Pouziti dynamickych parametri ma vsak urcité limitace, kterymi jsou: arytmie — metody
lze pouzit pouze pfi pravidelném sinusovém rytmu, nutnost fizené umélé plicni ventilace,
velikost dechového objemu (je nutné, aby dechovy objem byl > 8 ml/kg idedlni télesné

hmotnosti), pravostranné srdecni selhani.

Existuji i dal§i dynamické parametry a testy umoziiujici pfedpovidat pozitivni odpoveéd’
na poddni tekutin. Mezi né patii napiiklad ultrasonografické parametry, kterymi jsou
variabilita priméru dolni duté zily v zévislosti na fazi dechového cyklu. Béhem inspiracni
faze tizené ventilace dochdzi ke zvyseni nitrohrudniho tlaku, ktery se piendsi na pravou sin,
vede ke sniZeni Zilniho névratu a k dilataci dolni duté Zily. Za obecné pfijimanou hodnotu,
kterd odliSuje pacienty objemové responzivni je povazovana hodnota rozdilu priméru dolni
duté zily vramci dechového cyklu > 18 9% [119]. Tento parametr umoziuje hodnotit
objemovou responzivitu i u spontann¢ ventilujiciho pacienta. Vzhledem k nutnosti vyuziti

subxiphoidélniho sonografického okna neni v8ak metoda vhodna pro peroperacni podminky.

Dalsi moZnosti je méfeni variace VTI méfeného dopplerometricky na urovni aorty, at’ jiz

transtorakalné ¢i béhem operace 1épe transesofagedlné.

Mezi dal$i jednoduché testy, které lze pouzit k detekci objemové responzivity patii
tzv. tekutinovad vyzva, manévr pasivniho zvednuti dolnich koncetin (passive leg raising

maneuver) a end expiracni okluzni manévr.

Béhem tekutinové vyzvy je podan rychlou infuzi bolus tekutiny (dle riznych praci
v rozmezi 250-1000 ml) a je sledovdna zména CI po podani této tekutinoveé vyzvy [120].
Pokud dojde nésledkem podani tekutiny ke zvySeni CI o alespont 10 % vychozi hodnoty, je
manévr hodnocen jako pozitivni a pacient se nachazi se na vzestupné casti Frank —
Starlingovy kifivky. Na podobném principu jako tekutinova vyzva je zalozen manévr
pasivniho zvednuti nohou. Béhem manévru se pacient z polosedu 45° sklopi tak, aby trup byl
vodorovné a dolni koncetiny elevovany v tthlu 45° nad podlozku. Timto zpisobem z dolnich

koncetin mobilizujeme cca 250-300 ml krve, kterd pisobi jako tekutinovd vyzva. Pokud
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dojde nasledkem tohoto manévru ke zvySeni CI o vice néz 10%, lze pacienta povazovat

za objemov¢ responzivniho [117,121].

K ptedpovédi pozitivni odpovedi na podani tekutin 1ze vyuziti i manévru okluze na konci
vydechu (tzv. end-expiratory occlusion) pfi fizené ventilaci. Zadrzenim ventilace na dobu 15 s
ve vydechové pauze dojde k eliminaci efektu sniZzeni Zilniho névratu béhem tizeného nadechu
a tim padem ke zvySenému plnéni pravé komory srde¢ni. Pokud tento manévr vede ke
zvySeni CI ¢i pulsniho tlaku o vice nez 5 % nad vychozi hodnoty, I1ze u pacienta predpokladat

pozitivni reakci na podani tekutin [122].

Vyhodou popsanych manévri je to, Ze mohou byt vyuzity i v ptipadé nepravidelného
srdeéniho rytmu. Tekutinovou vyzvu a manévr pasivniho zvednuti nohou lze vyuzit
iu spontanné ventilujiciho pacienta. Nevyhodou manévru zvednuti dolnich koncetin je

nemoznost jeho provedeni béhem chirurgického vykonu.

2.3.4.3 Dalsi kalkulované hemodynamicke parametry

Kalkulaci miizeme ziskat dalsi potfebné parametry:
Systémova vaskularni rezistence (SVR)
(12) SVR =[(MAP — CVP) /CO] x 80
Tento parametr piedstavuje odpor cévniho fecisté krevnimu toku.
Plicni vaskularni rezistence (PVR)
(13) PVR = [(MPAP — PCWP) /CO] x 80

kde MPAP je stiedni tlak v plicnici a PCWP je tlak v zaklinéni.

2.3.5 Parametry globalni kyslikové rovnovahy

Jedna se o dilezité laboratorni parametry, které nds informuji o tom, jestli je dodavka
kysliku (DO,) adekvatni jeho spotfebé v tkanich (VO;) organismu jako celku. Za klidovych
podminek je fyziologicky DO, zhruba 4krat vétsi nez VO,. V piipad€ zvySenych naroka tkani
na dodavku kysliku (stres, hore¢naty stav, bolest, fyzickd namaha...) nebo pfi snizeni jeho

dodavky (anemie, syndrom nizkého srdecniho vydeje, respiracni selhdni apod.) se nejprve
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pomér DO, a VO, vyrovnava a nasledné muze dojit k nerovnovaze, kdy VO, prevysuje DO,.
NarGstd podil anaerobniho metabolismu - tento stav oznacujeme jako kyslikovy dluh.
V piipadé, Ze je tento stav protrahovany, mize vyustit do Sokového stavu. V podminkach této

nerovnovahy, je jedinou moznosti tkani jak ziskat dostatek O, jeho zvySena extrakce.

Mezi parametry, které¢ jsou schopny hodnotit stav kyslikové rovnovahy, fadime hladinu
kyseliny mlécéné (laktatu) jako hlavniho metabolického produktu anaerobni glykolyzy,
saturaci smiSené zilni krve (SvO;) nebo saturaci krve ziskané z centralniho zilniho katetru
(ScvOy). Z dalsich parametri miizeme vyuzit napft. arterio — vendzni rozdil parcidlniho tlaku

oxidu uhli¢ité¢ho (pCO,).

2.3.5.1 SvO; respektive ScvO»

Jednd se o saturaci smiSené Zilni krve (SvO;) ziskané cestou plicnicového katétru ¢i zilni
krve ziskané cestou centralniho Zilniho katétru (ScvO;) zavedeného cestou vena jugularis
interna nebo vena subclavia. Oba tyto parametry jsou ovlivnény mirou extrakce kysliku
z arterialni krve na urovni tkani. Za normalnich okolnosti se na urovni kapilarniho fecisté
uvolni z arteridlni krve maximalné 25 % ptendSené¢ho kysliku. Pfi normalni saturaci arteridlni
krve 95-100 %, by méla byt saturace zilni krve nadale alesponi 75 respektive 70 %. Pokud je
vSak dodavka kysliku snizena, je fyziologickou reakci tkdni zvySena extrakce kysliku
z arteridlni krve. V tom piipadé je ovSem SvO,, respektive ScvO, sniZena pod 70 %, coz

signalizuje globalni kyslikovou nerovnovéhu v organismu.

Tento parametr ma urcité limitace, mezi které patii situace se zvySenou tenzi arteridlniho

kysliku a stavy kdy je sniZzena tkanova extrakce O, jako je tomu napiiklad u septického Soku.

2.3.5.2 Hladina kyseliny mlécné — laktatu

Hladina kyseliny mlé¢né v organismu je zvySend nad normu (nejcastéji uvadénd hodnota
> 2.0 mmol/l) v situacich jeji zvySené produkce ¢i zpomalené eliminace. Nejcastéji k jejimu
zvySeni dochazi pfi stresu néasledkem uc€inku endogennich katecholamint, pfi exogennim
ptfivodu katecholamintl, pii sepsi, selhani jater, a v neposledni fad€ pfi tkanové hypoxii a s ni
souvisejici anaerobni glykolyze. Hladina kyseliny mlé¢né je zvySena u vSech typt Sokovych
stavli. Studiemi ze soucasné doby byl prokdzan vyznam stanoveni hladiny kyseliny mlécné

jako markeru tkanové hypoxie a prognostického markeru v fad¢ klinickych situaci [123,124].
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2.3.5.3 Rozdil vendzniho a arterialniho tlaku CO, (pCO> gap)

Jedna se o rozdil pCO; v centralni vendzni a arteridlni krvi. Za hrani¢ni hodnotu svédcici
pro tkanovou hypoxii je povazovana hodnota > 6 mmol/l [124] respektive > 5 mmol/l [125].
Tento parametr je mozné uspesné vyuzit i v perioperacnich podminkach k detekci okultni
hypoperfuze a to s vétsi senzitivitou a specificitou nez ScvO,, predevsim diky tomu, ze tento
parametr neni ovlivnén vyssi inspiracni frakci kysliku, kterd je béhem operacnich vykona
Casto uzivana [125,126]. Jedna se o parametr, ktery v kombinaci se stanovenim hladiny

kyseliny mlééné mize pomoci detekovat pacienty s tkafiovou hypoperfuzi.
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2.4 HEMODYNAMICKA MONITORACE U JATERNICH RESEKCI

Naprostym standardem v ramci resek¢nich operaci jater je monitorace pulsnim oxymetrem,
registrace EKG, CVP a invazivni méfeni arterialniho tlaku. V idealnim piipadé je vyuzito
iméfeni srdeCniho vydeje nékterym z dostupnych méné invazivnich hemodynamickych

monitory.

Vyuziti hemodynamické monitorace u jaternich resekci je velmi vyhodné, jelikoZz nam
poskytuje daleko detailné€jsi informaci o stavu krevniho obéhu nez pouhé méteni krevniho
tlaku a tepové frekvence. Diky malo invazivnim hemodynamickym monitorovacim
prostfedkiim umoznuje jednak uvazovat i o jinych parametrech srde¢niho piedtizeni
s potencidlem nahrazeni nizkého CVP, které mohou byt bud’ snadnéji stanovitelné, nebo lepsi
stran snizeni retrogradniho krvaceni. Druhym pfinosem hemodynamické monitorace v jaterni
chirurgii je mozZnost cilené terapie vazoaktivnimi latkami (hlavné v pre-resekénim
a resekénim obdobi) a presnéjsi nahrady cirkulujiciho objemu (hlavné v poresekénim obdobi).
Efekt hemodynamické optimalizace byl prokdzan piedev§im ve skupiné vysoce rizikovych
chirurgickych nemocnych [127-130]. Vzhledem k minimdlni invazivit¢ pouzivanych

hemodynamickych monitor neplynou z jejiho pouziti Zadna piidana rizika.

2.4.1. Zaménitelnost low CVP a high SVV principu

Existuje nékolik praci, které prokazuji, Ze v pfipad€ vyuziti hemodynamické monitorace
muze byt sledovani a korekce CVP zaménéno za vyuziti tzv. dynamickych parametrt
preloadu, jakym je naptiklad variace tepového objemu (SVV) [50,105,131-133] nebo Ize
vyuzit naptiklad transesofagealni dopplerometrii [42] . Dynamické parametry preloadu jsou
schopny stanovit na jaké ¢asti Frank Starlingovy kiivky (obrazek 4) se pacient nachazi a zda
je objemoveé responzivni ¢i nikoliv. Zjednodusené lze fici, Zze objemové responzivni pacienti
jsou hypovolemicti a tak primér jaternich Zil 1 jejich transmuralni tlak by mél byt u téchto
pacientl nizky, a tim padem i krevni ztrata vznikla pfi jejich poranéni by méla byt redukovéna
podobné¢ jako u principu low CVP anestezie [50,105,132]. Choi ve své praci s vyuzitim SVV
k minimalizaci krevni ztraty u darct podstupujicich pravostrannou hepatektomii prokézal, ze
ve skupiné s vysokou SVV (10-20%) byla signifikantné¢ nizsi krevni ztrata nez ve skupiné
s nizkou SVV (<10%) [50]. Cilem tekutinové manipulace je potom zvySovani SVV, pficemz

nejCastéji uvadénym cilem je dosazeni SVV > 10-18 %. Vyhodou této varianty
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“hypovolemické® anestezie je to, Ze neni nutné zavadét centralni zilni katetr a tim je mozné

vyhnout se rizikiim s tim spojenym [134].

2.4.2. Hemodynamicka optimalizace

V predchozich letech spocivala 1é€ba obéhové nestabilniho pacienta v podavani casto
velkych objemt tekutin. Bylo ovSem zjisténo, Ze pouze 50 % obchové nestabilnich pacientil
je schopno zvysit srde¢ni vydej nésledkem podani tekutin [135]. Vzhledem k tomu, ze
statické parametry hodnotici preload nejsou schopny tyto pacienty identifikovat, zacaly se ve
vEtsi mife uplatiiovat tzv. dynamické parametry preloadu. Na zékladé sledovani dynamickych
parametri preloadu jsou opakovéany tekutinové bolusy do chvile, dokud neni dosazeno
pfechodu do plateau fadze Frank Starlingovy kiivky (viz obrazek 4). Pokud samotné podavani
tekutin neni dostate¢né k dosazeni minimalniho srdecniho indexu (nejcastéji uzivana cilova

hodnota CI> 2.5 I/min/m” [109,127,136]), jsou k jeho zvyseni pouzita inotropika.

Pro postupy slouzici k udrzeni dostate¢né dodavky kysliku tkanim v pribéhu opera¢niho
vykonu za vyuziti hemodynamické monitorace a terapeutickych intervenci, jejichz cilem je
dosazeni definovanych hemodynamickych cilii, se pouzivd obecny nédzev goal directed
therapy (GDT). Tento postup vede k minimalizaci kyslikového dluhu, ktery je
spoluzodpovédny za &etn&jsi vyskyt pooperacnich komplikaci. Rada praci doklada ptiznivy
vliv této terapie na klinické vysledky operovanych pacientll i pacientd v intenzivni péci

[109,117,127-130,137-140].

Na rozdil od ptedchozich praci prokazala nedavna prace Pearse a jeho kolegt, Ze ani tento
postup nemusi vzdy vést ke sniZzeni morbidity a mortality operovanych pacientd [141].
Jednim z divodii mtze byt negativni efekt celkového mnozstvi podavanych tekutin. Bylo
prokézéno, ze agresivni tekutinova lécba s pozitivni tekutinovou bilanci ma negativni vliv
na morbiditu a mortalitu pacientd [142,143]. Cilem podani tekutin je zvySeni tzv. stressed
blood volume a MSFP vice neZ CVP a tim zvySeni Zilniho navratu a preloadu pravé komory.
Pokud je ovSem nartist CVP vétsi nez MSFP, ma podéni tekutin opacny efekt. Nadmérné
podavani tekutin vede téz k distenzi srdecnich oddilid s uvolnénim natriuretickych peptida,
které jsou zodpovédné za poSkozovani endotelidlni glykokalyx, zvySeni endotelialni
permeability a tkanového otoku [144]. Mimo jiné¢ dochazi taktéz ke snizeni lymfatické

drenazZe intersticialni tekutiny [145]. Tkanovy otok zvétSuje difuzni dréhu pro kyslik, takze
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vysledkem nadmérného podavani tekutin mize byt paradoxné tkdnova hypoxie a organova
dysfunkce. Dulezitym ptredpokladem pii podévani tekutin s cilem zvySeni CO je, Ze obé¢

srde¢ni komory musi operovat na vzestupné ¢asti Frank — Starlingovy kiivky.
Pro hemodynamickou optimalizaci operovanych pacientti by mélo platit:

1) ptfi hodnoceni objemové responzivity by mély byt vyuzivany pouze tzv. dynamické

parametry preloadu ¢i tekutinova vyzva.

2) vzhledem k tomu, Ze i1 za fyziologickych podminek se lidské télo nachazi na vzestupné
¢asti Frank — Starlingovy kiivky, neni nutné snazit se podavanim tekutin za kazdou cenu
dosahnout jeji plateau faze s cilem maximalizovat srde¢ni vydej a to ani u kriticky nemocnych
¢i operovanych pacientd [101]. Tato snaha muze vést k nadbyte¢nému podani tekutin

se vSemi riziky, kterd z toho plynou.

3) pfi manipulaci s CO a DO, je vzdy vhodné piihlizet k hodnotam globalni kyslikové
rovnovahy (laktat, ScvO, a pCO,gap).

4) je vhodné kombinovat podani tekutin s podavanim noradrenalinu, ktery tonizaci zilniho
reCisté zvysuje tzv. stressed blood volume — zvysuje Zilni navrat a tim paddem i srde¢ni vydej

a navic ma i pfimy pozitivné inotropni vliv na myokard.
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2.4.3. Cilena tekutinova lé¢ba v poresekénim obdobi

V poresekéni fazi a nasledné pooperacni péci lze hemodynamické monitorace vyuzit
k cilené tekutinové 1€cbé a optimalizaci srde¢niho vydeje. Vzhledem k pouziti techniky L-
CVP se pacient nachazi v hypovolemickém stavu. Pokud by tento stav ptetrvaval, hrozi
hypoperfuze tkani v ¢asné pooperacni fazi se vSemi dusledky. Otazkou zistava, jakou
tekutinu pro doplnéni cirkulujiciho objemu vyuzit a jaké mnozstvi tekutiny je skute¢né nutné

podat.

K dispozici méme krystaloidni roztoky, syntetické koloidni roztoky — hydroxyethyl $krob
(HES) nebo roztok Zelatiny a roztok lidského albuminu, ktery se ale ke kryti perioperacni
krevni ztraty v naSich podminkdch nepouziva. Dle soucasného pohledu na rizika spojena
s podanim koloidnich roztokl je Casto preferovano podani balancovanych krystaloida. Prace
z posledni doby potvrzuji potencialné negativni efekt koloidnich roztokl (predev§im HES) na
hemokoagulac¢ni systém a renalni funkce [146-149]. Je tfeba podotknout, Ze prace prokazujici
negativni vliv HES se ve vétSin€ piipadi tykaly pacientli oSetfovanych na jednotkach
intenzivni péCe a velmi ¢asto septickych pacientd. U této skupiny pacientti se piredpoklada
poskozeni povrchové vrstvy endotelu tzv. glykokalyx s inikem makromolekularni slozky
roztoku do extravaskularniho prostoru a tvorba tkanového otoku. Situace pfi podéani
koloidnich roztokli v ramci peroperani krevni ztraty u jinak zdravych pacientd je
pravdépodobné velmi odlisna, jelikoz u téchto pacientl 1ze predpokladat intaktni endotelialni
glykokalyx. Z tohoto divodu neni pravdépodobné diivod ke zvySenym obavam z extravazace
koloidniho roztoku. VétSina dosavadnich praci neprokéazala negativni vliv koloidnich roztokl
uzitych ke kryti peroperacni krevni ztraty na renalni funkce [150,151], klinicky relevantni vliv
na hemokoagulaci [152] (ikdyZz pfi vys$§i ddvce mohou byt hemokoagulaéni zmény
vyjadfeny) ani na zvySeni peroperacni krevni ztradty ¢i nutnost podani vétSiho mnoZstvi

transfuznich ptipravka béhem operace [153].

Vyhodou podani koloidl v ramci kryti peroperacni krevni ztraty je témét 100 % setrvani
podaného objemu v intravaskuldrnim prostoru, na rozdil od krystaloidnich roztokd, u nichz je
intravaskularni objemovy efekt pouze cca 20-25 %, a tudiZ je nutné ke kryti krevni ztraty
podéavat vétsi objem. Peroperacni podani koloidli tak miize mit efekt na sniZeni celkového

mnozstvi podanych tekutin v rdmci operace [154] a snizeni rizika perioperacni hypervolemie,
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ktera je spojena s tkdnovym otokem, zvySenou pooperacni morbiditou, zhorSenym hojenim

ran a netésnosti anastomoz [155-157].

Je také nutné stanovit, jaké mnozstvi tekutiny v postresekéni fdzi podat a jakym
parametrem naSe rozhodovani fidit. Dfive byl za citlivy ukazatel volemie uzivan CVP. Dle
fady praci z posledni doby vSak CVP neni dobrym ukazatelem objemového stavu pacienta
[100,158] a ze fizeni objemové substituce na zdkladé tohoto parametru muze vést jak
k nedostate¢né objemové nahradé, tak k hypervolemii, kterd ma pro pacienta Casto zdvazné
nasledky [159]. Jako vyhodnéjsi se jevi vyuziti tzv. dynamickych parametrt preloadu. Jejich
schopnost stanovit stav volemie, respektive urcit pozici pacienta na Frank- Starlingov¢ kiivce,
a tim predikovat pozitivni odpovéd’ na podani tekutin, je daleko vétsi nez je tomu u CVP
[109,130,160]. Pti nekontrolovaném podavani tekutin v postresekéni fazi mize vzniknout
vyrazné¢ pozitivni tekutinova bilance, kterd byva spojena stadou komplikaci, jako jsou
zvySeny nitrobfisni tlak, plicni otok ¢i zhorSené hojeni anastoméz. Odpovédét na otazku kolik
tekutin ma pacient v postresekcni fazi dostat, abychom eliminovali negativni vliv peropera¢né
navozené hypovolemie neni jednoduché. Za raciondlni se da povazovat cil dosazeni
MAP > 65 mmHg, CVP < 8 torr a dynamickych parametra preloadu (SVV, PPV) < 12 %
[101].
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3 SPECIALNI CAST - SROVNANiI ABSOLUTNI
TEKUTINOVE RESTRIKCE A RELATIVNI OBJEMOVE
REDISTRIBUCE U ANESTEZIE S NiZKYM CENTRALNIM
ZILNiM TLAKEM PRI JATERNICH RESEKCiCH

3.1 CIL STUDIE

Hlavnim cilem studie bylo srovnat efektivitu dvou postupti tekutinové terapie (absolutni
tekutinové restrikce a relativni objemové redistribuce) v piredresekéni fazi jaterniho
chirurgického vykonu na dosazni cilového CVP <5 mmHg. Efektivita byla hodnocena poctem
krokt dle studijniho protokolu (viz obrazek 6) nutnych k dosazeni cilového CVP. Soucasné
byl hodnocen vliv obou pfistupii redukce CVP na hemodynamiku, globalni kyslikovou
rovnovahu, krevni ztratu, mnozstvi podanych transfuznich ptipravki, ddvku katecholamind,

30denni morbiditu a mortalitu a délku hospitalizace na JIP a v nemocnici.

Studie dale sledovala dva sekundarni cile: 1) zhodnoceni vztahu a zaménitelnosti vysokého
SVV a nizkého CVP u L-CVP anestezie, 2) zhodnoceni vlivu Pringlova manévru (PM) na
hemodynamiku, ukazatele globalni kyslikové rovnovahy, krevni ztratu, mnozstvi podanych

transfuzi a pooperac¢ni morbiditu.

3.2 METODIKA

Studie byla provddéna na Klinice anesteziologie, resuscitace a intenzivni mediciny
a Chirurgické klinice Fakultni nemocnice v Plzni a Lékatské fakulté¢ v Plzni v obdobi
od ledna 2012 do unora 2015. Studie byla koncipovana jako prospektivni, randomizovana,
castecné zaslepend. Studie byla schvélena Etickou komisi Fakultni nemocnice v Plzni
a podpofena grantovym projektem P 36 PRVOUK University Karlovy v Praze. VSichni

pacienti podepsali pied vstupem do studie informovany souhlas.

Do studie byli zatazeni pacienti s pldnovanou resekci dvou a vice jaternich segmentl
z divodu maligni ¢i benigni jaterni léze. Vylucujicimi kritérii byly: vék pacienta < 18 let,
télesna hmotnost < 50 kg nebo > 150 kg, nepravidelny srdeni rytmus, zévazné
kardiovaskularni onemocnéni (chronické srde¢ni selhani, t¢zkd chlopenni vada,

kardiomyopatie apod.) a zavazna jaterni dysfunkce (Child Pugh skére B nebo C).
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3.2.1 Perioperacni péce a protokol studie

Pacienti zatazeni do studie byli pfijiméni na standardni lazko chirurgické kliniky den pted
planovanym opera¢nim vykonem. Béhem anesteziologické vizity jim byla nabidnuta moznost
ucasti ve studii, jestlize se u nich ptedpokladal resek¢ni vykon na jaternim parenchymu
v rozsahu alesponi 2 segmentl. V pfipadé¢ zajmu na ucasti ve studii podepsal pacient

informovany souhlas.

Pacienti byli randomizovani obalkovou metodou s alokaci v poméru 1:1 do jedné ze dvou
studijnich skupin: 1) absolutni tekutinové restrikce (AR) ¢i 2) relativni objemové redistribuce
(RR). Po randomizaci byla obalka s identifikaci pacienta ulozena do kontejneru, kde zlstala
az do konce studie. Nikdo z ¢lenii studijniho tymu s vyjimkou anesteziologa podévajiciho
anestezii nebyl obeznamen s rozdélenim pacienti do skupin. Zatazeni pacientli do studie

popisuje obrazek ¢. 5.

V ptedoperaénim dni probihala u pacienti zvykla ptiprava, kdy byl mimo jiné zaveden
dvoucestny centralni Zilni katetr (CZK) cestou vena jugularis interna nebo cestou vena
subclavia. Spravna poloha katetru byla nasledné ovéfena rentgenovym snimkem plic. Soucasti
ptedoperacnim piipravy bylo také lacnéni pacienta od ptlnoci pfedoperacniho dne. V ramci
bézné praxe pracovisté dostavali pacienti na vyzadani vecer pred operaci hypnotikum ¢i
anxiolytikum (zolpidem ¢i diazepam) a 30 minut pied odjezdem na operacni sal byla vSem

pacientlim podana intramuskuldrni opioidni premedikace (morfin).
Dalsi postup se lisil dle toho, do jaké studijni skupiny byl pacient zafazen (viz obrazek 6).

Skupina s absolutni tekutinovou restrikci: Pacienti ve skupin€é AR nedostavali Zadné

tekutiny od ptllnoci az do Gvodu do anestezie. Této skupiné pacientli byl podavan béhem
vykonu krystaloidni roztok (Ringerfundin, B.Braun, Melsungen AG, Germany)
v bazalni davce 1 ml/kg/h. V ptipadé, ze CVP byl naddle nad 5 mmHg bylo aplikovéano
diuretikum furosemid v davce 10 mg i.v., a to pfipadné¢ opakované (maximalné 3x)

v 15minutovém intervalu (krok I — III).

Skupina s relativni tekutinovou redistribuci: Pacienti ve skupiné RR dostavali infuzi

krystaloidniho roztoku (Plasmalyte, Baxter Czech s.r.o., Praha, Czech Republic) rychlosti 100
ml/h od 6 hodiny ranni do odjezdu pacienta na operacni sal. V prabéhu vykonu byla

pacientim ve skupiné RR podavana udrZovaci infuse (Ringerfundin, B.Braun, Melsungen
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AG, Germany) rychlosti 2 ml/kg/h. V piipadé€, ze CVP byl nad 5 mmHg byla navySena davka
vasodilataéné pusobiciho anestetika sevofluranu na koncentraci odpovidajici 1,2 — 1,5
minimalni alveolarni koncentrace (MAC, ktera je definovana jako takovéa koncentrace par
inhala¢niho anestetika v alveolech, kterd u 50 % pacientd dané¢ho ve€ku zabrani obranné
pohybové reakci na bolestivy podnét zpisobeny koznim fezem) (krok 1), eventualné na 1,6 —
2,0 MAC (krok II). V ptipadé, ze i pfes tato opatfeni nebylo dosazeno CVP <5 mmHg bylo
zah4jeno kontinualni podévani vasodilatancia Isosorbid dinitratu (Isoket) 0,1 % v dédvce 0—10

ml/h (krok I1I).

Uvod do anestezie a jeji vedeni bylo totozné (s vyjimkou rozdili mezi skupinami
zminénymi vyse) v obou skupinich. Kréatce pfed tvodem do anestezie byl pacientim podan
sufentanil (10 pg). Anestezie byla zahajena podanim propofolu (2mg/kg, u pacientti nad 65 let
véku byla davka redukovana na 1 — 1,5 mg/kg) a nasledné¢ bylo podano svalové relaxans
atracurium (0,5 mg/kg). Pacient byl zaintubovan a napojen na UPV. Anestezie byla vedena
jako inhala¢ni s vyuZitim nosné smési kyslik + N>O v poméru 1:1 a inhala¢niho anestetika
sevofluranu v koncentraci odpovidajici 0,8 — 1,2 MAC pro danou vékovou skupinu. Pacienti
byli ventilovani v rezimu objemové fizené ventilace s dechovym objemem 8 ml/kg idedlni
télesné hmotnosti a s nastavenim pozitivniho tlaku na konci vydechu (PEEP) na hodnotu
5 ecmH,0. Opakované bolusy opioidu nebo svalového relaxancia byly podavany k zajiSténi
adekvatni analgezie a svalové relaxace dle uvazeni anesteziologa. Po tivodu do anestezie byla
pacientovi zavedena kanyla do radidlni arterie na ptedlokti nedominantni koncetiny.
V pribéhu anestezie byl kontinudlné monitorovan centralni Zilni tlak a invazivné arteridlni
tlak. Dale byly nabrany vzorky krve z arteridlniho i centralniho Zilniho katétru k provedeni
analyzy krevnich plynd a hladiny laktitu s vyuzitim bedside analyzatoru GEM Premier
3000™ (Instrumentation Laboratory Company, Lexington, U.S.A.). Krev byla odebirana do

2ml heparinizované zkumavky PICO™ (Radiometer Medical, Bronshoj, Denmark).
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Celkovy pocet pacientu (n = 75)

—3 Neresekabilni nalez (n = 22)

—)‘» MensSi rozsah vykonu (n = 14)

——3 Provozni diivody (n = 3)

——3 Arytmie (n=1)

\ 4

Zafazeno a monitorovano (n = 34)

Absolutni restrikce
tekutin (n =17)

Obrazek 5 Nemocni zarazeni do studie

Poznamka: Provoznimi diivody byly nepfitomnost ¢lena studijni skupiny (anesteziologa) béhem operace nebo

nedostupnost monitoru Vigileo FloTrac.

Relativni redistribuce
tekutin (n =17)
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Pfed uvodem do anestezie zapsani zakladnich parametri krevniho obéhu,
zavedeni arterialniho katetru a odbér krevnich vzorku.

Uvod: midazolam 2mg, sufentanil 10ug, propofol 1% 2mg/kg (vék =65 let propofol
1-1,5mg/kg), atracurium 0,5mg/kg

Vedeni: N,O + O (1:1) + sevofluran cil 0,8 - 1,2 MAC, dalSi davky atrakuria a
sufentanilu dle potreby.

Ventilace: VCV, Vt 8ml/kg, PEEP 0,5 kPa

V pfipadé rozhodnuti o resekci: zahajeni monitorace FloTrac Vigileo, monitorace
CVP, zahgjeni low CVP anestezie dle protokolu

Absolutni restrikce

Relativni redistribuce

Predoperacni restrikce
tekutin

Peroperacné
Ringerfundin 1ml/kg/h

Predoperacné tekutiny

Plasmalyte 100 mi/h od 6:00

operacniho dne
Peroperacné Ringerfundin
2ml/kg/h

CVP > 5 mmHg

CVP > 5 mmHg

|. krok Furosemid
10mg i.v. bolus

Il. krok Furosemid
10mg i.v.

Prohloubeni inhalaéni
anestezie

I.krok MAC1,2-1,5
ll.Lkrok MAC 1,6-2,0

Ill. krok Furosemid
10 mgi.v.
CVP > 5 mmHg

I1l. krok Isoket 0,1 % O -
10ml/h i.v.

Bé&hem vykonu udrzeni MAP = 65 torr s vyuzitim Efedrinu bolusové i.v. nebo
kontinualni infuze noradrenalinu.

Po skonceni resekce restituce i.v. volumu podanim krystaloidu s cilem CVP = 8
mmHg a MAP = 65 mmHg.

Obrazek 6 Protokol studie
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GEM Premier 3000 poskytuje analyzu krevnich plynii a acidobazické rovnovahy (pO,,
pCO,, pH, HCOs", BE), koncentraci hemoglobinu, hematokrit, hladinu laktitu a taktéz
koncentraci n&kterych iontd (Na”, K', CI', Ca*") a hodnotu glykémie. Tato analyza byla
provadeéna u kazdého pacienta pied zaCatkem vykonu, na jeho konci po dosazeni cilového
CVP > 8 mmHg a dale pak v casovych intervalech 4, 8 a 24 hodin po vykonu. V piipadé
definitivniho rozhodnuti chirurga o provedeni resekéniho vykonu byla zahdjena
hemodynamicka monitorace krevniho ob¢hu piistrojem Vigileo FloTrac (verze 4.0, Edwards
Lifesciences, Irvine, CA, USA). Pristroj Vigileo FloTrac patii mezi nekalibrované
hemodynamické monitory zalozené na principu matematické analyzy kiivky invazivné
meétfeného arteridlniho tlaku. Méteni CVP i invazivni méfeni krevniho tlaku bylo provadéno
v arovni stfedni axilarni Cary, na jejiz urovni byly umistény tlakové pievodniky obou
pfistrojii. Data z hemodynamického monitoru byla zaznamendvéna na zacatku monitorace
a dale kazdé 3 minuty nebo ve chvili zasadni zmény hemodynamiky. Pokud byl béhem
vykonu pouzivan Pringliiv manévr, byla navic zaznamenana hemodynamicka data 1 minutu
pfed nasazenim svorky na hepatoduodendlni ligamentum, 1 minutu po nasazeni svorky a 1
minutu po jejim uvolnéni. V ptipadé ob&hové nestability hodnocené jako MAP <65 mmHg
byl podan intraven6ézné bolus efedrinu (v rozmezi 5-10 mg dle hloubky hypotenze),
eventualné pfi nedostatecné odezveé ¢i nutnosti podavani opakovanych bolusii bylo zahajeno

kontinudlni podavani noradrenalinu.

N4éhla krevni ztrata (vice neZ 150 ml/min, nebo v piipadé ztraty pfevySujici 500 ml) byla
korigovana podanim koloidniho roztoku Volulyte 6 % 130/40 (Fresenius Kabi Deutschland
GmbH, Friedberg, Germany) do maximalni davky 1500 ml. Pokud ztrata pokracovala déle
a pokud byla spojena s poklesem hladiny Hb pod 90 g/l, nebo pokud doSlo k masivnimu
krvaceni (ztrata nad 150 ml/min trvajici déle nez 5 minut) bylo zahajeno podani erytrocytarni
krevni resuspenze (EBR). V pfipadé¢ nadmérmé ztraty ¢i prokdzané poruchy hemokoagulace

byla podavéna i Cerstvé zmraZend plasma (MLP).

Po ukonceni jaterni resekce a dosaZeni hemostizy byla zahdjena objemova terapie
krystaloidnim roztokem (Ringerfundin, B.Braun, Melsungen AG, Germany) s cilem dosaZeni
CVP > 8 mmHg. Po dosazeni tohoto cile byl nabran vzorek arterialni a venozni krve s cilem
zhodnotit acidobazickou rovnovdhu a ukazatele globalni kyslikové rovnovahy. Na konci
vykonu byla téz zaznamendna celkova krevni ztrata a celkova produkce moci b&hem

operacniho vykonu. Poté byl pacient vyveden z anestezie a na operacnim sale extubovan.
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3.2.2 Pooperacni péce a sbér dat

Po operaci byl pacient hospitalizovan na jednotce intenzivni péce chirurgické kliniky (JIP).
Péce byla v rukou chirurgického intenzivisty a nebyla ovliviiovdna studijni skupinou. Tento
1ékar nebyl obeznamen se zafazenim pacienta do studijni skupiny a intenzivni péce probihala
za standardnich podminek. Clen vyzkumného tymu & instruovand sestra pouze provadéli
odbér krevnich vzorkl (viz vySe) v Casovém intervalu 4, 8 a 24 hodin po operaci. Prvni
pooperacni den byl zapsan celkovy piijem a vydej tekutin (vCetné transfuznich ptipravki)

za 8 a 24 hodin pobytu na JIP.

V dal§im pribéhu byla sledovdana pooperacni morbidita (definovana jako jakakoliv
relevantni komplikace v ¢asovém horizontu 30 dni po operaci) a mortalita, stejn¢ jako délka
hospitalizace na JIP a celkova doba hospitalizace v nemocnici. Seznam relevantnich
komplikaci vychazel z naSich ptredchozich studii [109,161] a je uveden v kapitole 6.3 dalsi
ptilohy. Komplikace, které vedly k redlnému nebo potencidlnimu ohroZeni Zivota pacienta
nebo zasadnim zplUsobem ovlivnily délku hospitalizace, byly oznaceny jako vyznamné.
Vyskyt komplikaci byl zaznamenavéan ¢lenem vyzkumného tymu, ktery nebyl obeznamen
s rozdélenim pacienti do skupin. V kazdé skupiné byl sledovan pocet nemocnych
s komplikacemi a jejich celkovd cetnost. Z diivodu srovnatelnosti obou skupin bylo
kalkulovano fyziologické a operaéni POSSUM skoére u vSech pacientd predoperacné
respektive po provedené operaci (POSSUM skoére viz tabulka 8 a 9 v kapitole 6.3 dalsi
piilohy).

3.2.3 Hodnocené parametry

Zaznamenavana byla demograficka data pacienta (vék, pohlavi, vaha, vyska), zdkladni
diagnoéza, pro kterou byla indikovana jaterni resekce a pfipadnd komplikujici onemocnéni

pacienta.

V obou skupinich byly sledovany nasledujici parametry: krevni tlak (systolicky,
diastolicky a stfedni), CVP, HR, SVI, CI, SVRI, SVV. Ke statistickému zpracovani byly
vyuzity tyto parametry v pifesné¢ danych ¢asovych okamzicich. V dob& napojeni pacienta na
systém VigileoFloTrac (TO0), v dobé dosazeni cilového CVP (T1), 1 minutu pfed zahdjenim
Pringlova manévru (T2 - pokud byl aplikovan), 1 minutu po zahéjeni Pringlova manévru

(T3), 1 minutu po ukonceni Pringlova manévru (T4) a dale po ukonceni jaterni resekce a po
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dosazeni cilového CVP > 8§ torr (T5). Rovnéz byl sledovan pocet krokd nutnych k dosazeni
cilového CVP < 5mmHg a v ramci sledovani hemodynamické stability téZ procentudlni
pomér tHiminutovych intervali, bshem nich byl CI <2 I/min/m?, coz byla nami definovana

hranice nizkého, respektive nedostatecného srde¢niho vydeje.

Bylo sledovano mnozstvi tekutin podanych na standardnim oddé€leni pied odjezdem
pacienta na operacni sal, mnozstvi tekutin podanych pted zahdjenim jaterni resekce a celkové
mnozstvi tekutin podanych béhem opera¢niho vykonu. Dal$imi sledovanymi parametry byly:
mnozstvi podanych transfuznich ptipravkd béhem operace, velikost krevni ztraty v prubchu
operace, mnozstvi bolusii efedrinu a celkové mnozstvi podaného efedrinu, celkové mnozstvi
podaného noradrenalinu, diuréza béhem vykonu, doba trvani Pringlova manévru, délka jaterni
resekce, celkova délka operaniho vykonu a rozsah operacniho vykonu. Hodnocen byl vyskyt
infek¢nich ¢i organovych komplikaci (viz tabulka 7 v pfiloze) a mortalita v priitbéhu 30 dni

po operaci.

Dale byly sledovany parametry globalni kyslikové bilance (ScvO, a laktat) pred zah4jenim
operace, na konci vykonu (jesté v celkové anestezii a za probihajici umélé plicni ventilace),

po dosazeni CVP > 8 mmHg a za 4,8 a 24 hodin po vykonu.

3.2.4 Statisticka analyza

Statisticka analyza byla provedena po odslepeni na konci studie. Vyuzit byl software
MedCalc (Frank Schoonjans, MedCalc Software, Broekstraat 52, 9030, Mariakerke,
Belgium). Normalita rozloZeni dat byla testovdna Kolmogorov — Smirnovovym testem.
Ke zhodnoceni statistické vyznamnosti rozdilu pro normalné rozlozend data byl vyuZzit
neparovy t — test, abnormalné€ rozlozena data byla hodnocena Mann — Whitneyovym testem.
Casové proménné hodnoty byly hodnoceny ANOVA testem pro opakovana sledovani nebo
Friedmanovym testem. Kategorickd data byla hodnocena chi — kvadrat testem. Pro vSechny
testy byla uzita 5% hladina vyznamnosti. Data jsou v textu uvadéna jako primér +
smérodatna odchylka — pokud byla v Gaussové€ rozloZeni, v pfipadé nenormalné rozloZenych
dat jako medidn a interkvartilové rozpéti a cCetnost s procentudlnim zastoupenim pro

kategoricka data.
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3.3 VYSLEDKY

V obdobi od ledna 2012 do unora 2015 bylo do studie zatfazeno celkem 75 pacientd,
unichz byla planovana velka jaterni resekce (obrazek 5). Vlastni resekéni vykon
ptedpokladaného rozsahu s uplatnénim studijniho protokolu byl proveden u 34 pacientd,
znichz 17 bylo zafazeno do skupiny s absolutni tekutinovou restrikci a 17 do skupiny
s relativni objemovou redistribuci. 41 pacientii, ktefi spliiovali vstupni kritéria a podepsali
informovany souhlas, nakonec nebylo do studie zafazeno. Diivodem pro nezatrazeni téchto
pacientli byl ve 22 ptipadech peroperacni nalez neresekabilniho tumoru, 14 ptipadech vykon
mensiho nez predpoklddaného rozsahu, ve 3 ptipadech provozni divody (provoznimi divody
byly nepfitomnost ¢lena studijni skupiny — anesteziologa béhem operace, nebo nedostupnost
monitoru Vigileo FloTrac) a v 1 ptipadé novy vyskyt fibrilace sini, ktery znemozioval pouZit

hemodynamickou monitoraci.

Mezi skupinami nebyly nalezeny zadné signifikantni rozdily v demografickych
parametrech, primarni diagnéze nebo rozsahu opera¢niho vykonu (viz tabulka 3). Oba
postupy redukce CVP byly shledany jako stejné efektivni. K dosazeni cilového CVP bylo
nutno pouzit 0.7 = 0.9 (AR) a 0.9 £ 1 (RR) krokl studijniho protokolu (p= 0.356). Ani
u jednoho pacienta nedoslo k selhani studijniho protokolu a u vSech pacientii byl dosazen
cilovy CVP. Prekvapivé bylo, ze 1 kdyZ mnozstvi tekutin podanych v pfedresekéni fazi bylo
statisticky signifikantné niz§i ve skupiné AR (AR 120 (100-150) ml vs. RR 600 (500-700)
ml; p <0.001), tak hodnoty CVP a ostatnich hemodynamickych parametri byly na zacatku
anestezie v obou skupindch srovnatelné (viz tabulka 4). Nicméné nepatrné vice pacientli
ve skupiné AR (AR 15 (90 %) vs. RR 12 (70 %); p= 0.2) dosahlo cilového CVP ihned

po tvodu do anestezie, bez nutnosti aplikace dalSich krokt studijniho protokolu.

Mezi skupinami nebyly nalezeny Zadné rozdily v hemodynamickych parametrech ani
parametrech tkanové perfuze (viz tabulka 4). Byla zachovana peroperacni hemodynamicka
stabilita pacientil, a to i navzdory nizkému preloadu (jak ukazoval nizky CVP, a predev§im
vysokd SVV). Peroperaéni pokles CI pod 2 Umin/m® byl zaznamenin u 19 (56 %)
z celkového poctu sledovanych pacientti: z toho 10 (59 %) ve skupiné AR a 9 (53 %) ve
skupiné RR; p=0.73), 3.2 £ 5.1 epizod na pacienta ve skupin¢ AR vs. 2.3 £ 3.1 ve skupiné
RR; p = 0.55; primérna celkova délka trvani nizkého CI byla 9 £+ 15 min ve skupiné¢ AR vs. 7
+ 9 min ve skupiné RR; p= 0.55). Tyto poklesy byly vétSinou spojeny s ndhlou krevni ztratou

nebo manipulaci v oblasti dolni duté Zily. Mezi skupinami nebyly zaznamenany Zadné rozdily
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tykajici se anesteziologického postupu — mnozstvi podanych opioidii, svalovych relaxancii,

délce vykonu, nebo nastaveni ventilatoru.

Délka pobytu na JIP (AR 4 (2-6) dni vs. RR 4 (3-5) dni; p = 0.986), morbidita (AR 12
(71%) vs. RR 8 (47%) pacientli s komplikacemi; p =0.16) a mortalita (AR 0 (0%) vs. RR 1

(6%); p=0.31) byly v obou skupinéch bez statisticky vyznamného rozdilu (viz tabulka 4 a 5).

Byla zaznamenéana mirné kratsi celkova doba hospitalizace ve skupiné RR (AR 10 (8—14) dni

vs. RR 8 (7-11) dni; p = 0.045).

Tabulka 3 - Zakladni charakteristiky souboru a demograficka data

Demograficka data a POSSUM skore

Parametr Sk(lrllpinil 71)AR Sk(lrllpinf 71;R p
Vek (roky) 63+ 11 59+ 10 0.29
Pohlavi (M : Z) (13:4) (8:9) 0.08
POSSUM fyziologické 16 £2 16 £4 0.75
POSSUM operaéni 23 +4 22+4 0.38
ASA (1:2:3:4:5) (3:9:5:0:0) (3:11:3:0:0) 0.95
Diagnodza

Metastaza kolorektalniho karcinomu 15 10

Hepatocelularni karcinom 0 3

Karcinoid 0 2

Fibronodularni hyperplazie 1 1

Jaterni absces 1 0

Metastdza karcinomu prsu 0 1

Rozsah resekce

Pravostranna hepatektomie 6 4

Rozsifena PH 4 3

Levostranna hepatektomie 1 1

Levostrannd lobektomie 1 2

Rozsitena LL 2 2

3segmentova resekce 2 2

2 segmentova resekce 1 3

POSSUM - Physiological. POSSUM - Physiological and Operative Severity Score for the enUmeration of
Mortality and Morbidity; PH — pravostranna hepatektomie; LL- levostranna lobektomie
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Tabulka 4 - Intervencni a hemodynamicka data, tekutinova bilance a laboratorni vysledky

| AR (n=17) RR (n=17) | p
Chirurgicka intervence
Pocet resekovanych segmentt 38+1.0 32+1.1 0.14
Celkovy operacni ¢as (min) 172 £ 41 178 £72 0.767
Celkova délka Pringlova manévru (min) 18 + 20 23+22 0.486
Hemodynamické parametry
Pocet krokt k dosazeni CVP <SmmHg 0.7+0.9 09+1 0.356
CVP na zacatku operace (mmHg) 4+£2 4+£2 0.568
CVP na konci operace (mmHg) 8x1 8+ 1 0.312
CI na zac¢atku operace (I/min/m?) 2.8+0,6 2.6+0,5 0.412
CI na konci operace (I/min/m?) 33+0,6 33+0,8 0.746
SVV na zacatku operace (%) 14+ 4 12+4 0.39
SVV na konci operace (%) 7+3 6+2 0.109
MAP na zacatku operace (mmHg) 82+ 12 84+ 14 0.706
MAP na konci operace (mmHg) 88+ 13 82+ 11 0.15
HR na zacatku operace 74 £ 13 74 13 0.95
HR na konci operace 72+ 15 77+ 15 0.363
% &asu operace s CI < 2 1/min/m” 10+ 12 9+11 0.847
Celkova davka efedrinu (mg) 20+ 20 19+ 14 0.745
Celkova davka noradrenalinu (mg) 0(0-0.25) 0(0-0) 0.507
Parametry globalni kyslikové rovnovahy
Laktat na konci operace (mmol/l) 25+1.0 24+1.0 0.699
Laktat 4 hodiny po operaci (mmol/l) 33+1.6 2.7+ 1.7 0.347
Laktat 8 hodin po operaci (mmol/I) 25+1.5 23+23 0.735
Laktat 24 hodin po operaci (mmol/l) 1.4+0.8 1.0+ 04 0.053
ScvO; na konci operace (%) 72+8 73+£7 0.592
ScvO; 4 hodiny po operaci (%) 71+8 70+£9 0.827
ScvO, 8 hodin po operaci (%) 69 +7 67 £12 0.560
ScvO;, 24 hodin po operaci (%) 66+ 8 65+9 0.955
Tekutiny
Objem tekutin podanych pied operaci (ml) 0 (0-0) 200 (100-300) <0.001
Objem tekutin podanych pied resekci (ml) 120 (100-150) 600 (500-700) <0.001
Celkovy objem tekutin béhem operace (1) 3(245-4) 2.6 (2-4.1) 0.823
Objem podanych krystaloidt (ml) 2500 (1950-3000) 2500 (1550-3100) 0.796
Objem podanych koloidi (ml) 500 (380-1000) 500 (0—-1000) 0.536
Operacni krevni ztrata (ml) 800 (380-1400) 700 (250-2100) 0.73
Pocet transfuzi podanych béhem operace 0(0-2) 0 (0-6) 0.768
Peroperac¢ni diuréza (ml) 300 (180-460) 300 (190-310) 0.35
Tekutinova bilance 8 h po operaci (ml) 245 (30-570) 290 (- 10-620) 0.986
Tekutinova bilance 24 h po operaci (ml) 1600 (900-2160) 2050 (1750-2400) 0.245

CI srde¢ni index, CVP centralni zilni tlak, HR tepova frekvence, MAP stfedni arterialni tlak, ScvO2 saturace

krve z horni duté zily odebrané cestou centralniho zilniho katétru, SVV variace tepového objemu
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Tabulka 5 - Klinické vysledky

Parametr AR RR p
Délka pobytu na JIP (dny) 4 (2-6) 4 (3-5) 0.986
Délka pobytu v nemocnici (dny) 10 (8-14) 8 (7-11) 0.045
Mortalita (%) 0 (0%) 1 (5.9%) 0.31
Pocet pacientl s komplikaci 12 (70.6%) 8 (47 %) 0.16
Pacienti se zavaznou komplikaci 5(29.4%) 3(17.6%) 0.41
Pocet komplikaci 22 15 0.098
Vyéet komplikaci
Infekéni

Pneumonie 2 1

Nitrobfisni infekce 4 1

Katétrova infekce 1 1

Mocova infekce 2 2
Respiracni

Fluidothorax 5 3

Respiracni selhani 0 1

Atelektaza 1 0
Renalni

Akutni rendlni selhdni 0 1
Nervovy systém

Ischemicky iktus 0 1
Gastrointestinalni

Unik Zlugi 5 1

Jaterni dysfunkce 0 1

Ileus 0 1
Hemokoagulacni systém

Lokalni krvaceni 1 1

Krvaceni vyzadujici operaéni revizi 1 0
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3.3.1 Sekundarni cile

Byla nalezena velmi slaba pozitivni korelace mezi CVP a SVV (R* = 0.13, p <0.001).
Piesto SVV > 10 % predikovala dosazeni cilového CVP < 5 mmHg se senzitivitou 81.4 %
a specificitou 77.1 %. (plocha pod ROC kiivkou 0.873; 95 % konfidenc¢ni interval 0.812 —
0.921).

PM byl pouzit u 21 pacientii (62%) bez ohledu na jejich rozdéleni do studijnich skupin
(9 (53%) ve skupiné AR a 12 (71%) ve skupin¢ RR; p = 0.29). Jeho pouziti bylo zcela
na rozhodnuti operatéra. Primérna celkova délka trvani PM byla 32 (+17) minut. Pouziti PM
bylo spojeno se snizenim krevni ztraty, mnoZzstvi podanych transfuzi a redukci pooperacni

hladiny bilirubinu v prvnim pooperac¢nim dni (viz tabulka 6).

Tabulka 6 - Efekt Pringlova manévru

Parametr PM (n=21) bez PM (n=13) P
Pocet resekovanych segmentii 341 39+0.8 0.11
Krevni ztrata (ml) 400 (250-800) 2000 (1200-2400) | <0.001
Laktat na konci operace (mmol/l) 23+0.9 27+1.0 0.23
ScvO; na konci operace (%) 80£7 79+5 0.70
Pocet transfuzi 0 (0-0) 3(0-7) 0.002
Pocet pacientil s komplikaci (%) 11 (52.4%) 9 (69.2%) 0.54
Pocet komplikaci 17 18 0.096
?;gr;?gl L. pooperacni den 18 (13-26) 37 (23-54) 0.002
ALT 1. pooperacni den (pkat/1) 6.5 (3-9) 6.3 (3.5-11) 0.75
AST 1. pooperacni den (pkat/1) 6.8 (4.8-8.4) 6.2 (4.2-14.1) 0.85
INR 1. pooperac¢ni den 1.4+0.13 1.5+0.15 0.49

3.5 DISKUSE

Nase studie prokazala, ze ob¢& pouzité metody (AR 1 RR) poskytuji snadnou a spolehlivou

cestu k dosazeni cilového CVP <5 mmHg. U vétSiny pacientli bylo nutné k dosaZeni cilového
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CVP pouzit pouze jeden krok studijniho protokolu. Ani jedna z obou metod nebyla shledana
vyhodnéjsi, co se tyce efektivity dosazeni nizkého CVP a bezpecnosti (tedy Cetnosti vyskytu
nizkého CI pod 2 I/min/m?, krevni ztraty, mnoZstvi podanych transfuznich pipravki, hladiny
laktatu na konci vykonu, morbidity a mortality). Efektivita L-CVP za pouziti naseho
protokolu vyplyva z faktu, ze krevni ztrata a frekvence podani transfuzi byla srovnatelna
nejen mezi studijnimi skupinami, ale rovnéz s podobnymi diive provedenymi studiemi
[5,42,50,59]. Rovnéz morbidita a mortalita byly srovnatelné mezi obéma studijnimi

skupinami a neliSily se od podobnych studii [105,162].

Tekutinovy rezim v obou ramenech studijniho protokolu byl spiSe restriktivni, ale
ve skupiné AR bylo v piredresekéni fazi podano statisticky signifikantné méné tekutin.
Absence tekutinové substituce v dobé piedoperacniho laénéni nevedla ve skupiné AR
k odlisnému hemodynamickému stavu po uvodu do anestezie ve srovnani se skupinou RR.
Toto zjisténi odpovida zavéram studie Mullera a spol. [163], ktery prokazal, ze laénéni ma
pouze omezeny vliv na centralni volemii pacienta, pokud ovSem nebylo provadéno extenzivni
prazdnéni stieva pied operaci. Rovnéz podle studie provedené Hahnem [164] muizeme
predpokladat, ze predoperacn¢ podavané infuse krystaloidii podléhaji v organismu rychlé
redistribuci do intersticia a nemaji tak zadny relevantni objemovy efekt na zac¢atku operace.
Pouziti restriktivni tekutinové strategie, jeZ nebylo ani v jedné ze skupin spojeno s vysSim
vyskytem ob¢hové nestability, podporuje soucasnou hypotézu Chappela a spol. [45], ze
rychlost udrzovaci infuze miize byt 1 béhem oteviené biisni operace daleko mensi, nez se
diive doporucovalo. NaSe studie taktéz podporuje pozorovani prokazujici vasodilatacni efekt
anestetik [165,166]. Z hlediska efektivity dosazeni L-CVP byl pokles Zilniho navratu
vyvolany redistribuci vlivem zvySeni koncentrace inhala¢niho anestetika srovnatelny
s absolutni tekutinovou restrikci a aplikaci diuretik. Schopnost ndsledné¢ mobilizovat
redistribuovanou tekutinu muizZe byt vyznamné omezena. Tuto skute€nost mulZeme
demonstrovat nutnosti podat srovnatelny objem tekutin k dosaZeni stejné urovné néaplné
cévniho feCisteé v postresekéni fazi. Z tohoto pohledu mize byt strategie AR povazovana

za lepsi, ale vysledky nasi studie nas neopraviiuji délat takovéto zavéry.

Hlavni kritika L-CVP anestezie je zaloZena na skutecnosti, Ze vyrazna redukce Zilniho
navratu vede nevyhnutelné k poklesu srde¢niho vydeje a tim padem i poklesu dodavky
kysliku tkanim. Spolecné s intraoperacni krevni ztritou a anemii muze L-CVP vést

k hypoperfuzi tkani a jejich hypoxii. V na$i studii byla udrzena hemodynamicka stabilita
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pacienti v prabéhu operace navzdory nizkému CVP a vysoké SVV, tedy faktorim
demonstrujicim signifikantni pokles srde¢niho preloadu. Pokles CI < 2 1/min/m* byl
pozorovan u 56 % pacientil, ale pouze v kratkych epizodach spojenych s ndhlou krevni
ztratou nebo chirurgickou manipulaci s dolni dutou Zzilou. Na konci operace nebyly
pozorovany znamky kyslikového dluhu. Pacienti méli nizkou hladinu laktatu a normalni
ScvO,. Hypoteticky mohla k tomuto faktu pfispét cilend tekutinova 1écba v postresekcni fazi
operace. Prestoze jsme si védomi nizké prediktivni hodnoty CVP ve vztahu k hodnoceni
preloadu, rozhodli jsme se pouzit béznou cilovou hodnotu CVP 8§ mmHg i jako nas cil
poresekéni tekutinové substituce. Zaprvé proto, ze CVP je bézn€ uzivan u tohoto typu vykoni
a zadruhé proto, ze jsme chtéli zhodnotit vztah mezi SVV a CVP. U vSech pacientl
s vyjimkou jednoho ve skupiné¢ AR byla hodnota SVV na konci operace pod 13%, coz je
obecné pfijimand hranice objemové responzivity. Z tohoto pohledu méli pacienti adekvatni
naplii cévniho fe¢istd (tzv. volume loading) [116,117]. Zadny z pacientdi nevykazoval na

konci operace ani v nasledné intenzivni péci klinické znamky hypervolemie.

Kromé stejného hemodynamického profilu pacientti v obou studijnich ramenech nebyly
shledany rozdily ani v dalSich klinicky relevantnich vysledcich. V obou skupinach byla
srovnatelnd morbidita 1 mortalita, stejné¢ jako délka pobytu na JIP. Mirné zkraceni celkové
doby hospitalizace ve skupiné¢ RR nemlzeme vysvétlit pouze alokaci do pfislusné studijni
skupiny, predevSim proto, Ze oSetfujicimi lékafi nebyla pfedem stanovena a aplikovana Zadna
kritéria pro propusténi z nemocnini péce. Proto povazujeme oba studijni protokoly za

srovnatelné€ bezpecné z pohledu hemodynamické stability a klinicky relevantnich vysledkd.

Na rozdil od studie Dunki - Jacobse [105,167] byla v nasi studii sledovana pouze velmi
slaba korelace mezi SVV a CVP. Na druhou stranu SVV > 10 % bylo dobrym prediktorem
CVP < 5 mmHg. Na zédklad¢ dostupnych dat se zda, ze SVV by mohla byt s vyhodou vyuzita
misto CVP pfi uziti L-CVP anestezie, a bylo by tak moZzné vyhnout se nutnosti zavedeni

CZK, coz je vykon spojeny s fadou potencialnich komplikaci [167].

V nasi studii jsme rovnéZ demonstrovali pfiznivy efekt PM na velikost krevni ztraty,
mnozstvi podanych transfuzi a pooperac¢ni hladinu bilirubinu. PfestoZe byl primérny cas
trvani PM 32 (£17) minut, nebylo jeho pouziti spojeno se zvySenim hladiny laktatu nebo
vzestupem morbidity v pooperacnim obdobi. Z tohoto pohledu je naSe studie ve shodé
s predeslymi studiemi prokazujicimi pozitivni efekt PM [162,168] a v rozporu s t€mi, které

jeho vyznam zpochybnuji [169].
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Nase studie mad nékolik dulezitych limitaci. Prvni limitaci je nizky pocet pacientl
zatazenych do studie. Nicmén¢ pokud je ndm znamo, jedna se o prvni studii, kterd se snazila
porovnat rozdilné postupy vedouci k dosazeni nizkého CVP pii jaterni resekci a jejich vliv
na pacienta. Studie vSak byla koncipovana pfedevsim jako hypotéza a velikost studijniho
vzorku generujici studie s ohledem na dal§i vyzkum v této oblasti. Post hoc analyza
pooperacnich komplikaci odhalila vysoké riziko chyby II typu. K tomu, aby bylo mozno
prokazat vliv jednotlivych postupt snizovani CVP na poopera¢ni morbiditu by bylo nutné
zafadit alespon 62 pacienti do kazdé studijni skupiny. Druhou limitaci je skute¢nost,
ze v klinické praxi L-CVP anestezie byvaji metody absolutni tekutinové restrikce a relativni
objemové redistribuce ¢asto kombinovany. Vedle toho byva pouzivana jesté fada jinych
metod jako je epidurdlni anestezie, hemodiluce apod. Ale i pfi pouziti téchto metod
se uplatiuji principy absolutni tekutinové restrikce a relativni redistribuce, které byly cilem

naseho srovnani.

Zaveérem muizeme fici, Ze dle vysledki nasi studie se zda, Ze obé metody L-CVP anestezie
(tedy absolutni tekutinova restrikce a relativni redistribuce) jsou stejné efektivni a bezpecné
pro pacienty podstupujici vetsi jaterni resekce. Mozné nahrazeni metody anestezie s nizkym
CVP metodou anestezie s vysokym SVV (coz by umoznilo vyhnout se zavedeni CZK),
zlstava dale predmétem diskuze. Pouziti Pringlova manévru v indikovanych ptipadech miize
pravdépodobné prispét k redukei krevni ztraty a mnozstvi podanych transfuznich ptipravki

bez zvyseného rizika ¢asného poSkozeni zbyvajiciho jaterniho parenchymu.
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4 ZAVER A VYZNAM PRO KLINICKOU PRAXI

Zavedeni anestezie s nizkym centralnim Zilnim tlakem do klinické praxe, vedlo dle fady praci
ke snizeni prumérné velikost krevni ztraty béhem jaternich resekci a snizeni morbidity a mortality

operovanych pacientd.

Jednim z vyznamnych faktort snizujicich krevni ztratu pfi jaterni resekci je udrzovani
pacienta v hypovolemickém stavu. Dosud se pro aplikaci tohoto anesteziologického postupu
vyuzivala vyhradné¢ monitorace centralniho Zilniho tlaku. Dle praci z posledni doby je mozné
tento stav kontrolovan¢ udrzovat také s vyuzitim minimalné invazivni hemodynamické
monitorace, kterd neni spojena s nutnosti zavadéni centralniho zilniho katétru, poskytuje vétsi
mnozstvi dat o stavu krevniho obéhu a umoziuje optimalni doplnéni krevniho objemu

po ukonceni resekéni faze operace bez rizika hypervolemie.

Zustava otazkou, jakou metodu ¢i kombinaci metod k dosazeni nizkého centralniho zilniho
tlaku nebo vysokych hodnot dynamickych parametri preloadu vyuzit. Nase studie nepfinesla
v tomto sméru jasné zavéry, respektive potvrdila srovnatelnou ucinnost ndmi aplikovanych

postupti.

Jaterni resekce jsou i nadale provazeny vyznamnou krevni ztratou, ktera si neziidka vyzada
peroperacni podani transfuznich ptipravki. Vzhledem k rizikim, kterd krevni transfuze
pfinasi, by mélo byt jejich podani individualizovdno a mély by byt striktné dodrZovany
indikace k transfuzi. Primarn¢ je nutné dosahnout naleZit¢ volémie pouZitim ndhradnich
roztokd, vcetné roztokli koloidnich. Jedinym cilem podani erytrocytarnich koncentratl je
udrzeni dostatecné transportni kapacity krve pro kyslik, respektive udrzeni dostatecné
dodavky kysliku tkanim. Pokud pacient s relativné nizkou hladinou hemoglobinu nejevi
klinické ¢i laboratorni zndmky organové hypoperfuze (v tomto sméru se jako raciondlni jevi

monitorace ScvO; a hladiny laktatu), neni podani erytrocytarniho koncentratu odiivodnéné.

Spole¢nym cilem anesteziologa i chirurga musi byt snaha o minimalizaci krevni ztraty,
minimalizaci podani alogennich transfuznich pfipravkl, udrZzeni hemodynamické stability

pacienta béhem vykonu a minimalizace peroperacni tkanové hypoperfuze.

-65 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Vystupy pro klinickou praxi:

Raciondlni vyuziti odlisSnych metod vedoucich ke snizeni CVP béhem jaterni resekce
je pravdépodobné spojeno se stejnym klinickym vysledkem a nelze proto jakoukoliv
z téchto metod oznacit za nadfazenou.

Minimaln¢ invazivni hemodynamicka monitorace ma své misto i1 v jaterni chirurgii,
kde muze piispét ke snizeni invazivity zajiSténi pacienta, umoznuje detailnéjsi
monitoraci krevniho ob&hu a cilenou optimalizaci objemového stavu pacienta
na konci operace.

Pouziti Pringlova manévru se jevi jako jednoduchy a bezpecny krok ke snizeni krevni

ztraty, pravdépodobné bez zvyseného rizika pooperacni jaterni dysfunkce.

-66 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

5 SEZNAM LITERATURY

1. Taub R: Liver regeneration: from myth to mechanism. Nat Rev Mol Cell Biol 2004,
5(10):836-847.

2. Fausto N, Campbell JS, Riehle KJ: Liver regeneration. J Hepatol 2012, 57(3):692-694.

3. Gebhard Wagner, Wagener G: Liver Anesthesiology and Critical Care Medicine. Springer
Science & Business Media; 2012.

4. Kooby DA, Stockman J, Ben-Porat L, Gonen M, Jarnagin WR, Dematteo RPEA: Influence
of transfusions on perioperative and long-term outcome in patients following hepatic
resection for colorectal metastases. Ann Surg 2003, 237(6):860-9; discussion 869.

5. Melendez JA, Arslan V, Fischer ME, Wuest D, Jarnagin WR, Fong YEA: Perioperative
outcomes of major hepatic resections under low central venous pressure anesthesia:

blood loss, blood transfusion, and the risk of postoperative renal dysfunction. J Am Coll
Surg 1998, 187(6):620-625.

6. Aloia TA, Fahy BN, Fischer CP, Jones SL, Duchini A, Galati J, Gaber AO, Ghobrial RM,
Bass BL: Predicting poor outcome following hepatectomy: analysis of 2313
hepatectomies in the NSQIP database. HPB (Oxford) 2009, 11(6):510-515.

7. Wang WD, Liang LJ, Huang XQ, Yin XY: Low central venous pressure reduces blood
loss in hepatectomy. World J Gastroenterol. 2006, 12(6):935-9

8. Chen H, Merchant NB, Didolkar MS: Hepatic resection using intermittent vascular

inflow occlusion and low central venous pressure anesthesia improves morbidity and
mortality. J Gastrointest Surg 2000, 4(2):162-167.

9. Smyrniotis V, Kostopanagiotou G, Theodoraki K, Tsantoulas D, Contis JC: The role of

central venous pressure and type of vascular control in blood loss during major liver
resections. Am J Surg 2004, 187(3):398-402.

10. Jones RM, Moulton CE, Hardy KJ: Central venous pressure and its effect on blood loss
during liver resection. Br J Surg 1998, 85(8):1058-1060.

11. McNally SJ, Revie EJ, Massie LJ, McKeown DW, Parks RW, Garden OJ, Wigmore SJ:
Factors in perioperative care that determine blood loss in liver surgery. HPB (Oxford)
2012, 14(4):236-241.

12. Li Z, Sun YM, Wu FX, Yang LQ, Lu ZJ, Yu WF: Controlled low central venous
pressure reduces blood loss and transfusion requirements in hepatectomy. World J
Gastroenterol 2014, 20(1):303-309.

-67 -


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=16521223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=16521223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20XQ%5BAuthor%5D&cauthor=true&cauthor_uid=16521223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yin%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=16521223
https://www.ncbi.nlm.nih.gov/pubmed/16521223

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

13. Lin CX, Guo Y, Lau WY, Zhang GY, Huang YT, He WZ, Lai ECH: Optimal central
venous pressure during partial hepatectomy for hepatocellular carcinoma. Hepatobiliary
Pancreat Dis Int 2013, 12(5):520-524.

14. Lautt WW: Regulatory processes interacting to maintain hepatic blood flow
constancy: Vascular compliance, hepatic arterial buffer response, hepatorenal reflex,
liver regeneration, escape from vasoconstriction. Hepato! Res 2007, 37(11):891-903.

15. Sarpel U, Bonavia AS, Grucela A, Roayaie S, Schwartz ME, Labow DM: Does anatomic
versus nonanatomic resection affect recurrence and survival in patients undergoing
surgery for colorectal liver metastasis? 4Ann Surg Oncol 2009, 16(2):379-384.

16. Zorzi D, Mullen JT, Abdalla EK, Pawlik TM, Andres A, Muratore A, Curley SA, Mentha
G, Capussotti L, Vauthey JN: Comparison between hepatic wedge resection and anatomic
resection for colorectal liver metastases. J Gastrointest Surg 2006, 10(1):86-94.

17. Finch RJB, Malik HZ, Hamady ZZR, Al-Mukhtar A, Adair R, Prasad KR, Lodge JPA,
Toogood GJ: Effect of type of resection on outcome of hepatic resection for colorectal
metastases. Br J Surg 2007, 94(10):1242-1248.

18. Aragon RJ, Solomon NL: Techniques of hepatic resection. J Gastrointest Oncol 2012,
3:28-40.

19. Spahn DR, Moch H, Hofmann A, Isbister JP: Patient blood management: the
pragmatic solution for the problems with blood transfusions. Anesthesiology 2008,
109(6):951-953.

20. Katz SC, Shia J, Liau KH, Gonen M, Ruo L, Jarnagin WR, Fong Y, D'Angelica MI,
Blumgart LH, Dematteo RP: Operative blood loss independently predicts recurrence and
survival after resection of hepatocellular carcinoma. Ann Surg 2009, 249(4):617-623.

21. Jarnagin WR, Gonen M, Fong Y, DeMatteo RP, Ben-Porat L, Little S, Corvera C, Weber
S, Blumgart LH: Improvement in perioperative outcome after hepatic resection: analysis
of 1,803 consecutive cases over the past decade. Ann Surg 2002, 236(4):397-406;
discussion 406.

22. Melendez J, Ferri E, Zwillman M, Fischer M, DeMatteo R, Leung D, Jarnagin W, Fong
Y, Blumgart LH: Extended hepatic resection: a 6-year retrospective study of risk factors
for perioperative mortality. J Am Coll Surg 2001, 192(1):47-53.

23. Poon RT, Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C, Wong J: Improving
perioperative outcome expands the role of hepatectomy in management of benign and

malignant hepatobiliary diseases: analysis of 1222 consecutive patients from a
prospective database. Ann Surg 2004, 240(4):698-708; discussion 708.

- 68 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

24. Benzoni E, Cojutti A, Lorenzin D, Adani GL, Baccarani U, Favero A, Zompicchiati A,
Bresadola F, Uzzau A: Liver resective surgery: a multivariate analysis of postoperative
outcome and complication. Langenbecks Arch Surg 2007, 392(1):45-54.

25. Beck-Schimmer B, Breitenstein S, Urech S, De Conno E, Wittlinger M, Puhan M, Jochum
W, Spahn DR, Graf R, Clavien PA: A randomized controlled trial on pharmacological
preconditioning in liver surgery using volatile anesthetic. 4nn Surg. 2008, 248:909-918.

26. Decailliot F, Cherqui D, Leroux B, Lanteri-Minet M, Ben Said S, Husson E, Duvaldestin
P, Stéphan F: Effects of portal triad clamping on haemodynamic conditions during
laparoscopic liver resection. Br J Anaesth 2001, 87(3):493-496.

27. Lentschener C, Franco D, Bouaziz H, Mercier FJ, Fouqueray B, Landault C, Mazoit JX,
Benhamou D: Haemodynamic changes associated with portal triad clamping are
suppressed by prior hepatic pedicle infiltration with lidocaine in humans. Br J Anaesth
1999, 82(5):691-697.

28. Decailliot F, Streich B, Heurtematte Y, Duvaldestin P, Cherqui D, Stéphan F:
Hemodynamic effects of portal triad clamping with and without pneumoperitoneum: an
echocardiographic study. Anesth Analg 2005, 100(3):617-22, table of contents.

29. Delva E, Camus Y, Paugam C, Parc R, Huguet C, Lienhart A: Hemodynamic effects of
portal triad clamping in humans. Anesth Analg 1987, 66(9):864-868.

30. Choukeér A, Schachtner T, Schauer R, Dugas M, Lohe F, Martignoni A, Pollwein B,
Niklas M, Rau HG, Jauch KW, Peter K, Thiel M: Effects of Pringle manoeuvre and
ischaemic preconditioning on haemodynamic stability in patients undergoing elective
hepatectomy: a randomized trial. Br J Anaesth 2004, 93(2):204-211.

31. Eyraud D, Richard O, Borie DC, Schaup B, Carayon A, Vézinet C, Movschin M, Vaillant
JC, Coriat P, Hannoun L: Hemodynamic and hormonal responses to the sudden
interruption of caval flow: insights from a prospective study of hepatic vascular
exclusion during major liver resections. Anesth Analg 2002, 95(5):1173-8, table of
contents.

32. Wiggans MG, Starkie T, Shahtahmassebi G, Woolley T, Birt D, Erasmus PEA: Serum
arterial lactate concentration predicts mortality and organ dysfunction following liver
resection. Perioper Med (Lond). 2013, 2(1):21.

33. Meguro M, Mizuguchi T, Kawamoto M, Nishidate T, Ishii M, Tatsumi HEA: Highest
intraoperative lactate level could predict postoperative infectious complications after
hepatectomy, reflecting the Pringle maneuver especially in chronic liver disease. J
Hepatobiliary Pancreat Sci. 2014, 21(7):489-498.

34. Kim J, Ahmad SA, Lowy AM, Buell JF, Pennington LJ, Soldano DA, James LE,
Matthews JB, Hanto DW: Increased biliary fistulas after liver resection with the
harmonic scalpel. Am Surg 2003, 69(9):815-819.

-69 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

35. Nguyen KT, Gamblin TC, Geller DA: World review of laparoscopic liver resection-
2,804 patients. Ann Surg 2009, 250(5):831-841.

36. Clavien PA, Petrowsky H, DeOliveira ML, Graf R: Strategies for safer liver surgery
and partial liver transplantation. N Engl J Med 2007, 356(15):1545-1559.

37. Belghiti J, Hiramatsu K, Benoist S, Massault P, Sauvanet A, Farges O: Seven hundred

forty-seven hepatectomies in the 1990s: an update to evaluate the actual risk of liver
resection. J Am Coll Surg 2000, 191(1):38-46.

38. Vauthey JN, Pawlik TM, Ribero D, Wu TT, Zorzi D, Hoff PM, Xiong HQ, Eng C,
Lauwers GY, Mino-Kenudson M, Risio M, Muratore A, Capussotti L, Curley SA, Abdalla
EK: Chemotherapy regimen predicts steatohepatitis and an increase in 90 - day
mortality after surgery for hepatic colorectal metastases. J Clin Oncol 2006, 24:2065-
2072.

39. Cucchetti A, Ercolani G, Vivarelli M, Cescon M, Ravaioli M, La Barba G, Zanello M,
Grazi GL, Pinna AD: Impact of model for end-stage liver disease (MELD) score on
prognosis after hepatectomy for hepatocellular carcinoma on cirrhosis. Liver Transp!
2006, 12(6):966-971.

40. Hofmann WP, Rédle J, Moench C, Bechstein W, Zeuzem S: [Prediction of perioperative
mortality in patients with advanced liver disease and abdominal surgery by the use of
different scoring systems and tests]. Z Gastroenterol 2008, 46(11):1283-1289.

41. Marrocco-Trischitta MM, Kahlberg A, Astore D, Tshiombo G, Mascia DEA: Outcome in
cirrhotic patients after elective surgical repair of infrarenal aortic aneurysm. J Vasc
Surg. 2011, 53(4):906-911.

42. El Sharkawy OA, Refaat EK, Ibraheem AEM, Mahdy WR, Fayed NA, Mourad WS, Abd
Elhafez HS, Yassen KA: Transoesophageal Doppler compared to central venous pressure
for perioperative hemodynamic monitoring and fluid guidance in liver resection. Saudi J
Anaesth. 2013, 7(4):378-386.

43. Moug S, Smith D, Leen E, Angerson W, Horgan P: Selective continuous vascular
occlusion and perioperative fluid restriction in partial hepatectomy. Outcomes in 101
consecutive patients. Eur J Surg Oncol 2007, 33(8):1036-1041.

44. Hashimoto T, Kokudo N, Orii R, Seyama Y, Sano K, Imamura H, Sugawara Y, Hasegawa
K, Makuuchi M: Intraoperative blood salvage during liver resection: a randomized
controlled trial. Ann Surg 2007, 245(5):686-691.

45. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M: A rational approach to
perioperative fluid management. Anesthesiology 2008, 109(4):723-740.

-70 -


https://www.ncbi.nlm.nih.gov/pubmed/?term=Transoesophageal+Doppler+compared+to+central+venous+pressure+for+perioperative+hemodynamic+monitoring+and+fluid+guidance+in+liver+resection
https://www.ncbi.nlm.nih.gov/pubmed/?term=Transoesophageal+Doppler+compared+to+central+venous+pressure+for+perioperative+hemodynamic+monitoring+and+fluid+guidance+in+liver+resection

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

46. Corcoran T, Rhodes JE, Clarke S, Myles PS, Ho KM: Perioperative fluid management
strategies in major surgery: a stratified meta-analysis. Anesth Analg. 2012, 114(3):640-
651.

47. Sand L, Lundin S, Rizell M, Wiklund J, Stenqvist O, Houltz E: Nitroglycerine and
patient position effect on central, hepatic and portal venous pressures during liver
surgery. Acta Anaesthesiol Scand 2014, 58(8):961-967.

48. Taura P, Fuster J, Mercadal J, Martinez-Palli G, Fondevila C, Blasi A, Balust J, Garcia-
Valdecasas JC: The use of beta-adrenergic drugs improves hepatic oxygen metabolism in
cirrhotic patients undergoing liver resection. J Hepatol 2010, 52(3):340-347.

49. Hamzaoui O, Georger JF, Monnet X, Ksouri H, Maizel J, Richard C, Teboul JL: Early
administration of norepinephrine increases cardiac preload and cardiac output in septic
patients with life-threatening hypotension. Crit Care 2010, 14

50. Choi SS, Jun IG, Cho SS, Kim SK, Hwang GS, Kim YK: Effect of stroke volume
variation-directed fluid management on blood loss during living-donor right
hepatectomy: a randomised controlled study. Anaesthesia 2015,

51. Squires MH, Kooby DA, Poultsides GA, Weber SM, Bloomston M, Fields RC, Pawlik
TM, Votanopoulos KI, Schmidt CR, Ejaz A, Acher AW, Worhunsky DJ, Saunders N, Levine
EA, Jin LX, Cho CS, Winslow ER, Russell MC, Staley CA, Maithel SK: Effect of
Perioperative Transfusion on Recurrence and Survival after Gastric Cancer Resection:
A 7-Institution Analysis of 765 Patients from the US Gastric Cancer Collaborative. J 4m
Coll Surg 2015, 221(3):767-7717.

52. Sun C, Wang Y, Yao HS, Hu ZQ: Allogeneic blood transfusion and the prognosis of
gastric cancer patients: systematic review and meta-analysis. /n? J Surg 2015, 13:102-110.

53. Acheson AG, Brookes MJ, Spahn DR: Effects of allogeneic red blood cell transfusions
on clinical outcomes in patients undergoing colorectal cancer surgery: a systematic
review and meta-analysis. Ann Surg 2012, 256(2):235-244.

54. Laurent C, Blanc JF, Nobili S, Sa Cunha A, le Bail B, Bioulac-Sage P, Balabaud C,
Capdepont M, Saric J: Prognostic factors and longterm survival after hepatic resection
for hepatocellular carcinoma originating from noncirrhotic liver. J Am Coll Surg 2005,
201(5):656-662.

55. Yung M, Butt W: Inferior vena cava pressure as an estimate of central venous
pressure. J Paediatr Child Health 1995, 31(5):399-402.

56. Khan H, Belsher J, Yilmaz M, Afessa B, Winters JL, Moore SB, Hubmayr RD, Gajic O:
Fresh-frozen plasma and platelet transfusions are associated with development of acute
lung injury in critically ill medical patients. Chest 2007, 131(5):1308-1314.

-71 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

57. Kozek-Langenecker SA, Afshari A, Albaladejo P, Santullano CAA, De Robertis E,
Filipescu DC, Fries D, Gorlinger K, Haas T, Imberger G, Jacob M, Lancé M, Llau J, Mallett
S, Meier J, Rahe-Meyer N, Samama CM, Smith A, Solomon C, Van der Linden P, Wikkelsg
AlJ, Wouters P, Wyffels P: Management of severe perioperative bleeding: guidelines from
the European Society of Anaesthesiology. Eur J Anaesthesiol 2013, 30(6):270-382.

58. Massicotte L, Lenis S, Thibeault L, Sassine MP, Seal RF, Roy A: Effect of low central
venous pressure and phlebotomy on blood product transfusion requirements during
liver transplantations. Liver Transpl 2006, 12(1):117-123.

59. Wang WD, Liang LJ, Huang XQ, Yin XY: Low central venous pressure reduces blood
loss in hepatectomy. World J Gastroenterol. 2006, 12(6):935-939.

60. Gurusamy KS, Li J, Vaughan J, Sharma D, Davidson BR: Cardiopulmonary
interventions to decrease blood loss and blood transfusion requirements for liver
resection. Cochrane Database Syst Rev 2012, 16(5)

61. Chhibber A, Dziak J, Kolano J, Norton JR, Lustik S: Anesthesia care for adult live
donor hepatectomy: Our experiences with 100 cases. Liver Transpl. 2007, 13(4):537-542.

62. Sondergaard S, Parkin G, Aneman A: Central venous pressure: we need to bring
clinical use into physiological context. Acta Anaesthesiol Scand 2015, 59(5):552-560.

63. Hasegawa K, Takayama T, Orii R, Sano K, Sugawara Y, Imamura H, Kubota K,
Makuuchi M: Effect of hypoventilation on bleeding during hepatic resection: a
randomized controlled trial. AMA Arch Surg 2002, 137(3):311-315.

64. Futier E, Constantin JM, Paugam-Burtz C, Pascal J, Eurin M, Neuschwander A, Marret E,
Beaussier M, Gutton C, Lefrant JY, Allaouchiche B, Verzilli D, Leone M, De Jong A, Bazin
JE, Pereira B, Jaber S, IMPROVE Study Group: A trial of intraoperative low-tidal-volume
ventilation in abdominal surgery. N Engl J Med 2013, 369(5):428-437.

65. Neuschwander A, Futier E, Jaber S, Pereira B, Eurin M, Marret E, Szymkewicz O,
Beaussier M, Paugam-Burtz C: Te effects of intraoperative lung protective ventilation

with positive end-expiratory pressure on blood loss during hepatic resection surgery.
Eur J Anaesthesiol 2016, 33:1-7.

66. Giordano C, Deitte LA, Gravenstein N, Rice MJ: What Is the Preferred Central Venous
Pressure Zero Reference for Hepatic Resection? Anesth Analg 2010, 111(3):660-664.

67. Hatano Y, Murakawa M, Segawa H, Nishida Y, Mori K: Venous air embolism during
hepatic resection. Anesthesiology 1990, 73(6):1282-1285.

68. Foo E, Williams D, Singh H, Bridgman PG, McCall J, Connor S: Successful
management of a large air embolus during an extended right hepatectomy with an
emergency cardiopulmonary bypass. HPB (Oxford). 2012, 14(12):871-873.

-72 -


https://www.ncbi.nlm.nih.gov/pubmed/22592720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anesthesia+care+for+adult+live+donor+hepatectomy%3A+Our+experiences+with+100+cases.
https://www.ncbi.nlm.nih.gov/pubmed/?term=What+Is+the+Preferred+Central+Venous+Pressure+Zero+Reference+for+Hepatic+Resection%3F

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

69. Koo BN, Kil HK, Choi JS, Kim JY, Chun DH, Hong YW: Hepatic resection by the
Cavitron Ultrasonic Surgical Aspirator increases the incidence and severity of venous
air embolism. Anesth Analg 2005, 101(4):966-70, table of contents.

70. Karakoc D, Hamaloglu E, Ozdemir A, Dogrul A, Ozenc A: The effect of hepatectomy
on coagulation: an evaluation by thromboelastography. Eur J Gastroenterol Hepatol
2010, 22(1):43-48.

71. Barton JS, Riha GM, Differding JA, Underwood SJ, Curren JL, Sheppard BC, Pommier
RF, Orloff SL, Schreiber MA, Billingsley KG: Coagulopathy after a liver resection: is it
over diagnosed and over treated? HPB (Oxford). 2013, 15(11):865-871.

72. Mohammed M, Fayed N, Hassanen A, Ahmed F, Mourad W, El Sheikh M, Abofetouh F,
Yassen K, Khalil M, Marwan I, Tanaka K: Rotational thromboelastometry and standard
coagulation tests for live liver donors. Clin Transplant 2013, 27(2):E101-E108.

73. Benes J, Zatloukal J, Kletecka J: Viscoelastic Methods of Blood Clotting Assessment -
A Multidisciplinary Review. Front Med (Lausanne). 2015, 2(62)

74. Coakley M, Reddy K, Mackie I, Mallett S: Transfusion triggers in orthotopic liver
transplantation: a comparison of the thromboelastometry analyzer, the
thromboelastogram, and conventional coagulation tests. J Cardiothorac Vasc Anesth
2006, 20(4):548-553.

75. Nienaber U, Innerhofer P, Westermann I, Schochl H, Attal R, Breitkopf R, Maegele M:
The impact of fresh frozen plasma vs coagulation factor concentrates on morbidity and

mortality in trauma-associated haemorrhage and massive transfusion. /njury 2011,
42(7):697-701.

76. Innerhofer P, Westermann I, Tauber H, Breitkopf R, Fries D, Kastenberger T, El Attal R,
Strasak A, Mittermayr M: The exclusive use of coagulation factor concentrates enables

reversal of coagulopathy and decreases transfusion rates in patients with major blunt
trauma. /njury 2013, 44(2):209-216.

77. Inaba K, Branco BC, Rhee P, Blackbourne LH, Holcomb JB, Teixeira PGR, Shulman I,
Nelson J, Demetriades D: Impact of plasma transfusion in trauma patients who do not
require massive transfusion. J Am Coll Surg 2010, 210(6):957-965.

78. De Pietri L, Montalti R, Begliomini B, Scaglioni G, Marconi G, Reggiani A, Di Benedetto
F, Aiello S, Pasetto A, Rompianesi G, Gerunda GE: Thromboelastographic changes in liver
and pancreatic cancer surgery: hypercoagulability, hypocoagulability or
normocoagulability? Eur J Anaesthesiol 2010, 27(7):608-616.

79. Gouvéa G, Diaz R, Auler L, Toledo R, Soluri A, Haack AG, de Oliveira MM, Vilanova B,
Machado VR, Martinho JM: Perioperative coagulation profile in living liver donors as
assessed by rotational thromboelastometry. Liver Transpl 2010, 16(3):387-392.

-73 -


https://www.ncbi.nlm.nih.gov/pubmed/?term=Viscoelastic+Methods+of+Blood+Clotting+Assessment+-+A+Multidisciplinary+Review

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

80. Mallett SV, Sugavanam A, Krzanicki DA, Patel S, Broomhead RH, Davidson BR, Riddell
A, Gatt A, Chowdary P: Alterations in coagulation following major liver resection.
Anaesthesia 2016,

81. Makwana J, Paranjape S, Goswami J: Antifibrinolytics in liver surgery. Indian J
Anaesth. 2010, 54(6):489-495.

82. Dalmau A, Sabate A, Acosta F, et. al.: Tranexamic acid reduces red cell transfusion
better than epsilon-aminocaproic acid or placebo in liver transplantation. Anesth Analg
2000, 91(1):29-34.

83. Boylan JF, Klinck JR, Sandler AN, Arellano R, Greig PD, Nierenberg H, Roger SL,
Glynn MFX: Tranexamic acid reduces blood loss, transfusion requirements, and
coagulation factor use in primary orthotopic liver transplantation. Anesthesiology 1996,
85(5):1043-1048.

84. Gal R, Cundrle I, Seidlova J, Kala Z, Prochazka V: Anaesthesia management of major
hepatic resections without application of allogeneic blood. Bratis/ Lek Listy 2003, 104(7-
8):243-246.

85. Matot I, Scheinin O, Jurim O, Eid A: Effectiveness of acute normovolemic

hemodilution to minimize allogeneic blood transfusion in major liver resections. (1).
Anesthesiology 2002, 97(4):794-800.

86. Choi SJ, Gwak MS, Ko JS, Kim GS, Ahn HJ, Yang M, Hahm TS, Lee SM, Kim MH, Joh
JW: The changes in coagulation profile and epidural catheter safety for living liver
donors: a report on 6 years of our experience. Liver Transpl 2007, 13(1):62-70.

87. Shontz R, Karuparthy V, Temple R, Brennan TJ: Prevalence and risk factors
predisposing to coagulopathy in patients receiving epidural analgesia for hepatic
surgery. Reg Anesth Pain Med 2009, 34(4):308-311.

88. Weinberg L, Scurrah N, Gunning K, McNicol L: Postoperative changes in prothrombin
time following hepatic resection: implications for perioperative analgesia. Anaesth
Intensive Care 2006, 34(4):438-443.

89. Yuan FS, Ng SY, Ho KY, Lee SY, Chung AY, Poopalalingam R: Abnormal coagulation
profile after hepatic resection: the effect of chronic hepatic disease and implications for
epidural analgesia. J Clin Anesth 2012, 24(5):398-403.

90. Kim YK, Shin WJ, Song JG, Jun IG, Kim HY, Seong SH, Sang BH, Hwang GS: Factors
associated with changes in coagulation profiles after living donor hepatectomy.
Transplant Proc 2010, 42(7):2430-2435.

-74 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

91. Siniscalchi A, Begliomini B, De Pietri L, Braglia V, Gazzi M, Masetti M, Di Benedetto F,
Pinna AD, Miller CM, Pasetto A: Increased prothrombin time and platelet counts in

living donor right hepatectomy: implications for epidural anesthesia. Liver Transpl 2004,
10(9):1144-1149.

92. Schumann R, Zabala L, Angelis M, Bonney I, Tighiouart H, Carr DB: Altered
hematologic profiles following donor right hepatectomy and implications for
perioperative analgesic management. Liver Transpl 2004, 10(3):363-368.

93. Elterman KG, Xiong Z: Coagulation profile changes and safety of epidural analgesia
after hepatectomy: a retrospective study. J Anesth 2015, 29(3):367-372.

94. Agarwal B, Wright G, Gatt A, Riddell A, Vemala V, Mallett S, Chowdary P, Davenport
A, Jalan R, Burroughs A: Evaluation of coagulation abnormalities in acute liver failure. J
Hepatol 2012, 57(4):780-786.

95. Schaden E, Saner FH, Goerlinger K: Coagulation pattern in critical liver dysfunction.
Curr Opin Crit Care 2013, 19(2):142-148.

96. Cerutti E, Stratta C, Romagnoli R, Schellino MM, Skurzak S, Rizzetto M, Tamponi G,
Salizzoni M: Thromboelastogram monitoring in the perioperative period of hepatectomy
for adult living liver donation. Liver Transpl 2004, 10(2):289-294.

97. Dumitrescu G, Januszkiewicz A, Agren A, Magnusson M, Isaksson B, Wernerman J: The

temporal pattern of postoperative coagulation status in patients undergoing major liver
surgery. Thromb Res 2015, 136(2):402-407.

98. Amini N, Kim Y, Hyder O, Spolverato G, Wu CL, Page A, Pawlik TM: A nationwide
analysis of the use and outcomes of perioperative epidural analgesia in patients
undergoing hepatic and pancreatic surgery. Am J Surg 2015, 210(3):483-491.

99. Zimmitti G, Soliz J, Aloia TA, Gottumukkala V, Cata JP, Tzeng CWD, Vauthey JN:
Positive Impact of Epidural Analgesia on Oncologic Outcomes in Patients Undergoing
Resection of Colorectal Liver Metastases. Ann Surg Oncol 2015,

100. Marik PE, Cavallazzi R: Does the central venous pressure predict fluid
responsiveness? An updated meta-analysis and a plea for some common sense. Crit Care
Med 2013, 41(7):1774-1781.

101. Marik PE: Fluid Responsiveness and the Six Guiding Principles of Fluid
Resuscitation. Crit Care Med. 2016, 44(10):1920-1922.

102. Yang XX, Critchley LA, Rowlands DK, Fang Z, Huang L: Systematic error of cardiac
output measured by bolus thermodilution with a pulmonary artery catheter compared
with that measured by an aortic flow probe in a pig model. J Cardiothorac Vasc Anesth
2013, 27(6):1133-1139.

=75 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

103. Hattori K, Maeda T, Masubuchi T, Yoshikawa A et al.: Accuracy and trending ability
of the fourth-generation FloTrac/Vigileo system in patients with low cardiac index. J
Cardiothorac Vasc Anesth. 2016,

104. Suehiro K, Tanaka K, Mikawa M, Uchihara Y, Matsuyama T, Matsuura T et al:
Improved Performance of the Fourth-Generation FloTrac/Vigileo System for Tracking
Cardiac Output Changes. J Cardiothorac Vasc Anesth. 2015, 29(3):656-662.

105. Dunki-Jacobs EM, Philips P, Scoggins CR, McMasters KM, Martin RCG: Stroke
volume variation in hepatic resection: a replacement for standard central venous
pressure monitoring. Ann Surg Oncol 2014, 21(2):473-478.

106. Ji FH, Li WJ, LiJ, Peng K, Yang JP, Liu H: Responsiveness of stroke volume
variation and central venous pressure during acute normovolemic and hypervolemic
hemodilution. Chin Med J (Engl) 2013, 126(10):1838-1843.

107. Shin YH, Ko JS, Gwak MS, Kim GS, Lee JH, Lee SK: Utility of uncalibrated femoral
stroke volume variation as a predictor of fluid responsiveness during the anhepatic
phase of liver transplantation. Liver Transpl 2011, 17(1):53-59.

108. Su B, Tsai Y, Cheng C, Yu H, Yang M, Lee W, Lin C: Stroke volume variation
derived by arterial pulse contour analysis is a good indicator for preload estimation
during liver transplantation. Transplant Proc 2012, 44(2):429-432.

109. Benes J, Chytra I, Altmann P, Hluchy M, Kasal E, Svitak REA: Intraoperative fluid
optimization using stroke volume variation in high risk surgical patients: results of
prospective randomized study. Crit Care 2010, 14(3):R118.

110. Slagt C, Malagon I, Groeneveld ABJ: Systematic review of uncalibrated arterial
pressure waveform analysis to determine cardiac output and stroke volume variation. Br
J Anaesth 2014, 112(4):626-637.

111. Saugel B, Cecconi M, Wagner JY, Reuter DA: Noninvasive continuous cardiac output
monitoring in perioperative and intensive care medicine. Br J Anaesth 2015, 114(4):562-
575.

112. Myatra SN, Prabu NR, Divatia JV, Monnet X, Kulkarni AP, Teboul JL.: The Changes
in Pulse Pressure Variation or Stroke Volume Variation After a "Tidal Volume

Challenge' Reliably Predict Fluid Responsiveness During Low Tidal Volume
Ventilation. Crit Care Med 2017, 45(3):415-421.

113. Marik PE: Fluid Responsiveness and the Six Guiding Principles of Fluid
Resuscitation. Crit Care Med 2015,

114. Solus-Biguenet H, Fleyfel M, Tavernier B, Kipnis E, Onimus J, Robin E, Lebuffe G,
Decoene C, Pruvot FR, Vallet B: Non-invasive prediction of fluid responsiveness during
major hepatic surgery. (1). Br J Anaesth 2006, 97(6):808-816.

-76 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

115. Osman D, Ridel C, Ray P, Monnet X, Anguel N, Richard C, Teboul JL: Cardiac filling
pressures are not appropriate to predict hemodynamic response to volume challenge.
Crit Care Med 2007, 35(1):64-68.

116. Marik PE, Cavallazzi R, Vasu T, Hirani A: Dynamic changes in arterial waveform
derived variables and fluid responsiveness in mechanically ventilated patients: a
systematic review of the literature. Crit Care Med 2009, 37(9):2642-2647.

117. Marik PE, Monnet X, Teboul JL: Hemodynamic parameters to guide fluid therapy.
Ann Intensive Care 2011, 1(1):1.

118. Perel A, Habicher M, Sander M: Bench-to-bedside review: functional hemodynamics
during surgery - should it be used for all high-risk cases? Crit Care 2013, 17(203)

119. Feissel M, Michard F, Faller JP, Teboul JL: The respiratory variation in inferior vena
cava diameter as a guide to fluid therapy. Intensive Care Med 2004, 30(9):1834-1837.

120. Cecconi M, Parsons AK, Rhodes A: What is a fluid challenge? Curr Opin Crit Care
2011, 17(3):290-295.

121. Monnet X, Teboul JL: Passive leg raising: five rules, not a drop of fluid! Crit Care
2015, 19:18.

122. Monnet X, Osman D, Ridel C, Lamia B, Richard C, Teboul JL: Predicting volume
responsiveness by using the end-expiratory occlusion in mechanically ventilated
intensive care unit patients. Crit Care Med 2009, 37(3):951-956.

123. Schollin-Borg M, Nordin P, Zetterstrom H, Johansson J: Blood Lactate Is a Useful
Indicator for the Medical Emergency Team. Crit Care Res Pract. 2016, 2016:5765202.

124. Cecconi M, De Backer D, Antonelli M, Beale R, Bakker J, Hofer C, Jaeschke R,
Mebazaa A, Pinsky MR, Teboul JL, Vincent JL, Rhodes A: Consensus on circulatory shock

and hemodynamic monitoring. Task force of the European Society of Intensive Care
Medicine. Intensive Care Med 2014, 40(12):1795-1815.

125. Silbert BI, Litton E, Ho KM: Central venous-to-arterial carbon dioxide gradient as a
marker of occult tissue hypoperfusion after major surgery. Anaesth Intensive Care 2015,
43(5):628-634.

126. Futier E, Robin E, Jabaudon M, Guerin R, Petit A, Bazin JE, Constantin JM, Vallet B:
Central venous O, saturation and venous-to-arterial CO, difference as
complementary tools for goal-directed therapy during high-risk surgery. Crit Care 2010,
14(5):R193.

127. Mayer J, Boldt J, Mengistu AM, R6hm KD, Suttner S: Goal-directed intraoperative
therapy based on autocalibrated arterial pressure waveform analysis reduces hospital

-77 -


https://www.ncbi.nlm.nih.gov/pubmed/21906322

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

stay in high-risk surgical patients: a randomized, controlled trial. Crit Care 2010,
14(1):R18.

128. Scheeren TWL, Wiesenack C, Gerlach H, Marx G: Goal-directed intraoperative fluid
therapy guided by stroke volume and its variation in high-risk surgical patients: a
prospective randomized multicentre study. J Clin Monit Comput 2013, 27(3):225-233.

129. Dalfino L, Giglio MT, Puntillo F, Marucci M, Brienza N: Haemodynamic goal-
directed therapy and postoperative infections: earlier is better. A systematic review and
meta-analysis. Crit Care 2011, 15(3):R154.

130. Rhodes A, Cecconi M, Hamilton M, Poloniecki J, Woods J, Boyd O, Bennett D,
Grounds RM: Goal-directed therapy in high-risk surgical patients: a 15-year follow-up
study. Intensive Care Med 2010, 36(8):1327-1332.

131. Choi SS, Kim SH, Kim YK: Fluid management in living donor hepatectomy: Recent
issues and perspectives. World J Gastroenterol. 2015, 21(45):12757-12766.

132. Kim YK, Shin WJ, Song JG, Jun IG, Hwang GS: Does stroke volume variation predict
intraoperative blood loss in living right donor hepatectomy? Transplant Proc 2011,
43(5):1407-1411.

133. Seo H, Jun IG, Ha TY, Hwang S, Lee SG, Kim YK: High Stroke Volume Variation
Method by Mannitol Administration Can Decrease Blood Loss During Donor
Hepatectomy. Medicine (Baltimore) 2016, 95(2):€2328.

134. McGee DC, Gould MK: Preventing complications of central venous catheterization.
N Engl J Med 2003, 348(12):1123-1133.

135. Michard F, Teboul JL: Predicting fluid responsiveness in ICU patients: a critical
analysis of the evidence. Chest 2002, 121(6):2000-2008.

136. Van der Linden PJ, Dierick A, Wilmin S, Bellens B, De Hert SG: A randomized
controlled trial comparing an intraoperative goal-directed strategy with routine clinical

practice in patients undergoing peripheral arterial surgery. Eur J Anaesthesiol 2010,
27(9):788-793.

137. Benes J, Giglio M, Brienza N, Michard F: The effects of goal-directed fluid therapy
based on dynamic parameters on post-surgical outcome: a meta-analysis of randomized
controlled trials. Crit Care 2014, 18(5):584.

138. Cecconi M, Corredor C, Arulkumaran N, Abuella G, Ball J, Grounds RM, Hamilton M,
Rhodes A: Clinical review: Goal-directed therapy-what is the evidence in surgical
patients? The effect on different risk groups. Crit Care 2013, 17(2):209.

-78 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

139. Giglio M, Manca F, Dalfino L, Brienza N.: Perioperative hemodynamic goal-directed
therapy and mortality: a systematic review and meta-analysis with meta-regression.
Minerva Anestesiol. 2016, 82(11):1199-1213.

140. Kapoor PM, Magoon R, Rawat R, Mehta Y.: Perioperative utility of goal-directed
therapy in high-risk cardiac patients undergoing coronary artery bypass grafting: “A
clinical outcome and biomarker-based study”. Ann Card Anaesth 2016, 19(4):638-682.

141. Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M, Ackland G, Grocott
MPW, Ahern A, Griggs K, Scott R, Hinds C, Rowan K, OPTIMISE Study Group: Effect of a
perioperative, cardiac output-guided hemodynamic therapy algorithm on outcomes
following major gastrointestinal surgery: a randomized clinical trial and systematic
review. JAMA 2014, 311(21):2181-2190.

142. Marik PE: Iatrogenic salt water drowning and the hazards of a high central venous
pressure. Ann Intensive Care 2014, 4:21.

143. Kelm DJ, Perrin JT, Cartin-Ceba R, Gajic O, Schenck L, Kennedy CC: Fluid overload
in patients with severe sepsis and septic shock treated with early goal-directed therapy is
associated with increased acute need for fluid-related medical interventions and hospital
death. Shock 2015, 43(1):68-73.

144. Marik PE: Evidence-Based Critical Care. Springer; 2014.

145. Marik P, Bellomo R: A rational approach to fluid therapy in sepsis. Br J Anaesth
2016, 116(3):339-349.

146. Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas D, Glass P, Lipman J, Liu B,
McArthur C, McGuinness S, Rajbhandari D, Taylor CB, Webb SAR, CHEST Investigators,
Australian and New Zealand Intensive Care Society Clinical Trials Group: Hydroxyethyl
starch or saline for fluid resuscitation in intensive care. N Engl J Med 2012, 367(20):1901-
1911.

147. European medicines agency. PRAC confirms that hydroxyethyl-starch solutions
should n longer be used in patients with sepsis or burn injuries or in critically ill
patients.

http://www.ema.europa.eu/ema/index.jsp? curl=pages/medicines/human/referrals/Hydroxyeth
vl_starch-

containing_solutions/human_referral _prac 000012 jsp &mid=WC0b01ac05805¢516f 2014,

148. Hartog CS, Reuter D, Loesche W, Hofmann M, Reinhart K: Influence of hydroxyethyl
starch (HES) 130/0.4 on hemostasis as measured by viscoelastic device analysis: a
systematic review. Intensive Care Med 2011, 37(11):1725-1737.

149. Rasmussen KC, Johansson PI, Hejskov M, Kridina I, Kistorp T, Thind P, Nielsen HB,
Ruhnau B, Pedersen T, Secher NH: Hydroxyethyl starch reduces coagulation competence

-79 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

and increases blood loss during major surgery: results from a randomized controlled
trial. Ann Surg 2014, 259(2):249-254.

150. Gurbuz HA, Durukan AB, Salman N, Tavlasoglu M, Durukan E, Ucar HIEA:
Hydroxyethyl starch 6%, 130/0.4 vs. a balanced crystalloid solution in cardiopulmonary
bypass priming: a randomized, prospective study. J Cardiothorac Surg. 2013, 8:71.

151. Kancir ASP, Pleckaitiene L, Hansen TB, Ekelof NP, Pedersen EB: Lack of
nephrotoxicity by 6% hydroxyethyl starch 130/0.4 during hip arthroplasty: a
randomized controlled trial. Anesthesiology 2014, 121(5):948-958.

152. HeBler M, Arnemann PH, Ertmer C: To use or not to use hydroxyethyl starch in
intraoperative care: are we ready to answer the 'Gretchen question'? Curr Opin
Anaesthesiol 2015, 28(3):370-377.

153. Jacob M, Fellahi JL, Chappell D, Kurz A: The impact of hydroxyethyl starches in
cardiac surgery: a meta-analysis. Crit Care 2014, 18(6):656.

154. Yates DRA, Davies SJ, Milner HE, Wilson RJT: Crystalloid or colloid for goal-
directed fluid therapy in colorectal surgery. Br J Anaesth 2014, 112(2):281-289.

155. Wright GP, Koehler TJ, Davis AT, Chung MH: The drowning whipple: perioperative
fluid balance and outcomes following pancreaticoduodenectomy. J Surg Oncol 2014,
110(4):407-411.

156. Hassinger AB, Wald EL, Goodman DM: Early postoperative fluid overload precedes
acute kidney injury and is associated with higher morbidity in pediatric cardiac surgery
patients. Pediatr Crit Care Med 2014, 15(2):131-138.

157. Lobo DN: Fluid overload and surgical outcome: another piece in the jigsaw. 4nn
Surg 2009, 249(2):186-188.

158. Eskesen TG, Wetterslev M, Perner A: Systematic review including re-analyses of 1148
individual data sets of central venous pressure as a predictor of fluid responsiveness.
Intensive Care Med 2016, 42(3):324-332.

159. Malbrain MLNG, Marik PE, Witters I, Cordemans C, Kirkpatrick AW, Roberts DJEA:
Fluid overload, de-resuscitation, and outcomes in critically ill or injured patients: a
systematic review with suggestions for clinical practice. Anaesthesiol Intensive Ther. 2014,
46(5):361-380.

160. Biais M, Nouette-Gaulain K, Cottenceau V, Revel P, Sztark F: Uncalibrated pulse
contour-derived stroke volume variation predicts fluid responsiveness in mechanically
ventilated patients undergoing liver transplantation. Br J Anaesth 2008, 101(6):761-768.

161. Benes J, Haidingerova L, Pouska J, Stepanik J, Stenglova A, Zatloukal JEA: Fluid
management guided by a continuous non-invasive arterial pressure device is associated

-80 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

with decreased postoperative morbidity after total knee and hip replacement. BMC
Anesthesiol 2015, 15:148.

162. Huang Z, Zhang P, Wang H, Yan L, Wang W: Comparing outcomes of two vascular
inflow occlusion techniques and treatment without vascular occlusion during major
hepatectomy in patients with Hepatitis B-related hepatocellular carcinoma. PloS one
2014, 9(9):e107303.

163. Muller L, Briére M, Bastide S, Roger C, Zoric L, Seni GEA: Preoperative fasting does
not affect haemodynamic status: a prospective, non-inferiority, echocardiography study.
Br J Anaesth 2014, 112(5):835-841.

164. Hahn RG: Why are crystalloid and colloid fluid requirements similar during
surgery and intensive care? Eur J Anaesthesiol 2013, 30(9):515-518.

165. Ebert TJ, Harkin CP, Muzi M: Cardiovascular responses to sevoflurane: a review.
Anesth Analg 1995, 81(6 Suppl):S11-S22.

166. Wodey E, Pladys P, Copin C, Lucas MM, Chaumont A, Carre PEA: Comparative
hemodynamic depression of sevoflurane versus halothane in infants: an
echocardiographic study. Anesthesiology 1997, 87(4):795-800.

167. Girbes ARJ, Polderman KH: Mechanical and infectious complications of central
venous catheters. Minerva Anestesiol 2003, 69(5):330-332.

168. Rahbari NN, Wente MN, Schemmer P, Diener MK, Hoffmann K, Motschall EEA:
Systematic review and meta-analysis of the effect of portal triad clamping on outcome
after hepatic resection. Br J Surg 2008, 95(4):424-432.

169. Ferrero A, Russolillo N, Vigano L, Lo Tesoriere R, Muratore A, Capussotti L: Does
Pringle maneuver affect survival in patients with colorectal liver metastases? World J
Surg 2010, 34(10):2418-2425.

-81 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

6 PRILOHY

6.1 SEZNAM PUBLIKOVANYCH PRACI AUTORA

Comparison of the accuracy of hemoglobin point of care testing using HemoCue and
GEM Premier 3000 with automated hematology analyzer in emergency room.

Zatloukal J, Pouska J, Kletecka J, Pradl R, Benes J.

J Clin Monit Comput. 2016 Dec;30(6):949-956. PMID: 26507548, ISSN: 1387-1307

Impakt faktor ¢asopisu 1.819

Viscoelastic methods of blood clotting assessment — a multidisciplinary review.
Benes J, Zatloukal J, Kletecka J. Front Med (Lausanne). 2015 Sep 14;2:62. doi:
10.3389/fmed.2015.00062. Review. PMID:26442265

Cost analysis of the stroke volume variation guided perioperative hemodynamic
optimization — an economic evaluation of the SVVOPT trial results.

Benes J, Zatloukal J, Simanova A, Chytra I, Kasal E.; BMC Anesthesiol. 2014 May 22;14:40.
doi: 10.1186/1471-2253-14-40.PMID:24891837; Impakt faktor ¢asopisu 1.320

Respiratory induced dynamic variations of stroke volume and its surrogates as
predictors of fluid responsiveness: applicability in the early stages of specific critical
states.

Benes J, Zatloukal J, Kletecka J, Simanova A, Haidingerova L, Pradl R.

J Clin Monit Comput. 2014 Jun;28(3):225-31. doi: 10.1007/s10877-013-9524-8.
PMID:24151007; Impakt faktor ¢asopisu 1.819

Fluid management guided by a continuous non-invasive arterial pressure device is
associated with decreased postoperative morbidity after total knee and hip replacement.
Benes J, Haidingerova L, Pouska J, Stepanik J, Stenglova A, Zatloukal J, Pradl R, Chytra I,
Kasal E. BMC Anesthesiol. 2015 Oct 15;15:148. doi: 10.1186/s12871-015-0131-8. PMID:
26471495; Impakt faktor casopisu 1.320

-82 -


https://www.ncbi.nlm.nih.gov/pubmed/26507548
https://www.ncbi.nlm.nih.gov/pubmed/26507548
https://www.ncbi.nlm.nih.gov/pubmed/26442265
https://www.ncbi.nlm.nih.gov/pubmed/24891837
https://www.ncbi.nlm.nih.gov/pubmed/24891837
https://www.ncbi.nlm.nih.gov/pubmed/24151007
https://www.ncbi.nlm.nih.gov/pubmed/24151007
https://www.ncbi.nlm.nih.gov/pubmed/24151007
https://www.ncbi.nlm.nih.gov/pubmed/26471495
https://www.ncbi.nlm.nih.gov/pubmed/26471495

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Continuous non-invasive monitoring improves blood pressure stability in upright
position: randomized controlled trial.

Benes J, Simanova A, Tovarnicka T, Sevcikova S, Kletecka J, Zatloukal J, Pradl R, Chytra I,
Kasal E. J Clin Monit Comput. 2015 Feb;29(1):11-7. doi: 10.1007/s10877-014-9586-2.
PMID:24841333; Impakt faktor ¢asopisu 1.819

Serious sepsis treatment in intensive care departments in the Czech Republic - EPOSS
Project pilot results.

Malaska J, Slezék M, Schwarz D, Jarkovsky J, Adamus M, Cvachovec K, Cerny V, Dostal P,
Fortova M, Havel E, Herold I, Kasal E, Kula R, Manak J, Maté&jovi¢ M, Nalos D, Patizkova
R, Sobanova A, Sramek V, Tichy J, Turek R, Zykova I, Dusek L, Sevc¢ik P, Eposs ZP,
Agalarev V, Bakalik P, Belanovda V, Cerman J, Ciz L, Dadédk L, Duba J, Fortunato J,
Gabrhelik T, Gal R, Hilek R, Hrdy O, Hluchy M, Chytra I, Klimes D, Klucka J, Kratochvil
M, Koskova L, Maca J, Maslik O, Matysova M, Minarc¢ikova P, Molnarova J, Ondraskova H,
Pelichovska M, Polak J, Schwarz R, Stasek J, Strazevska E, Suchomelova H, Suk P, St'ourac¢
P, Tichy J, Wolfova M, Uvizl R, Zapletalovd H, Zatloukal J, Zimova .

Vnitr Lek. 2013 Nov;59(11):962-70. Czech. PMID:24279439

Efektivita a bezpefnost postupii sniZeni centralniho Zilniho tlaku u rozsahlych jaternich
resekci. Zprava z XXII. Kongresu Ceské spole¢nosti anesteziologie, resuscitace a intenzivni
mediciny Zatloukal J, Pradl R, Benes J. Anesteziologie a intenzivni medicina. 2016. 27 (1):
63—64. ISSN: 1214-2158

Faktory ovliviiujici zménu télesné teploty v pribé&hu celkové anestezie.
Zatloukal J, Benes J, Svitdk R. Shornik abstraktii XIV. Minarovy dny. 2010, Euroverlag, p. 28,
ISSN: 978-80-7177-029-9

HI1N1 v intenzivni pé¢i.

Zidkova A, Hluchy M, Zatloukal J, Kasal E. Shornik abstraktii XIV. Mindiovy dny. 2010,
Euroverlag, p.23, ISSN: 978-80-7177-029-9

-83 -


https://www.ncbi.nlm.nih.gov/pubmed/24841333
https://www.ncbi.nlm.nih.gov/pubmed/24841333
https://www.ncbi.nlm.nih.gov/pubmed/24279439
https://www.ncbi.nlm.nih.gov/pubmed/24279439

Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

6.2 PRILOZENE PUBLIKOVANE PRACE

6.2.1 Comparison of the accuracy of haemoglobin point of care testing using HemoCue

and GEM Premier 3000 with automated hematology analyzer in emergency room

Autofi: Jan Zatloukal, Jiri Pouska, Jakub Kletecka, Richard Pradl and Jan Benes

Publikovano v ¢asopisu Journal of Clinical Monitoring and Computing 2016 Dec; 30(6):
949-956. Epub 2015 Oct 27; doi: 10.1007/s10877-015-9799-z, ISSN: 1387-1307 (tiSténa
verze)

ISSN: 1573-2614 (elektronicka verze); impakt faktor Casopisu 1,819

Studie se zabyva vyuzitim bed-side monitorti hladiny hemoglobinu v prostfedi urgentniho

pfijmu a jejich pfesnosti.

Vysledky této studie maji vyznam i pro jaterni resekce (€1 jiné operace s rizikem velké krevni
ztraty), nebot’ i u téchto vykonil je ¢asto nutné rychlé zhodnoceni hladiny hemoglobinu a

rozhodnuti o podéni transfuze erytrocytu.
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Abstract The laboratory analysis provides accurate, but
time consuming hemoglobin level estimation especially in
the emergency setting. The reliability of time-sparing point
of care devices (POCT) remains uncertain. We tested wo
POCT devices accuracy (HemoCue®2017 and Gem™
Premier' M3000) in routine emergency department work-
flow. Blood samples taken from patients admitted to the
emergency department were analyzed for hemoglobin
concentration using a laboratory reference Beckman
Coulter LH 750 (HB{ 4g). the HemoCue (HB ) and the
Gem Premier 3000 (HBggp,). Parwise comparison for
each device and Hby sp was performed using comrelation
and the Bland-Altman methods. The reliability of rans-
fusion decision was assessed using three-zone emror gnd. A
total of 292 measurements were performed in 99 patients.
Mean hemoglobin level were 115 £ 33, 110 £ 28 and
111 + 30 g/l for Hbye, Hbgea and Hby y g respectively. A
significant correlation was observed for both devices: Hby,e
versus Hbyag (1" = 0.93, p = 0.001) and HBgpy versus
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HBy 4 (r* = 0.86, p < 0.001). The Bland-Altman method
revealed bias of —3.7 g/l (limits of agreement —209 to
111'5) for HBy and HB| Ag and 2.5 g}fl (—lﬂﬁ (4] 235) for
HBppy and HB, 5. which significantly differed between
POCT devices (p < 0.001). Using the error grid method-
ology: 94 or 91 % of values (Hbye and Hbggy) fell in the
zone of acceptable difference (A), whereas 0 and 1 %
(Hbpe and Hbgenm) were unacceptable (zone C). The
absolute accuracy of tested POCT devices was low though
reaching a high level of comelation with laboratory mea-
surement. The results of the Moreys error grid were unfa-
vorable for both POCT devices.

Keywords  Hemoglobin - Hemoglobinometry - Point of
care systems - Emergency medicine - Hemorrhage - Blood
transfusion

1 Introduction

Apemia 1 frequent in emergency mom (ER) patients,
especially in those with trauma or severe bleeding. Pro-
found anemia in conjunction with hypovolemia can
decrease oxygen delivery with resultant shock and tissue
hypoxia. Low red blood cell count can also severely
impede coagulation [1]. The gold standard of hemoglobin
level measurement is the cyanchemoglobin method per-
formed with automated hematology analyzers. Unfortu-
nately, this method has several disadvantages: the test must
be completed in a laboratory, it is time consuming and
costly. Because time-sparing anal ytical methods might be
of vital importance in the emergency room, several point-
of-care devices (POCT) as for mstance HemoCue and Gem
Premier 3000 are often used for hemoglobin estimation.
HemoCue is based on azidmethemoglobin reaction in

@ Springer

-85 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

950

T Clin Monit Comput (2016) 30:949-956

testing cuvette and the hemoglobin kevel 1s measured using
dual wavelength photometry. Gem Premier 3000 measures
hemoglobin level via conductometry.

The immediate availability of measured value via POCT
is outweighed by decreased accuracy compared with
standard labomtory method. The reliability of different
POCT devices in surgical or intensive care unit population
was tested previously with contradictory results [2-20]. As
intravascular volume is mostly well maintained dunng
scheduled surgical procedures or intensive care, the per-
formance of POCT devices might differ from under-re-
suscitated bleeding patients presenting in the ER. The
accuracy of named POCT devices in this setting remains
unclear.

The aim of our study was to test the accuracy of two
commonly used POCT devices in temms of absolute
hemoglobin level estimation and in terms of clinical use-
fulness in making of transfusion decision during routine
workflow of ER.

2 Materials and methods

This was a prospective observational study conducted in
the Emergency room of the Department of anesthesia and
intensive care medicing at the Charles University Teaching
Hospital in Plzefi between April 2012 and June 2012, The
study was approved by the local ethical committee; given
its observational nature, the requirement for writlen
informed consent was waived by this committee.

All consecutive patients (n = 99) admitted to our ER in
screening period with hemoglobin level measurement
indicated were included in the study. No age, sex or other
restrictions were applied. According o the reason of
admission the patients were divided into three groups.
Patients presenting with any form of blunt or penetrating
trauma (polytrauma, compound trauma, or severe mono-
trauma as well as a head injury) were included in the
“TRAUMA” group. Patients with either external or inter-
nal bleeding without severe trauma (gastro-intestinal,
obstetric or bleeding of other orgin) were marked as
“BLEEDING™. Finally patients presenting with any formm
of organ dysfunction without significant bleeding (cardiac
arrest, severe respiratory insufficiency, coma etc.) were
included in the “"ORGAN DYSFUNCTION™ group.

Blood samples for hemoglobin level estimation (one
sample per patients at the admission) were taken either
from a vein (femoral or on the forearm) or from an arery
(radial or femoral). An educated ER nurse performed the
blood taking. The first 10 ml of blood drafted from the
vessel was discarded in order to exclude dilution. Samples
were consecutively taken directly into analyzer-specific
containers: a 3 ml Vacuette™ K3EDTA wbe (Greiner Bio-

@ Springer

one, VWR International, Radnor, US.A.), 2 ml hep-
arinized syringe PICO™ (Radiometer Medical, Bronshoj,
Denmark) and to the HemoCue™ specific microcuvette
(HemoCue, Angelholm, Sweden). The hemoglobin level
was measured using each of the three devices. Two POCT
devices, HemoCue™ 2017 (HemoCue, Angelholm, Swe-
den) and a blood gas analyzer GEM™ Premier'™ 3000
{(Instrumentation Laboratory Company, Lexington, U.S.A )
were operated by the emergency mom nurse during their
mulne workflow immediately after blood taking. Simul-
tancously, the blood samples taken o Vacuette K3EDTA
were transported at room temperature to the central labo-
rtory and analyzed for reference value of hemoglobin
using the certified Beckman Coulter™ LH 750 (Beckman
Coulter Inc., Miami, Florida—manufacturers specification:
operating range 0-999 g/l, repontable range 0-250 g/,
coefficient of variation =0.8 %, accuracy-mean difference
+2 g/l, mean percent difference £3.0 %) operated by the
trained labomatory personnel. All three devices were regu-
larly maintained and controlled according to the manu-
facturers recommendations.

2.1 Siatistical analysis

Categorical data are expressed as number and percentage.
Quantitative data are reported as mean values and standard
deviation (SD) if normally distributed and as median val-
ues and interquartile range if the distribution is non-normal.
The POCT devices were tested by following methods.
First, a pairwise comparison between each of the POCT
devices (Hbye and Hbgen) and standard comparator
(Hbyag) was performed and comelation between methods
was assessed by calculating coefficient of determination
ir"). Second, the Bland-Altman analysis was performed.
The mean of differences (bias), standard deviation of dif-
ferences (SD) and hmits of agreement (mean + 2 x SD)
were calculated. In accordance with previous works, the
calculated difference within 210 g/l between any two pairs
of methods were considered to be clinically acceptable (3,
16, 18). Further on, the mean differences (bias) of hemo-
elobin values calculated as (Hbyag—Hbye or Hbpag—
Hbgen) were compared using ANOVA and paired or
unpaired ¢ test. All named calculations were performed for
the whole population and in predefined subgroups based on
reason for admission (trauma, other bleeding and organ
dysfunction) and based on blood sample origin (arterial,
venous). The p < 005 was considered statistically signif-
icant. All statistical analyses were performed using Med-
Cale software version 12.1.4. (MedCale Software, Ostend,
Belgium).

The clinical utility of both POCT devices was tested by
indication or contraindication of the transfusion require-
ment using the error grid analysis proposed by Morey and

- 86 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

J Clin Monit Comput (2016) 30:949-956

951

colleagues [21]. Paired Hb values provided by test devices
and the reference method were plotted using the three
zones, which takes into account the clinical significance of
the difference. According o the original methodology zone
A should contain 95 % of all measurements and means
clinically acceptable difference without affecting the
transfusion indication—the deviation of the tested device 15
+10 % from the Hby_sp. Zone B (optimally less than 5 %
of all measurements) 18 the area between zone A and zone
C. It is defined as the area of significant errors. Fnally,
Zone C is defined as the area of major therapeutic errors. It
is the zone in which either the Hbjag value =100 g/l
(transfusion contraindicated) 15 associated with HByoigem
<70 g/l (ransfusion indicated) or opposite situation
(Hbpap =70 and HByeoenm =100 g/l) occurs. No mea-
surement 1s allowed to be in zone C. The 95 % confidence
interval (Cl) for each zone was calculated using exact
Pearson—Clopper intervals. Unlike the original authors who
used the 60-100 g/l thresholds, according to the ASA 2006
practice guidelines for transfusion [22], we have used
hemoglobin values of 70 and 100 g/l based on updated
European guideline [23].

3 Results

In total, 292 measurements were performed in 99 patients
recruited in the study. In 243 (83 %) measurements, venous
blood samples and in 49 (17 %) arterial blood samples
were used. In two subjects, no HemoCue value was
obtained (device temporary unavailable) and in three sub-
jects no GEM Premier 3000 value was obtained due to lack
of time.

The age range of participating patients was from 4 to
88 years with an average and SD of 50 + 22 years, with
23 (23 %) being female. The study population consisted of
64 patients admitied with trauma, 14 patients with severe
bleeding and 21 patients with organ dysfunction. The ref-
erence Hbyap ranged from 27 to 175 g/l. The mean
HB, ,g. HB, and HBgg, values were 111 &+ 30,
115 £33 and 110 &+ 28 g/l respecuvely. Tables 1, 2
summarize the descriptive characteristics of the patients’

population and their subgroups.

3.1 HemoCue versus automated hematology
analyzer

There was a positive correlation between HemoCue and
automated hematology analyzer (f = 0.93, p < 0.001).
The two methods comparison using the Bland-Altman
methodology  showed mean difference and  limits of
agreement —3.7 g/l (—20.9 to 13.5). (Tables 3, 4; Fig. 1).
These results were similar also in predefined subgroups
(trauma, bleeding and organ dysfunction) or based on
blood sample (arterial and venous), as shown in Table 3.
The clinically acceptable limits of £10 g/l difference were
fulfilled 1n 75 (77 %). According to Moreys methodology
Zone A, B and C encompassed 93 % (95 % CI 87-98 %),
7% (95 % CI 3-14 %) and 0 % (95 % CI 04 %) of data
pairs (Fig. 2).

3.2 GEM Premier 30 versus automated
hematology analyzer

Positive correlation between GEM  Premier 3000 and
automated hematology analyzer was observed (7 = 0.86,
p = 0.001). The Bland-Altman mean difference and limits
of agreement were 2.5 g/l (—18.6 to 23.5) (Tables 3, 4;
Fig. 3). The mean difference of Hb 4y against Hbye or
Hbgenm significantly differed with Hbgen systematically
under- and Hbye overestimating the Hby ag values. This
was especially true for GEM measurements in trauma
patients and artenal blood samples (Table 3). The results of
the subgroup analysis are summarized in Tables 3, 4.
Clinically acceptable difference (=10 gfl) was found in 77
(80 %) of patients. The results of the error grid analysis
(Fig. 4) were out of recommended ranges [21] with Zone
A, B and C encompassing 91 % (95 % Cl 83-86 %), 8 %
(95 % ClL 4-15 %) and 1 % (95 % CL0O-3 %) respectively.

4 Discussion

In our study, the levels of hemoglobin assessed during
routine ER work flow by two different POCT devices
(HemoCue and GEM Premier 3000) showed comelation
with reference laboratory measurement. However, their

Table 1 Descriptive

Number of measurements

Mean Hb value (£5D) in (g/1)

characteristics of patient

population and the mean Hb Hbap  Hbye  Hbgmy  Hbia Hbyc Hb e
levels in each group
Total number 99 97 96 111 #+ 30 115 + 33 110 =+ 28
Trauma 64 63 63 116 4 23 119 + 26 111 4 24
Bleeding 14 13 12 5+ 29 T6 £ 28 84 4 22
Organ dysfunction 21 21 21 122 4 33 127 £ 36 123 + 35
‘a Springer
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Table 2 The number of
measurements and mean Hb

Number of measurements

Mean Hb value (SD) in (g/1)

levels in arterial and venous Hby s Hbyye Hbgon Hby an Hbg
blood sample group
Arterial sample 17 17 15 106 + 31 108 + 35 106 + 26
WVenous sample 82 B0 81 112 + 30 116 + 32 111 + 29
Table 3 Comparison of POCT Bias (g/T) Limits of agreement (g/T) Coefficient of
devices and hematology - 2
’ determination (R7)
analyzer
GEM Premier 3000 25 (107" 18.6 0 23.5 0.86
Trauma 46 (79" 10.9 1w 20.0 0.89
Bleeding 22 (10.6) 230 w 187 0.80
Organ dysfunction 1.2 (15.9)* 32310299 0.80
HemoCue 37 (887 209 w 13.5 0.93
Trauma 31 82" 192 o 13.00 0.91
Bleeding 1(83) 19.7 o 12.9 0.91
Organ dysfunction 5.8 (10.7) 26.7 to 13.1 0.91

* Significant intergroup difference (p < 0.05) using ANOVA test (Studeni-Newman—Keul post hoc

analysis)

* Significant difference (p < 0.05) between devices using f test for paired samples

Table 4 Comparison of POCT

devices and hematology Bias (g) Limits of agreement (g/1) Cnel'fic.ieml of .
analyzer according to blood determination (R")
sample GEM Premier 3000
Arterial sample 47 (5.8)* 6.7 1o 16.1 0.95
Yenous sample 200(11.4)° 20,3 1o 244 0.85
HemoCue
Arterial sample 1.7 (7.00° 154 1o 12.0 0.97
Venous sample 42 (9.1)* 22t 137 0492
# Significant difference (p < 0.05) between devices using ¢ test for paired samples
W0F . clinical applicability might be confounded by low accuracy
and precision. In addition, their ability to comectly indicate
20+ N the red blood cell transfusion remains disputable.
o [ e e e e e +1965D There are several studies which contrast with our results.
T 10k v 135 Both devices were assessed previously (HemoCue [3, 9,
:'? ", ; o ° 1-1-,‘1‘?, 20, 24) or GEM Premier 3000 !13|) mquIy with
- 0k s U8 "PQ %% 28, °  Mean p05|E|x-c n:suh._s. However, ‘ali?.cf negative studies were
= . T, o 7 37 published [4, 5, 8]. The reliability of measurements was
1] 8 I 8 a%g Bo o ' assessed using standard correlation and by the Bland-Ali-
T o ? man method in most of these studies. The aim of our study
0L ., 18680 was [0 test the reliability under normal workflow in patients
B -209 admitted solely to the emergency department. The popu-
a0k : | ! | : lation studied so far was recruited in the operating room or
0 50 100 150 200 in the intensive care. In two studies only, patients presented
in the ER with acute bleeding were also included, but
Average of Hb LAB and Hb HC

Fig. 1 Bland-Aliman plot of the HemoCue versus hematology
analyzer

@ Springer

contributed with limited part (one-third) into the mixed
population of post-anesthetic unit and/or intensive care unit
[16, 20]. The conditions in the ER patients can significantly
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Fig. 2 Paired hemoglobin
values provided by HemoCue
and the hematology anal veer
ploted using three #ones error
grid. Zone A (green) represents
the area of clinical

acceplable difference, zone B
(vellow) represents the area of
significant errors, although their
magnitude is not as significant
asin zone C (red) which
represents the area of major
therapeutic errors leading o
unnecessary or delaved

B C

transfusion
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Fig. 3 Bland-Aliman plot of the GEM Premier 3000 versus
hematology analyzer

differ from relatively stable patients during surgery or
intensive care. First, the blood loss in the ER patients is
usually ongoing and in the moment of admission often not
well replaced, patients are usually hypothemmic, with
leukocytosis ete. Quite recently, Gayat tested the pulse

0 W N B O£ % WM T KN W O o0d 0 10 ¥ OIN KO 180 1% M

HbLAB

oxymetry derived hemoglobin values with central labora-
tory under similar conditions [25]. In this study, the con-
tinuous POCT device failed to be accurate or precise in
bleeding patients under emergency conditions.

The person of the operator who did the measurement
could also play an important role. It has been pointed out
that better results were obtained by the laboratory scientific
officers and by single users in companson with practice
nurses and muluple users [15, 26, 27]. In certain studies the
measurement was done by a person intended exclusively
for this purpose [3] or all the samples were sent into the
central laboratory where they were analyzed with POCT
devices used by a single, trained operator [13]. This fact
decreases the influence of analytical risk on one side, but
on the other side 1s not clinically relevant. In our study the
measurements were done by the well trained nurses during
their standard workflow presenting real conditions of the
SMETZENCY TOOMm.

Appropriate sampling site of blood for HemoCue mea-
surement is another potential source of discordance. The
use of capillary, arterial or venous blood i1s descrabed in the
literature. However according to some limited data [4, 8]
and given the acute bleeding patient physiology we deem
the use of capillary blood in the ER patents prone to error

@ Springer
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Fig. 4 Paired hemoglobin B
values provided by GEM 1%
Premier 3000 and the
hematology analyzer plotted 181
using three zones error grid.
Zone A (green) represents the i
area of clinical 169
acceptable difference, zone B
(vellow) represents the area of 12
significant errors, although their 1
magnitude is not as significant
as in zone C (red) which 10
represents the area of major 1
therapeutic errors leading to
unnecessary or delayved i
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Q
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and replaced it by arterial or venous samples. In addition,
this enabled us to test all devices using the same sample.
We found no difference in accuracy between arterial and
venous blood samples.

When we judge the usefulness of POCT hemoglobin
meters, the most important fact is not the ability of
reaching correct absolute value, but rather the ability to
indicate the transfusion whenever it is necessary. When we
used the three zones eror grid to assess the clinical accu-
racy of POCT devices, we found that the POCT devices
were nol enough accurate. According to the methodology
proposed by Morey [21], <5 % of measurements should be
in zone B and none should be in zone C. The results of our
study (and their 95 % confidence intervals) do not fulfill
these strict safety margins making both devices (and
especially GEM Premier 3000) unreliable. This is in con-
flict with the recent study of Giraud [7]. But two facts have
to be pointed out. First, they had just 2,3 % of measure-
ments with HBy sy <80 g/l while in our study it was 18 %
and second, they used the transfusion limits according to
ASA 2006 guidelines [22] which are 100-60 g/l and thus
morg benevolent in companson with the recent European
guidelines [23].

@ Springer
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5 Limitations

Our study poses several limitations. First, the number of
patients is rather low, especially in the subgroup of patients
with very low hemoglobin values. The study sample size
was not calculated a prior, because the study ran as an
audit of routine praxis. However, the sample collected after
3 month was comparable to previous published studies [5,
6, 18, 19]. Second, only one set of measurements does not
allow us 1o address the trending ability of studied POCT
devices. Including another set of measurements after fluid
resuscitation andfor blood product administration may
overcome both these limitations. Blood samples were taken
during the admission to the ER reflecting the usual practice
and population studied, but after the initial care the patients
were usually quickly distributed from the ER to approprate
departments or ICUs for further treatment and we had no
control over the further treatment. Also, the moutine
workflow precluded us to perform repeated measurements
on one sample so the internal variability of each device
remained untested. Finally we have not studied to what
extent the false POCT reading has affected the real practice
i.e. whether unnecessary transfusions were given or vice
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versa. However, we deem the Morey emor grid method-
ology is robust enough to address this issue.

6 Conclusion

In our study, the levels of hemoglobin assessed during
routing emergency room workflow by two different POCT
devices (HemoCue and GEM Premier 3000) showed cor-
relason with reference labomtory measurement, but their
clinical applicability might be confounded by low accuracy
and precision. Also their ability to correctly indicate the red
blood cell transfusion remains disputable. For this reason,
we deem these devices may help to lead the decision in the
very urgent situations of massively bleeding patients, but
for other occasions a more reliable measurement should be
preferred. However, our data might be limited by the low
number of included patients.
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Ptehledovy clanek tykajici se wvyuziti viskoelastickych metod v ramci monitorace

hemokoagulace a cilené 1écby poruch hemostézy.

Viskoelastické metody monitorace hemokoagulace se dnes stale vice vyuzivaji v ramci
operacnich vykonil a v prostfedi urgentniho pfijmu. Dlvodem je moznost velmi rychlého
a detailniho zhodnoceni stavu hemokoagulace a okamzitého zahajeni cilené 1é¢by koagulacni
poruchy. Metoda se stale vice uplatiuje i v jaterni chirurgii a to jak peroperacné, tak

v pooperac¢nim obdobi.
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Viscoelastic methods (VEM) made available the bedside assessment of blood clotting.
Unlike standard laboratory tests, the results are based on the whole blood coagulation
and are available in real time at a much faster turnaround time. In combination with our
new knowledge about pathophysiology of the trauma-induced coagulopathy, the goal-
oriented treatment protocols have been recently proposed for the initial management of
bleeding in trauma victims. Additionally, the utility of viscoelastic monitoring devices has
been proved even outside this setting in cardiosurgical patients or those undergoing liver
transplantation. Many other situations were described in literature showing the potential
use of bedside analysis of coagulation for the management of bleeding or critically ill
patients. In the near future, we may expect further improvement in current bedside
diagnostic tools enabling not only the assessment of secondary hemostasis but also the
platelet aggregation. More sensitive assays for new anticoagulants are underway. Aim of
this review is to offer the reader a multidisciplinary overview of VEM and their potential
use in anesthesiology and critical care.

Keywords: coagulation, viscoelastic methods, point-of-care testing, trauma-induced coagulopathy, transfusion,
thrombosis

Introduction

In the contemporary emergency, intensive care medicine and anesthesia time are regarded as one
of the most important factors affecting the patients’ outcome. Timely administration of antibiotics
affects septic patients’ survival; prompt volume and/or catecholamine resuscitation have been
repeatedly associated with better outcomes in many different critical states. On the other hand,
individualization and goal-oriented treatments also seem to offer this advantage. In order to be
able to tailor the treatment to patients individual needs, the information describing the actual
state is paramount. Because the nature of acute critical illness is often changing in very rapid pace,
many contemporary diagnostic tools are too slow and hence inappropriate to combine these two
approaches of timely administered but goal-oriented treatments. For this reason, several point-of-
care testing (POCT) devices were introduced into the clinical praxis in the last few years or decades.

Unlike others (hemoglobin or blood glucose bedside analyzers), the POCT as a tool for assessing
blood clotting has been disregarded for quite a long time. The history of viscoelastic methods (VEM)

Abbreviations: ATC, acute trauma coagulopathy; POCT, point-of-care testing: TIC, trauma-induced coagulopathy; VEM,
viscoelastic methods.
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has started already in the beginning of twentieth century, and the
first prototype of thromboelastography (TEG) was introduced in
1948 by Harter (1). Nevertheless, the analysis of activated clotting
time with the use of Hemochron or similar devices in patients
on heparin anticoagulation was for a long time the only widely
applied clotting POCT in clinical praxis. The paradigm shift
based on the new knowledge about massive bleeding and trauma-
associated coagulopathies observed in the late 1990s and in the
beginning of twenty-first century marked the increased interest
in VEM. Nowadays, the TEG/thromboelastometry seems to be a
very important and rapidly developing field of acute medicine.
Its ability to help to distinguish the most important coagulation
deficiencies makes it increasingly interesting in the goal-oriented
coagulation management of massive bleeding. Especially in view
of the fact that standard laboratory coagulation assays (thrombin
and prothrombin time and activated partial thromboplastin time)
have been shown as insufficient to correlate with the bleeding in
acute trauma setting (2). Also, the turnaround times of standard
tests were demonstrated to be about 45 min in comparison with
10 min when using the first applicable VEM-derived variables (3,
4). Besides the initial management of bleeding in traumatized or
operated patients, the evidence starts to accumulate the fact that
VEM could also offer important information in the later course
of critical illness to diagnose and manage the hypercoagulative

phenotype (5).
Widely Available Methods of VEM

In the contemporary praxis, two devices are mostly used: the
older TEG® device (Haemoscope Corporation, Niles, IL, USA)
and newer ROTEM® (Pentapharm GmbH, Munich, Germany) -
see Figure 1. Third device, namely the Sonoclot Analyzer (Sienco
Inc., Arvada, CO, USA), is also available, whereas there is much
less evidence for the use of this third device in clinical praxis than

the previous ones. Principles of all the VEM devices are based
on the measurement of change in viscoelastic properties of the
whole blood during the clot formation. The firmer the clot, the
higher is the force opposing the movement of rotating (TEG”
and ROTEM?) or vibrating (Sonaclot) particles of the measuring
device. Unlike laboratory methods of blood coagulation, the VEM
devices are not only able to assess the time needed to form fibrin
polymers, but they also allow the monitoring of further clot for-
mation, its strength, and in some cases the potential lysis as well.
The use of the whole blood enables to evaluate the influence of
blood cellular components and their phospholipid surfaces on clot
formation and its final strength. The tests are mostly performed
in heated cup that allows the clot formation assessment under
the real conditions of patients’ body temperature. The detailed
methodology of all three devices is given in multiple published
papers (6, 7).

In routine praxis, several clotting activators and cofactors are
used to evaluate different coagulation pathways. Both TEG”
and ROTEM® influencing each other’s development offer similar
assays (Table 1). Even though similarities in parameters offered
by these methods can be found, the numerical values are not
directly interchangeable due to different methods of assessment of
viscoelastic forces and time-wise definition of variables (Table 2;
Figure 2). Additionally, these widely used variables and also other
derived or calculated parameters are displayed in the devices,
and some new variables are under development (8). In a similar
method, several specific assays are described in the literature fur-
ther broadening the analytical possibilities of this method (9, 10).

VEM in Acute Trauma Care

Till now, TIC was believed to be caused by the consumption
of coagulation factors in conjunction with the so-called lethal
triad (hypothermia, acidosis, and dilution). In order to reverse

FIGURE 1 | The most commonly used viscoelastic devices - the ROTEM® device (A) and the TEG? device (B).
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TABLE 1 | List of commercially available tests for ROTEM® and TEGE devices.

Tast Activator Description

MATEM Mone Clot analysis of native blood

EXTEM Tissus factor Tast of “extrinsic pathway™ — fastest clot analysis; usable in comparison with APTEM and FIBTEM
INTEM Contact activator Test of “infrinsic pathway”; usable in comparison with HEPTEM

FBTEM Tissue factor + cytochalasin D Test of fibrin net polymerization after platelst inhibition (in comparison with EXTEM)
APTEM Tissue factor + aprotinin Test of fibrinotysis (in comparison with EXTEM)

HEFTEM Contact activator + heparinasa Test of residual heparinization (in comparson with INTEM])

Ma-TEG MNona Clat analysis of native blood

RapidTEG Kaolin + fissue factor Test of both “infrinsic and extrinsic pathways"™

Kaolin TEG Kaolin Tast of ‘intrinsic pathway”

Kaolin TEG with heparinase Kaoclin + heparinase Test of residual heparinization (in comparnson with Kaolin TEG)

Functional fibrinogan Kaclin + Gplib/lka inhibiticn Tast of fibrin et polymerization after platelst inhizition (in comparison with Kaolin TEG)

TABLE 2 | List and comparison of the most important variables describing
the VEM-derived curve.

Variable ROTEM® TEG®
Clotting time CT [clotting time) R (resction fime)
2 mm amplitude) Normal (EXTEM) =42-T4s Mormal (citrata/

Mormal (INTEM) = 137-246s kaolin) = 3-8 min
Clot formation/ CFT (clot formetion time) K (kinstics)
kinetics (20 mm Normal (EXTEM) = 46-1485s Mormal
amplitude) Normal INTEM) =40-100s |citrate/kaoin) = 1-3 min
Clat Alfa angle (slope of tangent at Alfa angle [slopa
strengthening 2 mm amplituds) betwesn r and k points)
fangle of clot Normal (EXTEM) =83-817 Mormal
formation) Normal (INTEM) = 71-82° (citrate/kaclin) = 55-78"
Amplitude’ MCF {maxdmum clot firmness) MA [maximal ampiituds)

maximal firmness Normal ([EXTEM) = 49-71 mm
Mormal (INTEM) = 52-72 mm
Normal (HBTEM) = 9-25 mm
A5, A10, atc. — amplitudes at
dadicated time-poinis
pradicting the final clot firmness

LI30, LI60, ML

Mormal (citrate
kaolin) = 51-69mm

Lysis CL30, CLeD, CL

the consumption and dilution-limited crystalloid infusions and
the use of massive transfusion protocols with 1:1:1 proportion
of fresh-frozen plasma, platelet concentrates and erythrocytes
(sometimes termed “hemostatic” or “whole blood™ resuscitation)
were proposed (11). In more than 30 studies {mostly retrospective
or observational), this approach was associated with improved
survival (even after the survival bias being acknowledged) (12,
13), and it is currently widely adopted in North America (14).
However, in recently published observations, even this aggressive
high ratio of blood component therapy (1:1 fresh-frozen plasma
to packed red blood cells) was unable to reverse the TIC (15,
16). Moreover, massive transfusion protocols expose patients to
risks associated with transfusion, including immune reactions or
transfusion-related acute lung injury (17).

In the recent years, several important findings were published
altering the simplistic “consumption/dilution” view on TIC (18,
19). Rourke et al. (20) described the association of TIC with
low levels of fibrinogen hypothesizing that the consumption of
fibrinogen occurs in much more faster pace than that of other
factors in trauma bleeding. Actually, only limited number of

1 N n 1 k] min

FIGURE 2 | The typical tracings of ROTEM® (upper panel) and TEG®
devices (lower panel) with the most prominent parameters of both
methods with the comparison (see also Table 2).

trauma patients (about 20%) experience severe deficiency of
clotting factors, namely factor V (21). Few studies verified this
finding of trauma-associated hypofibrinogenemia (22, 23). Faster
turnaround of fibrinogen associated with hyperfibrinolysis is
another reason for hypofibrinogenemia in some patients. Direct
tissue trauma, organ hypoperfusion (24), endothelial disruption
(25), or protein C activation was found to contribute for increased
plasmin formation and fibrin degradation {26-28). The real pro-
portion of patients experiencing trauma-associated hyperfibri-
nolysis is unknown. Severe hyperfibrinolysis defined as more
than 15% lysis observed within 30 min after reaching maximal
clot amplitude was described in more than 5% of patients and
associated with 80% fatality rate (Table 3). But even fibrinolysis
of much milder extent (3% lysis in 30 min derived from TEG”
measurement) was associated with increased transfusion needs
and higher mortality (29). If the survival benefit of antifibrinolyt-
ics is observed in the recent large multi-centric CRASH-2 trial,
one may hypothesize that hyperfibrinolysis occurs much more
frequently than previously thought. These findings promoted the
use of fibrinogen concentrates as well as the use of antifibrinolytic
agents in routine praxis.
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TAELE 3 | The occurrence of trauma-associated hyperfibrinolysis.

Population Hyperfibrinolysis incidence  Mortality
Lenrat (30) ar 6% 100%
Caroll (31) 161 2.5% 67%
Schochl (32) Mot availabla 33 pis 83%
Tauber {33) 334 6.8% B5.7%
Kashuk (34) &1 18% 4%
Global poputafion 643 6.7% B0.9%

Viscoelastic methods helped to delineate these most prominent
features of what we call nowadays acute trauma coagulopathy.
Both low fibrinogen levels and fibrinolysis are diagnosable with
the use of VEM-specific tests in real time. Hence, these meth-
ods can substantially contribute to the management of acute
trauma-associated bleeding (35). Several goal-oriented protocols
are available in literature helping to couple the VEM test results
with proper treatment (36) (see also Figure 3 for authors’ own
institution protocol). The early administration of tranexamic acid
(sometimes even in the prehospital setting) and goal-oriented
fibrinogen or supplementation of coagulation factors decreased
the use of blood products, namely fresh-frozen plasma. The so-
called plasma-free approach, in which factor concentrates are
only used for coagulation management, has evolved in some
institutions in the extreme. This approach may further decrease
the risks of blood products therapy. However, the goal-oriented
coagulation management and plasma-free approach in trauma
victims are still a matter of debate. Some observation studies have
demonstrated the significant drop in use of blood products (37-
40), but no prospective randomized trial compared the plasma-
free VEM-poal-oriented treatment with the massive transfusion
protocols (41). Nevertheless, in view of this evidence, the use of
VEM as a guide of bleeding management in trauma victims was
upgraded to “1C” in the most recent European Trauma Treatment
Guidelines (42).

VEM for Perioperative Care

Unlike the use of VEM in acute trauma care, the utility of
these methods for managing acute bleeding in cardiac or hep-
atic surgery is much more established in the literature. Both
named as clinical scenarios are often coupled with the coagu-
lopathy of complex origin, which may be very difficult to assess
using standard laboratory test. In patients undergoing cardiac
bypass surgery, several factors can impede blood clotting mak-
ing the management very demanding: the exposition of blood
components to the extracorporeal circuit, possible coagulation
factors dilution and/or consumption, use of heparin or other
anticoagulants, and finally chronic antiplatelet mediation (43).
VEM assays able to eliminate heparin influence (HEPTEM or
Kaolin/HeparinaseTEG) may help to distinguish between residual
heparinization and other sources of bleeding. In a similar way,
blood clotting in patients undergoing orthotopic liver transplan-
tation or large liver resection may be altered by chronic liver
disease with the malproduction of pro- and anti-coagulant factors
not only by major blood loss and postoperative acute liver fail-
ure but also by the fibrinolytic shutdown and procoagulant state

(44). VEM devices are not able to elucidate all of these problems
(see Limitations of Contemporary VEM Analyses) but, unlike
standard methods, may better assess the dynamic balance of the
secondary hemostasis and lysis (45).

Several studies were published in recent vears using TEG® or
ROTEM? driven protocols of care especially in cardiosurgical
procedures. Wikkelsoe’s Cochrane review group (46) managed
to identify nine randomized trials (eight cardiosurgical and one
orthotopic liver transplantation) showing the overall benefit of
VEM-managed patients in surrogate markers like bleeding or
number of used blood products. More recently, Weber et al. (47)
showed significant decrease not only in the use of blood products
or bleeding risk but also in 6-month mortality and demonstrated
overall economic benefit. The National Institute for Health and
Care Excellence recommends in its recent guidelines that TEG”
and ROTEM® devices may be used to help monitor bload clotting
during and after the heart surgery (48).

There is a sparse evidence of using the VEM for other proce-
dures associated with the risk of major bleeding (i.e., obstetric).
During pregnancy, the coagulation system changes in a very
complex way meeting its peak at the moment of delivery. Unlike
other situations, the postpartum hemorrhage is often associated
with both increased (and disseminated) thrombi generation and
bleeding due to the consumption of coagulation factors and the
fibrin lysis. The use of VEM can help significantly in the nonsurgi-
cal management of severe postpartum hemorrhage (49); however,
this proposal is built on assumptions based on acute trauma or
cardiosurgical care.

Perspectives of VEM Analysis

The utility of VEM for management of bleeding has significantly
expanded the knowledge and also the use of these devices among
the anesthesiologists and the critical care physicians. However, it
seems that the applicability reaches much further than the initial
trauma or perioperative bleeding risk assessment. Several authors
have studied the utility of VEM for the assessment of sepsis-
associated coagulopathy (50, 51). The association of VEM diag-
nosed hypocoagulability with the severity of disease, and mortality
was evidenced in recent systematic review (52). However, having
only low number of relevant studies and rather complex nature
of sepsis-associated coagulopathy, possibly more data are needed
before the routine use of VEM for this indication.

In the recent years, several authors have demonstrated that
VEM are able to assess not only the hypocoagulable phenotype
but also the hypercoagulable phenotype, which develops as a
contra regulatory mechanism several hours or days after traumatic
or surgical injury (53). Hypercoagulability assessed using the
standard VEM variables (clotting time, initial angle, or maximal
firmness) was demonstrated to be associated with the rate of
thromboembolic events in the later course of illness (5, 54). Park
etal. (55) demonstrated that trauma patients with subsequent pul-
monary embolization had increased angle and amplitude of clot
formation within first 48 h as compared with the control group,
but no difference in standard coagulation tests was observed.
Recently, Miiller et al. (56) used VEM tests (total clot strength - G)
to separate patients with multiple trauma into those having hypo-,
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TRAUMA INDUCED COAGULAPATHY
LOCAL TREATMENT GUIDELINE

General treatment measures:
* Normalize body temperature
+ pH>72; Ca?>1 mmol/l
* Hematocrit > 24%

TRANEXAMIC ACID:
* Upto 3 hour after insult
+ 1gi.v. bolus
* 1gi.v. continuous for 8 hours

Start ROTEM (EXTEM, FIBTEM) analysis
(moke bed-side bipod gos onalysis + stondord fo boratory for blood comp onents and coo guintionincl fibinogen level)

EXTEM CT > 80s

EXTEM A10 < 40mm

PLATELETS < 105/l

EXTEM A10 < 30mm

=SEVERE A.OTTING DISORDER

-
FIBTEM A10 < 7mm -

and FIBTEM A10 > 12mn--

PCC20U/kg

or FFP 30 mi/kg

FIBRINOGEN
A10 (0-3mm)=6-8¢g
Al10 (4-7 mm)=4-6 g

PLATELETS
aim PLATELETS > 10°/ul

ALL PREVIOUS
(PCC/FFP + FBG + PLT)

SUSPICION/KNOWN USE:
ANTIPLATELET meds

Consider administering PLATELETs even under
normal PLT counts and ROTEM tests

NEW PERORAL
ANTICOAGULANTS

Consider increasing the PCC to 20-50 U/kg
when pathological ROTEM tests

FIGURE 3 | The protocol of acute fraumatic coagulopathy of the authors’ institution (English translation).

normo-, and hypercoagulable states. A hypercoagulable profile
(G = 11.7dynescm~2) was observed in 10% of trauma popu-
lation. Using novel parameters obtainable from the VEM curve,
Gonzalez et al. (8) were able to separate the platelet and enzymatic
hypercoagulability. This new insight enabled by VEM to monitor
the hypercoagulable phenotype may significantly affect the way
how we would possibly prescribe thromboprophylaxis for the
years to come. It was concluded by Patel (57) that most throm-
boembolic events occurred not only because the thromboprophy-
laxis was not prescribed, but also because it was not effective. The
use of VEM not only for goal-directed bleeding management but

also for the thromboprophylaxis seems to be alluring; however,
nowadays we are lacking data for such approach. Definitely, before
the routine application of VEM for thromboprophylaxis man-
agement, more specific tests for the assessment of anticoagulants
use and their effectivity (see Limitations of Contemporary VEM
Analyses) and possibly also new variables are needed.

Limitations of Contemporary VEM Analyses

The coagulation assessment of VEM using full blood is much
more complex than the standard laboratory tests. Unlike standard

Frontiers in Madicine | www frontiersin.org

5 Saptember 2015 | Volume 2 | Article 62

-08 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Benes et al.

Viscoelastic methods of blood dlotting assassment

methods performed under optimal conditions (often 37°C), most
VEM devices are able to adapt to the actual body temperature.
However, some aspects of in vivo clotting are immeasurable by
this method. First, most of contemporary practiced VEM assays
use decalcinated blood for practical reason; hence, calcium levels
have to be tested separately. The historical TEG method used
native blood, where the NATEM also enables to alleviate this, but
the use of native (calcinated) blood cannot account for the time
between clotting commencement (blood taking) and initiation of
the exam. More importantly, all the VEM tests can only assess the
secondary hemostasis. Given the cellular theory of hemostasis, the
influence of endothelium-platelet interaction (primary hemosta-
sis) cannot be examined. Because most of the generally used
antiaggregant medication influences primary hemostasis either by
affecting the cyclooxygenase-1 (aspirin or other nonsteroidal anti-
inflammatory drugs) or by blocking the adenosine-di-phosphate
receptor (clopidogrel and similar substances), current VEM tests
are blind to their effect. The ROTEM platelet” platform intro-
duced recently combines the VEM with two-channel multiplate
aggregometry enabling to assess the effect of common antiplatelet
medication. Similarly, the “Platelet Mapping” TEG modality uses
ADP + arachidonic acid to stimulate and analyze platelet aggre-
gation. Use and effect of such POCT for clinical routine were not
tested yet.

Furthermore, the influence of new anticoagulants (direct
thrombin inhibitors - dabigatran, argatroban; direct factor Xa
inhibitors - rivaroxaban, apixaban) as well as of low-molecular
weight heparins (specifically anti-Xa activity) on VEM assays is
not described well in the literature. All these anticoagulants affect
the secondary hemostasis, which should make them evaluable by
the VEM tests. However, Schaden et al. (10) demonstrated lim-
ited correlation between clotting time values and anti-Xa activity
measured by classical INTEM test, which improved when specific
tests (PiCT - prothrombinase-induced clotting or LowTF - low-
tissue factor activated modification) were applied. Eller et al. (58)
demonstrated that ROTEM® assessed clotting time was able to
assess the in vitro therapeutic concentrations of most of the tested
novel per oral anticoagulants (but fondaparinux). However, the
prolongation of clotting time is a very unspecific marker that
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may delay time to proper treatment in case of need. Ecarin mod-
ification of ROTEM tests was used by Schaden (9) to improve
the significance toward argatroban recently. Whether these novel
modifications will help in elucidating the effect of other novel
anticoagulants is still unresolved. Moreover, these more specific
tests are not clinically available and therefore not routinely per-
formed. This makes the assessment of anticoagulation via VEM
tests elusive.

Conclusion

Viscoelastic methods of coagulation assessment offer time-
relevant information about the function of secondary hemostasis.
Based on their assessment, a goal-oriented treatment of trauma-
associated coagulopathy is feasible decreasing the exposition to
blood products and associated risks. In patients undergoing car-
diac or liver surgery, the use of VEM was found to improve
care, and similar findings may be also expected from the other
major bleeding scenarios. The use of VEM in other situations
(i.e., septic coagulopathy, hypercoagulation assessment) might be
enabled in the near future. But as with any other monitoring
tools, it is not the device to blame or honor. The VEM can affect
patients’ outcomes only when we will use them and find treat-
ments based on the derived variables affecting patients’ outcome,
which should be the agenda of our research activities for the next
few years.

Authors Contribution

JB wrote the main body of the manuscript, and JZ and JK signifi-
cantly participated on the literature review and critically reviewed
the manuscript; all the authors approved the final form of the text.

Acknowledgments

The work was supported by the Charles University research
project P36 - PRVOUK and by the National Sustainability Pro-
gram I (NPU I) Nr. LO1503 provided by the Ministry of Education
Youth and Sports of the Czech Republic.

6. Ganter MT, Hofer CK. Coagulation monitoring: current techniques and clin-
ical use of viscoelastic point-of-care coagulation devices. Anesth Analy (2008)
106(5):1366-75. doi:10.1213/ane.0b01 3e31 B168b367

. Keene DD, Nordmann GR, Woolley T. Rotational thromboelastometry-guided
trauma resuscitation. Curr Opin Crit Care (2013) 19(6):605-12. doi:10.1097/
MCC.000000000000002 1

. Gonzalez E, Kashuk JL, Moore EE, Silliman CC. Differentiation of enzy-
matic from platelet hypercoagulability using the novel thrombelastography
parameter delta (delta). J Surg Res (2010) 163(1):96-101. doi:10.1016/ jss 2010,
03.058

. Schaden E, Schober A, Hacker 5, Kozek-Langenecker 5. Ecarin modified
rotational thrombelastometry: a point-of-care applicable alternative to mon-
itor the direct thrombin inhibitor argatroban. Wien Klin Wochenschr (2013)
125(5-6):156-9. doi:10.1007/s00508-013-0327-1

10. Schaden E, Schober A, Hacker 5, Spiss C, Chiari A, Kozek-langenecker 5.

Determination of enoxaparin with rotational thrombelastometry using the
prothrombinase-induced clotting time reagent. Blood Coagul Fibrinolysis (2010)
21(3):256-61. doi:10.1097/MBC.0b013e328337014c

=1

o

[r-]

Frontiers in Medicine | www. frontiersin.org

September 2015 | Volume 2 | Article 62

-99 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Banes ot al. Viscoalastic methods of blood clotting assassment
11. Dustton RE. Haemostatic resuscitation. Br | Anaesth (2012) 109(Suppl 1):i358-46. 32. Schichl H, Frietsch T, Pavelka M, Jambor C. Hyperfibrinolysis afier major
doi:10.1093/bja/aes389 trauma: differential diagnosis of Iysis patterns and prognostic value of thrombe-
12. Ho AMH, Dion PW, Yeung JHH, Holcomb |B, Critchley LAH, Ng CSH, lastometry. J Trauma (2009) 67(1):125-31. doi:10.1097/TA.Ob013e31 818b2483
et al. Prevalence of survivor bias in observational studies on fresh frozen  33. Tauber H, Innerhofer P, Breitkopf R, Westermann [, Beer R, El Attal R, et al.
plasmaerythrocyte ratios in trauma requiring massive transfusion. Anesthesi- Prevalence and impact of abnormal ROTEM(R) assays in severe blunt trauma:
ology (2012) 116{3):716-18. doi:10.1087/ALN 0b013e318245c47b results of the ‘Tiagnosis and Treatment of Trauma-Induced Coagulopathy
13. Miller TE. Mew evidence in trauma resuscitation — is 1:1:1 the answer? Perioper (DIA-TRE-TIC) study. Br | Anaestir (2011) 107(3):378-87. doi:10.1093/bja/
Med (Lond) (2013) 2(1):13. doi:10.1186/2047-0525-2-13 aerl58
14. Dutton RP. Management of traumatic haemorrhage - the US perspective.  34. Kashuk JL, Moore EE, Sawyer M, Wohlauer M. Pezold M, Barnett C, et al.
Anaesthesia (2015) 70{Suppl 1):108-11,e38. doi:10.1111/anae. 12894 Primary fibrinolysis is integral in the pathogenesis of the acute coagulopathy of
15. Khan &, Brohi K, Chana M, Raza I, Stanworth §, Gaarder C, et al. Hemo- trauma. Ann Surg (20100 252(3):434-42. doi:10.1097/SLA.0b013e3181M09191
static resuscitation is neither hemostatic nor resuscitative in trauma hem- discussion 443,
orrhage. J Trauma Acute Care Surg (2014) 76(3):561-7. doi:l0.1097/TA. 35. Spahn DR.TEG®- or ROTEM® -based individualized goal-directed coagulation
0000000000000 146 discussion 567, algorithms: don't wait — act now! Crit Care (2014) 18(6):637. doi:10.1186/
16. Khan S, Davenport R, Raza I, Glasgow S, DeéAth HD, Johansson PI, et al 513054-014-0637-2
Damage control resuscitation using blood component therapy in standard doses 36 Schichl H, Maegele M, Solomon C, Gérlinger K, Voelckel W. Early and
has a limited effect on coagulopathy during trauma hemorrhage. Infensive Care individualized goal-directed therapy for trauma-induced coagulopathy. Scand
Med (2015) 41(2):239-47. doi:10.1007/s00134-014-3584-1 J Trauma Resusc Emerg Med (2012) 20:15. doi:1 0. 1186/1757-7241-20-15
17. Seghatchian ], Samama MM. Massive transfusion: an overview of the main char- 37, Schéchl H, Nienaber U, Hofer G, Voelckel W, Jambor C, Scharbert G, et al.
acteristics and potential risks associated with substances used for correction of Cipal-directed coagulation management of major trauma patients using throm-
a coagulopathy. Transfus Apher Sci (2012) 47(2):235-43. doi:10.1016/) transci. boelastometry (ROTEM)-guided administration of fibrinogen concentrate and
2012.06.001 prothrombin complex concentrate. Crif Care (2010) 14(2):R55. doi:10.1186/
18. Frith [}, Brohi K. The pathophysiology of trauma-induced coagulo- CoRS48
pathy. 38. Schichl H, Nienaber U, Maegele M, Hochleitner G, Primavesi E Steitz B,
Curr Opin Crit Care (2012) 18(6):631-6. doi: 10,1097/ MCC.0b0 1 3e328355%b9 et al. Transfusion in trauma: thromboelastometry-guided coagulation factor
19. Cap A, Hunt B. Acute traumatic coagulopathy. Curr Opin Crit Care (2014) concentrate-based therapy versus standard fresh frozen plasma-based therapy.
20(6):638-45. doi:10.1097/MCC.00M0000000000158 Crit Care (2011) 15(2):R83. doi:10.1186/cc1 0078
20. Rourke C, Curry N, Khan 8, Taylor R, Raza I, Davenport R, et al. Fibrino- 39, Kashuk JL, Moore EE, Le T, Lawrence ], Pezold M, Johnson L, ¢t al. Noncitrated
gen levels during trauma hemorrhage. response to replacement therapy, and whole blood is optimal for evaluation of postinjury coagulopathy with point-of-
association with patient outcomes. | Thromb Haemost (2012) 10(7):1342-51. care rapid thrombelastography. J Surg Res (2009) 156(1):133-8. doi:10.1016/).
doi:10.1111/j.1538-7836,2012.04752.x J55.2009.03.046
21. Rizoli 5B, Scarpelini 5, Callum J, Nascimento B, Mann KG, Pinto R, et al.  40. Nardi G, Agostini V. Rondinelli B, Russo E, Bastianini B, Bini G, et al. Trauma-
Clotting factor deficiency in early trauma-associated coagulopathy. J Trauma induced coagulopathy: impact of the early coagulation support protocol on
(2011) 71(5 Suppl 1):5427-34. doi:10.1087/TA.0b013e318232e5ab blood product consumption, mortality and costs. Crit Care (2015) 19(1):83.
11, Inaba K, Karamanos E, Lustenberger T, Schichl H, Shulman I, Nelson | doi:10.1186/513054-015-0817-9
et al. Impact of fibrinogen levels on outcomes after acute injury in patients 41, Da Luz LT, Nascimento B, Shankarakutty AK, Rizoli 5, Adhikari NE. Effect of
requiring a massive transfusion. J Am Coll Surg (2013) 216(2):290-7. doi:10. thromboelastography (TEG®) and rotational thromboelastometry (RQTEM@)
1016/j.jamcollsurg 2012.10.017 on diagnosis of coagulopathy, transfusion guidance and mortality in trauma:
23. Hagemo JS, Stanworth S, Juffermans NP, Brohi K, Cohen M, Johansson PL descriptive systematic review. Crif Care (2014) 18(5):518. doi:10.1186/513054-
et al. Prevalence, predictors and outcome of hypofibrinogenaemia in trauma: 014-0518-9
2 multicentre observational study. Crit Care (2014) 18(2):R52. doi:10.1186/ 42, Spahn DR, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernindez-Mondéjar
€c13798 E, et al. Management of bleeding and coagulopathy following major trauma: an
24. Frith D, Goslings JC, Gaarder C, Maegele M, Cohen M, Allard S, et al. Defi- updated European guideline. Crif Care (2013) 17(2):R76. doi:10.1186/cc12685
nition and drivers of acute traumatic coagulopathy: clinical and experimental 43. Johansson P1, Selbeck S, Genet G, Stensballe |, Ostrowski SR. Coagulopathy and
investigations. J Thromb Haemost (2010) 8(9):1918-25. doi:10.1111/].1538- hemostatic monitoring in cardiac surgery: an update. Scand Cardiovasc ] (2012)
TE36.2010.03945x 46(4):194-202. doi:10.3109/ 14017431201 2.671487
25. Johansson PI, Stensballe ], Rasmussen LS, Ostrowski SR. A high admission 44 [isman T, Porte R]. Rebalanced hemostasis in patients with liver disease:
syndecan-1 level, a marker of endothelial glycocalyx degradation, is associated evidence and clinical consequences. Biood (2010) 116{6):678-85. doi:10.1182/
with inflammation, protein C depletion, fibrinolysis, and increased mortal- blood-2010-02-261891
ity in trauma patients. Ann Surg (1011) 254(2):194-200. doi:10.1097/SLA. 45, Clevenger B, Mallett SV. Transfusion and coagulation management in liver
Obid] 3e318226113d transplantation. World J Gastroenterol (2014) 20(20):6146-58. doi:10.3748/wjg.
26. Gando 8, Tedo I, Kubota M. Posttrauma coagulation and fibrinolysis. Crit Care V20206146
Med (1992) 20{5):594-600. doi:10. 1097 /00003246 - 139205000-00009 46. Wikkelsoe AJ, Afshari A, Wetterslev , Brok |, Moeller AM. Monitoring patients
27. Cohen MJ, Call M, Nelson M, Calfee CS, Esmon CT, Brohi K, et al. Critical role at risk of massive transfusion with thrombelastography or thromboelastometry:
of activated protein C in early coagulopathy and later organ failure, infection a systematic review. Acta Anaesthesiol Scand (2011) 55(10):1174-85. doi:10.
and death in trauma patients. Ann Surg (2012) 255(2):379-85. doi:10.1057/5LA. 11114.1399-6576.2011.02534.x
0bl13e318235d%e6 47. Weber CE Gorlinger K, Meininger D, Herrmann E, Bingold T, Moritz A,
28. Schichl H, Voelckel W, Maegele M, Solomon C. Trauma-associated hyperfib- et al. Point-of-care testing: a prospective, randomized clinical trial of efficacy
rinolysis. Hamosiaseologie (2012) 32(1):22-7. doi:10.5482/ha- 1178 in coagulopathic cardiac surgery patients. Anesthesiology (2012) 117(3):531-47.
28. Chapman MP, Moore EE, Ramos CR, Ghasabyan A, Harr N, Chin TL, et al. doi: 101057/ ALN.0b01 32318264c 644
Fibrinolysis greater than 3% is the critical value for initiation of antifibri- 48, National Institute for Health and Care Excellence. Defecting. Managing and
nolytic therapy. J Trauma Acute Care Surg (2013) 75(6):961-7. doi:10.1097/TA. Monitoring Haemostasis: Viscoelastometric Point-of-Care Testing (ROTEM, TEG
0bi] 3e3182aa%:0f discussion 967, and Sonoclot Systems) [Internet]. (2014). Available from: http://www.nice.org.
30. Levrat A, Gros A, Rugeri L, Inaba K, Floccard B, Negrier C, et al. Evaluation uk/puidance/dgl3
of rotation thrombelastography for the diagnosis of hyperfibrinolysis in trauma 49, Solomon C, Collis RE, Collins PW. Haemostatic monitoring during post-
patients. Br J Anaesth (2008) 100(6):752-7. doi:10.1093/bja/aen083 partum haemorrhage and implications for management. Br | Anaesth (2012)
31. Carroll RC, Craft RM, Langdon R], Clanton CR, Snider CC, Wellons DD, 109(6):851-63. doi:10.1093/bja/aes361
et al. Early evaluation of acute traumatic coagulopathy by thrombelastography. 50. Brenner T, Schmidt K, Delang M, Mehrabi A, Bruckner T, Lichtenstern C,

Transl Res (2009) 154(1):34-9. doi:10.1016/j.trs1.2009.04.001

et al. Viscoelastic and aggregometric point-of-care testing in patients with septic

Frontiers in Medicine | www.frontiersin.org

Saptember 2015 | Violume 2 | Article 62

- 100 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

Benes et al.

Viscoelastic methods of blood clotting assessment

51.

5.

5

D

55.

o

shock - cross-links between inflammation and haemostasis. Acta Anaesthesiol
Scand (2012) 56(10):1277-90. doi:10.1111/7.1399-6576.2012.02750.x

Haase N, Ostrowski SR, Wetterslev ], Lange T. Meller MH, Tousi H,
et al. Thromboelastography in patients with severe sepsis: a prospective
cohort study. Infensive Care Med (2015) 41(1):77-85. doi:10.1007/s00134-014-
3552-9

Miiller MC, Meijers JCM, Vroom ME, Juffermans NE Utility of thromboelas-
tography and/or thromboelastometry in adults with sepsis: a systematic review.
Crit Care (2014) 18{1):R30. doi:10.1186/cc13721

- Yang Y, Yao Z, Dai W, 5hi P, Luo L, Zhang C. Changes of thrombelastography in

patients undergoing elective primary total knee and total hip replacement with
low molecular heparin prophylaxis. ] Crihop Surg Res (2014) 9:532. doi:10.1186/
s13018-014-0052-0

. Bai ], Zheng QW, Fu 3H, Li XX, Li YR, Zhou Y, ef al. Association between

thrombelastography system and thromboembolic and bleeding events in Chi-
nese aged people. Int J Clin Exp Med (2013) 6(4):310-9.

Park MS, Martini W7, Dubick MA, Salinas [, Butenas 5, Kheirabadi BS, et al.
Thromboelastography as a better indicator of hypercoagulable state after
injury than prothrombin time or activated partial thromboplastin
time. J Trawma (2009) 67(2):266-75; discussion 275-6. doi:10.1097/TA.
0b013e318lae6llc

56.

57.

58,

Miiller M, Balvers K, Binnekade JM, Curry N, Stanworth 8, Gaarder C, et al.
Thromboelastometry and organ failure in trauma patients: a prospective cohort
study. Crit Care (2014) 18(6):687. doi:10.1186/513054-014-0687-6

Patel R, Cook DJ, Meade MO, Griffith LE, Mehta G, Rocker GM, et al. Burden of
illness in venous thromboembolism in critical care: a multicenter observational
study. I Crit Care (2005) 20(4):341-7. doi:10. 1016/ jcrec.2005.09.014

Eller T, Busse ], Dittrich M, Flieder T, Alban 5, Knabbe C. et al. Dabigatran,
rivaroxaban, apixaban, argatroban and fondaparinux and their effects on coagu-
lation POC and platelet function tests. Clin Chem Lab Med (2014) 52(6):835-44.
doi:10.1515/cclm- 2013-0936

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2015 Benes, Zatloukal and Kletecka. This is an open-access article
distributed under the terms of the Creafive Commons Afiribution License (CC BY).
The use, distribution or reproduction in other forums is permifted, provided the
original author(s) or licensor are credited and that the original publication in this
Journal is cifed, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted wiich does not comply with these terms.

-101 -



Zatloukal J.: Hemodynamicka optimalizace u jaternich resekci

6.2.3 Cost analysis of the stroke volume variation guided perioperative hemodynamic

optimization — an economic evaluation of the SVVOPT trial results.
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Clanek demonstruje ekonomickou vyhodnost perioperaéni hemodynamické optimalizace za

vyuziti pristroje Vigileo FloTrac.

Ptistroj Vigileo FloTrac byl vyuzivan i v rdmci studie, ktera je pfedmétem disertacni préce.
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Cost analysis of the stroke volume variation guided
perioperative hemodynamic optimization - an
economic evaluation of the SVWOPT trial results

Jan Euenes', Jan Zatloukal, Alena Simanova, lvan Chytra and Bduard Kasal

Abstract

Background: Perioperative goal directed therapy (HDT) can substantially improve the outcomes of high risk surgical
patients as shown by many clinkcal studies. However, the approach needs initial investrment and G increase the
already very high staff workdoad. These economic imperatives may be at least partly responsible for weak adherence to
the GOT concept. A few modek are available for the evaluation of GDT cost-efectiveness, but studies of red economic
data based on a recent clinical trial are lacking. In order to address this we have performed a retrospective analysis of
the data fram the “Intracperative fiuid optimization using stroke volume variation in high risk sungical patienits” trial
(ISRCTNES085011 )

Meathads: The haalth-Care payvers perspective was used in order to evaluate the perioperative hemodynamic
optimizzation costs. Haspital invoices from all patients included in the trial were extracted. A direct comparisan between
the study (GOT, M= 60} and contral (N = 60} groups was performed. A cost tree was constructed and major cost drivers
evaluated.

Results: The trial showed a significant improwement in clinical outcomes for GOT teated patients. The mean cost per
patient were lower in the GDT group 2877 + 23366 va. 3371 + 3238€ in controls, but without reaching a statistical
signifiance (p =0.596) The mean cost of all items except for intraoperative monitoring and infusions were lower for
GOT than control but due ta the high variability they all faled to reach statistical significance. Those costs associated
with clinical care B84 177 ve. 212 + 593€; p=0023) and ward stay costs (213 £ 108€ vs. 349 + 467¢; p=0082) werne the
micst imporant differences in favour of the GOT group.

Conclusions: Intraoperative fluid optimiztion with the wse of stroke volume variation and Vigileo/FloTrac system
showed not only a substantial improwerment of morbidity, but was associated with an economic benefit. The
cost-savings observed in the overall costs of postoperative care trend to offset the investment needed to run
the GOT strategy and intraoperative manitaring.

Trial registration: |5RCTMS5085011
Keywords: Hemodynamic optimization, Cost-effectiveness, Fluid optimization

Background are accompanied by higher nitial acquisition or mainten-

Due to the recent economic situation in Enrope financial
resources in healthcare are becoming increasingly limited.
Under these circumstances oost-efectiveness, or preferably
st savings, from new therapeutic approaches may be vital
for their adoption, especially, if these new treatments
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ance costs. Hemodynamic optimzation and goal directed
therapy (GDT) of high risk surgical patients improves
postoperative outcomes by decreasing the number of
complications and hospital length of stay as showed by
many clinical trials and meta-analyses [1-3]. Additonally,
according to pooled data from recently published meta-
analysis an impact on postoperative mortality may be
observed in the groups with high control-group mor-
tality [4]. The reality though is that overall adoption of
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pericperative GDT is very low among European and
American anaesthesiologists [5] and a lack of data on an
economic benefit may be an important reason why. For
example, if a comprehensive investment (financial and
practice orientated) is needed, hospital administrators and
nsurance companies may not be wiling to cover these
expenses.

There are limited economic data regarding periopera-
tive GDT published so far. In 1997 an economic evalu-
ation of a study by Boyd [6] was performed by Guest
[7] showing a decreased economic burden using pul
monary artery catheter for preoperative hemodynamic
optimization. Later, similar results were published by
Fenwick [8] based on the Wilson optimization trial [9].
Both of the original clinical studies used pulmonary ar-
tery catheter for guiding fluid optimization and in one
[9] the patients were admitted to the hospital ICU the
day before surgery in order to perform preoperative
tuning-up. Mowadays, neither the device nor the pre-
operative GDT are relevant to contemporary practice.
The development of less imvasive devices has enabled
the use of routine GDT in an intermediate to high risk
population and studies performed intraoperatively and
also in the early postoperative period have shown com-
parable results to preoperative treatment. All of these
issues are highly relevant for potential economic deci-
sion making.

More relevant are two recent studies both using an
economic modelling approach based on meta-analysis of
clinical trials. Mowatt et al. [10] performed an economic
evaluation of cesophageal Doppler use where for both
the worst and best scenarios the use of this technology
was deemed cost-effective. Another cost-effectiveness
evaluation was performed by a Swedish group [11]
where data from a mix of different devices and GDT
strategies were used as model inputs applied to the clin-
ical results of elderly patients with hip-fracre. These
results also stressed the potential of perioperative GDT
to be not only cost-effective but also cost saving with
substantial clinical benefits. Mevertheless, despite these
publications an evaluation based on real economic data
coming from a study using less nvasive device in high
risk patients is lacking. To address this we decided to
perform a retraspective, health care payers perspective,
economic evaluation of the Intraoperative fluid opti-
misation using stroke volume variation in high risk sur-
gical patients (SVVOPT) trial [12]). Our hypothesis was
that the observed improvement in clinical outcomes
with GDT would result in lower costs compared with
the control arm.

The SVVOPT study used a novel, less invasive Vigileo/
FoTrac system for the intracperative fluid and hemo-
dynamic optimization of high risk surgical patients. In
total 120 patients were equally and randomly distributed

Page 2 of 8

into intervention (GDT, N=60) and control group
(Control, N=60). The goal of fluid intervention in the
GDT group was stroke volume variation (5VV) lower than
10% and cardiac index (C) higher than 2.5 lfmin/m? In-
fusions of colloids and dobutamine were used in order to
reach these goals. Considerable outcome bendfit regarding
number (34 vs. 78 p=0007) and rate (18 vs. 35 patients;
p = 0.003) of postoperative complications was observed in
the GDT group using an intention-to-treat approach.
Additionally, in the per protocol analysis of patients with
performed optimization the hospital length of stay was
significantly shorter. There was no difference in number
of deaths, but the study was not designed to be powered
to prove a mortality benefit.

Methods

The original SYVOPT study ran from fJuly 2007 until
May 2009 and enrolled 120 patients equally and ran-
domly distributed nto intervention and control groups.
Written informed consent and approval of the local eth-
ics committee of the Charles University Hospital in
Flzen, Czech Republic was provided for the study. All
economic data were routinely collected in the form of
individual invoices issued for the healthcare payer at dis-
charge. In order to avoid bias where possible due to the
retrospective design, two of the authors here (J£ and
AS) who were not part of the original trial and unaware
of the patient treatment group allocation performed the
extraction of the economic data. In order to evaluate the
major drivers the costs were separated into 10 categor-
ies: anaesthesia, monitoring, infusion and blood product
associated costs, further postoperative ward and 1CU
stay, clinical examination and procedures, laboratory
diagnostics, antimicrobial agents, radio-diagnostics and
others. In order to try and avoid large confounding fac-
tors, the costs of the surgical procedure, postoperative
analgesia and preoperative stay were excluded from the
final sum. However, in order to fully account the cost of
GDT the monitoring relevant costs (Vigileo device and
60 FloTrac monitoring sets) were captured. These pay-
ments were not reimbursed by the payer, but are rele-
vant for the future decision. As the study was performed
in the Czech Republic some specifics of healthcare reim-
bursement should be mentioned:

& All clinical investigations are evaluated with a
number of points, these points are fully reimbursed
by the insurance company according to the actual
ocowrse (this changed once during the stmdy period
and was increased accordingly).

& Some materils used (central venme catheters,
parenteral nutrition, all antimicrobial agents, blood
products, radio-contrast dye and other) are also
reimbursed.
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« Other materials (peripheral or arterial catheters,
urinary catheters, usual medication, etc.) are
reimbursed in lump sum payments and are billed in
a per diem fee according to patient category of care.

+ Finally, some medical services are neither charged to
the patient nor the payer. From these only the costs
af study specific material were included in the study:
Vigileo machine — 6100 €, FloTrac monitoring sets -
175 € each, and intravenous infusions.

All sums were obtained in Czech Crowns ((CZK) and
converted to Euros (€) according to a mean exchange
rate for the study period (25 CZK per 1 €). Any flucta-
tions in this rate according to data obtined from the
Czech Mational Bank were very small making the poten-
tial bias irrelevant. No consideration of inflation was in-
cluded in the calculations due to the relatively short
study period.

To assess the economic benefit of the intervention the
following analyses were performed: Firstly, the total
costs of both study groups and subeategories of patients
with and without complications were analyzed. A cost
tree (Figure 1) was constructed for these variables: treat-
ment allocation as first branch and complication coour-
rence (as the major clinical outcome) as the second
branch. For each branch a number of patients, total
costs and their proportions were caleolated. [t is difficolt
to assess the cost-effectiveness ratio for GDT versus con-
trol in this retrospective study as it was underpowered
to demonstrate a mortality benefit and although there was
an obvious morbidity benefit (ie. fewer complications

Figure 1 Cost tree for the two treatment arms of the
SUVOPT study.

Page3 of 8

for GDT) no patient related endpoints such as quality of
life were prospectively oollected. Therefore rather than
complicate the analysis unnecessarily the results here are
presented only in the form of costs. A discussion on the
implications of this are inchided at the end of this report.

In addition to the overall cost analysis an analysis of
specific reimbursement groups was performed in order
to identify the major cost drivers and ther imporance
to the total costs according to the treatment allocation.
The costs are reported as both mean (standard deviation)
and median (interquartile range) as proposed by Briges
[13] as means are less prone to reduce the impact of ex-
treme values and hence enable better description of costs
across a patients sample. However, nonparametric statistic
tests (Mann—Whitney test, Kruskal-'Wallis test) were used
to assess the difference between study groups accordingby.
Al cakulations were performed using the MedCalc soft-
ware ver. 12.400. (MedCalc Software, Acacialaan 22,
B-8400 Orstend, Belginm).

Finally, although this study is perfformed directly from
patient-specific clinical and biling records, for most
readers the costs of different complications may be of
importance especially for the international comparison.
Therefore, we have identified patients having specific
complications in order to evaluate the induced add-
iional costs. Patients were grouped according to the na-
ture of their complications (Le. none, sokely infectious,
solely non-infectious, a mixture). In addition, patients
having a single complication were evaluated for add-
iional costs.

Results

Major clinical results of the study were already men-
tioned and are given in detail elsewhere [12]. Most rele-
vant for this economic analysis are the folowing: the
intervention reduced the number of complications (34 vs.
78 complications; p=0.007) and their rate (18 vs. 35
patients in the GDT and Control group respectively;
p =0:03). The overall hospital length of stay (calculated as
the sum of all stays per group) was 627 vs. 925 days for the
GDT and Control group respectively. In the per pmotocol
analysis, the median hospital stay was 9 days (8 to 12) in
the GDT group compared to 10 days (8 to 19) in controks
ip=0.042).

The mean total costs per patent in the intervention
group were 2877 + 2336 € (mean + 5D) whereas in the
control group they were 3331 + 3238 € The overall cost
was 27,255 € higher in the Control group and mean cost
per patient was 454 € in favour of GDT, with large vari-
ability. As described in the cost tree (Figure 1) the mean
cost of those without complications was slightly higher
in the GDT group. Unsurprisingly, the study monitoring
costs contributed the majority (70%) of this difference.
Alo, the overall mean costs of patients with complications
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did not differ substantially between groups. In total,
patients with complications though minor in number
(M =53; 44%) were responsible for the majorty of costs
(235,623 €, 63%). The incidence of complications was the
major driving parameter for increased total and mean costs
in the Contral group.

An overview of the major health care cost categories is
presented in Table 1. The average costs of care tended
to be lower for GDT versus Control (2877 + 2336 € vs,
3331 + 3238 € p=05%6) although not statistically sig-
nificant. In fact all costs except those for intraoperative
monitoring and infusions were lower for GDT than con-
trol but due to the high variability most failed to reach
statistical significance. However, the study was not de-
signed to power this comparison and a post-hoc analysis
estimates a sample size of at least 200 patients in each
arm to reach statistical significance. Thus a tendency
for lower costs of postoperative care was observed
(1891 + 2170 € ws. 2501 + 3152 € p=0.177) and clinical
care related costs (honoraria, examinations and proce-
dures) were significantly decreased in the GDT group
(68 + 177 € vs. 212 + 593 € p=0.023). For other param-
eters, ie. ward stay costs (213 +108 € vs. 349 +467 €
p=0.082) and infection associated costs (99 + 151 € vs
26+ 535 € p=0365) only a trend in favour of the
GDT group was ohserved. As monitoring relited costs
(Vigileo machine and monitoring FloTrac kits) were in-
duded in the calcubtion the costs of intraoperative care
were bound to be higher in the GDT group (986 +351 €

Fage 4 of B

ve. 830 + 469 €; p =0.001) but in general, mean intraopera-
tive costs were higher 156 +351 € (p=0.001) and postop-
erative costs lower 609+ 3152 € (p=0177) in the GDT
group.

Additonal costs induced by some specific complica-
tons or groups of complication were also evahiated.
This analysis was limited by a low number of patents
having one specific condition only. However, we were
able to identify patients having just infectious complica-
tons (iLe. pneumonia, surgical site, urinary tract and
catheter related blood stream infections), but only one
non-infections complication (Le. acute heart failure). The
ocourrence of any complication, irrespective of study group
allocation, increased the costs of postoperative care by
2295+ 3611 € (p<(.001) with a significant increase in all
major cost driving categories. Mean costs for patients with
and without complications are given in Table 2. For the
groups with different complications the additional sum i
ako displayed to enable a direct comparison to data pub-
lished by other authors [14,15].

Discussion

The current study evaluates in a retrospective fashion the
economic implications of intraoperative fluid optimization
guided by stroke volume variation based on previously
published clinical results [12]. The mean mst per patient
in the intervention arm was 2877 + 2336 € compared to
3331 + 3238 € in the control group. Cverall, the inddence
of postoperative complications was the most important

Table 1 Cost comparison in major reimbursement categories (in Euro)

GOT Contral
Mean + 50 Median (IQR) Mean + 50 e dan [IOR) o value

Total BT+ 3336 2181 {1561-3154) 33313238 2331 (1540-36E7) 0596
Irvtr aospar ative® OB + 351 BBD (744-1165 0+ 460 GEE | 5041006 [Ee ]
Araes s 438 + 157 452 (383-531) 5a0 + 184 435 [|M32-636) 004
MaToTing® 26 +0 296 (295-299)* 00 20 {020t 000
nfusion 17 45 (3248 R2E17 32 {1948 73
B prochecs 160 +241 0 j0-255) &7 +3358 a0 {0339 0264
Postoperative 1891 2170 1142 (7642210 2501 3152 1626 (B10-2367 07T
Patients care 505 + 486 328 (218-5832) W2+ 1429 439 (222937} 0125
Chinical esaminalionmonocadurnes® B+ 177 2 -4 212 +593 38 (25-ag"* 00s
HiodhemsTy A5 138 172 N117-248) 23 £ 174 116-291) oFm
Microlsckony diagnostics and animiorobislks 29+ 151 35 (17-138 36 + 535 &2 116 - 154) 0365
Fadiology examinations M 66 G45-30 a6l & (629 0344
[ 100+ 122 38 (4-138) 181 + 262 43 126-190) 570
Hospitalization costs 1386+ 1736 B31 (54415700 1589 = 1863 1040 (4911808 0A5S
nansive care umil Stay CoBTs N73£1736 a37 20514380 1240+ 1752 A4 0-1409) a7y
‘Ward s1ay 0SE 213 £ 108 202 140-241) 39 + 467 219 161-358) o082

Al pwalues 2w cloubied using the Mann-wWhitney test ® marks whene p <0051
Abbrevisbons S0 - standasd desiation, K3H — mtexquartile range.
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Table 2 Postoperative costs among different complication subgroups (in Eurol

Group Total postoperative  Hospitalizstion  Patient care  Clinical examinations/  Biochemistry  Antimicrobials = microb,  Radiology — Other
[ Y oOELs costs Pro@dures, e diagnoatics diagnostics

Mo complication N = 67 1182 + 790 863 + 656 320+ 185 2+ 14 152+ 79 45 + 54 15+ 325 R+
Any complication N = 53 3477 £ 3611 2I78 + 2387 1199+ 1482 280 + &40 337+ 282 322 + 561 64 + o 196 + 277
Additional costs in specific groups
nfactions M =31 1789 + 3263 102 £ 2113 687 = 1238 121 = 304 123 = 206 285 + 660 36272 121 = 239
Mon-nfectios M =7 548 * 657 —48 + 456 597 £ 661 439 = 641 A7 154 12112 35+ 63 14+ 88
Multiphe/mixed complcations N= 15 4155 £ 4434 2743 + 2887 1411 £ 2065 433 + 1028 375370 360 £ M6 B1x126 162 £ 391
Additional costs in specific complications
Fieamonia N=6 1457 £ 4161 Ma+£3n 320 +895 6176 N1+ 244 125+ 202 1M+20 46 + 138
Surgical sie fecticn N =7 2119 £ 1040 1486 £ 932 633274 B4 £ 130 158 £ 98 192 £ 163 5180 148 £ 18

HN=9 643 £ 1314 399+ 1138 244 + 276 21 & 40 Q2105 132+ 125 Zx41 27 £ 155
UM N=9 175 + 606 &6+ 400 108 + 2492 a1l 75+ 2334 0+111 2+4 5+84
Acue heat Glus N= 1152 + 1182 B3 = 1077 309 + 205 B85+ 113 139+ 157 111+ 88 1+ 10 -2+ 48

Comparizon betesen the Mo and Any complications gmup have been made using the Mann-Whithey test, all other mmpansons between subgroups wene assemed by the Knuskalwalls test using the Conaver

pasthoc analysis

Hold type shows sttishcal signifiane against the petients without mmplcatons.
Negive numiier in additional costs decesse in costs 2c mmpaed to patients without complcatan.

Abbrevitions: CRES - Catheter miated blood stream infecton, UTI

Urimary fra<t infection (induding asymptomatic bactenurial
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mst driver. In addition, our results here detail the incre-
mental costs due to different infectious and non-infectious
complications which will enable a comparison of health
wre costs in post-communist Enropean countries to those
from the West.

Economic data and proof of economical benefit are
lacking for many interventions from our daily practice.
Mevertheless the current economic situation in most de-
veloped countries impacts budgets and so economic
analyses of new and exdsting therapies are becoming in-
creasingly important. This is perhaps more so in post-
socialistic countries of Middle and Eastern Europe as the
shortage of resources is most striking there. Periopera-
tive goal directed hemodynamic optimization is one of
the most promising concepts for clinical benefit in the
postoperative period as its use has been shown to avoid
complications, reduce patient length of stay and reduce
postoperative morbidity. Alas, the concept is still not
widely embraced and is seldom used outside specific
health care facilities. Perceived increased economic bur-
den, anaesthesiologist workload and a lack of proven
economical benefit might be some of the reasons for not
adopting this approach. It & true that there are only lim-
ited economic data to support perioperative GDT al-
though the economic evalhations by Boyd [6,7] and
Wilson [8,9] have both shown cost-effectiveness, but due
to recent developments in the field they are of limited
impact. Many different devices have since replaced the
pulmonary artery catheter in routine use for GDT in
high risk populations and the lower invasiveness in-
creases the number of patients having a potential clinical
benefit [16]. However, the acquisition msts of most of
these devices and disposables used are deemed high and in
many countries not reimbursed by the payer. The results
of our study demonstrate that this is true to a degree and
anaesthesia related costs are slightly, but significantly in-
rased. This may be relevant when comparing patients
without complications, but complication related costs
highly exceed those of monitoring and GDT has been
proven to reduce complications. This shows that even after
nclusion of these costs the GDT approach would be oost-
saving in populations with high postoperative morbidity.

Recently Bartha [11] published a large model based
analysis showing that goal directed hemodynamic ther-
apy would be a dominant strategy (ie. both cost and life
saving) in octogenarians undergoing hip replacement.
Results from six meta-analyses and 17 research papers
(using different approaches and devices) were taken as
model inputs and an overall reduction of medical care
msts by 1882 € was demonstrated. In 2007 a health tech-
nology assessment of the oesophageal Doppler was pub-
lished by Mowatt [10]. As no formal economic data were
available the authors constructed a model based on eight
randomized single centre studies. The GDT approach was
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found likdy to be cost-effective even for the worst model
scenario. Since then NICE has positively appraised this,
but also expanded it to inchude other devices (including
Vigileo/FloT rac). Our patient-specific “real world” data val-
idate these model based assumptions, even though the
exact monetary sums differ. Health care costs in Sweden
were taken as emnomic inputs in the former and ward/
ICU stay hospital costs in United Kingdom in the later
study. Our real, clinically derived economic data from the
Czech Republic seem to be closer to Mowatts worst sce-
nario but do not take into account purchasing power or
other translations of economic value.

When trying to interpret the results from our study it
is important to consider some specifics of the health
care system in the Czech Republic. For example, it’s
likely that the honoraria and costs of human work are
lower in former Eastern bloc European countries than
other Western systems. However, the costs of materiaks
ard drugs used are potentially more similar to those in
the West. This is important to understand when consid-
ering those activities in where human work creates the
major part of care (eg. clinical examinations, laboratary
or radiology assessments). However, the extent to which
any management practces are employed as standard of
care are also pivotal to interpreting economic data in
critical care. As a direct comparison of complications
oosts are unavailable, we tried to calculate the additional
costs of different complications to enable this East-to-
West comparison. An Italian study concerning peri-
operative nutriional support in gastrointestinal surgery
(Braga et al. [14]) and a French analysis of nosocomial
infections costs [15] served as comparators. The first
study showed slightly shorter length of stay after colo-
rectal surgery compared to our GDT surgical group
(8.8 days in Braga vs. 99 days), but the average costs
were far higher in patients with complications (10494 €
vs. 5419 €) and to a lesser extent also in those without
complications (2,552 € in Braga compared to 1,956 € in
our study population). The costs of different individual
complications were 2-10 times higher than those ob-
served in our patients. The French study [15] allows a
better differentiation between major cost drivers point-
ing out the stated difference in costs of resources and
clinical examinations procedures. Alas, costs of hospi-
talization (the major cost-driver in patients with infec-
tion in our populaton) are not indicated separately. The
reported additional charges were comparable in terms of
antimicrobial agent costs but conversely the clinical,
laboratory and radiology assessment expenditures were
2-10 times lower in our evaluation. According to these
results, higher cost-savings (resembling the data pub-
lished by Bartha [11] and Mowatt [10]) would have been
calculated in the same population when using Western
European countries complications related rates.
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Some other factors and assumptions made in our ana-
lysis have to be commented in order to address potential
bias. We have excluded the costs of the preoperative
hospitalization from our analysis. The hemodynamic
intervention cannot affect the preoperative course and
hence we deemed these costs to be source of potential
bias in the assessment due to the relatively small sample
size and potential variability in cost. Similarly the costs
incurred by the primary surgery itself were excluded
from the analysis. Almost two thirds (79 patients, 66%)
of our patients underwent intra-abdominal vascular sur-
gery. The costs of the material used (grafts and sutures)
highly offset the other costs (ie. anaesthesia, monitoring ).
Their inclusion may have had a severe impact on the final
sum without being relevant to the subject under study. In
contrast, the costs of any further surgery related to poten-
tial complications were included n the analysis. Another
potential limitation is the additional medication given to
the patient This is mostly charged as a hmp sum per
hospitalization day. Only specific treatment groups (ie.
antimicrobial agents, blood products, chemotherapeutics)
are directly rambursed by the insurance companies.
When the treatment cost exceeds the per diesr sum the
deficit is covered by the hospital budget The knowledge
of the exact sum spent on the medication would be im-
portant for the hospital perspective but we were unable to
extract the data necessary for this calculation. This was
one of the major reasons for performing the helthare
payer’s perspective analysis, which remains unaffected by
the missing information.

Retrospective evaluation of economic data poses another
potential flaw. We have managed to collect all the relevant
information in 116 (97%) patients. In four patients (three
from the Control group and one from the GDT group)
who were transferred into another healthcare facility, only
the data coming from the original hospital were available.
Socil reasons played an important part in two of these
hospitalisations (one case in each group) and potentially ir-
relevant but in the remaining two cases (both from the
Control group) the patients spent 12 and 15 days in tertiary
hospitals to treat some resulting complications. We con-
sider this the conservative approach as it clearly biases
against GDT and although costs related to these hospitali-
zations were not available for assessment, the missing eco-
nomic data could only add to the cbserved benefit.

With regards to other limitations of our study, firstly,
the data are based on the costs directly charged to the
helthcare payer. Other costs to the hospital ward and staff,
patients and other possible subjects were not included as
well as the long term impact of potential deresed prod-
udtivity and other indirect costs. Second, the anabysis was
hased on the results of a single centre study performed in
the Czech Republic and although this undoubtedly leads to
better control of the study, transferability of results is not
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automatically relevant to other centres. Finally, although
the point averages and trends for all results were consistent
in their direction (Le favouring GDT) only the difference
in the postoperative clinical examinations and procedures
reached statistical significance. In the original smdy design
the economic endpoints were not inclided in the statistical
power calaulation and according to owr chservations a
study including more than 200 patients in each arm would
be necessary in order to reach a statistical significance in
major economic endpoints,

Monetheless, in the absence of prospectively collected
economic data from other clinical studies we present here
what we consider to be some of the best evidence available
on which to assist clinical dercision making where eco-
nomic constraints are present. We have actively attempted
to remove any potential bias and in order to produce a
conservative evaluation have sdected the options that
favour the Control group when faced with a choice.

On balance, the implications for clinical practice based
on the results of this economic analysis alongside the
clinical data are strongly in favour of GDT. Where the
lack of proven economic benefit and need for initial in-
vestment are limitations for successful implementation
of perioperative GD'T we have shown that a conservative
estimate produces a strong trend in favour of GDT.
Costs assodated with GDT implementation were offset by
reduced costs of postoperative care and this may help to
convince hospital administrators and healthcare payers that
implementing perioperative GDT is not only beneficial for
patients’ health but also economically attractive.

Conclusion

Intraoperative fluid optimization with the use of stroke
volume variation and Vigileo/FloTrac systerm showed
not only a substantial improvement in morbidity, but
was associated with an economic benefit. The mean sav-
ings observed in the overall costs of postoperative care
(namely clinical care, costs of antimicrobial treatments
and ward stay costs) trend to offset the investment
needed to perform the GDT strategy and intraoperative
monitoring. In addition, important differences in com-
plication associated costs between East and West Euro-
pean countries were observed.

Key messages

s Perioperative goal directed therapy was associated not
only with clinical, but also impaortant economic benefit

# The cost-savings observed in the overall costs of
postoperative care (namely clinical care, costs of
antimicrobial treatments and ward stay costs) trend
to offset the investment needed to perform the
goal directed therapy strategy and intraoperative
monitoring.
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6.2.4 Respiratory induced dynamic variations of stroke volume and its surrogates as
predictors of fluid responsiveness: applicability in the early stages of specific critical

states.

Benes J, Zatloukal J, Kletecka J, Simanova A, Haidingerova L, Pradl R.
Publikovano v ¢asopise J Clin Monit Comput. 2014 Jun;28(3):225-31. doi: 10.1007/s10877-
013-9524-8. PMID:24151007; impakt faktor ¢asopisu 1.819

Retrospektivni studie zabyvajici se pouzitelnosti hemodynamické monitorace respektive
dynamickych parametrti preloadu v ¢asné fazi hospitalizace na jednotce intenzivni péce,
s ohledem na vyskyt faktort limitujicich jejich pouziti.

Prace se vztahuje 1 na pacietny po rizikovych chirurgickych vykonech.
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Abstract Respiratory induced dynamic variations of stroke
volume and its swrrogates are very sensitive and specific
predictors of fluid responsiveness, but their use as targets for
volume management can be limited. In a recent study, lim-
iting factors were present in 53 % of surgical patients with
inserted arterial line. In the intensive care unit (ICU) popu-
lation the frequency is presumably higher, but the real
prevalence is unknown. Our goal was to study the feasibility
of dynamic variations guided initial volume resuscitation in
specific critical states. We have performed a 5 year retro-
spective evaluation of patients admitted with diagnosis sep-
sis, polytrauma, after high risk surgery or cardiac arrest.
Occurrence of major (sedation, mandatory ventilation and
tidal volume, open chest and arrhythmias) and minor limiting
factors (PEEP level, use of vasopressors and presence of
arterial catheter) was screened within the first 24 h after

admission. In the study period 1296 patients were
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hospitalized in our ICU with severe sepsis (n = 242), poly-
trauma (n = 561), after high risk surgery (n = 351) or car-
diac armest (n = 141). From these patients 549 (42.4 %)
fulfilled all major criteria for applicability of dynamic vari-
ations. In our evaluation only limited number of patients
admitted for polytrauma (51 %), sepsis (37 %), after cardiac
arrest (39 %) or surgical procedure (33 %) fulfil all the major
criteria for use of dynamic variations at the ICU admission.
The prevalence was similar in patients with shock. Occur-
rence of minor factors can pose further bias in evaluation of
these patients. General use of dynamic variations guided
protocols for initial resuscitations seems not universally
applicable.

Keywords Hemodynamics - Dynamic variations -
Fluid responsiveness

1 Introduction

Hemodynamic instability due to inadequate fluid loading is
often encountered in the early stages of specific critical
illness [1]. Adequate initial volume resuscitation is still
considered to be the cornerstone of therapy for patients
with sepsis, after trauma, high-risk surgery and cardiac
arrest. Surprisingly, filling pressures are still recommended
as targets for volume loading [2, 3] even though they were
proved to be inferior to other parameters [4]. Respiratory
induced dynamic variation (DV) of stroke volume and its
pressure or flow surrogates are more sensitive and specific
than other static parameters [5] and an initial resuscitation
protocol based on DV may facilitate the fluid management
of patients admitted to intensive care units (ICU). Similar
protocols were tested in the intraoperative setting [6—8]
mostly with positive results. In the ICU population a DV
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based fluid resuscitation protocol was never tested in
humans. Possible explanation for this disproportion lies in
frequency of limiting factors. The SOS acronym proposed
by Michard [9] states the three most important limitations:
spontaneous breathing or use of small tidal volumes, open
chest conditions and sustained arhythmias. Additionally,
some other factors may affect the predictive and best cut-
off value. Maguire and colleagues [10] published recently
an analysis of the DV applicability (both invasive and non-
invasive) during 1 year period in anaesthesia procedures
performed in their centre. Occurrence of these limitations
is probably more frequent in the ICU than intraoperatively,
but their real prevalence in critical care patients is
unknown. We hypothesize, that including respiratory
induced dynamic variation of stroke volume or its pressure
surrogates as target of initial fluid resuscitation protocols
would enable more accurate and precise treatment than
filling pressures. However, number of their limitations
could severely impinge the widespread application of such
protocol. Aim of this study was to assess the prevalence of
the DV limitations in the early stages of specific critical
states in order to evaluate the feasibility of their use as a
target variable for initial resuscitation protocol.

2 Method

The study was performed as a retrospective evaluation of
patients admitted to the eleven-bed ICU of Anaesthesia and
Intensive Care Medicine department of Charles University
Hospital Plzen, Czech Republic during the S-years period
from January Ist 2006 to December 31st 2010. The study
was approved by the local ethics committee of the Uni-
versity Hospital. Due to its retrospective nature the
informed consent was not deemed necessary. The data
entered in the hospital database (WinMedicale, Medicalc
software s.r.o., Plzen, Czech rep.) were used for the ana-
lysis, paper charts and data files were screened in case of
missing electronic data.

2.1 Disease groups characteristics and definition

According to admitting diagnosis patients belonging to
four specific groups were included in the evaluation (sep-
sis/systemic inflammatory response, trauma, postoperative
and post-cardiac-arrest). All of these states may be
accompanied by a central hypovolemia and initial fluid
resuscitation is proposed by different authors or interna-
tional guidelines. Patients included in the sepsis group had
to fulfil the Surviving Sepsis Campaign guidelines defini-
tion of sepsis or systemic inflammatory response syndrome
[2]. As no patients without organ dysfunction were
admitted to the ICU, the group consists only of patients
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with severe sepsis or septic shock. Patients suffering from
multiple trauma involving at least two organ systems were
included in the trauma group. Those admitted after elective
or emergency (non-trauma) surgeries were considered for
the postoperative group. Trauma victims undergoing
emergency surgical procedure were included into the
trauma group to avoid duplicates. Finally, any patients
admitted for the reason of cardiac arrest of any origin were
included in the post-CPR group. In all defined groups
patients with signs of organ malperfusion or shock were
identified and evaluated as a subgroup, because the fluid
resuscitation protocol might be of upmost importance for
these patients. Due to the study retrospective nature a
group of criteria for evaluation of shock/malperfusion was
used: extreme serum lactate values (above 4 mmol/l) or
increase in serum lactate in the first 24 h, oxygen saturation
in the upper vena cava below 65 % or its decrease during
the study period and use of high dose vasopressors. Those
with clinical diagnosis of shock of any origin (traumatic,
hypovolemic, septic etc.) at admission were also assigned
into this subgroup.

Besides named disease states also other patients were
managed by our department during the study period.
Totally 1029 cases were not included into predefined
groups: in 249 patients the reason for admission was acute
intoxication, 79 and 327 patients were admitted for pain
and palliative treatment and in 374 cases were stated other
reasons (airway patency management, neurologic disorders
etc.). Usually, these patients do not suffer from acute
hemodynamic instability and intravascular expansion is not
deemed necessary or meaningful.

2.2 Limitations screening

The following factors were screened in the whole period
of the first 24 h after admission based on regular (2-3
times a day) and ad hec clinical examinations (in case of
sudden changes in the state of patient): level of the
sedation, hemodynamic profile, ventilator mode and set-
ting. The hemodynamic profile was screened for presence
of arterial line (A-line), heart rhythm and rate, use of
vasoactive agents. The heart rhythm was deemed regular
when it was stated in the examinations, in case of con-
troversy the ECG curve was extracted from the docu-
mentation.
according to described ventilator setting (volume or
pressure controlled mode) and no spontaneous breathing
efforts were mentioned in the examination. Sedation as a
prerequisite for mandatory ventilation, regular heart
thythm and controlled ventilation with tidal volume above
8 ml/kg were considered as major permitting factors. The
non-inserted arterial line, use of vasopressors and PEEP
>10em H,O were marked as minor (potential

The wentilation was noted as contolled
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Table 1 Patients population characteristic

Overall Sepsis N = 243 Postoperative N = 351 Trauma N = 561 Post-CPR N = 141
N = 1296 (18.8 %)* (27.1 %)* (43.3 %)* (10.9 %)*
ICU Mortality 171 (132 %) 56 (23 %) 39 (111, %) 37 (6.6 %) 39 (27.7 %)
ICU length of stay 5(2-11) 8 (4-19) 3 (1-6) 5(2-13) 7 (311}
Age 499 + 20.5 568 £17.8 60.2 £ 17.8 374 £175 62.1 £ 148
APACHE II 204 + 8.6 21+9 21+73 16 +76 28169
SOFA 82+39 99+4.1 THE36 T£39 10.1£22

APACHE IT acute physiology and chronic health evaluation score 2nd version, SOFA Sequential Organ Failure Assessment Score, Post-CPR

patients after cardiac arrest

* percentage of the overall population, all others are displayed as percentage within the group

confounding) factors. In addition sighs of increased
intraabdominal pressure were evaluated.

2.3 Statistic analysis

All data are presented as absolute and percentage of the
population within named group or within the whole pop-
ulation accordingly. The usual descriptive statistic mea-
sures were used, including testing for normality by
Kolmogorov-Smirnoff test. Patient characteristics are
given in the mean + significant difference. All calculations
were done with the MedCalc software version 12.2.1
(Broekstraat 52, 9030 Mariakerke, Belgium).

3 Results

During the evaluated 5-years period 1296 patients with
named diagnoses were admitted to our ICU. The group
distribution and basic patients’ characteristics are given in
Table 1. After excluding all the major limitations (Fig. 1)
the use of dynamic variables was considered as possible in
549 patients (42.4 %). Within these patients further minor
limiting factors occurred: 58 (10.6 %) were without A-line,
357 (65 %) received wvasopressor treatment and 245
(44.6 %) had the PEEP =10 cm H,0.

Occurrence of limiting factors differed substantially
among the groups (Table 2). The ventilator setting was the
most frequent condition. The irregular heart rhythm limited
substantially the possible use in the post-CPR group. Use
of vasopressors as potentially confounding factor was very
common among the septic patients and those after cardiac
arrest (post-CPR). Due to overlap of named conditions the
final number of patients with possible use of dynamic
predictors reached 33 % in the postoperative population,
37 % in septic and 39 % in post-CPR patients and finally
51.3 % in the trauma group (Fig. 1).

In 853 (65.8 %) patients signs of tissue malperfusion or
shock were observed. More of these patients were sedated

with mandatory ventilation (95.1 and 92.5 % respectively),
but the final proportion of patients where DV might be
useful according to the robust criteria was similar to the
overall population (Fig. 1). All of shock patients were on
vasopressors and all had inserted A-line.

4 Discussion

Guiding initial volume resuscitation in many critical states
is often very difficult and many parameters have been
proposed to serve this purpose. However none of them
fulfils all the desired features: being sensitive and specific,
with a clear cut-off value, easily obtained (preferentially
noninvasively), without major intra- and interobserver
variability and always applicable. Dynamic variations fit
into most of them except the last one. In our retrospective
evaluation only 42 % of patients admitted for sepsis,
trauma, postoperative or post-cardiac arrest syndrome fulfil
all these robust major criteria. Further on, in many of these
patients other limitations (for instance high PEEP level or
use of high doses of vasopressors or increased intraab-
dominal pressure) can decrease the sensitivity or specificity
of the parameter or change the optimal cut-off value. The
results of our study support the notion that DV suffer
substantial number of limiting factors in the ICU. That
limits their role as simply-to-use protocolised goal for the
initial volume resuscitation.

Many factors interfere with the heart-lung interactions,
but three of them preclude their use (named major in our
paper): irregular heart rhythm, open chest conditions and
mandatory ventilation with tidal volume bellow 8 ml/kg
[9]. Open chest conditions are very rare in the non-car-
diosurgical ICUs and no such case was observed in our
population. We have observed a regular heart rhythm in
91.9 % of patients. Similar prevalence of sustained
arthythmias was referred by other authors: between 15
and19 % in the overall population [I11] and 5-6 % in
trauma victims [12]. Evaluation of the applicability during
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EVALUATED -1296:
SEPSIS 243
POSTOPERATIVE 351
TRAUMA 561
POST-CPR 141

SHOCK - B53 (65.8%)#:

SEPSIS 197 (S1.1%)#
5 | POSTOPERATIVE 163 (46.4%)
TRAUMA 356 (63.5%)#
POST-CPR 137 (97.2%)#
v

SEDATED- 1120 gssa%
SEPSIS 221 (90.9%)
POSTOPERATIVE 293 (83.5%)
TRAUMA 468 (83,4%)
POST-CPR 138 (97.9%)

SEDATED - 811 (95.1%):
SEPSIS 192 (97.5%)
POSTOPERATIVE 154 (94.5%)
TRAUMA 330 (92.7%)
POST-CPR 135 (98.5%)

v

REGULAR HEART RHYTHM-= 1025 (79.1%
SEPSIS 194 (79.8%)

POSTOPERATIVE 262 (74.6%)
TRAUMA 463 (82.5%)
POST-CPR 106 (75.5%)

REG. HEART RHYTHM - 728 (85.3%);
SEPSIS 167 (84.8%)
POSTOPERATIVE 131 (80.4%)
TRAUMA 327 (91.9%)

POST-CFR 103 (75‘ 2%}

Y
MANDATORY VENTILATION - 983 (75.8%)
SEPSIS - 188 (77.4%)
POSTOPERATIVE - 247 (70.4%)
TRAUMA, - 444 (79.1%)
POST-CPR - 104 {73.8%)

MAND. VENTILATICN - 710 (83.2%):
SEPSIS 165 (83.8%)
POSTOPERATIVE 125 (76.7%)
TRAUMA 319 (89.6%)

POST-CPR 101 (73.7%)

vt > 8mi/kg- 53 (42.4%) |

SEPSIS - 90 (37%) Vt > Bml/kg - 396 (46.4%):
POSTOPERATIVE - 116 (33%) SEvsis 77 (35.1%)

TRAUMA - 288 (51.3%) POSTOPERATIVE 62 {38%)
POST-CPR - 55 (35%) TRAUMA 204 (57.3%)
POST-CPR 53 (38.7%)

Fig. 1 Prevalence of major limiting factors within specific ICU
populations. #—Percentage of patients with shock calculated from the
evaluated population; Posi-CPR patients after cardiac arrest, Vr tidal
volume

the initial volume resuscitation was the goal of our study.
This is why only first 24 h after admission were assessed
and possible later arrhythmia development could reason
this difference. Contrary, underestimation could occur due
to retrospective evaluation. Patients with limited number of
premature beats (less than 10/min) are often considered
regular during the clinical assessment. We have extracted
ECG strips from most of our patients but the usual length
comprises 10-15 s, so these irregularities could have been
missed as well. These nonfrequent premature beats hardly
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affect the patient, but can severely impinge the calculation
of dynamic predictors. This potential limitation may be
overcome by an inconvenient manual calculation or by the
novel proprietary algorithm (SVVxtra) which is able to
restore a hypothetical regularity [13].

In contrast to perioperative setting a high proportion of
patients receive only limited sedation in the ICU and their
breathing activity is not fully abolished. Even though we
consider our definition of mandatory ventilation quite
robust and further supported by screening for the pre-
requisite factor of the deep sedation some bias may exist. A
short period of mandatory ventilation was observed in most
of patients (87.2 %) within the first 24 h in order to
establish vascular accesses and start the appropriate treat-
ment. During such periods the use of DV for volume
resuscitation seems feasible; however 45.6 % of these
patients were ventilated with tidal volumes below 8 ml/kg
(6.7 £ 1 ml/kg). In the others, mostly trauma patients,
9.5 £ 1.4 ml/kg was delivered. A substantial trend towards
using low Vt may be seen throughout the study period
(38 % in 2006 vs. 58 % in 2010). The recommendations to
use low Vt in all mechanically ventilated patients [14]
severely affect the possible DV use. Some recent findings
show that DV may be used in assessment of fluid respon-
siveness among patients with Vt between 6 and 8 ml/kg
[15, 16]. But data regarding resulting change in threshold
value, sensitivity and specificity are still limited.

The use of DV in patients with acute respiratory distress
syndrome is not recommended [17] due to low tidal vol-
umes delivered, diminished lung compliance and high
PEEP levels. The protective ventilation with low Vt was
used in all patients with any stage of acute lung injury
within the study period (defined as PaO2/FiO2 lower than
300 mmHg with bilateral infilrates as is our common
practice). The influence of the PEEP is still unclear
showing both decreased [18] or maintained accuracy [19].
High levels of PEEP can induce increase in right ventricle
afterload mimicking the preload induced changes and may
play a major role in these observations. However, high
PEEP levels were used by some authors with maintained
DV predictive potential [20, 21] and we consider PEEP to
be more confounding than contraindicating factor. In the
previous study by Maguire [10] PEEP =5 cm H,O was
used as a potential limitation. We concluded that the level
of 10 cm H»0 is more appropriate for the ICU population
and allowing the use of dynamic predictors [19]. The
respiratory rate and resulting heart-lung interaction fre-
quency could also affect the predictive value of dynamic
variables. The cut-off value of 3.6 for heart-to-breath rate
ratio was proposed recently [22]. In our population we have
observed increased breath rates only in patients with lung
protective ventilation. In these patients the DV are already
unreliable due to low tidal volume and high PEEP. In
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Table 2 Incidence of permitting and limiting factors within populations

Sepsis Postoperative Trauma Post-CPR Overall

(n = 243) (n = 351) (n = 561) (n = 141) (n = 1296)
Sedated 215 (88.5 %) 283 (80.6 %) 451 (804 %) 135 (957 %) 1084 (83.6 %)
Regular heart thythm 215 (88.5 %) 316 (90 %) 552 (Y8.4 %) 108 (76.7 %) 1191 (91.9 %)
Ventilated 215 (88.5 %) 275 (78.3 %) HT (79T %) 135 (957 %) 1073 (82.8 %)
Vi > 8 mlkg 102 (47.4 %)* 131 (47.6 %)* 288 (644 % )* od (474 %)* 385 (545 %)*
PEEP = 10cmH>0 75 (349 %)* 177 (64.4 %)* 233 (52.1 %)* 83 (615 %)* 568 (52.9 %)*
Vasopressors 186 (76.5 %) 187 (53.3 %) 268 (47.8 %) 124 (879 %) 765 (59 %)
A-line 2200 (90.5 %) 258 (73.5 %) 437 (77.9 %) 135 (95.7 %) 1050 (81 %)

* percentage value calculated from the number of mandatory ventilated patients only: Bold typed—major limitations

Post-CPR patients after cardiac arrest, V7 tidal volume, PEEP positive end-expiratory pressure, A-line arterial catheter inserted

global, the ventilator setting is the major condition affect-
ing the possible use of dynamic variations in the ICU. From
the whole population of 1296 patients only 334 (25.8 %)
patients fulfilled all ventilation dependent criteria.

There are two important conditions affecting the accu-
racy and predictive value of dynamic variations we were
unable to asses accurately among our population. Firstly,
the prevalence of right heart failure or pulmonary hyper-
tension are unknown as admitting echocardiography was
not performed on a regular basis in our institution in
studied period. Secondly, increased intraabdominal pres-
sures (IAP) might impact venous return, right heart after-
load and heart lung interactions and so affect the accuracy
and optimal threshold of dynamic varations. According to
data published by Malbrain et al. [23] occurrence of peri-
ods of increased TAP occur in almost 50 % of critically ill
patients. These temporary elevations may be missed when
only clinical examinations are performed. Routine mea-
surements of IAP were not performed in absence of clinical
signs in most of our patients. According to abdominal
examination and admitting diagnosis in 59 % an increase
of TAP is not probable, in other 39 % temporary intraab-
dominal hypertension (defined as IAP max above
12 mmHg) cannot be excluded. However, influence of
these small increases of IAP on the dynamic variations in
humans seems to have limited impact [24]. Levels
observed to affect the DV were far higher (above 20 or
25 mmHg [25, 26]). In 10 % of our patients (almost
exclusively intrabdominal sepsis or postoperative cases)
the abdominal compartment syndrome was suspected and
TAP measured. The incidence is similar to data published
by Malbrain et al. [23] and also the mean IAP value
(20 £ 8 mmHg) was comparable. It seems that intraab-
dominal hypertension might pose important limitation in
about 10 % of patients.

Finally the use of vasopressors was also described as a
potentially confounding factor for the use of DV based on

systolic pressure and those obtained noninvasively [27].
Most of septic and post-CPR patients were on catechol-
amine during the first 24-h after admission. In trauma
victims and postoperative group the percentage was lower
but still comprising more than 50 %. Non-invasive (ple-
thysmographic) dynamic variations (pulsatility variability
index) are seldom used in patients with severe hemody-
namic disturbances and peripheral vasoconstriction. Two
novel devices (ccNexfin, Edwards Lifesciences, Irvine,
CA. and CNAP, CNSystems, Graz, Austria) are nowadays
available enabling a totally non-invasive continuous beat-
to-beat assessment of arterial pressure and hence providing
the calculation of pulse pressure variation. The validation
of these devices for use in hemodynamically unstable
patients is still limited, but in some clinical scenarios they
possess the potential to help start fluid resuscitation earlier
on, before invasive measures are instituted, or even replace
them in some very rare cases. Therefore, we considered
both the use of catecholamines and the presence of the
A-line as factors potentially limiting or better confounding.

Due to its retrospective nature and used time window
our study has some considerable limitations. The referred
prevalence might be both under- or overestimated when it
was not observed prospectively and no efforts were actu-
ally done to measure the DV in many cases. In part of our
patients treatment adaptations might allow the DV use in
case of need and hence further increase the proportion of
patients where DV were applicable. Also, our evaluation
was limited on the first 24 h after admission what is gen-
erally considered to be the optimal time for initial volume
resuscitation in terms of early delivered goal directed
therapy. But even within this time the conditions can
change vigorously. The later occurrence of conditions
allowing the use of DV (for instance sinus rhythm reoc-
currence due to volume substimtion etc.) cannot be
excluded from our data. However, the frequency of these
situations will be rather small. Contrary, after the initial
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stabilization the number of limiting factors will rapidly
increase with reoccurrence of the spontaneous breathing
pattern. Furthermore, to indicate volume expansion in
patients after some days spent on ICU with relapse of
hemodynamic instability is too complex for a simple
algorithm and parameter. The transferability of our results
to other ICUs should be also discussed. The proportion of
patients suitable for the use of DV will differ according to
treated population. We tried to avoid this limitation by
studying different diagnosis-subgroups separately. But
even within these subgroups the prevalence can differ
according to disease severity and local protocols of care.
We have observed high APACHE Il and SOFA scores
among our population and also the initial treatment
including sedation and mandatory ventilation could be
considered rather aggressive. As a result, the proportion of
patients suitable for the use of DV for fluid responsiveness
assessment would probably even decrease in less severe
patients managed with less aggressive approach. Finally,
conditions can vary considerably during the initial phase of
the selected critical states allowing using the variations
time to time, but will not allow using them as protocol
goals.

It is important to note, that in some cases the use of
dynamic variations is possible even in presence of named
limitations or outside studied diagnoses. We have included
only patients with specific conditions into the analysis
leaving 1029 patients with critical states of other origin (i.e.
intoxication with sedatives, epileptic state). Fluid depletion
may be present among these patients, but no general rule of
fluid resuscitation exists and it is usually not considered to
be the therapy cornerstone. Of course in individual cases
the use of DV might be of value, but possibly not as a
general measure as might be the case in studied critical
states. However, even among patients of studied diagnoses
the individual use of DV in presence of its limitation might
be possible. High values of DV may indicate hypovolemia
even in patients with low tidal volume, increased abdom-
inal pressure or even spontaneous breathing [28]. However,
it is hard to define an exact cut-off or target value. Also the
sensitivity and specificity is usually decreased under these
circumstances preventing further protocolised use. Can-
nesson et al. [29] proposed recently to use of a grey zone
approach for the interpretation of DV. According to these
experts, lower thresholds could be used in patients with low
risk of fluid overload (high sensitivity needed). And
opposite, higher thresholds fit better for those with lower
tolerance to fluids (high specificity needed). Application of
rigorous criteria for applicability of DV, as we did, denotes
a population with preserved high sensitivity and specificity.
On the other side, among these patients (42 % of critical
patients and 46 % of patents with shock in our study
population) the DV are definitely useful when minor
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limitations are accounted. This should be reflected by our
monitoring and treatment decisions in order not to under-
use the contemporary best measure of fluid responsiveness
assessment. In other patients the dynamic variations might
be used too, but it would be very difficult to utilize them as
universal targets without risk of maltreatment. In these
patients other measures for prediction of fluid responsive-
ness should help in the decision as for instance passive leg
raising or end of expiratory occlusion recently proposed by
the group of Monnet and Teboul [30, 31].

5 Conclusions

In our evaluation only limited number of patients admitted
for multiple trauma (51 %), sepsis (37 %), after cardiac
arrest (39 %) or surgical procedure (33 %) fulfil all the
major criteria for the dynamic variations use at the ICU
admission. The proportion was similar among patients with
shock. Occurrence of minor factors can pose further bias in
evaluation of these patients. The use of respiratory induced
dynamic variations for individual assessment is not pre-
cluded by our findings, but universal, initial volume
resuscitation protocol based presumably on dynamic vari-
ations seems not to be widely applicable.
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6.3 DALSI PRILOHY

Tabulka 7 - definice komplikact

Komplikace Nezavazna Zavazna
Hypotenze ne‘tjo - Akutni infarkt myokardu
hypertenze vyzadujici . .,
Kardiovaskularni farmakologickou Srdecni selha'm
intervenci H’emodyn’amlcky'
Nezéavaznd arytmie vyznamna arytmie
Mirné dusnost Tézka dusnost
vyzadujici vyzadujici invazivni
Respiracni oxygenoterapii nebo neinvazivni
Fluidotorax ventilaci
Atelektdza
Infekce v operacni rané Infekce v rané
— lokalizovana vyzadujici reoperaci
Mocova infekce véetné nebo drendz
Infekéni asympj[omatické Pneumonie
bakteriurie Sepse
Jind nezévazna infekce
vyzadujici antibiotickou
1écbu
Renalni AKIN 1 stupefi AKIN 2 a 3 stupen
o Krvéceni do zazivaciho
Gastrointestinalni Paralyticky ileus traktu

Unik zluéi

Jaterni selhani

Nervovy systém

Delirium

Cévni mozkova piihoda

Hemokoagulac¢ni systém

Lokalni krvaceni
Hluboka Zilni tromboza

Krvaceni vyzadujici
chirurgickou intervenci
Plicni embolie
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Tabulka 8 — POSSUM fyziologickeé skore

Body 1 2 4 8
Vek (roky) < 60 61-70 >71
diuretika,
v s v digoxin, o e,
Kardialni priznaky bez selhavéni | steroidy, terapic periferni qtoky, . zvyseny
. . warfarin jugularni tlak
anginy pectoris
nebo hypertenze
Rtg srdce a plic hr.anlcnl . Kardiomegalic
kardiomegalie
Respiracni priznaky bez dugnosti namahova hrani¢ni dusnost | klidova dusnost
dusnost (jedno patro) (> 30/min)
Rig plic mirna CHOPN | stiedni CHOPN | Lioréza nebo
konsolidace
Systolicky krevni tlak
- >
(mm Hg) 110-130 131-170 >171 <89
100-109 90-99
Tepova frekvence
. R 81-100 >121
(minutova) 50-80 40-49 101-120 <39
Glasgow coma score 15 12-14 9-11 <3
Hemoglobin (g/1) 130-160 115-129 100-114 <99
161-170 171-180 > 181
Leukocyty (x10'%/1) 410 10,1-20,0 >20,1
3,1-4,0 <30
Urea v séru (mmol/l) <75 7,6-10 10,1- 15,0 > 15,1
Natrium v séru (mmol/l) > 136 131-135 126-130 <125
Kalium v séru (mmol/l) 3550 3,2-34 2,9-3,1 <28
e 5,1-5,3 5,4-5,9 >6,0
jiny abnormalni
Elektrokardiogram normAln fibrilace sini rytmus, > 5
(60-90/min) | extrasystol /min,
znamky IM
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Tabulka 9 - POSSUM operacni skore

Body 1 2 4 8
Zavaznost a rozsah , . , komplexni
v . , maly stiedni velky 1
operacniho vykonu rozsahly
Vicefetné operace
, 1 2 >2
(v poslednich 30 dnech)
Celkova ztrata krve (ml) <100 101-500 501-999 >1000
Kontaminace peritonealni inimalni volny stfevni
dutin P #4dna r?;grlf)‘;lgl lokalng hnis | obsah, hnis,
utiny krev
v A . . .. . dalené
P t t l t ~ o r r r r VZ
Fitomnost malignity zadna jen primarni | pozitivni uzliny metastazy
naléhava, je
mozna ptiprava | naléhava, vykon
Naléhavost operace elektivni > 2hod, operace je nutny do

do 24 hod od
prijeti

méné nez 2 hod
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7 PODEKOVANI A PODPORA

71 PODEKOVANI

Rad bych zde podekoval vsem, ktefi mi byli napomocni v mém postgradudlnim studiu

a nasledné tvorbé disertacni prace, a to jak v prostiedi profesnim, tak rodinném.

Jmenovité bych rad podeékoval svému Skoliteli MUDr. Richardu Pradlovi, Ph.D. za jeho
dlouholeté odborné vedeni pfi postgradudlnim studiu a za ¢as a usili, kterymi mi byl

napomocen pii tvorb¢ disertacni prace.

Dale bych chtél podeékovat svym kolegim, a to predevs§im doc. MUDr. Janu BeneSovi,
Ph.D. za jeho pomoc a mnozstvi odbornych rad, kterymi mi poméhal jak pfi vlastnim
provadéni vyzkum, pii publikovani jeho vysledki a pfi psani disertacni prace. Stejné tak chci
podékovat MUDr. Jakubovi Kleteckovi, ktery mi byl taktéz velmi napomocen v pribéhu celé

vyzkumné prace.

Dik patfi i kolegim z Chirurgické kliniky FN Plzen bez jejichZ spoluprace by byl vyzkum
neuskutecnitelny. Jmenovité dékuji prof. MUDr. Vladislavu TteSkovi, DrSc., doc. MUDr.
Tomasi Skalickému, Ph.D., doc. MUDr. Vaclavu Liskovi, Ph.D. a MUDr. Alanu Sutnarovi,
Ph.D.
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roding, pfedev§im pak své manzelce za trpélivost a podporu, kterou mi poskytla v priabehu

mého studia.

7.2 PODPORA

Tato vyzkumna prace byla podpofena vyzkumnym projektem P 36 PRVOUK University

Karlovy v Praze.
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