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Piedmiuva

Soutasnd anestezie neni vdzdna pouze na operalni sdl a vyZaduje mnohem vice neZ
pouze znalost zdkladnich postupl, farmak a pomticek. Koncept perioperacni mediciny
predurtuje anesteziologa k tomu, aby se stal odbornikem, ktery G¢elné koordinuje medicinské
¢innosti pred, b&hem a bezprostfednd po operatnim vykonu provadéném v celkové nebo
regiondlni anestezii. Logickym vyust&nim t&chto efektivnich a erudovanych postupid, ktere
respektuji Evidence Based Medicine (EBM), je systém péCe, kiery zajisti pacientovi
podstupujicimu rozsahly operatni vykon, co nejkrat3i hospitalizaci s minimem nezédoucich
komplikaci. Cilem je &asné zotaveni po rozsdhlych chirurgickych vykonech zménou
v piistupu v piipravé pacienta na vykon, k vlastnimu vykonu, parenteralni analgezii, infuzni
terapii, perioperaéni nuirici a efektivni rehabilitaci, za pfedpokladu stabilniho a
kompenzovaného kardiovaskulariho systému pacienta.

Vlastni priib&h operace a rychlost zotaveni lze vyznamng ovlivnit vybérem vhodné
perioperalni strategie, volbou anesteziologického postupu a bezpe¢nych farmak. K uspéiné
terapii lze vyznamné pfispét také omezenim podéni krevnich derivatd pfi diisledném vyuZiti
vySetfeni hemokoagulace. V kardiochirurgii pak pfedevdim zvolenim optimalni techniky
operace (mimotélni ob&h, cell saver, operace off-pump, miniinvazivni pfistupy), vybérem
vhodnych anestetik a dodrenim ostatnich obecné platnych postupli koncepce Casného

zotaveni po anestezii a chirurgickém zakroku.



Obsah

PEBATIIIIVA. .ccocmmm 05 5 05 o ¢ womm b mibibiisdoich S5 § 5.5 £UAR SRR ARSRASERALS § 5 84 KRURERAEROTRTS 5§ 5 98 5
Sezniam pouZityeh zkratek 8 kKHEOUE SIOVA ossnssms ss50 5 55 5 ssmusmnmmemensnwanns 13 1 § srasomamenss 7
1. HemMOKOGERIACE  , i:. sompasmsmmmisss s+ 55 5 inmas umsms asnsanss o3 4 1% ¢ ST EMREVEMERTSETERPY 8 § 53 Snas 8
1.1 TEOFEHEKY AV ..o e eoesiiocm iine i 55 5 5 5 m s Bs B a3 5,55 55 5 § SEA S S SENEEE £5% £ 250 8

1.2 Pato vz islepichkd simislostle.smecmcnmsons 1 11 1 sevsesmemonmsrsens 5t 1 proepepesecgs 11

1.3 Viskoelastomeitika VST KIVE . coumrssmmmassssas 555 5 seossnsmmmsamasmsmsen 1 s 4asas 12

1.3.1 Metodika tromboelastografie (TEG).........ccoooiiiiiiiiiiiiiin 13

1.3.2 Pasametry TG ... . coscn-siucsessssnsiss 155 chosnumpamesmssses s 54 § o 14

1.3.3 Metodika tromboelastometrie (ROTEM)........coovieieiiiiiiinininines 16

1.3.4 Parametry ROTEM.... ..ot 17

1.4 VIastnd VYzZKUM . ..ottt ettt ee et e e e aean 19

2. Postupy v kardioanestezii...........coooeriiiiiiiiiiiiii e 23

2L TYPY OPBEACL... ccnmmnncamiarmarnionn o 2 o 2 morambismmmisinbinbib b £33 5 5,25 S50 SHRBSSHENEIHE 53 § S0005% 23

2.2 VIastnd VYZKUM . ......ineiiiiii e 23

2.2.1 Patofyziologie koagulace pfi pouZiti pfistroji...........coocoeeiennns. 23

2.2.2 Dissledky velké krevni ztraty a podani alogenni krevni transfuze... 27

2.2.3 Miniinvazivni pfistup ndhrady aortdlni chlopn€ — TAVL.............. 28

B FATTRAKE. ..o citimroimeis 505 5 513 5 00 S5 ammsea S e § 35 5 79508 TNRRR SR PRVEINES 1 § S S or s mes 31

3.1 Inhaladni anestetika. .......ooovveverieieiiiiii i 31

L3R BT TR TR — 33

3.2.1 Reverze nervosvalové blokddy u myathenia gravis.............oooeeeen 33

4. Vyjimedné perioperadni poStuUPY.........ocooiiiiiiiiiiiiii e 36

4.1 Zajisténi dychacich cest u resekce trachey......ccoovvivniiiniiiiiiiiiiiiniinn. 36

4.2 Perioperacni postupy u lavaze plic pfi plicni alveoldrni proteindze.............. 40

4.3 Souc¢asné moZnosti anestezie pro karotickou angiochirurgii...................... 42

5. Koncept Enhanced Recovery After Surgery (ERAS).........ccooviiiiiiinin. 44

6. Vlastni prace — piehled nejvyznamnéjSich publikaci komentovanych v textu...... 49

A BT (2171 ] oo SO S S ——— 52



Seznam pouZzitych zkratek

ACT
aPTT
ASA
AVR
BMI
CT
DHCA
EBM
ECMO
ERAS
ErCO,
HRCT
CHOPN
GM-CSF

MO
PAI-1
PAP
PNO
POCD
POD
PORC
PT
ROTEM
SpO2
TAVI
TEG

TIVA
t-PA

WLL

aktivovany koagulacni Cas

aktivovany parcidlni tromboplastinovy ¢as

American Society of Anesthesiologists

aortic valve replacement — ndhrada aortalni chlopné

Body Mass Index

Computerized Tomography — poéitadova tomografie

deep hypotermia cardiac arrest — zdstava ob&hu v hluboké hypotermii
Evidence Based Medicine — medicina zaloZend na dikazech
extrakorporalni membranova oxygenace (Vv — venovenozni)
Enhenced Recovery After Surgery

End-tidal CO, — koncentrace oxidu uhli¢itého na konci vydechu
High Resolution CT — CT ve vysokém rozliSeni

chronickéa obstrukéni plicni nemoc

faktor stimulujici rist

karoticka endarterektomie

mimot€lni ob&h

inhibitor aktivatoru plasminogenu

plicni alveoldrni proteindza

pneumotorax

pooperatni kognitivni dysfunkce

poopera¢ni delirium

poopera¢ni rezidudlni kurarizace

protrombinovy Cas

rotalni tromboelastometrie

saturace periferni krve kyslikem

transaortalni implantace aortalni chlopng
tromboelastografie

tkatovy faktor

totalni intravendzni anestezie

tkatiovy aktivator plasminogenu

transfuzni jednotka (cca 280 ml)

Whole Lung Lavage — lavaZ celych plic



1. Hemokoagulace

1.1 Teoreticky uvod

Hemokoagulace je soubor enzymatickych reaket, jejich vysledkem je pfeména tekuté
krve v nerozpustny gel. Je dilleZitym procesem hemostézy, tedy zastavy krvaceni. Principem
srazeni krve je tvorba nerozpustné sit& tvotené fibrinem, do které se zachyti Cervené krvinky a
krevni desticky. Vznikly derveny trombus, tedy ,.krevni sraZenina“ ucpe defekt ve sténé cévy
a zamezi tak krviceni. Koagulatni faktory jsou plazmatické globuliny, glykoproteiny
piirozeng piitomné v krevni plazmé. Tvoii se v jatrech a jejich syntéza je zavisla na vitaminu
K. Vétsina reakei koagulatni kaskady je zavisld na iontech vapniku, ktery se proto nékdy
oznatuje jako faktor IV. Srazecich faktorii se popisuje dvandct; jsou oznadeny fimskymi
¢islicemi v pofadi, v jakém byly objeveny. U aktivovanych faktorti se k &islici pfipojuje malé
,a“. Vétdina koagulatnich faktord ma charakter serinovych proteaz. V plazmé ale koluji v
neaktivni formé a jejich aktivace spo¢ivd v jejich $t€peni enzymem, ktery byl aktivovan v
ptedchozi reakei. Aktivace koagulatni kaskady miiZe probihat dvéma zptsoby: v piipadg, Ze
je spoustécim impulzem reakce na né&jakym zpiisobem abnormélni cévni sténu nebo omezeni
toku krve, uplatituje se tzv. vnitini systém, je-li to odpovéd’ na poskozeni tkani, vstupuje do
hry tzv. vn&j$i systém koagulace. Oba dva systémy nicmeéné splyvaji ve spoletnou drahu,
kterd vede k samotné tvorbé fibrinové sraZeniny ™). Zevni cesta je povaZovana za spoustéc

koagulatni kaskéady, vnitini cesta je odpovédna za zesileni (amplifikaci) koagula¢ni kaskady

1.2

Zevni systém je spoustén stykem piné krve s tkatiovym faktorem, tromboplastinem (faktor
M), ktery se vyskytuje na povrchu mnoha extravaskuldrnich bunék. Tromboplastin je

kofaktorem faktoru VII v reakci, pii niZ je aktivovan faktor X. Tkétovy faktor (TF), take



nazyvany faktor III nebo znak CD142, je glykoprotein piftomny v subendotelidlni tkéni,
trombocytech a leukocytech. Je nezbytny pro zahdjeni pfemény protrombinu na aktivni
trombin. N&kdy je jest® nepfesné oznafovan jako tromboplastin. Tkafiovy faktor je
exprimovan na builkdch, které nejsou obvykle v kontaktu s cirkulujici krvi, jako jsou
subendotelidlni butiky (napf. buﬁky hladké svaloviny) a butiky obklopujici krevni cévy (napf.
fibroblasty). Vnitfni povrch krevnich cév tvofi endotelialni buiiky, které tkatiovy faktor
neexprimuji s vyjimkou piipadu, kdy na n& piisobi prozénétlivé molekuly jako je tumor
necrosis factor-alpha (TNF-alpha). Dal$i buiiky, které exprimuji na svém povrchu tkafiovy
faktor za podminek zanétu, jsou monocyty a krevni desticky. Tkatiovy faktor byva

exprimovan také na cirkulujicich mikro&asticich "¥.



Vnitini systém je spoustén stykem plné krve s negativné nabitym "aktivaénim" povrchem. /n
vivo jim byva kolagen, in vitro naptiklad sklo. Pfi styku dojde k aktivaci faktoru XII
proteolytickym pilisobenim kalikreinu. Faktor XIla dale aktivuje faktor IX. Krom¢ toho st€pi
prekalikrein na dal§i kalikrein (pozitivni zpétnd vazba) a z vysokomolekuldrniho kininogenu
uvoltiuje bradykinin, latku s vyraznymi vazodilataénimi G¢inky. Faktor IXa v reakci, ke které

jsou nutné ionty vapniku a faktor VIIIa jako kofaktor, $t&pf faktor X na Xa ¥,

Spole¢n4 draha - aktivovany faktor X je serinové protedza, kterd §tépi protrombin (faktor II)
na aktivni trombin. Aktivace se odehrava na povrchu aktivovanych destic¢ek a vyZaduje vznik
protrombindzového komplexu aktivatoru protrombinu, skladajici se z destickovych
aniontovych fosfolipidt, Ca®* faktoru Va a Xa a protrombinu. Trombin §t&pi fibrinopeptidy
fibrinogenu a uvoltiyji tak fibrin-monomery, které spontanné polymeruji. Kromé toho aktivuji
faktor X111, ktery vzniklou sraZeninu stabilizuje vznikem kovalentnich vazeb mezi sousednimi
molekulami fibrin-polymeru @*%. Vysledkem je nerozpustna fibrinova sit. Cely systém

ukazuje obrazek 1.

Proces sraZeni krve musi byt citlivé regulovany, aby nedo$lo ke vzniku nezadoucich
krevnich sraZenin. Trombin sdm se vaZe na trombomodulin na povrchu endotelovych bunék,
coz vede k aktivaci proteinu C. Protein C spole¢né s proteinem S degraduji faktory Va a VIIla
(negativni zp&tna vazba). Kromé& toho se v plazm& vyskytuji dal$i latky, plsobici proti
koagulaci: antitrombin III je nejvyznamn&j§im inhibitorem aktivity trombinu, kromé& toho
inaktivuje také faktory IXa, Xa, Xla a XIIa. Aktivitu antitrombinu III zvySuje heparin, coZ je
principem jeho pilisobeni proti vzniku krevnich sraZenin. Plazmin je serinova proteaza, ktera
degraduje fibrinogen a fibrin. Koluje v krvi jako neaktivni plazminogen, ktery je aktivovan

tkdflovym aktivatorem plazminogenu nebo urokindzou a naopak rychle degradovan
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azantiplazminem. Cely systém tak zistava v dynamické rovnovaze a nedochéazi ke krvaceni

nebo ke vzniku trombézy > 9.

Obrazek 1 Schématické zndzornéni koaguladnich cest

Contact system: Cellular injuny:
HIWWIK, P, F F ila, Kallikrein Tissue Factor {TF}
~ o
F Xu Hla F %lla F il
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| A Thrombin {F lla}
Activated Protein ¢ _———

Fibrinogen Fibrin monomer
Protein S ~_ .

Protein C + Thrombomodulin

Crosslinked fibrin Fibrin multimer

Factor Xllla Factor Xl
e S

Reves JG, Atlas of Cardiothoracic Anesthesia, Second Edition, Springer, ISBN 978-1-57340-278-1, strana 178.

1.2 Patofyziologické souvislosti

Télesné dutiny jsou vystldny mezotelem a tenkou vrstvou vaziva, kterd pfechdzi i na
organy. Pfi kazdém vykonu v t&lni dutin& nebo na daném orgénu dochdzi ke styku krve se jeji
serézni vystelkou a incizi uvolnénym tkatovym faktorem a tim K nastartovani
patofyziologické reakce tkatiového faktoru a hemokoagulaénich mechanismii. MiZe k tomu
dojit, kdyZ je krevni céva poskozena, napf. chirurgickou incizi. Poté se na povrchu bun¢k
vytvaii komplexy tkanového faktoru a faktoru VII za piftomnosti vapenatych iontd na
bun&tné membrang. Tkatiovy faktor aktivuje serinovou protedzou faktor VII, ta nasledn€ jako

faktor VIIa aktivuje faktor X. Tim dochazi k aktivaci koagulace vnitini cestou. Mezi dalsi
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faktory, které umocitiuji a zesiluji patologické procesy v hemokoagulaéni kaskad€, patii
hypotermie, hemodiluce, acidéza a eventudlni uvolnéni obsahu travici trubice a uvolnéni
plisobkil zl4z s vnitini i vn&j§i sekreci do peritonedlni dutiny. V t€chto pfipadech vSak vliv
peritonealni dutiny per se, nelze in vivo specifikovat. Z diivodu piehlednosti opera¢niho pole
je krev aktivné odsavana mimo t&lo pacienta a v drtivé v&t§ing piipadii neni jiZ pacientovi
op&tovné vracena do ob&hu. K masivnimu ovlivnéni hemokoagulace tak tedy nedochazi.
Vyjimkou jsou stavy zatiZené velkou krevni ztratou fadové ve stovkdch mililitrii krve, pfi
kterych miize byt pouZit tzv. cell-saver (rekuperdtor krve) nebo mimot€lni ob&h v

kardiochirurgii 719,

1.3 Viskoelastometricka vySetieni krve

V soudasné dobé provadime na na3f klinice dvé specializovand vySetfeni pln€ krve, ktera nam
sodstupem n&kolika malo desitek vtefin podaji pomé&mé piesny obrazek o stavu
hemokoagulace konkrétniho pacienta v redlném &ase. Metoda tromboelastografie je uZivana
od roku 1948, kdy ji poprvé popsal némecky hematolog H. Hartert. Teprve koncem 20. stoleti
diky pokrokiim v technologii a moZnosti po¢itaového zpracovéni vSak doznala vétSiho
roziffeni v mnoha medicinskych oborech. Existuji 2 typy technického feSeni, klasickd
tromboelastografie (TEG) a rotatni tromboelastometrie (ROTEM). Na zdklad€ téchto
vySetfeni mdme moZnost intervenovat a terapeuticky zasdhnou piffmo do mista patologicke

reakce 11219,
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1.3.1 Metodika tromboelastografie (TEG)

Tromboelastografie méH viskoelastické vlastnosti krve in vitro. JedineCnost této
metody, na rozdil od ostatnich vySetfeni, kterd hodnoti pouze jednu Cast celého procesu
hemokoagulace, je, ¥e vysledkem TEG vysSetieni dostaneme obraz celé souhry koagula¢nich,
antikoagula&nich a fibrinolytickych procesii v &ase v souvislosti a eventudlni anémii, t&€lesnou
teplotou pacienta a stavem acidobazické rovnovahy. TEG také zobrazuje stabilitu vysledného
koagula. K dispozici jsou piistroje, které vyuZivaji riznd technicka feSeni. Nejroz8ifen€jsim je
ptistroj TEG® Coagulation Analyzer series 5000 (Haemoscope Corp., Niles, IL, USA), ktery
pouZivame i na naSem pracovisti. Zakladni soucasti pfistroje je kyveta ohiatd na 37°C, kterd
obsahuje vzorek vySetfované krve o presné daném objemu 0,36 ml. Do kyvety je zanofen
méfici trn. Motorek zajisfuje rotaci kyvety se vzorkem krve s thlovou amplitudou 4°45".
Kazda rotace trva 10 viefin, interval mezi rotacemi trva jednu sekundu. Mefici trn je voln€
ponofen do vySetfované krve a je snimén jeho pohyb. Vznikajici fibrinova vlékna omezuji
pohyb trnu, ktery v pohybu zaostavd za pohonnou jednotkou. Elektromagneticky snimac
zaznamendvé tyto zmény, které jsou nésledné politatové zpracovany a graficky vyjadieny
v podobg tromboelastografické kiivky v&ase. Ve fézi trombolyzy se pevnost koagula
zmen$uje. To je opét zaznamendno a potitalové zpracovano. VySetfeni pomoci TEG tak
zaznamenéava potatedni tvorbu fibrinu, rychlost tvorby koagula, reakci trombinu a trombocytl
i findlni trombolyzu koagula. VyZetiuje se plna krev, 1 ml se pfidd do nadobky s aktivatorem
(kaolinem). Objem 0,36ml vzorku (nesmi obsahovat bubliny — netfepat) se pipetou pfenese do
nativni kyvety. Jinou moZnosti je pouZiti kyvety k heparindzou, kierd neutralizuje heparin
v krvi pacienta nebo tekuting pouZivané k proplachu intravenozné zavedenych kanyl. Kyvety
s heparindzou jsou modré, kyvety nativni pak prihledné. Vzorek mus{ byt vloZen do piistroje
do 4 minut po odb&u. Kompletni vydetfeni TEG (hodnoceni koagulace i nasledné

fibrinolyzy) trva minimalng 30 minut. Je nutné b&hem vySetfeni vyloucit mechanické otfesy,
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které znehodnocuji vysledky. Superpozici vice kfivek je moZné srovnavat kiivky mezi sebou

(14-16)

1.3.2 Parametry TEG
Grafické zndzornéni tvorby a rozkladu koagula — kiivka TEG — m4 pét zakladnich

¢asti. Fyziologické kiivka je zobrazena na obrazku 2.

Reakeni ¢as — R, je Cas od zahdjeni m&feni do okamZiku tvorby koagula (amplituda
2mm). Tato doba piedstavuje obdobi formovéni fibrinu a vypovidd o piitomnosti
koagulatnich faktorti a jejich inhibitorfl. Pii deficitu koagulaénich faktord nebo vlivem
antikoagulancii (heparinu) se prodluZuje, pfi hyperkoagulainich stavech se zkracuje.
Fyziologické hodnota se pohybuje v rozmezi 5-8 minut.

Cas K - je ¢as od konce ¢asu R do dosaZeni amplitudy 20mm. Cas K je ukazatelem
rychlosti tvorby pevného koagula. P¥i zvysené hlading fibrinogenu a vy3$$im pottu krevnich
destiCek se zkracuje, vlivem antikoagulagni 1é¢by se prodluZuje. Jeho fyziologickd hodnota se
pohybuje v rozmezi 1- 4 minuty.

Uhel a (alfa) — vznika odklonem kiivky TEG od horizontalni linie v priib&hu ¢asu R.
Obdobng, jako Cas K, informuje o rychlosti tvorby koagula. P¥i hypokoagulainim stavu, pfi
kterém amplituda nedosdhne maxima 20mm (Sas K nelze definovat), je k posouzeni stavu
koagulace thel o spolehliv&j$i nez parametr K. Fyziologické hodnoty a jsou v rozmezi 50-
70°.

Maximalni amplituda MA — nejvy$si odchylka kfivky TEG. Vypovidd o absolutni
pevnosti koagula, kterd je déna interakei krevnich destidek a fibrinu vazbou na receptory

IIb/I1I.

Cas do dosaZeni maximalni amplitudy - TMA
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Momentalni sila koagula - G, n€kdy také SEMS (shear elastic modulus strenght) —
hodnota vypolitanad z MA, méfend v dynech na centimetr ¢tvereény. G = 5,00 MA/100 — MA.
Amplituda o velikosti 50 mm (fyziologicka hodnota plné krve) odpovidd SEMS 5,000
dyn/cm®. ZvySeni MA z 50 m na 67 mm odpovidd dvojndsobku zvySeni SEMS. Tento
parametr je ve srovnani s MA mé&fené v milimetrech proto citlivéjsi k odhaleni i malych zmén
sily koagula nebo jeho postupného rozpadu.

Koagula¢ni index — CI, je velitina, kterd popisuje celkovy koagulalni stav. Je
odvozena od parametrii R, K, MA a tihlu o nativni plné krve. Fyziologické hodnoty CI se
pohybuji v rozmezi -3,0 - + 3,0. Pro hyperkoagulaéni stav své&d¢i hodnoty CI > 3,0, pro
hypokoagulaéni pak CI < 3,0.

Hodnoty LY30 a LY60 ukazuji na procentudlni 1yzu koagula 30 a 60 minut po
dosaZeni maximalni amplitudy MA. ZvySené hodnoty LY30 a LY60 sv&d¢i pro zvySenou
aktivitu fibrinolyzy. Prokazateln4 fibrinolyza mé hodnotu LY30 > 8 % anebo hodnotu LY 60
> 15 %.

Pro urtité typy poruchy koagulace je typicky urdity tvar kiivky TEG, jak ukazuje obrézek 3.

Obrazek 2 Fyziologicks kiivka tromboelastogramu
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Obrazek 3 Tromboelastografické kiivky charakteristické pro nejéast&j3i patologii
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Blackwell, ISBN 978-1-4443-3143-1, strana 360.

1.3.3. Metodika tromboelastometrie (ROTEM)

U rotatni tromboelastometric (ROTEM) je princip obdobny. Trn je ponofen do krevniho
vzorku a provadi rotatni pohyby, které jsou brzdény vytvaienymi fibrinovymi vldkny. Zmé&na
odporu pfedstavuje zménu elastickych vlastnosti krve, které jsou rovnéZ zpracovany v podobé
tromboelastografické kiivky. B&hem fibrinolyzy dochazi k rozpousténi trombu a vazeb mezi
fibrinem a trombocyty, a tim i mechanickych vlastnosti krve. Viskoelastické metody ROTEM
a TEG hodnoti na rozdil od béZnych testi mechanické vlastnosti plné krve (vzajemnou
interakci srdZecich faktordi, trombocytii, erytrocytd, fibrinogenu). Tyto vySetfeni je moZné
realizovat piimo u liZka pacienta a podstatné informace o srdeni jsou k dispozici do 10

minut. Jde o vySetfeni viskoelastickych vlastnosti krve v ¢ase, coZ znamena, Ze ziskavame
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informace o funkénim stavu koagula v pribéhu jeho tvorby a lyzy. Reteno jinymi slovy
féze sréZeni, dale informace o jeho maximalni pevnosti a v posledni fad€¢ i informace o
stabilit¢ koagula, kterd zavisi od ndstupu a intenzity fibrinolyzy. Metoda ROTEM je metoda
nov&j$i a kpipetovani pouZivd automatickou pipetu, ¢im se znatn€ ulehCila prace
s ptistrojem. Jeho vyhodou je, Ze ma 4 kandly a je mozné v piipad€é Casové tisn€ provést
vySetieni v podstaté celého procesu sekunddrni hemostdzy najednou (INTEM, EXTEM,
FIBTEM, APTEM). Nevyhodou ROTEM je, Ze jednotlivé kandly nelze nastavit na riiznou
teplotu- pokud chceme zménit teplotu méfeni z néjakého divodu, musime zmenit teplotu na
viech kandlech. Otazka spravné teploty méfeni je v soutasnosti diskutovana (jestli pacientova

teplota nebo 37 °C) i kdyZ vétSina pracovist provadi vySetieni pii 37 °C 9.
1.3.4 Parametry ROTEM

Kiivku a parametry ROTEM miZeme tedy rozdélit do né&kolika &4sti:
Cas sraZeni - clotting time (CT, ROTEM) a reakéni &as (R, TEG), pfedstavuje Cas od iniciace
vySetteni do detekce prvnich fibrinovych vldken a je odrazem iniciaéni fize srdZeni. Byva
prodlouZen pfi nedostatkii srazecich faktort vn&j3i cesty (EXTEM, obsahuje aktivator vn&jsi
cesty), vnitini cesty (INTEM, obsahuje aktivator vnitini cesty) nebo za pfitomnosti heparinu
(analyza INTEM a HEPTEM-obsahuje heparindzu). Uhel alfa (spoleny pro ob€ metody),
rychlost tvorby koagula - clot formation time (CFT, ROTEM) a parametr K (TEG) odraZi
propagadni f4zi sraZeni. JelikoZ propagatni faze je ovlivnéna mnoha faktory (hlavn€ interakei
trombocyth a fibrinogenu), je t&7ko jenom na zakladé patologie tohoto parametru indikovat
16¢bu. Dalsi parametr maximum clot firmness (MCF, ROTEM) a maximum amplitude (MA,
TEG) pfedstavuje maximélni silu koagula. I tento parametr je ovlivn€n hlavn€ interakci
trombocyti a fibrinogenu, proto pfi patologicky nizké hodnot¢ je potiebné provést dalsi test,

ktery oziejmi, zda li se jedna o nedostatek/hypofunkce fibrinogenu ¢i trombocytil. K tomuto
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Glelu se provadi test k vySetfeni hladiny funkéniho fibrinogenu (FIBTEM-ROTEM, FF-
TEG). JelikoZ reagence tohoto testu obsahuje blokétor trombocytil, ziskané parametry svédei
o kvalité koagula bez Gidasti trombocytd, dané hladinou funk&niho fibrinogenu. Hodnoti se
piedeviim parametr MCF FIBTEM (MA FF). Pokud je hladina patologicky nizkd, je na mist&
podéni fibrinogenu do normélni hodnoty. V pfipadg, Ze i po tpravé MCF FIBTEM (MA FF)
bude MCF piivodniho testu patologicky nizks, je indikovéno podani trombocyti 4119,

Fyziologicky tvar k¥ivky zobrazuje obrazek 4.

K daliim b&né hodnocenym parametriim, patii parametry fibrinolyzy LI 30 a LI 60 (Lysis
index, ROTEM) a LY 30 a LY 60 (TEG), které hodnoti stupefi fibrinolyzy v ¢ase 30 a 60
minut od dosaZeni maximdlni sily koagula. Patologické hodnoty sv&d¢i o nadméme
fibrinolyze primarni a sekunddrni. Nicmén& tyto hodnoty miZou byt patologické i pfi
nadmémé retrakci koagula. K potvrzeni skutetné fibrinlyzy pouZivame dalsi test APTEM
(ROTEM, obsahuje aprotonin-inhibitor fibrinolyzy). V piipadé piitomnosti  skuteCné
fibrinolyzy ziskdme normalni k¥ivku, kterd se lisi od pivodni. To znamend, Ze V terapii ma

vyznam uvaZovat o podéni antifibrinolytik. Spole¢né parametry ukazuje obrézek 5 (419

QObrazek 4 Fyziologicka kiivka ROTEM
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Durila M., Lukas P., Pelichovskd M., Vymazal T., Vyznam tromboelastografie (TEG) a tromboelastometrie (ROTEM) na
jednotke intenzivné starostlivosti., Anest. Intenziv.Med., 25, 2014, ¢.3, s 216-21.
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Obrazek 5 Spoletné parametry TEG a ROTEM
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uréitém Case od dosazeni MCF ¢&i MA)

Durila M., Luka$ P., Pelichovskéd M., Vymazal T., Vyznam tromboelastografie (TEG) a tromboelastometrie (ROTEM) na
jednotke intenzivné starostlivosti., Anest.Intenziv.Med., 25, 2014, &.3,5216-21.

1.4. Viastni vyzkum

Zvladnuti zavazného krvéaceni u planovanych i akutnich vykonii a traumat ptedstavuje
pro anesteziologa &i intenzivistu zédvaZny problém. Ke zhodnoceni stavu hemokoagula¢niho
systému standardng pouZivéme laboratorni testy, kterymi jsou protrombinovy Cas (PT) a
aktivovany parcilni tromboplastinovy &as (aPTT). Tyto testy nds informuji o procesu srazeni
krve pouze &astedns, protoXe zohlediiuji aktivitu koagulagnich faktord centrifugované krve,
tedy plazmy. Laboratorni vySetfeni hladiny fibrinogenu a pottu trombocyti informuji o
absolutni hodnoté téchto krevnich sloZek, nikoliv o jejich funk&nim stavu. Nevyhodou vSech

t&chto vy3etfeni je také jejich délka - &as od odbéru krevniho vzorku do ziskani vysledku se
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pohybuje od 30 do 50 minut, coZ je na operaénim sdle nebo u Zivot ohroZujictho krviceni
ptilig dlouh4 doba ¥,

Alternativou standardnich laboratornich testi pro hodnoceni stavu koagulace u
kriticky nemocného pacienta je rotaéni tromboelastometrie (ROTEM). Hodnoti viskoelastické
vlastnosti koagula plné krve se vSemi jejimi sloZkami (bun&némi i nebunénymi) v redlném
Case a realnych podminkach (teplota, koncentrace komponent, pH), pfi¢emZ je moZné nastavit
teplotu méfeni na aktudlni teplotu pacienta. Vyhodou ROTEM je také skutednost, Ze
poskytuje informace o funk&nim stavu vSech koagulatnich komponent. Dva gramy absolutni
hodnoty fibrinogenu na litr krve naméfené v laboratofi nemusi nutn€ znamenat i 2g/l
funk&niho fibrinogenu. Porovndnim vysledkid dvou méfeni ziskanych p#i dvou riiznych
teplotach, napf. standardni 37°C a pacientovy aktudlni teploty (napt. 33°C), miizeme napiiklad
také snadno zjistit, zda je pfiCinou krvaceni hypotermicka koagulopatie &i nikoliv.

V praxi se miiZe stat, Ze pacient klinicky krvéci i pfes normélni hodnoty EXTEM ¢i
INTEM. Pti¢inou pak miize byt porucha priméarni hemostazy (v kyvet¢ ROTEMu chybi cévni
endotel a stfizné sily proudici krve) nebo antiagregaéni terapie (nutno sdhnout po specidlnich
testech - Multiplate). Diivodem miZe byt také ,.chirurgicky zdroj* krvaceni. Ze zkuS$enosti na
KARIM FNM vime, Ze ROTEM bez aktiva¢nich reagencii (NATEM) je citliv&j$i k nékterym
patologickym procestim - piitomnost endogennich heparinoidii, nizkomolekulérnich heparind,
fibrinolyza. Z tohoto diivodu pouZivame v krajnich situacich i tuto metodu. Vzorek krve na
NATEM v3ak musi byt analyzovan ne difve neZ 15 minut po jeho odbéru %,

U novych perordlnich antikoagulancii doposud nejsou k dispozici data, které by potvrdila
spolehlivost metody ROTEM v hodnoceni koagulatniho systému pifi jejich pouZivéani.
Nekterd pracovisté ji viak rutinng provad&ji. Na naSem pracovisti pfipravujeme vyzkumny

projekt, ktery by se touto problematikou zabyval.
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Diky piesné funkéni diagnostice koagulopatie pomoci metody ROTEM miiZeme v
akutnich stavech u Zivot ohrozujiciho krvaceni cilené poddvat koagulatni faktory
v individudlnich ddvkach dle konkrétniho stavu, v konkrétni situaci a u konkrétniho pacienta.
Vyhneme se tak neuCelnému a zbytetnému podavani krevni plasmy se viemi jejimi
nezddoucimi u¢inky na organismus, v&etn& nezanedbatelné ekonomické néroénosti.

Zabyvali jsme se moZnostmi vyuZiti vy$etieni viskoelastickych vlastnosti plné krve
v racionalizaci piistupu k pouZiti krevni derivati u pacientli, kterym byla provadéna
tracheotomie na jednotce intenzivni péce. Zjistili jsme, e standardni vySetieni
hemokoagulace PT a aPTT nejsou dostatedn& citlivé, jejich prodlouZené hodnoty
neodpovidaji stavu hemokoagulaéniho systému. Prokazali jsme, Ze vySetienim ROTEM lze
tracheotomii bezpetné provést bez soulasné potieby podat krevni derivity — Cerstvé
zmraZenou plasmu . Vyjimeénost prace spoliva jejim velmi t&sném klinickém vyuZiti pi
provadéni menSich zdkrokli u kriticky nemocnych pacientli, u kterych az doposud bylo
,.chirurgickou* podminkou fyziologické PT a aPTT.

Porovnanim viskoelastickych vlastnosti plné krve metodami ROTEM jsme prokdzali,
Ze u hypotermickych pacientii podéni koncentratii protrombinového komplexu nezlepsuje
hemokoagulacni parametry pacienta. Naopak podanim fibrinogenu lze i u hypotermickych
pacientii vyznamné korigovat hemokoagula¢ni parametry a pfispét tak k lep§im medicinskym
vysledkiim “”. V tomto ohledu je prace unikatni nebot astend bourd zavedenou predstavu o
nemoznosti pozitivn€ ovlivnit hypotermickou koagulopatii.

Analyzou témét 5000 pacientil, kteti prosli na§im oddélenim v letech 2010 — 2015,
jsme zjistili, Ze vySetfeni TEG/ROTEM je nejen rychlej§i a piesn&jsi, ale Ze jsme diky
adekvdtni diagnostice nepodavali nadbytetné derivéty a ugetfili tak desitky milioni korun %,

V rémci CR se takovou analyzou doposud nikdo nezabyval.
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N4§ systematicky vyzkum hemokoagulace v klinickych situacich je unikatni nejen
hodnocenim rozséhlych kohort demograficky homogennich pacientd v klinicky definovanych
situacich, ale také vyuzivanim modernich a v ramci CR stéle spiSe vyjimetnych kombinaci

vysetfovacich metod.
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2. Postupy v kardioanestezii

2.1 Typy operaci

Operace v dospélé kardiochirurgii je moZno rozdélit na takové, které se provad&ji pii
spontanni srde&ni aktivit® pacienta bez nutnosti podpory Zivotn& dileZitych funkei pfistrojem
(mimot&lnim ob&hem) — tzv. off-pump operace a operace s nutnosti zdstavy srdce, pfi kterych
funkci srdce a plic pebird mimotéIni ob&h. Obg techniky maji své vyhody i limitace a ne vzdy
je moZno mezi nimi volit. Pokud je volba moZnd, o konkrétnim postupu rozhoduje operatér a
anesteziolog vZdy sohledem na vyhody pro konkrétniho pacienta. Soucasna dospéla
kardiochirurgie vyuZivéd pii operacich srdce dva piistroje, které vyznamnym zpiisobem
zasahuji do hemokoagulaéniho systému pacienta. Tim prvnim a zdkladnim je mimotélni ob&h,
tim druhym pak cell-saver, piistroj, ktery umoZiuje zpracovat krev odsétou z operaCni rany a

7,9, ©° . . W ¥ r 21,
vrétit ji pacientovi zpét ve formé krevni transfuze 2122),

2.2 Viastni vyzkum
2.2.1 Patofyziologie koagulace p¥i pouZiti pFistroje

MimotéIni obh patii dnes mezi zkladni piistroje vyuZivané v kardiochirurgii déti i
dospélych. Poprvé byl pouZit 6. kv&tna 1953 v Massachusetts General Hospital v Bostonu
v USA profesorem Johnem Gibbonem (ve stejné nemocnici byla 16. 10. 1846 dentistou
Williamem T. G. Mortonem poddna prvni éterova narkéza)®>. Na naSem Gzemi poprvé
s mimot&lnim ob&hem operoval v roce 1958 profesor Navratil v Brné @Y Prvotni myslenka
mimot&Ini oxygenace krve viak pochézi jiz z roku 1812, prvni véletkova rotaéni pumpa pak
byla zkonstruovana, vyzkouSena a patentovana roku 1855. DnesSni pfistroje na mimotélni ob&h
jsou vysledkem dlouhého vyvoje a nejmoderngjsich technologii vychézejicich z bohatého

vyzkumu. Mimot&lni ob&h zastupuje b&hem operace dva Zivotn¢ dtlezité organy — Cerpaci
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funkci srdce (pumpa) a vyménu krevnich plyni kysliku (oxygenator) a oxidu uhli¢itého jako
plice (heart-lung machine, angl.). Velmi zjednodusené sestava z Zilnich kanyl, kterymi je
odkysli¢ena krev nasycend oxidem uhli¢itym z t&la (v&tSinou drenédZi dolni a horni duté Zily)
odvadéna k oxygenatoru, vlastniho oxygendtoru a Cerpadla, které jiz okysliCenou krev
zbavenou oxidu uhli¢itého piivadi arteridlnimi kanylami zp&t do t€la pacienta (v€tSinou do
vzestupné aorty). Plocha oxygenatoru je cca 8 m? plocha viech pouZivanych kanyl je cca
4 m?. Krev se tak na své cest® mimo t&lo pacienta a nésledn& zp&t do n&j setkavé s obrovskou
plochou cizorodého materidlu, coZ vede k aktivacifady patofyziologickych mechanismi.
Mezi dal$f vlivy, které zasahuji do fyziologie hemostazy, patfi hemodiluce, hypotermie,
heparinizace, konzumpce hemostatickych faktorli a v neposledni fadg i chirurgické trauma per
se s, 26).

Od roku 1953, kdy byl mimot&lni ob&h poprvé pouZit, doSlo v chirurgickych
postupech, anesteziologickém piistupu i pochopeni patofyziologickych mechanismii
k velkému pokroku, ktery se projevil také vyznamng niZ3{ dmrtnosti. I jinak velmi sp&Sné
kardiochirurgické zdkroky jsou viak stile v né€kterych piipadech zatiZeny velikou krevni
ziratou. Do mechanismu tvorby krevniho koagula a tim hemokoagulace je zasahovéno i kvali
samotnému mimot&lnimu ob&hu. Pfed jeho zapodetim je nutné zajistit plnou heparinizaci, tzn.
podat heparin v dévce 1- 3 mg/kg z diivodu zabran&ni vzniku koagula v oxygendtoru i uvnitf
kanyl. Uroveii antikoagulace se hodnoti podle ACT (Activated Clotting Time). Fyziologicka
hodnota ACT je 80 — 120 s. Minimélni hodnota ACT pro mimotélni ob&h se uvadi 300 s,
bezpetnd pak 480 s. Po ukonteni mimotélniho ob&hu se heparin antagonizuje
protaminsulfitem v ddvce 1:1-1,5. V praxi to znamena podat 1 — 3 mg/kg protaminsulfétu,
ktery zajisti navrat hodnoty ACT knorm& Velmi &asto jsme ale svédky tzv. rebound
fenoménu, ktery je dan deldim biologickym polotasem heparinu neZ jeho antidota a také jeho

opozdénym uvoliovanim z tkdni. Po zahdjeni mimotélntho ob&hu jsou pak vSechny
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komponenty koagula¢niho systému (plasmatické faktory, krevni desti¢ky, sloZky fibrinolyzy)
vystaveny kontaktu s cizorodym materidlem. Mimotélni ob&h je pfed zahijenim naplnén
krystaloidnim nebo koloidnim roztokem, u dé&ti alogenni krvi. Celkovy objem této naping
(priming) je u dospélych ptiblizn& 1500 ml, u d&ti piiblizn& 500 ml (mensi oxygenator, kratsi
systém hadic). V priibéhu celé operace je pak dospélému pacientovi podano az 2500 ml
nahradnich roztokti. Spu§ténim mimot&lniho ob&hu tak dochézi k hemodiluci (a% na polovinu
pivodnich hladin), hypotermii hluboko pod 37°C (standardn& 32°C, pii specidlnich
technikdch jakymi je srdedni zéastava v hluboké hypotermii — DHCA - a 24°C), kter4 je sice
soucasti operatniho protokolu, av§ak zdsadné ovliviiuje koagulaéni kaskddu. Ta je primarng
zévisla na sekvenci enzymatickych d&ji fungujicich pfi na konstantni teplot€, adsorpci a
konzumpci koagulacnich faktorii na cizorodém materidlu mimotélntho obhu, uvolnéni
vaskuldrniho t-PA kjiz pfitomnému tkéfiovému t-PA a TF uvolnénym koZnim fezem
(obrazek 8), sternotomii a preparaci v mediastinu. Alterovana je i funkce krevnich destitek
hemodiluci, sekvestraci do jater a produkty fibrinolyzy. Dochazi tedy ke spusidni celé fady
protichiidnych a nekoordinovanych patofyziologickych mechanismii, které maji spoletné
pivodce — uvolnény TF, hemodiluci, hypotermii a cizorody material. Tyto latky na jedné
stran¢ cestou TF aktivuji vnitini (chirurgické trauma) i vn&jsi (kontakt s cizorodym
materidlem) koagulacni kaskadu s tvorbou trombinu a fibrinu (se vSemi dal§imi daisledky), na
stran¢ druhé cestou t-PA aktivuji fibrinolyzu a uvoltiovéni dalSich pisobki. Do toho dale
zasahujf aktivované trombocyty, které tvorbu koagula umoctiuji a uvoltiuji PAI-1. Rozjizdi se
tak rychly sled dg&ju, interakei a disledkd, které Casto vedou k masivni pooperatni krevni
ztrat€ s nutnosti operalni revize, kterd by odhalila a oSetfila zdroj pokratujiciho krvaceni &i
zabranila vzniku tamponddy perikardu a rozvoji syndromu nizkého srde¢niho vydeje. Velkd
krevni zirdta i operalni revize s sebou nese i potfebu alogenni krevni transfuze erytrocytd,

Cerstvé mraZené plasmy a krevnich desti¢ek se viemi jejich negativnimi ddsledky na hojeni
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rany i vznik poopera¢nich infek&nich komplikaci. V n&kterych piipadech jsme nuceni podat i
koncentraty koagulaénich faktort ¢*?9,

Pfi b&Zné operaci je krev z diivodu piehlednosti operaéniho pole aktivn€ odsdvana
mimo télo pacienta a v drtivé v&t3in& pfipadii neni jiZz pacientovi opétovné vracena do ob&hu.
K masivnimu ovlivnéni hemokoagulace tak tedy nedochdzi. Vyjimkou jsou stavy zatizené
velkou krevni ztratou f4dove ve stovkach mililitréi krve, pfi kterych miZe byt pouZit tzv. cell-
saver (rekuperator krve). Kontraindikacemi jeho uZiti jsou sepse a maligni onemocnéni. Krev
zoperatni t4ny je odsivdna do rezervoiru sobjemem cca 2 litry, kde je smichana
s antikoagulantem (nejéast&ji heparinem). Specialni filtr odstrani makroskopickd koagula a
tkafiovy detritus. Po nafedéni sterilnim roztokem 0,9 % NaCl je krev naséata do centrifugy.
Erytrocyty, jako nejvétsi pevné souddsti krve, jsou odstfedivou silou vymistény k zevni sténg
rotoru, ostatni soutasti — bilé krvinky, krevni destitky, proteiny, koagulaini faktory a
antikoagulant jsou odvedeny do odpadniho vaku. Erytrocyty jsou nasledné odvedeny do
zevntho vaku, ze kterého mohou byt okamZité transfundovany zpét do ob&hu pacienta.
Vyt&Znost je priblizn& 25 - 30 %, hematokrit retransfuze se pohybuje okolo 45 — 65 % a doba
pouZitelnosti je pfiblizng€ 6 hodin. Velkou vyhodou je, Ze erytrocyty neztraceji
2,3-difosfoglyceréat nezbytny pro spravny pienos kysliku. Nevyhodou naopak je, Ze soucasné
filtry nedokai odfiltrovat tkatiovy faktor a cytokiny >3,

Podobné jako u mimot&Iniho ob&hu i u cell saveru maji viechny soudésti, kterymi tece
krev, synteticky povrch, ktery neni heparinizovan. Samotnd krev obsahuje tkatiovy faktor
uvolnény chirurgickou incizi, viechny hemokoagulacni faktory a cytokiny vyplavené v reakcei
organismu na trauma. Po styku krve s um&lym povrchem piisludenstvi cell saveru dochazi na
ploge velikosti cca 1,5 m® k vychytani faktoru XII, von Willebrandtova faktoru a fibrinogenu.
Krevni desti¢ky adheruji vazbou na fibrinogen k um&lému povrchu a v priibéhu jedné az dvou

minut se jejich koncentrace v cirkulujici krvi sniZuje aZ o 30 — 50 %. Krevni destiCky navic
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uvolfiuji z a-granuli desti¢kovy faktor 4, B-tromboglobulin a destitkovy ristovy faktor, ¢imZ
se zvy3uje jejich koncentrace v cirkulujici krvi. ProtoZe fibrinogen prochézi strukturilnimi
zmé&nami, ustdva nésledn¢ i dal$i adheze krevnich destiCek. V té chvili je jiz umé&ly povrch
pokryt vrstvou koagula a k dal§imu ovliviiovani hemokoagulace nedochazi. Filtr cell saveru
dokéZe odstranit v&t$i koagula a komplexy sloulenin. Tkatiovy faktor, cytokiny a uvolnéné
plasmatické koagula¢ni faktory vSak odfiltrovat nedoké?e. Ty jsou s rekuperovanymi
erytrocyty podany zpe€t do systémové cirkulace pacienta, kde nésledn€¢ umociiuji
hemokoagulatni dysbalanci, kterd ve svém vysledku sniZuje pevnost vzniklého koagula a
miiZe prispét k pooperatnim krvacivym komplikacim & 2129,

V na$i praci jsme porovndvali rychlost vzniku a rozpadu krevniho koagula metodikou
TEG. Srovnévali jsme tii skupiny pacientd — s mimotélnim ob&hem, bez mimotélniho ob&hu
se cell-saverem a bez mimotélniho ob&hu bez cell-saveru. Vyjimeénost price je v tom, Ze
zafazeni byli pacienti demograficky homogenni, definovany byly operac¢ni skupiny a jednotné
byly i pouzité ptistroje. Zjistili jsme, Z¢ mimotélni obéh ovlivni hemokoagulaci pacienta
velmi podobn¢ jako samotny cell-saver tim, Ze statisticky vyznamné akcentuje fibrinolyzu.

Tim zvy3uje riziko pooperaéniho krvaceni ®.

2.2.2 Diisledky velké krevnf ztriaty a pod4ni alogenni krevni transfuze

Od roku 1957 je nejCasteji uzivanym piistupem pro operace srdce stfedni sternotomie
2 Pooperatni komplikace zpilisobené obtiZnym hojenim této rany se pohybuji mezi 1 — 5 %.
Jejich nasledkem dochézi k del$i a ndkladnéjs$i hospitalizaci, nehled¢ na utrpeni pacienta.
Mezi rizikové faktory pro poopera¢ni dehiscenci sterna patii diabetes mellitus, chronick4
obstrukéni plicni nemoc (CHOPN), obezita, perioperatni odbér obou prsnich tepen, akutné
provadéné vykony a resternotomie v ¢asném pooperaénim obdobi z divodu krvaceni &i

tampondady perikardu. Z diivodd, které byly jiZ citovany vyse, jsou kardiochirurgické vykony
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zpravidla zatiZeny vét3i krevni ztratou s nutnosti podani alogenni krevni transfuze. To je
spojeno s fadou nepfiznivych disledks, mezi které patii pfedeviim imunomodulace a vySsi
vyskyt infekénich komplikaci. Naopak bylo prokdzano, Ze restriktivni pfistup v poddvani
alogennich krevnich transfuzi s sebou nese lepsi 1é¢ebné vysledky a niZ¥i celkové néklady na
hospitalizaci. Akcentovana fibrinolyza po retransfuzi krve ze cell saveru nebo po pouZiti
mimotélniho ob&hu jsou spolufaktory vétsi krevni ztraty po kardiochirurgickém vykonu a
zZvysuji tak rizika spojend z podéni v&tstho mnostvi alogennich krevnich transfuzi “**?.

V letech 2003-2007 jsme na naSem pracovisti provedli rozséhlou observa¢ni studii, do
které jsme zafadili 1550 pacienti po operaci srdce s vyuZitim i bez mimot&lniho ob&hu. VSem
pacientiim byla v priibéhu hospitalizace podana alogenni krevni transfuze. Pfesto, Ze skupina
byla demograficky pomé&mné& heterogenni, prokézali jsme, Ze alogenni krev je statisticky
vyznamnym nezavislym rizikovym faktorem pro rozvoj pooperaéni dehiscence sternotomie
@9 Tato prace je unikdini svym rozsahem i dobou vzniku. Na potatku milénia se poprvé
zatalo o alogenni krevni transfuzi uvaZovat v souvislosti s ovlivn€nim imunitniho systému
@3 Piehledovy &lanek pak mapuje dostupné literdrni iidaje o moZnostech hrazeni velké krevni
ztrdty pravé sohledem na soulasné znalosti fyziologie a patofyziologie koagulatniho a

imunitniho systému &3

2.2.3 Miniinvazivai pristup nahrady aortalni chlopné — TAVI

Zlatym standardem v 1é&bé pacienti se symptomatickou stenézou kalcifikované
aortalni chlopn& ziistava i nadale jeji chirurgickd nahrada (AVR — aortic valve replacement)
ze sternotomie s mimotSlnim obdhem a kardioplegii. U pacientii s nizkym perioperaénim
rizikem je dosahovéno vybornych dlouhodobych klinickych vysledkd, nizké mortality i

M7

morbidity. Tato metoda je vhodna i pro pacienty star$i osmdesat let, kteti netrpi zdvaZnymi
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komorbiditami. Pfesto, Ze doposud nebyla vypracovana jednotnd doporuceni, byvaji
pacientim starSim neZ Sedesat pét let vSeobecné doporutovany biologické nédhrady, které
spolehlivé funguji ve vice nez 90 % ptipadd po dobu delsi neZ 10 let. Jak souCasna populace
starne, setkdvame se s kalcifikovanou stendzou aortilni chlopné stile ¢asté&ji. V rozvaze jak
postupovat, musime brat v ivahu v&k pacienta, jeho celkovy klinicky stav, zdvaZnost obtiZi,
jejich progresi i socialni zazemi, podle kterych zvolime optimalni postup. Jako alternativu
k AVR mize dnes invazivni kardiologie a kardiochirurgie nabidnout i ndhradu aortalni
chlopné miniinvazivné, katetrizatn& — transkatetrdlni implantace aortdlni chlopn& (TAVI —
transcatheter aortic valve implantation). Tato metoda je stile Casi€ji pouZivdna u pacientd,
kteti spliluji kardiocentrem ¢i odbornymi spole¢nostmi zvolend indika¢ni kritéria. Jednou
z nich byva kontraindikace ke klasické AVR. VSeobecné tedy byvaji k TAVI indikovani
vysoce rizikovi pacienti ASA III - IV. Mira rizika a predikovand mortalita miZe byt
kalkulovana rliznymi skérovacimi systémy — v kardiochirurgii je nejcast€ji pouzivano
EUROScore nebo nové&ji EUROScore II, které na jedné strané mimmé€ nadhodnocuje
vypocitanou mortalitu, ale na strané¢ druhé nedostateCné oceriuje nekteré komorbidity.
Usp&snost vykonu se na specializovanych pracovistich blizi 100 %, periopera&ni mortalita se
pohybuje v jednotkéach procent a jeji nej¢ast&jsi pfi¢inou byva akutni srde¢ni selhani. Dvanact
mesicli od implantace pfeZziva vice nez 60 % pacienti. Velkou vyhodou tohoto postupu ve
srovnani s klasickou AVR je miniinvazivita, absence operatni rany, mimotélniho ob&hu,
piiCné svorky na aort€ a podani krevni transfuze. Dal$imi vyhodami je Casnd mobilizace. U
pacientli s vyrazné kalcifikovanou (,,porcelanovou) aortou je TAVI metodou volby. TAVI
ma ale i svd omezeni a komplikace. Mezi ty nejcast&j$i patii akutni levostranné srdeéni
selhdni, okluze koronarnich tepen, extravazalni krviceni pfi poranéni aorty a krvaceni z tiisla,
méné Casto pak poruchy srde¢niho rytmu a cévni mozkova pithoda. I pies prokazatelné lepsi

vysledky TAVI v porovnani s konvenéni 1é¢bou u pacientdi kontraindikovanych k AVR a
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rovn€Z lepsi kratkodobou mortalitu u vysoce rizikovych nemocnych po TAVI oproti AVR,
nebyly u TAVI prokézany, podle studii a vysledkii z &etnych registri, lepsi dlouhodobé (3-5
let) vysledky ve srovnani s AVR. Dfive neZ se indikace k TAVI roz§ifi na méné rizikové
skupiny pacientli, zbyva zvazit takové problémy, jako je trvanlivost takto zavadénych protéz,
dlouhodoby efekt Castého paravalvularniho leaku, skuteény vyskyt ischemické cévni mozkové
pfihody (5-6%) nebo nutnost zavést trvaly kardiostimulator (5-40% podle typu chlopné).
Okolnosti, kterd miZe zasdhnout do volby lé¢ebného postupu, je ekonomickd situace
poskytovatele péCe. Ve srovndni s klasickou AVR se naklady na TAVI pohybuji o ¥ad vyse.
Na zéklad€ soucasnych zkuSenosti se zda, ze TAVI ziistava bezpetnéj$i a méné zat&Zujici
metodou nahrady aortalni chlopné pro skupinu nejvice rizikovych pacientt 42,

Nase pracovisté bylo jedno z prvnich v CR, kde jsme zalali implantovat aortalni
chlopei z miniinvazivntho pfistupu. Velmi rychle jsme vypracovali chirurgickou i
anesteziologickou metodiku a mohli tak katetrizaén¢ implantovat aortalni chlopeti i pacientim
s velmi vysokym perioperaénim rizikem. V programu pokratujeme i nadéle a nase vysledky

jsou srovnatelné s vysp&lymi evropskymi zem&mi 4>,
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3. Farmaka

3.1 Inhalaéni anestetika

Era inhalalnich anestetik odstartovala objevenim ,rajskych” u¢ink{ oxidu dusného.
Jeho vyrobce Humpry Davy poiddal od roku 1799 v Bristolu pro bohaté vedirky spojené
s jeho nefizenou inhalaci. Jako analgetikum byl poprvé vyuZit az o 45 let pozdgji. Eter (fecky
»havozujici $tésti) byl pak poprvé pacientovi poddn v Massachusetts dentistou Williamem T.
G. Mortonem roku 1846. Tim byl poloZen zdkladni kdmen inhalaéni anestézii. P¥es potatedni
rozpaky spolupodminéné Castymi umrtimi v disledku preddvkovéani a asfyxie se vyClenila
skupina nadSenctl, ktefi se zalali anestézii vénovat. Rikalo se jim ,,chlédpci s lahvi a hadrem®
podle vybaveni, které si nosili s sebou. Na konci 19. stoleti némecky Iékat a patolog Curt
Theodor Schimmelbusch zkonstruoval specidlni masku na presn&j§i davkovani éteru.
Jednotlivé faze éterové narkézy ale definoval americky lékat Arthur Ernest Guedel aZ na
potétku L svetové valky. O vice nez 20 let pozd&ji byl pfedstaven prvni halogenovany
uhlovodik - halotan. Ten ovladl operatni sily na dlouhd 1éta. AZ po nékolika dalsich
desetiletich pfiSly na trh inhalaéni halogenovand anestetika druhé generace, metoxyfluran,
enfluran a isofluran. Masového vyuziti se dotkal jen isofluran, ktery je pro své piiznivé
G¢inky a pfijatelnou cenu vyuZivan do dne$nich dnd. Teti, a doposud posledni generace
inhala¢nich halogenovanych anestetik, byla pfedstavena na po&atku 90. let minulého stoleti.
Jejich klinicky uZivanymi zastupci jsou sevofluran a desfluran. Viechna soutasnd inhaladni
anestetika jsou uinnd a bezpetnd. Ne kazdé je ale vhodné pro kaZdou konkrétni klinickou
situaci. Idedlni anestetikum by mé&lo mit rychly nastup G¢inku, nizkou rozpustnost v krvi a
tkénich bez fyzikalni a biologické degradace v organismu, snadnou a bezpe¢nou Fiditelnost,

rychlé odeznéni Glinkdi a nizkou cenu. Desfluran m4i ze vSech inhaladnich anestetik

Sy v
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nastup GCinku i eliminace v zdvéru celkové inhala¢ni anestézie. Tato jeho jedinetns vlastnost
je vyznamn4 predev8im u obéznich pacientii a u dlouhych operaénich vykoni, kdy umoziiuje
Casnou extubaci a pfevoz bd&lého pacienta na pooperaéni oddéleni. Na rozdil od ostatnich
halogenovanych inhala¢nich anestetik se v organismu prakticky nemetabolizuje, a proto je
vhodny pro pacienty s dysfunkei jater a ledvin. Synergické piisobeni opioidii a oxidu dusného
Jje ungj vyjadfeno nejvice ze vSech halogenovanych inhala¢nich anestetik. Jeho MAC vyrazné
klesd s pfibyvajicim vékem pacienta. Nevyhodou desfluranu je, Ze stejn¢ jako ostatni
halogenovand inhaladni anestetika, mZe zpustit u vnimavych jedinct maligni hypertermii.
Pfi rychlém zvySovdni koncentrace ve vdechované smési miize vyvolat transientni
sympatomimetickou stimulaci a zvySeni aktivity systému renin-angiotenzin. Ob& tyto situace
jsou snadno zvladnutelné podanim betablok4toru. Piisobi mirnou cerebrélni vazodilataci, &im
miiZe zhorsSit nitrolebni hypertenzi.

Desfluran ve srovnani s isofluranem zaji¥t'uje lep$i hemodynamickou stabilitu b&hem
operace a snaZ$i vedeni permisivni hypotenze. Uvod do anestézie desfluranem je v porovnani
s isofluranem, sevofluranem i propofolem rychlejsi. Ve srovnéni se sevofluranem u operaci
delsich nez 3 hodiny pacienti, kterym byl podévan desfluran, vyznamng diive vyhovéli slovni
vyzveé a bezpetn€ spolkli 20 ml vody. Mezi pacienty nebyl rozdil v &etnosti poopera&ni
nauzey a zvraceni a Casu do transportu na pooperatni oddéleni. U pacientii, kterym byl
podavan desfluran, byl Cas do extubace krat$i o 36 % resp 13 % neZ po isofluranu resp
sevofluranu. Pacienti po ném neocekavang ,nepfespavali“. Bylo opakovang prokédzano, Ze
dopliiovana anestézie desfluranem je levn&j$i neZ s pouZitim sevofluranu i propofolu, a to i
v podminkach &eského zdravotnictvi “¢-59,

Na naSem pracoviSti vyuZivime desfluran jiz fadu let, zdiivodu ekonomické
narocnosti vSak pouze v pfibliZzn€ poloving celkovych anestezii dosp&lych pacienti.

Jednoznatnou indikaci jsou dlouhé operaéni vykony, vykony u nejstar$i v&kové skupiny
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pacientil a operace v neurochirirgii. Desfluran se nam také osvédeil jako soudést dopliované

anestezie pii operaci skoliézy u pacientii s nutnosti provadét wake-up test v pritbdhu vykonu

(55-57)

3.2 Vlastni vyzkum
Reverze nervosvalové blokady

Podle vysledkii jednodenniho observatniho dotaznikového priizkumu zpiisobu
podévani anestezie v Ceské republice vroce 2010 (Czech Anaesthesia Day 1. 6. 2010) se
svalova relaxancia pouZivaji asi pii jedné tfeting anestezii. Podle mechanismu u¢inku se déli
na dv¢ skupiny — depolarizujici a nedepolarizujici. Depolarizujici relaxancia se vaZou na
nikotinovy acetylcholinovy receptor na postsynaptické &asti nervosvalové ploténky a
vyvoldvaji jeji depolarizaci, ktera se klinicky projevuje nekoordinovanymi svalovymi zaskuby
(fascikulace) postupujicimi kraniokaudélnim smérem od obliteje k dolnim konCetindm.
Odbouravaji se uCinkem plazmatické cholinesterdzy (butyrylcholinesteriza), ale pomaleji nez
acetylcholin odbourdvany acetylcholinesterazou. Receptory tak ziistdvaji obsazené déle, takZe
membrana neni schopna dal$i depolarizace. Nedepolarizujici relaxancia pisobi jako
kompetitivni antagonisté acetylcholinu, &ili obsazenim receptoru znemoZiuji acetylcholinu
vyvolat depolarizaci ®®.

Nejobdvanéjdi komplikaci podavani nedepolarizujicich svalovych relaxancii u
myastenikii je prodlouZeny tCinek, tj. pietrvavajici relaxace, kterd znemoZiiuje dostatednou
spontanni ventilaci. Ovlivnénim orofaryngealnich svalii se kromé& toho narusuje faryngo-
ezofagedlni koordinace, coZ zvysuje riziko aspirace. Utinkem na karotické t&liska se navic
sniZuje reakce na hypoxii. P¥i pfetrvavajici svalové relaxaci jsou moné dva postupy. Prvnim
je pokraovat vumélé plicni ventilaci pferufovanym pietlakem a? do tplného zotaveni

nervosvalového pfenosu. Protrahovand ventilace ma vSak rovn&Z sva rizika, k nim¥ patii
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atelektézy, rozvoj pneumonie, nepfiznivé utinky na obéh a ledviny, nutnost sedace apod.
Druhou moZnosti je podat klasickou farmakologickou dekurarizaci, tj. atropin se
syntostigminem — inhibitorem acetylcholinesterazy. To je také spojeno s neZ4doucimi Gcinky,
jako jsou nevolnost a zvraceni, zvySeni slindni a sekrece Vv dychacich cestéch,
bronchokonstrikce, tachy- i bradykardie. Pii hluboké relaxaci mize dojit k jejimu
paradoxnimu prohloubeni. U pacientii s myastenia gravis miiZe byt podéni syntostigminu jen
omezené UCinné, protoZe acetylcholinesterdza je ji¥ maximélng inhibovédna chronicky
podavanymi inhibitory. Navic 1ze syntostigminem vyvolat i cholinergni krizi, ktera vyZaduje
umélou plicni ventilaci stejné jako krize myastenicka %,

Tieti moZnost postupu se objevila po zavedeni sugammadexu do klinické praxe v EU
v z4ti 2008. Touto moZnosti je relaxace rokuroniem a reverze blokady sugammadexem, co je
modifikovany cyklodextrin, ktery dokaZe enkapsulovat (ve své molekule uzaviit) steroidni
svalova relaxancia rokuronium a vekuronium a sniZit tim jejich mnoZstvi dostupné k vazbé na
acetylcholinovy receptor nervosvalové ploténky a zrusit tak blokidu. Je to lék ucinny,
bezpetny a dobie sndSeny v davkach a? do 96 mg/kg t&lesné hmotnosti. K jeho nezadoucim
UCinkim patii hypersenzitivita i bez pfedchozi expozice, obnoveni nervové blokady
v disledky vyt€snéni svalovych relaxancii tfemi daldimi léky (toremifen [antiestrogen],
kyselina fusidova a flukloxacilin) nebo sniZenim jeho G&innosti zachycovénim jinych 1éka
misto relaxancii. Mohou se pfipadn& zvysit i krevni ztraty, protoZe sugammadex prodluZuje
aktivovany parcidlni tromboplastinovy &as (aPTT) a protrombinovy ¢as v zavislosti na ddvce,
i kdyZ jen kratkodobg €163,

Nas vyzkum a zkuSenosti s pouZitim sugammadexu u pacientl s myastenia gravis jsou
unikatni v sile analyzované kohorty. I pies jeji demografickou heterogenitu miZeme
konstatovat, Ze zotaveni nervosvalového pfenosu je po podéani sugammadexu podobné rychlé,

spolehlive a pfedvidatelné jako u zdravych. Je-li k provedeni operace u pacientii s myastenif
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nutné podat svalova relaxancia, volime rokuronium, protoZe umoZiiuje tzv. ,,bleskovy* ivod
(Rapid Sequence Induction — p¥i nutnosti co nejrychleji zajistit prichodnost dychacich cest,
je-li nebezpeci aspirace Zaludetniho obsahu) a jeho uginek Ize spolehlivé a bezpetné zvratit
podanim sugammadexu v ddvee 2-4 mg/kg bez neZddoucich G&inkii. Monitorovani svalové
relaxace je standardem. Rokuronium a sugammadex pfedstavuji novy, G¢inny a bezpetny
piistup k celkové anestezii u myastenikii “> °”. Rychly ndvrat plné svalové sily viak lze
s Gispéchem vyuZit i v situacich, kdy se olekdvang i nahle dostaneme do situace obtizné nebo
nemoZné intubace po podani rokuronia ©”, eventulng v klinickych situacich, pii kterych je

potfebné v pooperatnim obdobi zcela vyloudit rezidualni kurarizaci ©®.
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4. Vyjimecné perioperaéni postupy

4.1 Zajisténi dychacich cest u resekce trachey

Vykony na pridusnici patfi k nejobtiZn€j§im operacim v hrudni chirurgii. VyZaduji
specificky anesteziologicky pfistup a velikou erudici. Nejlastéji se provadi segmentélni
resekce trachey pro sten6ézu. Pro anesteziologa piedstavuje problém jiz sdm pacient
s kompromitovanymi dychacimi cestami, navic v pritb¢hu vykonu vzdy na urCitou dobu
dochazi k pferuSeni jejich integrity. Nemocny je samoziejmé€ ohroZen rozvojem hypoxie
v prib&hu celé operace. K Uispé$né anestezii je potieba znat zakladni anatomii trachey.
K hrtanu je pfipojena pod c. cricoidea a probihd od C 6/7 aZz k Th 4/5. U muZi je dlouhd
piiblizn€ 13 cm, u Zen byvd o 1,5 cm krat$i. Vnitini primér trachey je 1,6 - 2 cm.
Fyziolologicky se zuzuje pifi priichodu Stitnou Zl1azou a lehce se vyklenuje doprava nad
obloukem aorty. Jeji sténa je zepiedu a ze stran vyztuZena chrupavéitymi prstenci 2 a7 4 mm
vysokymi v poctu 15 — 20. V zadni ¢4sti trachey je pars membranacea tvofena hladkymi svaly
a vazivem. Hlavnim divodem néchylnosti trachey ke vzniku jizevnatych stendz je
problematicka vyZiva chrupavek, kterd v zdsad¢ probiha jen difuzi z okolnich struktur a tak
velmi snadno podléhaji nekrotickym zm&nam .

Pro anesteziologa je nezbytné se pied vykonem seznamit s lokalizaci stenozy a jeji
vyznamnosti z hlediska ventilace a celkovym klinickym stavem pacienta. Podstatnd je
informace o zavislost intenzity duSnosti na poloze pacienta. VéEtSina pacienti ma tendenci
zaujimat vicemén¢ orthopnoickou polohu. Je tfeba posoudit zdvislost duSnosti na ndmaze. Pfi
chirurgickych vykonech na pridu$nici pouZivime vyhradné totdlni intraven6zni anestezii
(TIVA), inhalaéni slozka celkové anestezie neni vhodna. Intravendzni farmaka volime
pfedev§im pro rychly nastup u¢inku Gvod, jejich dobrou fiditelnost se jistotou dostate¢né
hloubky anestezie béhem zakroku. Vyhodou je také kratky biologicky polocas téchto farmak,

ktery zajisti rychlé a nekomplikované vyvedeni z celkové anestezie bez ptetrvavajiciho
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Gtlumu v€domi a dychani a rizika rezidudlni kurarizace (PORC). Pro TIVA pouZivime
kombinaci propofolu, remifentanilu a rokuronia. Vyhodou propofolu je i jeho urgity
antiemeticky efekt. Remifentanil poddvame kontinualng. Pooperatni analgezii zajistujeme
neopioidnimi analgetiky, protoZe pooperatni stavy nejsou piili§ bolestivé. Svalovou relaxaci
navozenou rokuroniem vertujeme po operaci specifickym antidotem sugammadexem, a proto
nehrozi nebezpeti PORC 7

Vlastnf vykon Ize rozdélit do tii fazi. V prvni fazi chirurg preparuje tracheu a ovéfuje
si pfesnou lokalizaci hranic stenotického tuseku. V priib&hu preparace trachey chirurg
zpravidla Z4d4 o zavedeni nasogastrické sondy z diivodu oziejméni pritb&hu jicnu, aby se tak
minimalizovala pravd@podobnost jeho traumatizace. Pro anesteziologa je vtuto dobu
nejvetsim problémem udrZet dostate¢né priichodné dychaci cesty. VétSinou asistuje také u
fibroskopie ziiZen¢ho Uiseku trachey. Ve druhé fazi chirurg proting tracheu a tim naru$uje
integritu dychacich cest, resekuje stenézu a suturuje end-to-end anastomézu zdravych &4sti
trachey. Vtéto fézi operace musi anesteziolog zajistit ventilaci pacienta s otevienymi
dychacimi cestami. Ve teti fdzi vykonu chirurg dokonluje operaci, se3iva mékké tkang okolo
trachey a anesteziolog vyvadi pacienta z anestezie. Pfed vykonem musi anesteziolog zvaZit,
jak zajisti dychaci cesty v priib&hu prvni, druh€ a tieti faze vykonu. Pro prvni a tfeti fazi ma
dv& moZnosti — trachedlni rourku nebo laryngedlni masku. Jako bezpetn&jdi se sice jevi
trachedlni rourka, ale ma sva omezeni. Ty jsou dény predevsim lokalizaci stenézy a jejim
prilsvitem. Je moZné, Ze pro stenézu blizko $titné chrupavky stzkym prisvitem bude
trachedlni intubace obtizn& proveditelna nebo i zcela nemozZnd. Je tieba si také uvédomit, Ze
rourka zavedena pfes stenézu piekazi operatérovi v operaénim poli. V priib&hu vykonu je s ni
vZdy nutné opakovan¢ manipulovat. Riziko perforace tsnici manZety chirurgem je vysoké,
opakovany pohyb rourkou v trachee draZdi v&tve nervus vagus a traumatizuje sliznici. P

vyvadéni z celkové anestezie miiZe rourka draZdit ke kasli, coZ neptiméfené namaha erstvou
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sutdru a2 miZe mit katastrofélni disledky vpodob& rozirZeni anastomézy. PHLS uzké
trachedlni rourka miZe pfedstavovat problém pii fibroskopii. Zabratiuje viak moZnym
aspiracim b&hem vykonu. Z t&chto ditvodd je vhodnou alternativou zajisténi dychacich cest
pii resekei trachey laryngedlni maska. I pfi vyznamné stenéze je ventilace pies ni moZna,
nema omezeni z hlediska vySe lokalizace sten6zy a operatérovi neptekdZi v operaénim poli.
NedraZdi ke kasli a netraumatizuje, neni tfeba s ni b&hem vykonu manipulovat. UmoZiiuje
volné zavedeni flexibilntho fibroskopu. V prib&hu vykonu vSak miie byt operatérem
komprimovéna, vyjime¢n& dislokovéna. Nezabréni eventudlni aspiraci a ne vzdy dokonale
tesni. Po vypreparovani trachey a ovéfent jeji lokalizace stenézy ptichazi druh4 fize operace -
vlasini resekce trachey, kterd je z hlediska zajisténi dychacich cest a adekvatni ventilace
nejdelikétngj$i. Anesteziolog po dohod® s chirurgem musi vyfesit zplisob ventilace pti
otevieni dychacich cest. I zde jsou dv& moZnosti. Lze pouZit tryskovou ventilaci nebo zavést
do distdlniho pahylu trachey tenkou trachealni rourku a pokradovat ve standardni um&lé plicni
ventilaci pozitivnim tlakem. Pokud se anesteziolog rozhodne pro tryskovou ventilaci, mél by
dobfe znt jeji vyhody i omezeni. Trysku piistroje ovlad4 chirurg, nejlastéji prvni asistent,
ktery jejimu spravnému uloZeni ne vZdy miZe vénovat naleZitou pozornost. Anesteziolog mé
jen omezené moZnosti korekce. V piipad® nedostatetné ventilace hrozi nebezpeti tkatiové
hypoxie a je potfeba v&dét zda 1) mif tryska skutetn& do lumen nebo proti sténé trachey, 2)
zda je hloubka zavedeni trysky adekvatni a 3) zda je zajiStén volny vydech pacienta aby
nedoSlo k barotraumatu (PNO). Kazd4 kritickd situace musi byt vyfelena rychle 479
Tryskova ventilace umoZiiuje volné operovani na otevienych dychacich cestach, aviak proud

vzduchu vytvati spolu skrvi aerosol, ktery ohrozuje celou operatni skupinu. Tryskova

ventilace trvajici viadu desitek minut také netm&m& vysuiuje sliznici dychacich cest.
Z téchto ditvodii na naSem pracovisti ddvame piednost druhé moZnosti - zavedeni tenké

trachedlni rourky do distélniho pahylu trachey a pokratovéani ve standardni umélé plicni
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ventilaci pozitivnim tlakem. Po pietnuti trachey zavede chirurg do jejiho distalniho pahylu
b&Znou trachedlni rourku velikosti 5 az 5,5 Ch. I tato relativng tzka rourka umoziuje
bezproblémovou pietlakovou ventilaci a soutasné operatérovi zésadné nepiekazi. S vyhodou
lze pouzit armovanou rourku, neni to viak nezbytné. Polohu rourky opét bezprostfedn&
kontroluje chirurg, ale zdvaznych problémii, které se mohou vyskytnout, je podstatné méné.
NejCastéji je rourka zasunuta piili§ hluboko, endobronchidlng. P¥i adekvétni monitoraci
pacienta (SpO,, ETCO:) je mozné kratkodobé chirurgické tikony provést v apnotické pauze s
vyjmutou trachedlni rourkou. Po resekci stenotického Giseku provede chirurg end-to-end
anastomézu predni stény trachey a tim ukondi tryskovou ventilaci nebo ventilaci kanylou
zavedenou do distalniho pahylu trachey. V této chvili zadina anesteziolog ventilovat pacienta
bud’ pomoci trachedlni rourky nebo laryngilni masky, podle toho, jaky zpisob zajisténi
dychacich cest zvolil pred zatatkem operace 7.

Pfi vyvadéni z celkové anestezie i nasledné poté je potfebné podlozit hlavu pacienta do
ventralni flexe, aby nedochédzelo k naméhani sutiiry. Ze stejného diivodu je Zadouci vyvarovat
se kaSldni pacienta (proto d4vame piednost laryngedlni masce). Pfi pouziti kratkodobg
pisobicich farmak (viz vys$e) se pacient optimilng rychle probouzi do plného kontaktu a
dostatetné svalové sily a je schopen cilené a koordinovang efektivné odkaglat. Pooperacni
bolest nebyva piili§ intenzivni a je dobfe tlumitelnd neopioidnimi analgetiky v monoterapii
nebo kombinaci. Primémné délka anastezie u resekénich vykon trachey se pohybuje kolem
90 minut. Resten6zy jsou vyjime¢né. Kvalita Zivota pacienta po resekci stenozy trachey je
zcela normalni, bez omezeni ¢,

V priib&hu 5 let se ndm podafilo nashrom42dit unik4tni data od 54 po sobé& jdoucich
pacientech, kteli podstoupili resekéni vykon na trachee. Tento soubor je vyjimeény svou
velikosti a doposud nikde ve sv&tovém pisemnictvi nebyla publikovina préace, kterd by

dokumentovala bezpetné zajidténi dychacich cest laryngdlni maskou u t&chto vykond 9.
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RovnéZz vyvZiti fibrooptické bilumindlni kanyly pii selektivni intubaci a ventilaci pii
vykonech vhrudni chirurgii byla poprvé vramci CR publikovéna s vyuZitim vysledkd
z na¥eho pracovists 7,

4.2 Perioperad¢ni postupy u lavaZe plic p¥i plicni alveolarni proteinoze

Plicni alveolarni proteinoza je vzdcné onemocndni plic charakterizované akumulaci
fosfolipoproteinového materidlu v plicich. Prevalence se odhaduje na 4 piipady na milién
obyvatel. Cast&ji jsou postiZzeni muzi, kufaci a mladsi jedinci ve veéku 30-50 let. Typickym
projevem je duSnost, kaSel, u tietiny pacienti palickovité prsty. Velmi ¢astou komplikaci jsou
oportunni infekce bakteridlniho ¢i mykotického piivodu. Onemocnéni m4 variabilni priibéh
s moZnosti spontdnni upravy aZ letdlniho konce. Diagnostika se opird o bronchoalveolarni
lavaZ (mlé¢ny charakter tekutiny, histologické, imunohistochemické vySetieni, stanoveni
protilatek proti GM-CSF), CT, HRCT plic, kde typickym nalezem jsou mista s barvou
mlétného skla a zesileni interlobuldrnich sept (crazy paving)®*®.

Zakladni metodou 1é¢by je bronchoalveoldrni lavaz. Jedna se o mechanické odstranéni
akumulovanych hmot pomoci vysokého objemu fyziologického roztoku. Proplachovat se
mohou segmenty, laloky, jedna plice, obg plice, jednorazové &i opakovang. Celkova lavaz plic
(WLL) byla poprvé provedena Ramirezem v roce 1963. Dle stavu pacienta se provadi WLL
v jedné dobé bez nebo s pouzitim ECMO podpory. Doporudeni na provedeni WLL nejsou
standardizovdna. Dal$i moZnosti 1éby je substituce GM-CSF subkutinné & inhaladng,
biologicka 1é¢ba s pouZitim monoklonalnich protilatek, plazmaferéza, hyperbaricka komora,
v nejzavaZnéjsich piipadech aZ transplantace plic. Je popsano pouze nékolik ptipadi WLL
s pouZitim ECMO podpory. Pro veno-venézni ECMO se nejéastéji punkéni technikou zavadi
odvodnd kanyla do pravé femordlni Zily a piivodna kanyla do pravé vnitini jugularni Zily.
Tuto techniku provadéji na nafem pracovidti kardioanesteziologové. Dle kardiopulmonalni

nestability pacienta je moZné zvolit veno-arteridlni ECMO. Kanylace na veno-arterislni
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ECMO se provadi také punkéni &i otevienou technikou, kdy je k dispozici kardiochirurgicky
tym. Dle dostupné literatury byla provedena WLL pacientovi s PAP a plicni resekci. Tato
WLL byla komplikovana kardiopulmonalni zastavou s Gsp&$nym obnovenim ob&hu. Nésledné
byla bez komplikaci provedena WLL s v-v ECMO podporou. Adekvétni oxygenace pomoci
ECMO béhem vykonu umoZztiuje dokonlit vykon v poZadovaném rozsahu, piedchézi
arytmifm a hemodynamické nestabilit€, pieklenuje obdobi od ukonceni vykonu do reparace
plicni tkdng€, kdy konvencni techniky umélé plicni ventilace jsou nedostaCujici. Kanylace na
v-v ECMO je invazivni vykon, miize vzniknout fada komplikaci, napf. krviceni, arteficidlni
punkce tepen, ruptury cév, vznik pseudoaneurysmatu, ale stale se jevi jako logicka volba,
ktera zabratiuje zavazné hypoxii béhem WLL ®2%9,

WLL miize byt doprovazena rozvratem vnitiniho prostiedi a hypervolémii. V nasem
pfipad& se vstiebalo 790 ml fyziologického roztoku. Nepoditatelné je mnoZstvi vstiebaného
chloridu sodného. Volba zvoleného krystaloidniho roztoku neni standardizovana. Nestabilita
vnitintho prostfedi miiZe vést k zavaznym srdednim arytmifm. Castou komplikaci b&éhem
WLL miiZe byt pneumothorax ¢*7.

Pies to, Ze se jednd o pomé&mé velmi vzadcné onemocnéni, provedli jsme na naSem
pracovisti doposud dve Gspésné alveolarni lavaze s pouZitim mimot&lniho ob&hu @55 Oba
vykony probé&hly hladce. Na zakladé naSich zkuSenosti s vyuZitim sv&tového pisemnictvi jsme
publikovali review, které, a¢ vyslo v ¥Hjnu roku 2015, m4 jiz 3 citace ve WoS 2, Z vysledki
vyplyva, Z¢ nami zvoleny postup je, i pfes sva rizika v&Si invazivity, efektivn&si a
bezpecnéjsi. Pacienti nejsou vystaveni rizikiim dlouhodobé hypoxemie a je moZno proveést

lavaZ obou plic v dostate&ném rozsahu se zaji$ténim adekvatni respira¢ni i ob&hové podpory

nemocného.
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4.3 Soutasné moZnosti anestezie pro karotickou angiochirurgii

Karotickd endarterektomie (KEA) je standardni 1é¢bou zévanych symptomatickych a
symptomatickych stendz karotickych tepen. KEA je preventivni operace s cilem sniZit riziko
iktu v diisledku embolie z ateromového plétu v oblasti bifurkace spise, neZ odstranit prekazku
prittoku krve V. Riziko iktu se sniZi asi o 50 %, ale piinos se projevi jen tehdy, pokud rizika
operace a souvisejici anestezie nepfevysi sniZeni rizika iktu v disledku operace. Navic miZe
KEA chrénit pfed zhorSovani neurokognitivnich funkei. Nejobavan&jsimi komplikacemi jsou
umrti a perioperatni iktus, miize dojit i k infarktu myokardu, vyznamny je rovnéz mozkovy
hyperperfuzni syndrom ©?. Anestezie je moZna celkovd, regionalni (kréni epiduralni, nebo
povrchni, intermedidlni nebo hluboky kréni blok & jejich kombinace), nebo lokalni infiltradni
anestezie. Kazdy postup viak vyZaduje zajistit dostatednou oxygenaci a normokapnii,
pfiméfeny krevni tlak a volnou Zilni drend mozku. Klinickym neurologickym vySetfenim u
pacientl pfi vé€domi a/nebo piistrojovymi technikami je rovné? nutné ovéfit dostatednost
mozkového pritoku ke stanoveni nutnosti zavedeni zkratu. Na zaklade provedenych studii se
doporutuje volit techniku anestezie individudlng podle potieby, nejbezpecn&jsi jsou celkova
anestezie se selektivnim zavedenim zkratu podle monitorovéni dostatetnosti mozkové
perfuze, nebo povrchni a/ nebo intermedilni kréni blok >, Zd4 se, ze regionalni anestezie
je ekonomidt&jsi @,

Na naSem pracovisti provadime tyto operace od roku 2000. V priibéhu let se vyvijela
jak chirurgickd tak i anesteziologickd technika. Zpogétku jsme upfednostiiovali celkovou
anestezii, postupem Casu jsme ji v3ak stale vice nahrazovali anestezii lokalni — hlubokym
intermedidlnim krénim blokem nebo povrchovou infiltraci. V soudasné dobé jednoznacné
pfevaZzuje povrchova infiltrace opera¢niho pole 1% roztokem mezokainu. V priibé¢hu vykonu
monitorujeme vitdlni funkce pacientd, neurologicky stav pak ,mackinim milku

kontralateralni rukou. Monitoring standardng doplitujeme méfenim cerebralni oxymetrie.
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Vysledky u vice neZ 100 pacientii jsou viak velmi heterogenni a doposud nam neumoZiiuji

postulovat jakékoliv zavéry ©®.
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S. Koncept Enhanced Recovery After Surgery (ERAS)

Moderni anestezie zdaleka neznamena jen ,,uspat a probudit” pacienta na opera¢nim
sale. Koncept perioperaéni mediciny piedurCuje anesteziologa ktomu, aby se stal
odbornikem, ktery Glelné koordinuje medicinské innosti pred, b&hem a bezprostfedné po
operatnim vykonu provadéném v celkové nebo regiondlni anestezii. ERAS (Enhanced
Recovery After Surgery) je proto logickym vyusténim t€chto efektivnich, erudovanych,
Evidence Based Medicine (EBM) respektujicich postupd, které zajisti pacientovi
podstupujicimu rozsahly operacni vykon, co nejkrat$i hospitalizaci s minimem neZadoucich
komplikaci. ERAS je zndm od potatku 90. let minulého stoleti, jejim zakladatelem a
propagatorem je Henrik Kehlet, profesor chirurgie a perioperatni mediciny v Rigshospitalet,
universitni nemocnici vKodani v Dansku ©”. ZaloZil také spoletnost ERAS Society
(www.erassociety.org), kterd sdruZuje chirurgy, anesteziology, intenzivisty a internisty a jejim
cilem je zménit pohled na perioperaéni pé¢i s diirazem na Casné zotaveni po rozsahlych
chirurgickych vykonech zmé&nou v piistupu v piiprav€ pacienta na vykon, k vlastnimu
vykonu, parenterdlni analgezii, infuzni terapii, periopera¢ni nutrici a efektivni rehabilitaci, za
pfedpokladu stabilntho a kompenzovaného kardiovaskularniho systému pacienta.
Koordinatorem vSech t&chto postupli ma byt anesteziolog, ktery voli optimélni formu
edukace, premedikaci, anestetika, reaguje na zmény vitdlnich funkci béhem vykonu, hydratuje
pacienta a voli vhodnou analgezii “®.

V dob&é svého vzniku na potatku 90. let minulého stoleti byl fast-track urcen
pfedeviim pro pacienty, ktefi podstupovali rozsdhly vykon v dutiné bfiSni z divodu
onkologickych onemocnéni, velmi rychle vSak byly jeho principy vyuZity i v ostatnich
oblastech chirurgie ®. Po vice ne? dvaceti letech od svého vzniku byl ERAS dsp&sné

zaveden do vé&tSiny dospélych i détskych operatnich obord. Zakladni ideou koncepce ERAS
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je, Ze okamZitého zlepSeni perioperani péée lze dosshnou diislednym uplatiiovanim 3etrnych
postupli, které vychazeji zEBM, znichZ fada je 1éta znamd Casto i uZivana @0,
K usp&€Snému zvladnuti zdvaZnych stavili nesta¢i jen nejnové&jsi technika a farmaka, mnohem
dilezit€jsi je jejich propojeni a vzdjemna ucelnd koordinace.“ (DM Berwick, President
Institute for Healthecare Improvement, Boston, USA). Jak prokdzala pracovni skupina
Evidence Based Medicine in Surgery (EBMS) kanadské Canadian Association of General
Surgeons (CAGS) a americké American College of Surgeons (ACS), nezbytna je spoluprace
celého tymu, predevsim pak anesteziologa a chirurga ©*°?,

Zakladnim pfedpokladem je vybér anestetika. V8echna moderni anestetika maji Siroky
bezpetnosti profil, snadné dédvkovani a minimum neZddoucich G¢inkll. Jsou minimélng
kardiodepresivni a histamin uvolfiuji v nepatmém mnoZstvi (s vyjimkou thiopentalu a
atrakuria). Inhalacni anestetika sevofluran a desfluran poskytuji dostateCnou hloubku
anestezie s minimem neZadoucich G¢inki, metabolicky nezatéZuji jatra ani ledviny. Desfluran
je diky své minimalni rozpustnosti v tucich velmi vhodny i pro obézni pacienty, seniory a
operaéni vykony ptesahujici n&kolik hodin ©®>*”. Vyhodou sevofluranu je moZnost vyuZit jej
pro inhalatni Gvod déti i dospélych. Nedepolarizujici svalové relaxans rokuronium je
pfedevS§im diky moZnosti okamzité a trvalé reverze UCinku sugammadexem bezpetné
v situacich predpokladané obtiZzné intubace i v prevenci pooperacni rezidudlni kurarizace
(PORC)®>D_ Siroky vybér opioidii uspokoji viechny pozadavky anesteziologa na ti¢innou a
bezpednou perioperadni analgezii. Konkrétni vyb&r anestetik zavisi na zkuSenosti
anesteziologa a konkrétni klinické situaci.

I pfes spravné vedenou anestezii se v posledni dekadé stdle Cast&ji setkdvame s
pooperaini kognitivni dysfunkci (POCD). POCD patfi k velmi diskutovanym tématim
pfedev8im v souvislosti s pooperatnimi komplikacemi, del§i hospitalizaci a ndkladng&jsi

1é¢bou. POCD se vyskytuje u piiblizné 10 — 30 % pacientti. Pfi¢inami byva v&€k (> 70 let),
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zména prostiedi, prerusené ka¥dodenni stereotypy, spankové inverze, poruchy metabolismu
glukézy, ateroskleréza a abusus navykovych latek. Piispiva k tomu i vlastni operani vykon
Zasto s naslednym rozvojem systémové zanétlivé reakce organismu na zat€Z (SIRS). SIRS je
charakterizovany mimo jiné i kapildrnim leakem (nelze tedy vyloucit lehky difuzni edém
mozku) nebo kolisavy srdeéni vydej s kratkodobymi epizodami mozkove hypoperfuze (pfi
manipulaci v duting hrudni velmi pravdépodobné zm&ny preloadu i afterloadu). Popsén byl i
negativni u¢inek na CNS inhala¢nich anestetik izofluranu a sevofluranu. Spolufaktory rozvoje
POCD jsou i opioidni analgetika, nedostate¢nd analgezie a opoZdeéna rehabilitace. Zkouma se
souvislost mezi POCD a n&kterymi anestetiky (propofol, sevofluran) podanych v dob& zrani
mozkové tkand, tedy vraném détstvi. Pfesnd piiCina neni doposud znama. Diagnostika je
velmi sloZita a opird se fadu specializovanych neuropsychologickych testii. POCD je nutné
odlisit od pooperatniho deliria (postoperative delirium — POD). POD Kklasicky nastupuje
v prib&hu prvnich t dnii po operaci a zpravidla spontdnn& odezniva v prilbéhu dalSich dni.
POCD se rozviji v odstupu tydnil aZ let po zékroku a zpravidla nikdy nedojde k jeho plné
apravé (102-104)

Zasadni vyznam v koncepci ERAS mé vhodng zvolend tekutinova strategie. Bylo
prokézéano, Ze optimalizace tekutinové bilance a dosaZeni submaximalniho tepového objemu
dle echografické kontroly nevede k lep$im Iétebnym vysledkim neZ podavani tekutin dle
vahy pacienta s vyrovnanou pooperatni tekutinovou bilanci. Jiz fadu let je znamo, 7e
pozitivai kumulativni bilance tekutin vede krozpadu chirurgickych anastoméz a je
nez4vislym predikétorem mortality. Bylo také opakované prokazano, Ze v ramci perioperacni
pée neptedstavuji balancované koloidy pro pacienta Z4dné zévaZné riziko, naopak, jejich
uvazlivym podéanim lze zkratit hospitalizaci a zlepsit 1é¢ebné vysledky. K hrazeni béZnych
7irdt vyuzivéme balancované krystaloidni rozioky %%, Podstatnému ovlivnéni lé¢ebnych

vysledkii alogenni krevni transfuzi bylo vénovano samostatné téma v t€to préci S
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Kvalitni periopera¢ni analgezie je jednou ze soutasti moderniho pojeti péce o pacienta

nejen vkoncepci ERAS (108109

. Nedostate¢nd analgezie aktivuje cestou aferentnich i
eferentnich nervovych drah neurohumorélni a zanétlivou reakci organismu, kterd ve svych
dasledcich vede k hypoperfuzi organi a ma za nisledek hordi hojeni rdny, poruchu
kognitivnich funkci (POCD) i vy$$i pooperaini morbiditu. Bylo prokdzéano, Ze opioidy
Vv perioperatnim obdobi vyznamné pfispivaji k rozvoji POCD piedevsim u pacientii starSich
60 let. Zplsobuji poruchy spanku, spolupodileji se na rozvoji pooperaéniho ileu, zpomaluji
dynamiku pacienti a mohou zpisobit vznik syndromu z odnéti. Mnohem vhodngj¥i se tedy
Jjevi neopioidni analgetika v monoterapii nebo kombinacich. Rozs4hlé multicentrické studie
neprokazaly rozdil ve vyskytu POCD u pacientii, kterym byla podavédna systémova nebo
lokélni analgezie v perioperatnim obdobi 1'%,

Nemén¢ dileZitou soucdsti ERAS je perioperaéni nutritni péce, kterd by se méla
zaméfit pfedeviim na detekci pfedoperatné piitomné malnutrice a moZnych problémi
svyzivou pooperatné (Reillyho nutriéni skére, index nutriéniho rizika), kompenzaci
perioperaCni hyperglykémie a zvladnuti inzulinové rezistence vhodn& zvolenym
piedoperatnim poddvanim karbohydratovych roztokd (sipping) a asnou enterdlni vyZivu
(111,112)-

Diislednou péci o t€lesnou teplotu pacienta béhem vykonu ohfivanim podavanych
roztokil a zahifvanim pacienta lze efektivné pfedchézet perioperaéni hypotermii, ktera sebou
nese fadu zdvaZnych komplikaci. Patfi mezi n€ porucha acidobazické rovnovahy,
hemokoagulaéni porucha a infekce v mist® chirurgické rany 4711319

Spravna psychologicka pfiprava pacienta k operaénimu vykonu, dobra informovanost
a anxiolytika ve veCerni premedikaci miZe spoletné s dal$imi opatfenimi zlepsit 1é¢ebné

vysledky a zkratit hospitalizaci '>!19,

47



ERAS se tak svou komplexnosti a finanéni nendrotnosti stdva vyzvou pro vsechny
vnimavé anesteziology, ktefi se nespokoji s pouhym ,juspivanim®, ale kterym zaleZi na
skutetném osudu jejich nemocnych. Uzka spoluprice mezi anesteziologem a chirurgem

umoZziuje optimalizovat 1é¢ebny postup a eliminovat neZddouci G¢inky jednotlivych krokd.
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SUHRN

BeZnym javom u pacientov na jednotke intenzivnej starostlivosti je laboratérna koagulopatia v zmysle predfzenych
koagulatnych vySetreni, ako je INR a APTT. Metoda tromboelastografie (TEG) a rotacnej tromboelastometrie (ROTEM)
le pouzivana uz od minulého storocia v roznych oblastiach mediciny. Na rozdiel od beZnych testov zohladiuje v procese
zrdzania aj funkciu dalSich zloZiek krvi, hlavne trombocytov. V nasom ¢lanku chceme poukazat na vyznam TEG/ROTEM
v intenzivnej medicine. Prezentujeme pripady pacientov, kde sa tato metodika ukazala ako spolahlivejsia nez bezné
testy, a to jak predoperacne, pooperacne &i v diferencidine] diagnostike krvacavych stavov. Pomocou tejto metodiky
sme v tychto, ale aj v mnohych inych pripadoch, boli schopni vyhnit sa zbytoénému podavaniu mrazenych plaziem
a trombocytarnych ndplavov, ktoré by boli pacientovi podané ku korekgii laboratérnej koagulopatie z mnohych dévodov.
Znizili sme tym nielen riziko suvisiace s podanim spominanych transfiznych pripravkov pacientovi, ale usetrili sme aj
znacné finanéné prostriedky.

KLICOVA sLovA

tromboelastografia (TEG) - rotatna tromboelastometria (ROTEM) = koagulopatie

ABSTRACT

Durila M., Lukas P., Pelichovska M., Vymazal T.: The importance of thromboelastography (TEG)

and thrombelastometry (ROTEM) in the intensive care unit

Prolonged coagulation tests (INR and APTT) are a common occurrence in ITU patients. Thromboelastography (TEG)
and rotational tromboelastometry (ROTEM) have been used since the last century in various fields of medicine. Unlike
conventional laboratory tests they assess the function of other blood components especially the platelets. In this
article we highlight the importance of TEG/ROTEM in intensive medicine. We present cases where this methodology
proved to be more reliable than conventional tests both pre-operatively, postoperatively or in the differential dia-
gnosis of bleeding events. Using this methodology in these and many other cases we were able to avoid unnecessary
administration of frozen plasma and platelets, which would otherwise be administered to patients to correct labo-
ratory coagulopathy of various origin. We reduced the risks associated with the administration of blood products to
the patient and saved considerable financial resources.

KEYWORDS

thromboelastography - rotational tromboelastometry - coagulopathy
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Metdda tromboelastografie (TEG) a rotatnej
tromboelastometrie (ROTEM) je metéda znima
uz od minulého storo¢ia, aviak aZ v poslednych
rokoch pribadaju Stidie, ktoré podporuju tito
metodiku nielen v laboratériu, ale aj v klinic-
kej medicine. Velmi tomu napomohol rozvoj
potitacovej technolégie. Je zndme, Ze pacienti
v kritickom zdravotnom stave, majui éasto poru-
chu zrdZania krvi rdzneho charakteru [1]. Okrem
toho beZné testy Casto nekoreluji s vysledkami
TEG [2].

V stcasnosti sa toto vySetrenie objavilo aj
v doporucenych postupoch pre manaZment pe-
riopera¢ného krvicania 2013 [3]. AvSak sila dopo-
ruceni je rovnaka ako sila doporudeni pre $tan-
dardné koagulacné testy (protrombinovy ¢as-INR
a APTT), a to 1C. Metoda tromboelastografie je
metdda, ktord meria viskoelastické vlastnosti
koagula v procese jeho tvorby a lyzy, t.j. inicia-
cie, propagacie a fibrinolyzy. MozZnost ziskat
informacie o primarnej, eventualne sekundar-
nej, fibrinolyze st vziacnou vlastnostou tejto
metodiky, ktord je cennd predovSetkym v ob-
lastiach, kde je riziko pritomnej fibrinolyzy
vysoké, ako napr. traumatické krvicanie, ope-
racie prostaty, neurochirurgie a porodnictvo.
Na rozdiel od beZnych koagulafnych testov sa
pri tomto vysetreni pouziva plna krv (obsahuje
trombocyty, erytrocyty), a teda sa zohladriuje aj
uloha ostatnych zloZiek krvi v procese zrazania -
hlavne trombocytov. DalSou vyhodou TEG je, Ze
v pripade potreby je moZné nastavit vySetrovaci
kanal na aktualnu teplotu pacienta, a teda zistit
koagulaciu v podmienkach blizkych paciento-
vi [4]. Princip TEG a ROTEM vySetreni je velmi
podobny. Zmena mechanickych vlastnosti krvi
v Kkyvetke poCas zraZania sa deteguje a zaznamena
pomocou charakteristickej krivky na obrazovku
potitaca. Nevyhodou beZne pouzivanej metodiky
je, Ze nedokdZe zaznamenat poruchu primar-
nej hemostazy - kedze v kyvetke chyba endotel
a ,shear stress“ pritomny v pradiacej krvi, a rov-
nako nedokaze detegovat poruchu trombocytov
u pacientov na antiagrecnej terapii (existuji viak
Specidlne testy - platelets mapping tests).

V naSich kazuistikdch sa chceme s ¢itatelmi
podelit o poznatky tejto metodiky na nasom
oddeleni a poukézat, ako pomocou tejto meto-
diky sme boli schopni podat pacientovi cielent
liecbu koagulopatie v pooperaénom obdobi, di-
ferencialne diagnostikovat mechanicku pri¢inu
krvacania a zabranit zbytoénému podavaniu
mrazenej plazmy pred invazivnymi vykonmi, ¢o
by predstavovalo pre pacienta mnohé rizika [5].

INTENZIVNI MEDICINA

KAZUISTIKY

Kazuistika 1

V prvej kazuistike prezentujeme pripad pa-
cienta, ktory bol prijaty na nase oddelenie z ddvodu
tazkého kraniotraumatu. Pacient utrpel pid z vys-
ky 4-5 metrov. Na vstupnom vySetreni pocitalovej
tomografie (CT) boli zistené prekrvicané kontizne
loziska pravej hemisféry mozgu, mozocku, edém
mozgového kmera s nutnou neurochirurgickou
intervenciou. Na opera¢nom sile pacient pod-
stipil vykon resekcie kontiiznych loZisk a subok-
cipitdlnu kraniektomiu so zavedenim vonkajsej
komorovej drendZe. Po vykonu bol pacient prijaty
k pooperacnej starostlivosti na nase oddelenie.
Laboratérne bola zistend trombocytopénia 64 x
10°/1, hladina hemoglobinu (Hb) 84 g/1, fibrinogen
s hladinou 2 g/1, INR 1,552 aPTT 31,9 s.

Bola vySetrend zrdZanlivost aj pomocou TEG.
Krivka v§ak nejavi poruchu v iniciaénej fize zraza-
nia, ale sved¢i o pomalej propagacnej faze a o ma-
lej sile koagula - obrazok 1 (krivka a).

Pacientovi boli podané 2 transfiizne jednotky
(TU) trombocytov zo separatoru, 2 TU erytrocytar-
nej masy (EBR). Cerstva mrazena plazma nebo-
la podand. Komorova drendZ odvadzala ¢iri mok
a vnutrolebecny tlak bol stabilny v ramci fyziolo-
gickych hodnét,

Po podani spominanej terapie sme znovu rea-
lizovali TEG s nélezom krivky na spodnej hranici
normy - obrazok 1 (krivka b). Pacient medzitym
dostal 1 500 ml koloidov k stabilizdcii krvného

2 Cratedkaoin
Sample bme: 1. 12, 2013 04:23:52 M - 05:53:52 PM

1o mlﬂmhﬂ‘_{—.
R x Angle MA oA S & A k=1 LYo
mn mm oisc % mm B
DO R N T e T 7 oY%
Obr.1  TEG krivky troch vy3etreni

a-krivka je vstupné vysetrenie s hodnotami parametrov na obrazku,
R - reakény ¢as je v norme (svedéi o iniciaénej faze zrazania);

K parameter a uhol alfa st patologické a svedcia o spomalenej
propagacnej faze; MA - maximalna amplituda, tj. sila koagula,
je takisto patologicka a sved¢i o maximalnej sile koagula

(je vysledkom vzdjomnej interakcie trombocytov a fibrinogenu
V Zrdzacom procese);

b-krivka je vysetrenie po podani trombocytov a s hematokritom
0,25; R je v norme; K a uhol alfa st v norme; a MA je na dolnej
hranici normy 51 mm;

c-krivka je vySetrenie po zvy3eni hematokritu na 0,32; R, K,

alfa st znovu v norme a MA je 59 mm.

2014,25,¢.3  ANESTEZIOLOGIE A INTENZIVNI MEDICINA

®



218

INTENZIVNI MEDICINA

obehu a 500 ml krystaloidov. Napriek podanym
2 TU EBR bol hematokrit 0,25. Podali sme dalSie
2TUEBR, ¢im sme dosiahli hematokrit 0,32 a zno-
vu sme urobili vySetrenie TEG, ktoré tento krat bolo
Uplne v norme - obrazok 1 (krivka c). Kontrolné
INR bolo v8ak mierne horSie, a to 1,67 s poftom
trombocytov 101 x 1091 a s normalnou hladinou
fibrinogénu 3,9 g/l. Na kontrolnom CT mozgu
nebolo zaznamenané nové krvicanie, ale naopak
primerany pooperacny stav.

Kazuistika 2

V dalSom pripade prezentujeme pripad poly-
morbidného pacienta prijatého v tazkej sepsi-Soku
a multiroganovym zlyhanim. Pacient bol diabetik
11. typu s ischemickou chorobou dolnych koncatin,
ktorému bola urobend amputicia pravej dolnej
koncatiny v stehne, pretoZe zdrojom septické-
ho stavu bola tazka gangréna a osteomyelitida.
Pooperacne bol prijaty k dalSej starostlivosti na
nase oddelenie, Pre anurické zlyhanie obli¢iek bola
zahéjena nahrada rendlnych funkcii eliminaénou

metddou, podpora krvného obehu noradrenalinom
bola 0,6 mg/kg/min., pacient bol endotrachedlne
intubovany a arteficidlne ventilovany. V inicidlnej
faze sme k stabilizacii obehu pocas cca 6 hodin
podali pacientovi asi 2 000 ml krystaloidov - bez
vyznamnejSej ocakavanej odozvy obehu a 1500 ml
koloidov - s uspokojivou odozvou obehu (tetraspan
6%, 130/0,42, B Braun Melsungen AG, Nemecko),

V prijmovych laboratérnych vysledkoch bolo
predlzené INR 1,54, APTT bolo 30,6 s, Hb 84 g/1,
trombocyty 364 x 10%/1, hladina fibrinogén 5,32 g/1,
antitrombin 65%. Hodnota celkovej bielkoviny
bola 59,9 g/l a albuminu 27 g/l, prokalcitonin
> 100 mg/l, CRP 259,2 mg/l. Urobili sme aj TEG
vySetrenie, ktoré napriek poruche INR neukaza-
lo poruchu v iniciaénej faze, ba dokonca sved¢i
o hyperretrakcii koagula, ktord je ale niekedy
tazké odlisit od reaktivnej fibrinolyzy - obrazok
2a. KedZe sme mali podozrenie na zacinajici
rozvoj diseminovanej intravaskularnej koagu-
lopatie (suspektna reaktivna fibrinolyza, pokles
antitrombinu, prediZené INR), aj ked bez zjav-

1 Citrated kanlin
Seple tme; 1. 12. 2013 10:59:30 FM ~ 11,45:10 PM

10 millmeters

2 Cirated kaoho
Sarmple time: 13, 1. 2013 05:26:35 AM - 06:56:35 AM
10 mibmeters {
£ [ 3 A a ey
dfsc £ o %
] 105 402 51 15 €02
45 =10 015 33  8-8

Obr.2a  TEG krivka svedciaca o hyperretrakcii koagula,
eventudlne o reaktivnej fibrinolyze

Obr.2b  TEG krivka po podani nizkomolakularneho heparinu
a 1000 jednotiek antitrombinu

Len minimaine zlepsenie hyperretrakcie (fibrinolyza bola vyli¢ena

nalezom koagula, ktoré bolo adherované na tif).

2 Civated haoln
‘Sampie tme: 13, 1. 2013 08:34:42 AM - 09:23:22 AM

1 Kaohn with heparnase -
Sampie tme: 13, 1, 2013 08:35:32 AM - 09:23:17 AM

10 mitmoters i

< [5e
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Obr.2c  TEG krivka po podani HAES 1500 ml, vidime
zmiernenie retrakcie
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Obr.2d  TEG krivka s heparindzou vylicila predizenie R

na obrazku 2c z nedostatku koagulacnych faktorov
Jav sme vysvetlili moznou pritomnostou endogénnych
heparinoidov.



nych znamok klinicky vyznamného krvicania,
podali sme pacientovi 1000 j Anbinexu-GCrifols
(antitrombin) a i napriek laboratérnej koagulopa-
tii a pooperacnému stavu sme pacientovi podali
0,3 ml fraxiparinu i. v. Kontrolna hladina anti
Xa bola 0,24, Dalsi TEG (vySetreny siicasne s anti
Xa) bol bez zmeny v retrakcii, ¢im sme dospeli
k zaveru, Ze tvar ,fibrinolyzy je pravdepodobne
spdsobeny retrakciou a nie fibrinolyzou“ - obrazok
2b. Po iniciaénej faze stabilizicie obehu sme sa te-
da rozhodli podat dal$ich 1 000 ml tetraspanu 6%
(130/0,42, B Braun Melsungen AG, Nemecko) pre
jeho antiagregacné linky [6] a na kontrolnom
TEG sme pozorovali zmiernenie retrakcie koagu-
la - obrazok 2c. KedZe bola aj prediZena inicia¢na
fiza zriZania detegovana predizenym R, vysetrili
sme aj TEG s heparindzou k diferencidlnej dia-
gnostike poruchy iniciacnej fazy. Heparinazova
krivka bola v norme - obrazok 2d, ¢éim sa vyliidilo
podozrenie na nedostatok zraZacich faktorov a jav
sme vysvetlili moznou pritomnostou endogén-
nych heparinoidov, ktoré sa mohli uvolnit do obe-
hu po zlepSeni perfiizie tkaniv [7]. Aj ked musime
pripustit moznost, Ze prediZené nativne R mohlo
byt spdsobené chybou pristroja, ktora popisuje
Venema et al. [8] - Co je vSak pre velkil vychylku
od normy a pre pritomné zmeny aj v ostatnych pa-
rametroch (hyperretrakce) malo pravdepodobné.

Cerstva mrazena plazma nebola u tohto pa-
cienta podana, ¢im sa zabranilo zbyto¢nej tekuti-
novej bilanénej pozitivite. Dal3i deri bola hodnota
INR 1,68, aPTT 31,7 s, trombocyty boli 256 x 10%/1
a hladina bielkovin sa vyznamne nezmenila —
celkova bielkovina 57,6 g/l a albumin 24,9 g/1. Bez
klinickych znamok krvacania. V nasledujtcich
drioch doslo k postupnej iprave INR i bez podava-
nia plazmy, k obnoveniu diurézy a k stabilizacii
obehu. U pacienta v8ak pretrvava kvantitativna
porucha vedomia bez jednozna¢ného morfologic-
kého korelatu v. s. na podklade toxicko-metabo-
lickej encefalopatie.

Kazuistika 3

Pacientka so systémovym ochorenim lupus ery-
thematodes a chronickou medikaciou prednizolé-
nu podstipila laparoskopické odstranenie zlénika
pre flegmondznu cholecystitidu. V ten isty deti po
operacii bola ale nutna reoperacia pacientky pre
hemoperitoneum. Na operacnom sale bola celkova
krvna strata asi 2 000 ml a zavedenie centrilneho
zilného katétra via v. subclavia 1.dx. pocas vykonu
bolo velmi komplikované. Bezprostredne po prijme
na nase oddelenie je nutna obehova podpora nor-
adrenalinom v davke do 0,2 pg/kg/min a dominuje
porucha v krvniom obraze. Laboratérne vysledky
boli nasledovné: Hb 65 g/1, trombocyty 61 x 10%/1,
INR 1,14, aPTT 34,5 s, fibrinogen 2 g/1.
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Obr.3  TEG krivka bez koagulopatie u krvacajiiceho pacienta
Vyvoldva podozrenie na mechanicku pricinu krvacania.

Pacientka nasledne dostiva EBR a trombocyty.
AvSak pozvolna progreduje obehova nestabilita
a bru$ny drény derivuje cca 150 ml krvi/hod. Po
chirurgickom konziliu je pacientka indikovana
k dalSej operacii s nalezom difizneho siknutia
krviz16Zka po cholecystektomii, kde je ponechana
Mikuliczova tampondada. Po opdtovnom prijati
na oddelenie znovu pokracuje obehova nestabili-
ta a vzhladom na ochorenie lupus erytematodes
a krvacanie z okolia vpichov cievnych vstupov je
konzultovany hematoldg, ktory ordinuje bolus
kortikoidov. Laboratérne zistujeme pokles fibri-
nogénu na 1,37g/1, trombocyty 103x1091 a robime
vySetrenie TEG. To je v8ak Giplne v norme - obrazok
3, o takmer vylucuje podozrenie na koagulopatiu
a robime sonografické vySetrenie hrudnika a bru-
cha s nilezom fluidotoraxu vpravo. Je zavedeny
hrudny drén, ktory odvadza cca 800 ml krvi a pre
pokracujiice krvacanie je pacientka nasledne revi-
dovana na operatnom sale z torakotomie, kde je
zisteny zdroj krvacania z malej vetvy subclavial-
nej artérii v. s. po komplikovanej kanylacii vena
subclavia. Po oSetreni zdroja, dochadza k celkovej
stabilizacii stavu. Pacientka je preloZena na chirur-
gické oddelenie vo velmi dobrom stave a nasledne
prepustend domov bez komplikacii.

Kazuistika 4

V dalSom pripade prezentujeme tlohu ROTEM
pred zavedenim perkutinnej endoskopickej gas-
trostomie (PEG) u pacienta s laboratérnou ko-
agulopatiou. Pacient bol prijaty na oddelenie
neurochirurgie pre progredujiicu bolest v tem-
poromandibularnej oblasti s rozvojom trizimmu
a s poruchou kvality vedomia a pravostrannou
hemiparézou. Bolo urobené CT mozgu a magne-
ticka rezonancia s nalezom vyrazného mozgo-
vého abscesu temporélne vlavo. Bol indikovany
neurochirurgicky vykon a pacient bol pooperacne
prijaty na naSe oddelenie. Na sale bola urobena
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Obr.4a,b  Hodnoty nameranych parametrov st v norme
aZ hyperkoagulacné napriek laboratérnej
koagulopatii
CT (clotting time, ako R pri TEG) s normainym rozmedzim 38-79 s:
CFT (clot formation time, ako K pri TEG) s normalnym rozmedzim
34159 s); ahol alfa s normalnym rozmedzim 63-83 s; MCF
(maximum clot formation, ako MA pri TEG) s normalnym
rozmedzim 50-71s.

evakudcia abscesu a dekompresna kraniektomia.
Pacient bol ¢asne pooperane extubovany, ale
pre pretrvavajicu kvalitativnu poruchu vedomia
bola nutna reintubécia. U pacienta bola po urdi-
tom ¢ase planovand vymena cievnych katétrov,
zavedenie PEG a realizicia tracheostomie. V defl
planovanych vykonov sa v3ak zistila laboratér-
na koagulopatia v zmysle INR 1,39, Urobili sme
vySetrenie ROTEM (obr. 4a), ktoré nepotvrdilo
koagulopatiu. Pacientovi nebola podana mrazena
plazma a vykony boli realizované bez krvicavych
komplikacii.

Kazuistika 5

Aj v poslednom pripade chceme poukizat na
vyznam ROTEM pred invazivnym vykonom, ako
je planovana tracheostomia u pacientky s labo-
ratérnou koagulopatiou. Pacientka bola prijati
na nase oddelenie od RLP, ktora pacientku pre
nahle vzniknutd poruchu vedomia endotracheil-
ne zaintubovala a arteficidlne ventilovala. Na
vstupnom vysSetreni CT hlavy a hrudniku bol
zisteny edém pravej mozgovej hemisféry a ob-
rovskd lava predsienl s trombom, s pracovnou
diagnézou ischemickej cievniej mozgovej prihody
kardioemboliza¢nej etiologie. Trombolyza bola
v tom Case kontraindikovand pri warfarinizi-
cii pacientky pre chronicki fibriliciu predsieni
a kedZe pacientka bola po implanticii mitrilnej
chlopne. INR v ¢ase prijmu bolo 2,5. Bola nasa-
dena antikoagula¢nd terapia LMWH. Po vysadeni
analgosedacie pretrviva porucha vedomia a je
indikovany vykon tracheostomie pre predpoklad
potreby dlhodobej umelej plicnej ventilicie,
AvSak protrombinovy ¢as - INR je znacne predi-
Zeny 1,52, Robime vySetrenie ROTEM (obr. 4b),
ktoré ale nejavi poruchu koagulicie a vykon je
realizovany bez krvacavych komplikacii i bez
podania mrazenej plazmy.
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DISKUSIA

Metdda tromboelastografie a rota¢nej trombo-
elastometrie sa v stasnosti prvykrat dostali do
doporulenych postupov manazmentu periope-
racného krvacania [3]. Av§ak sila doporuceni TEG/
ROTEM je rovnaka ako sila beZnych laboratérnych
vySetreni, ako je INR a aPTT, a to 1C. Myslimesi, ze
toto vySetrenie si zaslizi v buddcnosti lepsie hod-
notenie a difame Ze tieto kazuistiky posliiZia v pro-
cese prehodnotenia tejto metodiky v budiicnosti.
V nasich pripadoch opisujeme rozne situacie prace
TEG/ROTEM v klinickych podmienkach u pacien-
ta. Potvrdzujeme funkénost a spolahlivost tychto
met6d jak u pacientov septickych, tak aj u nesep-
tickych pacientov. TotiZto aj ked je nedostatok zra-
Zacich faktorov z réznych dévodov (prediZené INR),
trombocyty byvaji ¢asto hyperfunkéné, a rovnako
moZe byt aj dostatok funkéného fibrinogenu. Ich
vzajomna spoluprica vykompenzuje prvotny nedo-
statok faktorov vonkajsej a vniitornej cesty.

V prvom pripade sme ukazali, Ze TEG lep-
Sie koreluje s klinickym stavom ako INR, kedZe
mozkomie$ny mok bol ¢iri a CT bez znamok no-
vého krvicania. Dévodom, prefo sme podavali
transfluzne pripravky bolo, Ze aj ked pacient o¢i-
vidne nekrvaca, to neznamenad, e sa v organizme
takyto stav nemdzZe kazda chvilu vyvinut. Z toho
dévodu je TEG vhodny k monitorovaniu koagulac-
ného stavu a pomdaha ndm aj v procese prevencie
rozvoja krvacania. Aj ked niektoré prace hovoria,
Ze s poklesom hematokritu sa zlep$i zraZanie krvi
[9], v nasom pripade sme skdr potvrdili zistenie
inych autorov, ktori vyzdvihujd vplyv erytrocytov
na tvorbu trombinu [10]. Zvy3enie hematokritu sa
prejavilo zlepSenim parametrov propagaénej fizy
ako aj sily koagula. MozZnost, Zeby zmena spo-
minanych parametrov bola spdsobend zvySenim
poctov trombocytov, sme vyltadili tym, Ze medzi
jednotlivymi vySetreniami boli pacientovi podané
len 2 jednotky erytrocytarnej masy, Vdaka TEG
sme boli schopni podat pacientovi cielend lie¢bu
koagulopatie v pooperacnom obdobi.

Aj vdruhom pripade vySetrenie TEG tieZ lepsie
korelovalo s klinickym stavom pacienta v porovna-
1,5. Vneistych pripadoch kedy potrebujeme odligit
retrakciu koagula od skutocnej fibrinolyzy nam
mbZe pomdct makroskopické vySetrenie koagula
v kyvetke. V pripade skuto¢nej fibrinolyzy tam
nendjdeme Ziadne koagulum - toznamena, Ze krv
najdeme v tekutom stave aj po dlh$om &ase [11].

Treti pripad vyzdvihuje tilohu TEG aj pri di-
ferencidlnej diagnostike pri¢iny krvicania, a to
aj pri menej Castych ochoreniach, ako je lupus
erytematodes, kedZe koaguland porucha u pa-
cientov s tymto ochorenim méZe mat mnoho
pricin - trombocytopenia, endotelidlne posko-



denie, konzumpcia faktorov, ziskany deficit von
Wilebrandova faktoru [12].

V poslednych dvoch pripadoch poukazujeme na
to, Ze aj ROTEM vySetrenie lepsie koreluje s Klinic-
kym stavom pacienta oproti beZnym testom a Ze je
spolahlivejsie v predikcii krvicavych komplikacii
pred invazivnymi vykonmi, ako je tracheostomia,
zavedenie PEG (i vymena cievnych katétrov.

Zaverom by sme chceli zhrnut, Ze TEC a ROTEM
pomahaji v procese diferencidlnej diagnostiky
krvacavych stavov, ako aj v predikcii krvacavych
komplikacii pred plinovanymi vykonmi a tym
poskytovat cielenejs$iu lieCbu. Tym sa ndm dari zni-
zZit podavanie transfiznych pripravkov, ktoré by
sme na zaklade vysledkov beznych laboratérnych
vySetreni urcite podali. S tym stvisi aj minimalizo-
vanie rizik s@ivisiacich s podavanim transfaznych
pripravku pre pacienta.
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Evaluation of fibrinogen concentrates and prothrombin complex
concentrates on coagulation changes in a hypothermic in vitro
model using thromboelastometry and thromboelastography

MIROSLAV DURILA, PAVEL LUKAS, MARTA ASTRAVERKHAVA & TOMAS VYMAZAL

Depariment of Anaesthesiology and Intensive Care Medicine, Second Faculty of Medicine, Charles University in
Prague, Motol University Hospiral, Prague, Czech Republic

Abstract

Background. Hypothermic coagulopathy is very challenging in bleeding trauma patients. Therefore, we decided to evalu-
ate the efficacy of fibrinogen and prothrombin complex in 30°C hypothermia i vitro to investigate if higher levels of
fibrinogen and prothrombin complex concentrate can compensate for the hypothermic effect on coagulation as measured
by thromboelastometry/thromboelastography. Methods. Blood samples were obtained from 12 healthy volunteers (six men
and six women) in our study. Measurements were performed at 37°C and 30°C simultaneously, then at 30°C with adding
fibrinogen and prothrombin complex and in the last step samples with added coagulation factors were warmed back to
37°C. Results. We found that 30°C hypothermic coagulopathy can be detected both by thromboelastometry and throm-
boelastography. Hypothermic coagulopathy can be restored by fibrinogen to the point where the results do not significantly
differ from 37°C values (p>0.05). After warming the sample with fibrinogen to 37°C, the thrombodynamic potential index
was not significantly different from baseline (p>0.05), although there was a trend to prothrombotic status. The addition
of prothrombin complex concentrate to 30°C hypothermic sample was not able to correct hypothermic coagulopathy
in vitro. Conclusions. Coagulopathy caused by the 30°C hypothermia  witro model can be corrected by fibrinogen
concentrate compared to prothrombin complex concentrate. In spite of a tendency to prothrombotic status, this was
not significant with the use of the recommended dose of fibrinogen even after warming the blood to 37°C. However,
measurement performed at 37°C seems to be safer than at 30°C.

Key Words: Thromboelastomerry, thromboelastography, fibrinagen, hypothermia, coagulation, temperature, thrombosis

Introduction . . . . .
impairment in the coagulation system with decreas-

Lethal triad, consisting of hypothermia, acidosis and
hemodilution, is a well-known contributor to trau-
matic coagulopathy, where bleeding is the primary
cause of traumatic deaths [1,2].

Hypothermia is accompanied by coagulation
impairment that increases with decreasing tempera-
ture. This impairment is considerable mainly below
30°C, as described by many authors both by stan-
dard coagulation tests (such as prothrombin time)
and by measuring the activity of coagulation factors
at different temperature settings [3-7]. Global coag-
ulation tests, such as rotational thromboelastometry/
thromboelastography (ROTEM/TEG) methods, are
very sophisticated methods for assessing whole blood
coagulation. These methods also show an increase in

ing temperature [8]. In spite of that, mild hypo-
thermia (32-34°C) is often used in successfully
resuscitated patients after cardiac arrest. Those
changes in temperature do not appear to be of clini-
cal relevance as all values are still within the reference
range [8,9]. In this context, Kettner et al. also found
hypothermia producing only minimal changes in
coagulation at 32°C in patients undergoing intracra-
nial surgery [7]. Recent European guidelines recom-
mend a temperature range of 32—34°C for treating
posttraumatic coagulopathy in traumatic brain injury,
as well [10]. Wolberg et al. noted that thrombin is
not affected when temperature is decreased from
37-33°C [5,6]. However, in trauma patients it is
often challenging to maintain body temperature over
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33°C, especially in the winter and during excessive
bleeding. Therefore, it is necessary to seek an alterna-
tive way to compensate for hypothermic coagulopa-
thy caused by hypothermia below 33°C. Increasing
the level of coagulation factors could be one of the
options. However, there are two issues in increasing
the levels of coagulation factors: (i) Whether these
factors will be effective in hypothermia, and (ii)
whether the patient will become prothrombotic after
warming to 37°C. To address these issues, we under-
took an in vitro study to investigate the effectiveness
of pharmacological coagulation factors, such as
fibrinogen concentrate and prothrombin complex
concentrate (PCC), during hypothermia of 30°C
because data are rare at this temperature and patients
hardly become more hypothermic.

According to our hypothesis the higher concen-
tration of clotting factors should enhance thrombus
generation and thus compensate for hypothermic
coagulopathy detected by ROTEM/TEG.

Materials and methods

The present study was approved by the Ethics
Committee for Multi-Centric Clinical Trials of the
University Hospital Motol, Prague, Czech Republic.
A total of 12 healthy volunteers (six men and six
women, mean age 27X7 years; mean weight
72 kg* 8 kg) participated in our study. Informed
consent was obtained from each participant. Six
blood samples of 5 mL were collected from the
cubital vein with syringe and needle technique (six
test tubes, Nos. 1-6, containing 3.2% sodium citrate-
Greiner Bio-One GmbH, Austria).

In the first step, blood sample No. 1 was immersed
into a water bath of 37°C and test tubes Nos. 2-6
were immersed into a water bath of 30°C. Tempera-
ture was monitored with a laboratory thermometer.
These samples were incubated inside the water bath
for 15 min following the methods described by Cam-
enzind et al., who observed that citrated blood sam-
ples take at least 15 min to reach equilibrium [11].

In the second step, after 15 min of incubation at
37°C, blood sample No. 1 was initiated in ROTEM
(extrinsic [Extem)], intrinsic [Intem] and fibrinogen
[Fibtem]) and TEG (Kaolin-activated method) at
37°C, while sample No. 2 was analyzed by ROTEM
and TEG at 30°C.

Before proceeding to the next step the dosage of
fibrinogen concentrate and PCC was calculated. It
was calculated for blood volume of 4900 mL (for 70
kg human body) and then adjusted to a 5 mL test
tube. Doses used for fibrinogen concentrate and
PCC calculation were 40 mg/kg and 25 IU/kg,
respectively. It was derived as a middle value from
the recommended dose (25-50 mg for fibrinogen
and 20-30 IU for PCC) of recent European society
guidelines for perioperative bleeding [12].

In the third step, a calculated dose of 57 ul (2.85
mg) of fibrinogen concentrate (Haemocomplettan P,
CSL Behring GmbH, Germany) was added to sam-
ples Nos. 3 and 4, while 60 pL (1.8 unit) of PCC
(Human Prothrombin Complex Total NF, Baxter
AG, Austria) was added to samples Nos. 5 and 6.
These four samples were incubated for another 10
min in a water bath at 30°C for dissolving the fibrin-
ogen and PCC, respectively, reaching equilibrium of
therapeutic substance in the sample.

In the fourth step, samples No. 3 and 5 were
analyzed by ROTEM/TEG at 30°C. At the same
time. samples No. 4 and 6 were relocated into water
bath of 37°C for another 15 min (sufficient to warm
up the sample to the desired temperature), thus
mimicking warming up a patent who has been
administrated with fibrinogen and PCC during hypo-
thermia.

In the fifth step, warmed samples Nos. 4 and 6
were analyzed again at 37°C to examine if there was
any difference compared to sample No. 1.

Four ROTEM devices (TEM International
GmbH, Munich, Germany) and four TEG machines
(Haemoscope, Niles, IL., USA) were used simultane-
ously in this study, and channels were used alter-
nately all the time. We analyzed the following
ROTEM parameters:

Coagulation time (CT), the time from the start
of the sample run to the first detectable clot forma-
tion (amplitude = 2 mm); clot formation time (CFT),
the time from CT to the clot amplitude of 20 mm
(to specify the kinetics of the clot development); o
angle, the angle of tangent between 2 mm and the
curve; maximum clot firmness (MCF) amplitude in
mm; thrombodynamic potential index (TPI), which
was calculated from the curve and represents global
coagulation status; LY30 and LY60, the percentage
of fibrinolysis at 30 and 60 min, respectively, after
CT was reached (Y30 and LY60 are reversed values
of LI 30 and LI 60 which mirror the percentage of
remaining clot firmness); and maximum lysis (ML)
during whole measuring time of 90 min.

We analyzed the following TEG parameters:
Reaction tme (R), the time from the start of the
sample run to the first detectable clot formation
(amplitude = 2 mm); K, the dme from R to the clot
amplitude of 20 mm (to specify the kinetics of the
clot development); MA, the maximum clot ampli-
tude in mm; coagulation index (CI), calculated from
the curve and representing global coagulation status;
LY30 and LY®60, the percentage of fibrinolysis at 30
and 60 min, respectively, after MA was reached.

Statistical analyses

The statistical program, GraphPad Prism 6.0, was
used. After testing data fornormality using D’Agostino
and Pearson omnibus normality test, repeated



DOWHIUAUSU LY | LOIEs v yIIdzdl] dl U433 U0 AUZUST LU 1D

measures ANOVA (analysis of variance) were per-
formed to compare all sets of data and p value was
computed using Geisser-Greenhouse’s epsilon hat
method. Subsequently, for post hoc analysis and
multiple testing the Tukey method was used to com-
pare differences among each data set; p values <0.05
were considered significant.

Results

Examining the blood samples incubated and mea-
sured at different temperature, we observed that
hypothermic coagulopathy can occur at 30°C and
can also be detected both by ROTEM tests (such as
Extem, Intem, and Fibtem) and the TEG-kaolin
method; however, the TEG-kaolin method did not
show statistical differences between 37 and 30°C
(Tables I and II and Supplementary Figures 1-3,
available online at http://informahealthcare.com/doi/
abs/10.3109/00365513.2015.1031694). Analyzing
all ROTEM test results (Extem, Intem, and Fibtem),
we found that the initiation phase of coagulation rep-
resented by CT was significantly affected by hypo-
thermia (p<<0.05) (Tables I and II, Supplementary
Figure 1 available online at http://informahealthcare.
com/doi/abs/l0.3109/00365513.2015.1031694).
From Tables I and II and Supplementary Figure 1
(available online at http:/informahealthcare.com/
doi/abs/l0.3109/00365513.2015.1031694), it was
evident that the prolongation of CT could be cor-
rected by adding fibrinogen concentrate in the sam-
ple, and the corrected value was even comparable to
the basic 37°C values (differences are not significant)
in Extem and Fibtem. As evident from Table I, Intem
CT did not seem to be sensitive to a fibrinogen effect,
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and prolongation of CT was still significant com-
pared to the basic 37°C. In addition, we also found
that the propagation phase represented by CFT and
0, angle were also significantly affected by hypo-
thermia of 30°C (p<0.05) in all ROTEM tests
(Tables I and II and Supplementary Figure 1 avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/003655 13.2015.1031694). Although the
impairment of o angle of Extem and prolongation of
CFT of Fibtem were restored by fibrinogen
(Tables I and II and Supplementary Figure 1 avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/00365513.2015.1031694), fibrinogen was
not able to restore CFT of Extem (prolongation was
still significantly different from the basic 37°C value)
(Table I and Supplementary Figure 1 available online
at http://informahealthcare.com/doi/abs/10.3109/00
365513.2015.1031694). Intem CFT and the o angle
was not sensitive to the effect of fibrinogen, as dif-
ferences from the basic 37°C were still significant
(Table I). The strength of clot mirrored by MCF was
also weakened by hypothermia in Extem and Intem
and these changes were corrected by fibrinogen
although in Extem there was considerable variability
(Table I and Supplementary Figure 2 available online
at http://informahealthcare.com/doi/abs/10.3109/
00365513.2015.1031694). Fibtem MCF was not
affected by 30°C hypothermia; moreover, after treat-
ment with fibrinogen, it became stronger than at the
beginning at 37°C (significant difference, »<0.05)
(Table II and Supplementary Figure 2 available
online at hup://informahealthcare.com/doi/abs/
10.3109/00365513.2015.1031694). The early phase
of fibrinolysis represented by LY 30 was decreased
in hypothermia in all ROTEM tests (Tables I and II
and Supplementary Figure 3 available online at

Table I. Rotational thromboclastometry (ROTEM) paramcters of extrinsic (Extem) and intrinsic (Intem) with fibrinogen concentrate.

Extem

Intem

ROTEM 37°C 30°C
parameters Mean = SD Mean = SD

30°C + Fib

37°C+Fib 37°C 30°C
Mean = SD Mean*SD Mean*SD  Mean=SD

30°C + Fib 37°C + Fib
Mean +SD Mean = SD

CT 54+6.1 67 + 8. 1%%* 54 +11.91 49£6.4% 159+ 18.6 205+29.9%%* 200+ 25 6 |56+ 18,00
(seconds)

CFT 87+11.9 148+ 24 p%*** 150 £40.7%%% 87X 15.1™ 80x15.0 [51+27.7%%%% [53404g%ksx g3 12.30s
(seconds)

o angle 73+2.3 65 = 6.2%* 69 + 4 40 74+ 2308 74+3.1 63 £3.0%¥F% GG 43 giEEk 75+2.108
(degrees)

MCF (mm) 61=+2.6 59 +3.1* Ns 57 +6.6 61*£26™ 57+28 55 +3.6% 56 +2,9™ 57 £2.4™

TPI 56+12.1 30 + 7. 30X 112" 5814.8% 544139 26+ 7.7FKE g (Eekk 51:12.8™

LY 30 (%) 1.6+1.8 ns 0+0 Ns 0+0 0.6+0.8 28+20 0.2+0.6%* 0+ Q** 2] om

LY 60 (%) 10+3.9 4.6+ ] .8%** 3.7£2.0%%*%  §3+3 7ns 11+3.3 4 Rk 4 £ F¥EE 10 +3.7ms

ML (%) 11+45 6.5 £ 3,5%** 615513 Jg kR 8+3.0m8 1253 5.8 £3. 2% g 34 3 gFEEk 10+£2.9*

CT, coagulation time; CFT, clot formation time; @ angle, angle of tangent between 2 mm and the curve; MCF, maximum clot firmness;

TPI, thrombodynamic potential index; LY30, 1.Y60, 1Y30 and LY60
Fib, fibrinogen concentrate. Normal values for ROTEM: Extem — C

> percentage of fibrinolysis at 30 and 60 min; ML, maximum lysis;
T 38-79s, CFT 34-159s, & angle 63-83°, MCF 50-72 mm, LY30

0-7%, LY60 0-15%; Intem — CT 100-240 s, CFT 30-110 s, o angle 70-83°, MCF 50_72 mm, LY30 0-7%, L.Y60 0-15%; ns, means
non-significant difference related to basic 37°C, £>0.05; *means significant difference related to basic 37°C, p<<0.05; **means significant
difference related to basic 37°C, p< 0.01; ***means significant difference related to basic 37°C, p< 0.001; ****means significant difference

related to basic 37°C, »p< 0.0001.
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Table II. Parameters of ROTEM-Fibtern and thromboelastography (TEG) with fibrinogen concentrate.

Kaolin

Fibtem

30°C 30°C+ Fib 37°C+Fib

37°C

30°C 30°C+ Fib 37°C+ Fib

37°C

ROTEM
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225058

2.4 +0.4%

1.9%£0.9

K (minutes)

CFT (seconds)

625,388

64+ 8.2 59 + 4,6

o angle (degrees)
MA (mm)

TPI

CI

63+ 2, 9%k 70+ 2,708 76+ 3%*

69+3.7
152

o angle (degrees)

MCF (mm)
TPI

63 £ 6.3 62 = 4.8™

61 55"

34+ 13,918
—-1.5+1.5%

62+5.8
51%+20.4

18+ 1,5%* 19+37%
0.0+1.7

14=1.2m

52+13.9%
0.7+1.87

43+ 13,5™
—0.1x1.6™

0.5+ 1,208

0.6+ 1,70

0.4+ 1,498

2+2.7
3.5+t4.8

LY 30 (%)
LY 60 (%)

ML (%)

3.2+1.8™

0.8 £0.7%* 0.4 = 0.5%%*

32x1.9

2.6+ 4,70 LY 30 (%)
LY 60 (%)

0.7%x1.3™

0.9x2.6"

Bk D HRNEH 2.1 £ 1,604 5.7+ 1.9

7+25

2.7+ 4.6™

1+2.3*%

0.9+ 1.6*

5+4.7

MCF, maximum clot firmness; TPI, thrombodynamic potential index; LY30, LY60,

angle of tangent between 2 mm and the curve;

ML, maximum lysis;

Fibtem: CT, coagulation time; CFT, clot formation time; o angle,

LY30 and LY60, percentage of fibrinolysis at 30 and 60 min;

TEG: R, reaction time; K, kinetics; MA, maximum amplitude; Cl, coagulation index; Fib, fibrinogen concentrate;

LY30 0-7%, LY60 0~15%; Normal values for TEG-

citrated kaolin method: R 2-8 min, K 1-3 mm, o, angle 55-78°, MA 51-69

, p>0.05; *means significant difference related to basic 37°C, p < 0.05; **means significant difference

Normal values for ROTEM: Fibtem - CT 43-75 s, MCF 9-25 mm,

mm, CI 0= 3, LY 30 0-8%, LY 60 0~15%j; ns, means non-significant difference related to basic 37°C

related to basic 37°C, p< 0.01; ***means significant difference related to basic 37

°C, p<0.001; ****means significant difference related to basic 37°C, p<0.0001.

http://informahealthcare.com/doi/abs/10.3109/0036
5513.2015.1031694), although significant difference
was proved only in Intem and only in this test was
subtly accentuated with fibrinogen (Table I). In the
later phase of fibrinolysis represented by LY 60 hypo-
thermia again weakened lysis in all tests (statistically
significant in Extem and Intem), while fibrinogen
strengthened this decrease comparing to basic 37°C
in all tests except INTEM (Tables I and II and
Supplementary Figure 3 available online at http://
informahealthcare.com/doi/abs/10.3109/00365513.
2015.1031694). In addition, ML of all tests was also
significantly decreased in hypothermia; these changes
were subtly enhanced by fibrinogen only in Extem
(Tables I and II and Supplementary Figure 3 avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/00365513.2015.1031694).

After rewarming the blood containing fibrinogen,
TPI alone did not significantly differ from the basic
37°C sample; however, some prothrombotic changes
were found in all parameters and tests (Tables I
and II and Supplementary Figures 1-3 available
online at http://informahealthcare.com/doi/abs/
10.3109/00365513.2015.1031694). Those changes
reached significance in CT obtained from Extem,
ML of Intem, CFT and MCF of Fibtem (p<0.05)
(Tables I and II and Supplementary Figures 1 and 2
available online at http://informahealthcare.com/doi/
abs/10.3109/00365513.2015.1031694).

Results obtained from the TEG-kaolin method
showed a similar wend as found in the ROTEM
results in terms of initiation, propagation, strength of
coagulum, and fibrinolysis; however, significant
changes were found only in the fibrinolysis parameters
LY 30 and LY 60, where hypothermia caused inhibi-
tion in fibrinolysis (p<<0.01) enforced by fibrinogen
(»<0.001) (Table II and Supplementary Figures 1-3
available online at http:/informahealthcare.com/doi/
abs/10.3109/00365513.2015.1031694). We did not
find significant differences neither in TPI nor in CI
after rewarming the sample to 37°C (Table II and
Supplementary Figure 2 available online at htp:/
informahealthcare.com/doi/abs/10.3109/00365513.
2015.1031694).

In the group of measurements concerning PCC
we found altogether different results. Regarding
ROTEM tests (Extem and Intem), we found that all
phases of coagulaton (initiation, propagation,
strength of coagulum, and fibrinolysis) were exacer-
bated when PCC was added to the sample incubated
at 30°C (Table I and Supplementary Figures 4-6
available online at http://informahealthcare.com/doi/
abs/10.3109/00365513.2015.1031694).

After rewarming the sample back to 37°C, Extem
initiation (CT) and propagation phases (CFT and o
angle) together with parameters of fibrinolysis (LY
30, LY 60, ML of Extem and Intem) did not differ
significantly from values of the basic 37°C sample
(Table III and Supplementary Figures 4 and 6 avail-
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Table III. ROTEM parameters of Extem and Intem with prothrombin complex.

Extem Intem
ROTEM 37°C 30°C 30°C+PCC 37°C+PCC 37°C 30°C 30°C+PCC 37°C+PCC
parameters Mean +SD Mean =SD Mean = SD Mean*SD Mean=*SD Mean = SD Mean = SD Mean = SD
CT 54+6.1 67 8. 69 = 8.6™F* 5355 159+18.6  206:£29.9%** 322448 6%*** 216+ 40.9™F**
(seconds)
CFT 87x11.9 148*24 2% 159 + 24 3**** 93 % 10.3% 80+ 15 151 = 27.7%%%* 194 +30.6™*** 93 +11.1*
(seconds)
0. angle 73+2.3 65+ 6.2 63 + 3 g 71+1.8™ 74x3.1 64 + 3 g 57 + 4 5% o2t
(degrees)
MCF (mm) 61+2.6 59+3.1% 57+ 3. 1% 59 +2.2% 57+2.8 55+3.5% 53 &+ 3,9%k¥* 55+3.2%
TPI 56+12.1 30 & 7. Rk 26 6.5%k¢E 49 +8.6% 54+13.9 26 7. 7Rk 18 = 5 gk 42 +11.3*
LY 30 (%) 1.6x1.9 0=0m Qx0m 1.3+0.9™ 28*+19 0.2+0.6™* 0x0** 2.8+£1.9m
1Y 60 (%) 9.9=*39 4.6+ 1,97 4.6x2.6™* 9.7+2.8% 11 £33 42 (R 5 £ 2.7 9.5x4.6™
ML (%) 1145 6.5+3.6%%* 8.3+3.6% 11+£2.8% 12233 6+ 3.2%FF* 7.7+3.5%* 12 £4.3%

CT, coagulation time; CFT, clot formation time; « angle, angle of tangent between 2 mm and the curve; MCF, maximum clot {irmness;
TPI, thrombodynamic potential index; LY30, LY60, LY30 and LY®60, percentage of fibrinolysis at 30 and 60 min; ML, maximurm lysis;
PCC, prothrombin complex concentrate; Normal values for ROTEM: Extem — CT 38-79 s, CFT 34-159 s, o angle 63-83°, MCF 50-72

mm, LY30 0-7%, LY60 0-15%; Intem — CT 100-240 s, CFT 30-110

s, o angle 70-83°, MCF 50-72 mm, LY30 0-7%, 1LY60 0-15%;

ns, means non-significant difference related to basic 37°C, p > 0.05; *means significant difference related to basic 37°C, p<< 0.05; **means
significant difference related to basic 37°C, p< 0.01; ***means significant difference related to basic 37°C, p < 0.001; ****means significant

difference related to basic 37°C, p<<0.0001.

able online at http://informahealthcare.com/doi/abs/
10.3109/00365513.2015.1031694). The remaining
MUCF and TPI values of Extem and the rest of Intem
parameters sustained significant difference from the
basic 37°C values with hypothermic coagulopathy
(Table III and Supplementary Figure 3 available
online at http://informahealthcare.com/doi/abs/10.3
109/00365513.2015.1031694).

The TEG-kaolin method revealed that even 30°C
hypothermic changes, which were not significantly
different from the basic 37°C samples, reached sig-
nificance compared to the basic 37°C values
(»p<0.01) after PCC addition and became worsened
in parameters such as R, K, o angle, MA, TPI and
CI (Table IV, Supplementary Figures 4 and 5 avail-
able online at http://informahealthcare.com/doi/abs/

10.3109/00365513.2015.1031694). On the other
hand, fibrinolysis parameters (LY 30 and LY 60)
did not change much after the addition of PCC,
except slightly weakening the lysis (Table IV and
Supplementary Figure 6 available online at http:/
informahealthcare.com/doi/abs/10.3109/00365513.
2015.1031694). Prothrombin complex concentrate-
caused changes did not improve after rewarming the
sample to 37°C. In fact, we could still find significant
differences (p<<0.05) between the basic 37°C and
37°C with PCC samples in all parameters except LY
30; a trend toward hypocoagulation in R, K, o angle,
MA, TPI, CI and weakening of fibrinolysis was
observed (Table IV and Supplementary Figures 4-6
available online at http://informahealthcare.com/doi/
abs/10.3109/00365513.2015.1031694).

Table IV. Parameters of TEG with prothrombin complex.

Kaolin

37°C 30°C 30°C+PCC 37°C+PCC
TEG parameters Mean = SD Mean = SD Mean *+ SD Mean *+ SD
R (minutes) 6:3:441.9 Tl =0:9% 195 pres 11 +2.9%*
K (minutes) 1.9x0.9 2.4+ 0.4 7.2 +3.4%* 4.4+1.5%F
« angle (degrees) 64+8.2 59 +=4.6™ 32 11, 7%F%* 45+ 11.9**
MA (mm) 62*+5.8 61 +5.5% 48 = 7.4%*F 52+6.7*
TPI 51+20.4 34+ 13.9% g5 gFEE BT+ 105
CI 0.0+1.7 ~ 1.5 1.5% —14.6 + 6.2F¥%* —7.3 3, 7HF
LY 30 (%) 3.2+1.9 0.8+ 0.7%* 0.2+0.4%* 2.4*+1.4™
LY 60 (%) 725 3k 3 5FFHF 1£0.9%rE* 46+2.6%"

R, reaction time, K, the time from R to the clot amplitude of 20 mm; o angle, angle of tangent between
2 mm and the curve; MA, the maximum clot amplitude in mm; CI, coagulation index; TPI, thrombodynamic
potential index; LY30, LY60, LY30 and LY60, percentage of fibrinolysis at 30 and 60 min; PCC,
prothrombin complex concentrate; Normal values for TEG-citrated kaolin method: R 2-8 min, K 1-3
mm, o angle 55-78°, MA 51-69 mm, CI 0+3, LY 30 0-8%, LY 60 0-15%; ns, means non-significant
difference related to basic 37°C, p>0.05; *means significant difference related to basic 37°C, $»<0.05;
**means significant difference related to basic 37°C, p<<0.01; ***means significant difference related to
basic 37°C, p<0.001; ***means significant difference related to basic 37°C, p<0.0001.
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Discussion

Our results show that the 30°C hypothermic coag-
ulopathy iz vitro model can be overcome by increas-
ing the level of fibrinogen but not with used PCC.
Prothrombotic status after rewarming to 37°C was
not obvious. Fibrinogen together with platelets
and FXIII is responsible for development of high-
quality blood clot [13,14]. We believe that enzy-
matic activity is reduced in hypothermia and
subsequently thrombin generation and secondary
fibrin formation. But as in chemistry, if you increase
concentration of substrate for the enzymatic pro-
cess you will strengthen enzymatic reaction. And
as ROTEM measures thrombus generation, higher
fibrinogen concentration can speed up and increase
thrombus generation in all phases (CT, CFT,
MCEF). Our findings are in principal in accordance
with other studies, which demonstrated effective-
ness of fibrinogen in correction of 33°C hypother-
mic coagulopathy [15] and at 32°C hypothermic
coagulopathy [16]. Since the synthesis of fibrino-
gen is decreased during hypothermia [17] in vivo,
it is therefore, logical to replenish fibrinogen from
outside. Interestingly, our study showed that
fibrinogen not only improved initiation, propaga-
tion phases and strength of coagulum, but also
decreased fibrinolysis, thus, corrected hypother-
mic coagulopathy in all coagulation phases in virro.
We obtained the best visible results of fibrinogen
effectiveness in hypothermia using ROTEM-
Extem and Fibtem. Interestingly, Extem and Intem
CFT did not improve after fibrinogen addition
compared to o angle. Therefore, we presumed that
CFT at this parameter is probably more sensitive
to platelets function, because it plays the most
important role at the beginning of the propagation
phase [18], and next, to fibrinogen function. How-
ever, this fact does not apply to the TEG K param-
eter, probably because different activators are used
in both methods.

Despite the fact that most parameters were
improved after fibrinogen addition to the sample, the
final step of the study, involving rewarming the sam-
ple back to 37°C, did not show significant prothrom-
botic changes compared to the basic 37°C; however,
the prothrombotic tendency was detected in Extem
and TEG as TPI and CI increased comparing to
baseline.

This could be because of using the middle dose
of recommended range for fibrinogen treatment. It
suggests that fibrinogen overdose might lead to
hyperfibrinogenemia after warming the patient up
which is a prothrombotic status related to higher risk
of thrombosis development in the arterial and venous
system [19-21].

Prothrombin complex concentrate did not suc-
ceed in improving hypothermic coagulopathy in vitro.
Moreover, we found worsening of hypothermic

coagulopathy when PCC was added to the 30°C
blood sample in both ROTEM (Extem, Intem) and
TEG-kaolin method although INTEM was deterio-
rated much more. This could be explained by com-
position of our 600 units (20 mL) packing of PCC
(Human Prothrombin Complex Total NF, Baxter
AG, Austria). It contains 15-30 IU of antithrombin
and up to 300 IU of heparin, and at least 400 IU of
protein C. This ‘anticoagulation’ effect has been
described by Grottke et al. [22]. Another explanation
can be the ineffectiveness of PCC in this 30°C hypo-
thermia and also dilution can play a role. This result
is in contrast to other studies which found PCC
effective in hypothermia; however, this has been
demonstrated only for 33°C [23].

According to our results we believe that it is safer
and more effective to start treatment of severe hypo-
thermic coagulopathy with fibrinogen concentrate
comparing to PCC and the latter could be used from
the point when the patient is warned to at least 33°C.
In order to ensure that hypothermic coagulopathy
treatment is adequate, measurements should be car-
ried out at 37°C as well as at the patient’s hypother-
mic temperature simultaneously, as described in one
of our case reports [24]. This is especially important
if the patient’s temperature comes below 33°C, as
efficacy of PCC in 30°C hypothermia is not proved
in our study. In this regard, measurement performed
at 37°C seems to be safer than at the patent’s hypo-
thermic temperature, because the former measure-
ment eliminates the risk of hypocoagulation caused
by overdose of PCC and thrombosis risk related to
overdose of fibrinogen before the patient is fully
warmed up.

The limitation of this study is the fact that the
present study was performed i vizro and the situ-
ation # vivo is more complex (primary hemostha-
sis, pH, drugs, etc.) and can be much more
different in a hypothermic patient. Moreover, we
did not examine how warming up to 37°C in vivo
affects coagulation in organism. Prothrombotic
tendency found in this study might even strengthen
because of increased fibrinogen production in the
body [17]. This needs to be evaluated in vivo and
results of this i vitro study can be used for prepa-
ration of an i vivo study.

When it comes to the reliability of ROTEM and
TEG in detecting hypothermic coagulopathy,
ROTEM seems to be more sensitive because CT
and CFT are measured in seconds while R and K
are measured in minutes. Therefore Extem and
Intem are suitable as basic tests. Fibtem is not so
important because it is a secondary test needed to
measure the level of functional fibrinogen level
detected by MCF, which is not sensitive to hypo-
thermia.Based of the above findings, we conclude
that coagulopathy caused by the 30°C hypothermia
tn vitro model can be corrected by fibrinogen con-
centrate, which is stable in this temperature and
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can overcome the adverse effect of hypothermia on
coagulation compared to prothrombin complex
concentrate; the latter is not effective in such hypo-
thermia iz vitro, as evident from ROTEM and TEG
measurements. In spite of a tendency to prothrom-
botic status, this was not significant with the use of
recommended dose of fibrinogen even after warm-
ing the blood to 37°C. However, results indicate
that carrying out the measurement at 37°C seems
to be safer than at 30°C.
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SUHRN

Diseminovana intravaskuldrna koagulopatia je zivot ohrozujuci stav, ktory sa moze vyvinut po peripartainej hyste-
rektémii, podstdpenej kvoli Zivot ohrozujiicemu krvacaniu u tehotnych Zien. V kazuistike popisujeme pripad, kde sa
laboratdrne a tromboelastometrické vysledky naznacujuce rozvoj konzumpénej koagulopatie zlepsili po podani anti-
trombinu. Chceme poukazat na to, Ze spravne nacasované podanie antitrombinu méze mat vyznam v terapii v lie¢be
konzumpcnej koagulopatie. Tromboelastometria sa javi ako vhodna metodika pri diagnostike a monitorovani takejto
koagulopatie. Je vSak nutné poznat hladinu antitrombinu, pretoze rovnaku hypokoagulacnd tromboelastometricku
krivku mozno ndjst aj u pacienta s chronickym autoimunitnym onemocnenim s normalnou hladinou antitrombinu,
napr. pri ulceréznej kolitide.

KLUCOVE SLOVA

antitrombin - krvicanie - diseminovana intravaskularna koagulopatia - hysterekt6mia - tromboelastometria

ABSTRACT

Durila M., Teslik L., Astraverkhava M., Vymazal T.: Uloha antitrombinu a tromboelastometrie v manazmente
pocinajicej diseminovanej intravaskuldrnej koagulopatie po peripartalnej hysterektomii

Disseminated intravascular coagulopathy is a life threatening condition which can develop after hysterectomy done
because of peripartum life threatening bleeding in pregnant women. We present a case report where laboratory and
thromboelastometry results indicating consumptive coagulopathy got better after only administering of antithrombin.
In this case report we can see that antithrombin can help in treatment of consumptive coagulopathy when adminis-
tered at the right moment. Thromboelastometry can be used for diagnosis and monitoring of coagulopathy but it is
necessary to determine the level of antithrombin, because the same thromboelastometry hypocoagulation pattern
can be found in chronic autoimmune status, e.g. as in ulcerative colitis.

KEYWORDS

antitrombin - krvacanie - diseminované intravaskuldrna koagulopatia - hysterektémia - tromboelastometria
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ovob

Popdrodné krvacanie je zavazny stav, ktory mé-
Ze ohrozit Zivot matky a niekedy je nutné vykonat
hysterektdmiu k zastaveniu Zivot ohrozujiiceho
krvacania. AvSak ani vykonanie hysterektémie
nemusi zabranit dal§iemu rozvoju koagulopatie.
Je preto doporucené vfasné monitorovanie koa-
guldcie a korekcia patologickych hodnét [1]. Toto
popdrodné krvacanie moéZe byt sprevadzané rozvo-
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jom diseminovanej intravaskuldrnej koagulopatie
(DIK) [2]. DIK je komplexny syndrém, ktory sa moZe
prejavovat krvacanim alebo zlyhanim organov. Jeho
liecba je velmi narofnd a zahfra podanie prokoa-
gula¢nych faktorov aZ po antikoagulatné faktory
ako je antitrombin (AT). O tlohe antitrombinu
sa vedud rozne diskusie, prifom niektoré spoloc-
nosti ho pre nedostatok randomizovanych stadif
nedoporucuji k Standardnému pouZivaniu u DIK



(Britska spolotnost hematolégie, Medzinarodna
spolotnost pre trombézu a hemostizu), na druhej
strane Japonska spolocnost trombézy a hemostazy
antitrombin v liecbe DIK doporucuje (sila doporu-
¢eni B1) [3]. Metdda tromboelastometrie (ROTEM)
hodnotiaca koaguldciu plnej krvi umoZiuje odlisit
hyperkoagulaény stav od hypokoagulacie a méze
pomdct presnejsie a lepSie monitorovat vyvoj ko-
agulopatie pri rozvoji DIK [4]. Zdkladnym testom
ROTEM je vysetrenie EXTEM, z ktorého ziskame
informacie o poruche inicia¢nej fazy zraZania plnej
krvi (CT - coagulation time, koriguje sa poddvanim
zrazacich faktorov), o propagacnej fize zriZania
(CET - clot formation time a uhol alfa) a o sile koagu-
la (MCF - maximum clot firmness). Ku korekcii pro-
pagacnej fazy a sily koagula sa podava fibrinogén
alebo trombocyty. Ako doplnujici test pouZivame
FIBTEM (obsahuje blokator trombocytov), ktory nas
informuje o hladine funk¢éného fibrinogénu.
Prezentujeme pripad, kde poporodna konzum-
pcna koagulopatia vznikajica po hysterektémii
(vykonani za tifelom zastavenia peripartilneho
Zivot ohrozujiiceho kivicania) bola monitorovana
pomocou ROTEM a lie¢end podanim antitrombinu.

POPIS PRIPADU

Tehotna Zena podstipila pérod, ktory bol kom-
plikovany Zivot ohrozujucim krvacanim a nako-
niec bolo pristipené k hysterektémii, Krvna strata
bola odhadovana na 3000 ml a bola hradeni 4
jednotkami erytrocytarnej masy a 6 jednotkami
Cerstvej mrazenej plazmy. Po vykone bola hodno-
ta Hb 82 g/1, hodnota fibrinogénu 2,53 g/1 a pocet
trombocytov 78 x 10%/1 a vySetrenie ROTEM preu-
kazalo trombocytopatiu/peniu spolu s hrani¢nou
hodnotou funkéného fibrinogénu (maximum clot
firmness, MCF FIBTEM 10 mim) - obrazok 1a).

KedZe pacientka-rodiCka erstvo prekonala Zivot
ohrozujiice krvacanie a ofakaval sa rozvoj dalsich
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Obr. 1a Tromboelastometrické krivky pred podanim a po
podani antitrombinu pri non-overt DIK

Hypokoagulacny stav s predizenim propagacnej fazy zréZania
reprezentovany CFT (clot formation time) a e uhlom a s velmi
nizkou silou koagula (MCF, maximum clot formation). Hladina
antitrombinu bola 65%. Hladina funkéného fibrinogénu (FIBTEM)
MCF bola 10 mm.
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komplikacii (priznaky systémovej zapalovej odpove-
de, krvdcanie...) boli jej podané 2 jednotky erytro-
cytarnej masy s cielom dosiahnutia hornej doporu-
Covanej hranice Hb 90-100 g/1. PretoZe je u rodiciek
fyziologicky zvySena hladina fibrinogénu (>3 g/l) a je
doporucované substituovat fibrinogén na hodnotu
Fibtemn MCF > 12 mm, podali sme pacientke taktieZ
1 g fibrinogénu (Haemocomplettan, CSL Behring,
Marburg, Germany). Hladina AT bola 65 %.

O Sest hodin sa vysledky ROTEM zhorsili eSte
viac (obr. 1b), a to napriek podanému fibrinogé-
nu. Rovnako doslo aj k zhorSeniu laboratérnych
vysledkov v zmysle poklesu trombocytov na 62 x
10°/1, fibrinogénu na 2,51 g/l a hodnota AT klesla
na 52 %. Zaujimavé je, Ze parameter ROTEM -
coagulation time (CT, inicia¢ny ¢as zrdZania) sa
skratil zo 74 sekiind na 44 sektind, ¢o znamena,
Ze iniciacna faza zrdZania bola zvysena (intenziv-
nejsia), napriek globalnemu hypokoagulatnému
stavu. Pacientka v tom Case stale nemala Kkrva-
cavé prejavy, ale hladina Hb napriek substiticii
klesla na Hb 78 g/1. KedZe hladina AT bola 52 %
a hodnota D-dimérov bola vysoka (4732 ng/ml),
mali sme podozrenie na pocinajici rozvoj DIK.
Vypocitané DIK skére malo hodnotu 4, ¢o zname-
na, ze sa mohlo skutocne jednat o tzv. non-overt
DIK. Preto sme sa rozhodli podat 500 jednotiek
AT s cielom zablokovat iniciaéni fizu zrazania.
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Obr. 1b Tromboelastometrické krivky pred podanim a po
podani antitrombinu pri non-overt DIK

Oproti obrdzku 1a na EXTEM krivke vidime skrdtenie Casu zrazania
(CT, coagulation time), ¢o predstavuje iniciaénu fazu zrazania

a zhorsenie propagacnej fazy ~ CFT. Pritomny je pokles trombo-
cytov v laboratdriu na 62 x 109/1 a antitrombinu na 52%. Hladina
funkeneho fibrinogénu (FIBTEM) MCF je T mm.

O sedemdesiat miniit neskdr bola urobend kon-
trola laboratérnych parametrov, pricom hladina
AT stiipla na 97 %, pocet trombocytov stiipol na 84
x10°1a hladina fibrinogénu sa zvy3ila na 3,28 g/1.
Pacientka nekrvacala, a ani nedochdadzalo k pokle-
su hemoglobinu. Rovnako aj parametre ROTEM
boli v normalnych hodnotach (obr. 1c) a pacientke
sa darilo dobre.

DISKUSIA
Na tomto pripade chceme poukazat, Ze opakova-
né hodnotenie koagulacie pomocou ROTEM mozZe
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Obr. 1c Tromboelastometrické krivky pred podanim a po
podani antitrombinu pri non-overt DIK

Normalna ROTEM krivka po terapii 500 jednotiek antitrombinu.
Oproti obrazku 1b vidime zlep3enie propagacnej fazy, sily koagula
a funkéného fibrinogénu (FIBTEM MCF 14 mm). Hladina antitrom-
binu je 97%.

byt uzitocné pri sledovani dynamiky rozvoja kon-
zumpénej Roagulopatie. V pripade non-overt DIK sa
ndm osvedcila hematologicko-patofyziologicka tva-
ha, Ze antitrombin, svojim zasahom do iniciacnej
fazy zrazania moze zabranit konzumpcii zrdZzacich
komponentov. Dovodom, preco antitrombin nie
je celosvetovo jednohlasne doporucovany k liecbe
DIK, moze byt fakt, Ze DIK mdZe prebiehat rézne
rychlo a naprojektovat $tiidiu s homogénnou sku-
pinou pacientov je prakticky takmer nemozné, a uz
vObec nie u tehotnych Zien. Domnievame sa preto,
Ze jednotlivé kazuistiky mo6zu byt velmi uZitocné.

Otazka podavania AT pri DIK je velmi diskuto-
vana. Prace, ktoré hodnotili vplyv AT na mortalitu
pacientov u DIK boli robené na skupine septickych
pacientov a nebol zisteny rozdiel v mortalite medzi
pacientmi so substitiiciou AT a bez substitiicie a na-
vySe v skupine pacientov so siCasnym podavanim he-
parinu bola zistena zvySena incidencia krvacania [5]

Kienast et al. v8ak vo svojej Stiidii ukazali, Ze
AT je uc¢inny pri non-overt DIK a jeho podanie bez
sucasného podavania heparinu viedlo k zniZenej
mortalite [6].

V naSom pripade sme podavali antitrombin bez
heparinu a k monitorovaniu koagulopatie sme
pouzili ROTEM, Vysledky ROTEM v zmysle hypo-
kogulacnej krivky boli podobné tym, ktoré opisali
Sharma a Saxena v ich DIK skérovacom systéme
[4]. S autormi sa zhodujeme v tom, Ze hypokoa-
gulaény ROTEM vysledok méZe byt pritomny aj pri
inych chronickych autoimminych ochoreniach,
ako poukazujeme na obrdzku 2, kde prezentujeme
nalez pacienta s ulceréznou kolitidou a autoimu-
nitnou hepatitidou. Hladina fibrinogénu je u to-
hoto pacienta 2,21 g/1, pocet trombocytov 85 x 10%/1,
ale aktivita AT je 99 %. K odliSeniu tohto fenoménu
je preto nutné vySetrit hladinu AT.

Zaverom chceme povedat, Ze opakované vyse-
trenie ROTEM a aktivity AT moze byt napomocné
pre ¢asny zachyt DIK a pre monitorovanie G¢in-
nosti terapie a na rozdiel od laboratérnych testov,
ROTEM poskytuje informdacie o funkénom stave
zrdZacich komponentov a o pritomnej fibrinolyze.

ANESTEZIOLOGIE A INTENZIVNI MEDICINA 2016, 27, ¢. 2
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Obr. 2 Tromboelastograficka krivka pacienta s ulcer6znou
kolitidou

Krivka (a, b) je podobna obrazku 1, ale v tomto pripade je hladina
antitrombinu v norme.
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Abstract

Background: Coagulopathy is often accompanied by prolongation of prothrombin time (PT) in septic and
nonseptic patients in intensive care unit (ICU). The conventional way to correct the coagulopathy is to administer
fresh frozen plasma (FFP) before invasive procedures to minimise the risk of bleeding. However, prolonged PT can
be present even in hypercoagulation status, resulting in unnecessary administration of FFP. In the present study, we
have assessed the reliability of thromboelastometry in case of prolonged PT and the relationship to bleeding
complications during surgical tracheostomy.

Methods: The study was conducted during the period between April 2013 and April 2014 in patients undergoing
surgical tracheostomy. Coagulation status was assessed using PT, and the status was reassessed by
thromboelastometry for prolonged PT. Tracheostomy was performed in patients with normal thromboelastometry
results without administering FFP.

Results: Tracheostomy was performed in total 119 patients. Normal value of PT as measured by international
normalized ratio (INR) < 1.2 was found in 64 (54 %) patients, while prolonged INR > 1.2 was found in 55 (46 %)
patients. Patients with INR 2 1.3 (with INR min- 1.3, max- 1.84, and median- 1.48) were further analysed by
thromboelastometry. Despite prolonged INR, thromboelastometry results were in normal ranges in all cases except
one. With normal thromboelastometry, tracheostomy was performed safely without any bleeding complication.

Conclusions: Surgical tracheostomy in septic and nonseptic patients can be performed without bleeding
complications in case of normal thromboelastometry results (EXTEM CT) despite increased PT-INR. This method can
help physicians to reduce unnecessary administration of FFP in patients.

Keywords: Thromboelastometry, Tracheostomy, Plasma, Bleeding, Sepsis

Background

Coagulopathy is a well-known phenomenon among inten-
sive care unit (ICU) patients undergoing surgical proce-
dures such as tracheostomy [1]. It is often accompanied
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( BiolMed Central

by prolonged standard coagulation tests such as pro-
thrombin time (PT, international normalized ratio, INR).
However, prolonged PT-INR does not necessarily indicate
hypocoagulation status; it might even accompany hyper-
coagulation status [2]. According to the recent guidelines
of the European Society of Anaesthesiology (ESA) for the
management of perioperative bleeding [3], correcting pro-
longed PT-INR up to 1.5 is not recommended. However,
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in practice, even if the PT-INR is below or over 1.5, many
physicians try to correct this coagulopathy, usually by ad-
ministering fresh frozen plasma (FFP) prior to the planned
surgical intervention including tracheostomy to reduce
the risk of bleeding. Indeed, the consequences of eventual
bleeding can be life threatening, even when PT-INR is
below 1.5. The limitation of the PT-INR test is its inability
to determine the role of other blood components, such as
platelets and erythrocytes, which play important roles in
the initiation of blood coagulation. Moreover, the PT-INR
does not provide any information on other coagulation
phases, such as propagation, clot strength and fibrinolysis,
which can be decreased or increased despite of normal or
pathologic PT-INR of 1.5. Therefore, surgery always re-
mains associated with the bleeding risk irrespective of pa-
tients’ PT-INR status. Rotational thromboelastometry
(ROTEM) as viscoelastic method may be a better method
in this regard and can be used for differentiating hypocoa-
gulation from hypercoagulation situations [2] thereby
assessing coagulation status better than the PT-INR. Thus,
ROTEM could help in providing aimed administration of
FFP and other drugs to patients who are at risk of bleeding
even before surgical complication. Furthermore, with such
a reliable method of coagulation monitoring, it would be
possible to reduce transfusion of FFP and minimise risks
associated with FFP administration [4]. In this study, our
objective was to find out whether surgical tracheostomy
can be done safely and without bleeding complication in
patients with normal ROTEM-EXTEM results despite
prolonged PT-INR in ICU patients.

Methods

This prospective study was approved by the Ethics Com-
mittee for Multi-Centric Clinical Trials of the University
Hospital Motol. In all unconscious patients informed
consent was obtained from family members. One hun-
dred nineteen patients, who underwent planned surgical
tracheostomy at the Department of Anaesthesiology and
Intensive Care Medicine, Motol University Hospital in
Prague between April 2013 and April 2014, were en-
rolled for this study. Blood coagulation status was
assessed by PT-INR, analysed with CA-7000 automated
coagulation analyser (Sysmex Co., Kobe, Japan). Arterial
blood was used for this analysis. In the cases where PT-
INR was prolonged over 1.2, while the platelets count
was higher than 50x10°/L and activated partial
thromboplastin time was normal (APTT-INR 0.8-1.18),
ROTEM-EXTEM (TEM International GmbH, Munich,
Germany) was also performed. Tracheostomy without
prior administering FFP was performed in patients with
at least minimal values of normal range for EXTEM re-
sults (coagulation time - CT, clot formation time - CFT,
alpha-angle, A10 — amplitude in mm 10 min after CT,
maximum clot firmness - MCE, lysis index - LI30 and
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LI60). In order to correct coagulopathy before tracheos-
tomy, 4 FFP was administered only in those cases where
ROTEM revealed pathological values in EXTEM CT.
ROTEM was not re-assessed after the intervention.
Bleeding was assessed during tracheostomy as well as
24 h after the procedure. The following three conditions
were considered as complication: (i) surgeon performing
tracheostomy assessed bleeding as major or nonstandard,
(i) surgical revision was necessary to stop bleeding, or (i)
decrease in haemoglobin levels during 24-hour postopera-
tive period because of tracheal bleeding. We also identified
the cause for which the patients were brought to ICU and
accordingly, divided them into two groups as septic (pa-
tients who were admitted to ICU because of severe sepsis)
and nonseptic (admitted for a reason other than sepsis).
Coagulation status was compared between the two study
groups not only to find out whether there was any differ-
ence in ROTEM-EXTEM (tissue factor-triggered extrinsic
pathway) findings between two groups, but also to check
whether prolonged PT- INR was connected to sepsis in the
participants.

Statistical analysis

For data analysis, we used GraphPad Prism 6.0 statistics
program. While descriptive statistics was used to deter-
mine minimal, maximal and median values, unpaired two
tailed z-test was used to compare EXTEM parameters and
coagulation parameters between PT-INR 1.21-1.29 and
PT-INR >1.3 groups, and between nonsepsis and sepsis
groups (p < 0.05 was considered as significant).

Results

During the study period (April 2013-April 2014), oto-
rhinolaryngologist surgeons performed 119 tracheosto-
mies in those ICU patients who needed artificial
mechanical ventilation even after tenth day of their hos-
pitalisation. Normal value of PT-INR < 1.2 was found in
64 (54 %) patients, while prolonged PT-INR over 1.2 was
found in 55 (46 %) patients (Fig. 1). ROTEM-EXTEM
was performed only when PT-INR was>1.3 (PT-INR
min 1.3, max 1.84, and median 1.48), because neither
the surgeon nor the physician would correct PT-INR
below 1.3. We found 28 (51 %) patients with PT-INR
value between 1.21-1.29 and 27 (49 %) patients with
PT-INR = 1.3 (Fig. 1). Except in one patient (EXTEM CT
of 99 s, PT-INR 1.4, APTT-INR 1.18), EXTEM results
were in normal ranges or hypercoagulable in almost all
patients with PT-INR > 1.3 (Table 1). Tracheostomy was
performed safely without any bleeding complication in
patients with normal EXTEM results.

While analysing these ICU patients for the cause of
hospitalisation, we found that sepsis counted for only
25 % patients in the group with PT-INR < 1.2; nonseptic
condition was the cause of hospitalisation in the rest
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represented by INR (INR - International normalized ratio)

75 % patients in that group (Fig. 2). However, in the
group with PT-INR > 1.2, 47 % patients were hospitalised
for sepsis, while 53 % for nonseptic conditions (Fig. 2).
In the subgroup with PT-INR 1.21-1.29, 36 % patients
were with sepsis, while 64 % were with nonseptic condi-
tions (Fig. 3). Interestingly, in the subgroup with PT-
INR > 1.3, nonseptic condition was present in only 40 %,
patients with sepsis increased to 60 % (Fig. 3). However,
we did not find any statistical difference between the sep-
tic and nonseptic initiation phase of coagulation (p =0.6)
as represented by CT of ROTEM-EXTEM in the group
with PT-INR 2 1.3 (Fig. 4). As well, comparing overall sep-
tic group to nonseptic group there was no significant
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difference in parameters of CFT, alpha angle (»>0.05),
but when looking closer to cloth strength, parameter A10
was borderline (p =0.056), MCF was significantly higher
in septic patients (p<0.05) and fibrinolysis was signifi-
cantly decreased in sepsis (p < 0.05) represented by param-
eters LI60 and ML.

Discussion
Coagulopathy in ICU patients is often reported in litera-
ture, but there is an ongoing debate about its pathophysi-
ology. Kinasewitz et al. described that the consumption
and depletion of endogenous haemostasis factors in sepsis
result in the prolongation of PT-INR [5]. On the other
hand, platelets are often activated by inflammatory process
[6] together with increased level of fibrinogen [7]; this
situation can often lead to hypercoagulation and fibrin de-
position connected to organ dysfunction [8—10]. However,
in inflammation and sepsis hypercoagulation can quickly
change to hypocoagulation, while PT-INR itself remains
unchanged. As PT-INR does not take into account all co-
agulation factors, thromboelastography/thromboelastome-
try (TEG/ROTEM) seems to be a better method for
differentiating between those two stages (hyper vs. hypo-
coagulation) in septic and nonseptic patients [2, 11-13].
Our results of EXTEM say that if parameters such as CT,
CFT, alpha angle, A10, MCEF, LI30, LI60, ML are in normal
range or hypercoagulable, surgical procedure such as
tracheostomy can be done safely. These findings are similar
to recently published data of Greene et al. demonstrating
that thromboelastometry measures of clot firmness
(EXTEM AIl0, A20, and MCF) are superior to platelet

Table 1 ROTEM-EXTEM and laboratory coagulation parameters in examined patients

EXTEM parameters INR 1.21-1.29 (mean + SD)

INR2 1.3 (mean + SD)

Nonsepsis (mean + SD) Sepsis (mean + SD)

CT (seconds) 58.60 + 14.01 60.79£7.58 "™ 58.75 + 1042 61.92+£729 ™
CFT (seconds) 5040 £ 2141 67.05+2498 " 71.17 £2775 5600+ 198 "
a angle (degrees) 80.60 £4.04 7679 £ 467 ™ 76.50 £ 5.27 7867 £48 ™
A10 (mm) 69.00+9.67 65.16+802 ™ 62.75+898 69.17 + 6.4 P=006
MCF (mm) BIEENT 7047 £6,02 ™ 6833 +£691 7375475 *%
LI30 (%) 99.60 +0.55 9963 £059 ™ 99.58 +0.67 99.67 +049 ™
LI60 (%) 9400+ 4.12 9647 +347 ™ 93.50+356 9842+ 151 ***
ML (%) 0.00+561 621+493 "™ 9.67 £ 4.89 3.92+348 **
Laboratory parameters

Fibrinogen g/L 457 +0.88 4734662 "™ 4724053 468079 ™
Platelets(x10%/L) 2094+ 1325 160.1+77.18 ™ 1648+ 101.1 175948199 ™

CT - coagulation time, time from the start of the sample run to the first detectable clot formation (amplitude =2 mm); CFT - clot formation time, time from CT to the
clot amplitude of 20 mm (to specify the kinetics of the clot development); a angle, angle between the trace and the x-axis; A10 clot firmness (in mm amplitude) at the

respective, time point after CT

MCF- maximum clot firmness; LI30 and LI60 - Lysis Index at time 30 and 60 min after CT; ML - maximum lysis during whole measuring time of (90 min)
Normal values for ROTEM: EXTEM - CT 38-79 s, CFT 34-159 s, a angle 63-83°, MCF 50-72 mm, LI30 0-7 %, LI60 0-15 %; Fibrinogen- 1.8-4.2 g/L, Platelets count

- 150-400x10°/L

ns - means nonsignificant difference between two groups p > 0.05 * means significant difference between two groups p < 0.05 ** means significant difference be-
tween two groups p < 0.01 *** means significant difference between 2 groups p < 0.001
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count in predicting bleeding in patients with severe
thrombocytopenia [14]. Our finding of decreased later fi-
brinolysis in septic patients represented by LI60 and ML is
in accordance with similar results of Amazik at al. [15].

To the best of our knowledge, the present study is the
first report where ROTEM-EXTEM was used as a global
coagulation test for evaluating of coagulation status be-
fore surgical tracheostomy and comparing to standard
coagulation tests. Here we provided mostly the descrip-
tive statistics (Figs. 1, 2 and 3), because it would be un-
ethical to look for a point in ROTEM at which the
patient would start bleeding as bleeding is a life-
threatening risk. Data obtained from descriptive analysis
are sufficient to provide both clinical and forensic sup-
ports to the surgeon as well as to the physician taking

207 64%

Number of patients

Fig. 3 Frequency pathologic INR in nonseptic and septic group
of patients

80+

704
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& &
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Fig. 4 Coagulation time (CT) ROTEM parameter in nonsepsis and
sepsis group of patients (INR Z 1.3). There is no statistical difference
between CT of nonseptic and septic patients; p=06

care of the patient and that can lead to decreased ad-
ministration of unnecessary FFP administration.

When EXTEM CT was pathologic, 4 units FFP were
administered to the patient before tracheostomy. As we
did not do control ROTEM, we do not know if FFP was
able to correct prolonged CT. However, many authors
say that FFP is not able to correct a mild increased PT-
INR of 1.3 to 1.8 [16-18]. There was only one case when
EXTEM CT was prolonged (CT of 99 s, PT-INR was 1.4
and APTT-INR was 1.18) out of 27 ROTEM tests per-
formed in the subgroup of PT-INR > 1.3.

Figure 1 shows that among the 119 patients who under-
went tracheostomy, normal PT-INR (<1.2) was present in
54 % of cases and pathologic PT-INR (>1.2) in 46 % of
cases. The group with pathologic PT-INR was further di-
vided into two subgroups with PT-INR 1.21-1.29 and PT-
INR > 1.3. This is because, in practice, a physician would
not correct PT-INR up to 1.29; hence, we performed
EXTEM only for the subgroup with PT-INR > 1.3. Inter-
estingly, the number of patients was almost identical in
both subgroups, i.e., 51 % of patients with PT-INR over
1.2 belonged to the group with PT-INR 1.21-1.29 and
49 % belonged to the other group (Fig. 1).

Next we attempted to find whether any association ex-
ists between the prolonged PT-INR and the reasons for
hospitalisation. Based on our analysis, we divided the pa-
tients into two groups: (i) septic group and (ii) nonseptic
group (Table 2). Nonsepsis patients prevailed in the
study group with PT-INR<1.2, while the group with
PT-INR > 1.2 had 53 % nonseptic patients and 47 % septic
patients (Fig. 2). Therefore, it is evident that coagulopathy
with prolonged PT-INR was almost identically present in
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Table 2 Causes of nonsepsis and sepsis which brought patients
to ICU

Causes No. of patients
brought to ICU

Polytrauma 24

Nonsepsis
Cranial trauma 10
Hemorrhagic stroke 14
Ischemic stroke 4
Cardiopulmonary resuscitation 13
Brain metastasis 3
Lung transplantation 2
Cervical spine Injury 3
lleus without sepsis 2
Poisoning:

Carbon monoxide 1
Ethylene glycol 1

Sepsis Pneurnonia 24
Peritonitis 10
Coxitis 1
Mediastinitis 1
Gonitis 1
Pyelonephritis 1
Pancreatitis 1
Spondylodiscitis 1
Cholecystitis 1

Gangrene of lower extremity 1

septic and nonseptic patients. Interestingly, in the sub-
group of PT-INR 1.21-1.29, nonsepsis prevailed in 64 %
of patients over 36 % sepsis patients. However, when PT-
INR exceeded 1.29, the coagulopathy proportion turned
around with 60 % patients with PT-INR > 1.3 found in the
septic group; the residual 40 % were in nonseptic group
(Fig. 3).

The normalization of EXTEM CT despite an increased
PT-INR value might be due to the presence of sepsis
with increased tissue factor expression on circulating
monocytes [15, 19, 20] and this cannot be detected in
plasmatic coagulation tests such as PT-INR since the
cells are removed by centrifugation, however, CT in
ROTEM can be shortened in this case. Coagulation time
of EXTEM in PT-INR > 1.3 subgroup did not differ sta-
tistically (p > 0.05) between those two groups; it was, in
fact, in the normal range. No patients had bleeding com-
plication in either group despite the prolonged PT-INR,
which represent mainly clotting factor deficiency. This
could be explained by the fact that despite the coagula-
tion factor deficiency in ICU patients, other substances
of blood important in coagulation such as platelets, fi-
brinogen, etc., might compensate for factor insufficiency.
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Beiderlinden at al. found that bleeding incidence dur-
ing and following dilatational tracheostomy was higher
in patients with prolonged APTT and with platelets
below 50 x 10°/L. [21]. This may be true as platelets
below 50 x 10°/L are generally connected with prolonged
bleeding time and impaired primary hemostasis. That is
why our patients had at least this number of platelets.
Notably, platelet dysfunction due to antiplatelet drugs
cannot be detected by ROTEM. However, Greene et al.
demonstrated that ROTEM clot firmness (A10 or MCE
in INTEM or EXTEM) is superior to platelet count in
predicting bleeding in pediatric patients

with ITP (Immune Thrombocytopenia) and severe
thrombocytopenia (<30x10°/L) [14]. Furthermore, Fayed
et al. reported that a ROTEM-guided transfusion proto-
col in patients undergoing liver transplantation can
avoid 75 % of platelet transfusions in patients with a
platelet count < 50 x 10°/L without increased bleeding
rate [22]. Therefore, clot firmness (A10 or MCF) should
be considered in addition to CT in particular in patients
with thrombocytopenia. When it comes to APTT, we ex-
cluded patients with prolonged APTT for the following
reasons: (i), extrinsic pathway of coagulation initiation
prevails in vivo, as described in cellular model of coagu-
lation; (ii) in our chronic ICU patients PT prolongation
is more common than APTT; (iii) when PT is pro-
longed, prothrombin complex can be used instead of
FFP. Prolonged APTT is a more complex concern as it
can be caused by heparin or hemophilia but we plan to
look closer to this problem in the future.

The limitation of the study is the fact that at the time
of performed tracheostomy the primary cause and rea-
son for admission to ICU had almost resolved (tracheos-
tomy is usually performed after tenth day of artificial
ventilation) and patients from both groups were becom-
ing alike, meaning becoming patients with ICU coagu-
lopathy. That might be the reason why there is little and
no statistically significant difference in CT-EXTEM pa-
rameters between groups. Another limitation of the
study is the number of subjects involved in the study but
as a pilot study it can be useful for other researchers also
in other medical fields.

Conclusions

Based on the above findings, we conclude that throm-
boelastometry (ROTEM-EXTEM) is a reliable method
for assessing coagulation status in patients in ICU and it
is superior to standard coagulation prothrombin time
(PT-INR). Thromboelastometry can differentiate hypo-
coagulation status from normal/hypercoagulation status
and thus even in case of prolonged PT-INR surgical
tracheostomy can be performed safely without bleeding
complication in septic and nonseptic patients provided
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that EXTEM parameters are at least normal. This
method also supports physicians in reducing unneces-
sary FFP administration used preventively to minimise
bleeding risk in patients with prolonged PT-INR.
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Abstract

Objectives: The objective of our clinical analysis was to compare consumption of Fresh Frozen Plasma (FFP)
and platelets before and after the institution of thromboelastometry at our Intensive Care Unit (ICU).

Background: Intensive care unit patients often receive transfusion of FFP and platelet concentrate either before
or after surgical intervention to correct prolonged prothrombin timefactivated partial thromboplastin time or low
platelets count. However, thromboelastometry (ROTEM) using whole blood provides more complex evaluation of
coagulation than standard tests. Very often despite prolonged values of standard tests ROTEM values are normal.
Therefore, evaluation of hemocoagulation based on ROTEM can lead to reduction of FFP and platelets consumption
in ICU.

Methods and Materials: We analysed two periods of FFP and platelet consumption for 4,678 patients who were
treated at our ICU from 2009-2015. The first period analysed was prior to the thromboelastometry institution in daily
practice (2009-2013), and the second period evaluated was after thromboelastometry was instituted (2013-2015).
The data were compared to the other relevant research results published in the PubMed database, the MeSH index
in the Medline database, and Google Scholar.

Results: Annual FFP consumption prior to thromboelastometry institution was 6,235 units. After
thromboelastometry implementation, this figure decreased to 4,028 units (35% reduction) in the first year and 2,990
units (52% reduction) in the second year. Platelet consumption was 503 units prior to thromboelastometry institution;
this figure decreased to 487 units (3% reduction) in the first year and 401 units (20% reduction) in the second year.
The number of patients and procedures did not differ significantly during the analysed periods.

Conclusion: Thromboelastometry institution in daily practise led to significant reduction of FFP and platelets
consumption without any life threatening complication.

Keywords: Thromboelastometry; ROTEM; Fresh frozen plasma;
Platelets

Introduction

Critically ill patients frequently receive inappropriate transfusions of
blood components such as Fresh Frozen Plasma (FFP) [1] and Platelet
Concentrates (PC) [2]. Very often they are used to correct prolonged
standard coagulation tests such as prothrombin time or activated
partial thromboplastin time before surgical procedures [3]. However,
allogeneic FFP and platelet transfusions carry the risks of bacterial
contamination, allergic reactions, febrile reactions, venous
thromboembolism, multiple organ failure [4], Transfusion-related
Acute Lung Injury (TRALI), Transfusion-related Circulatory Overload
(TACO) [5] and troublesome wound healing [6]. Therefore, the
avoidance of inappropriate FFP and platelet transfusions might
improve both the outcomes and prognoses of these patients, as well as
reduce transfusion-associated hospital costs.

Standard laboratory coagulation tests, such as Prothrombin Time/
International Normalized Ratio (PT/INR), Activated Partial

Thromboplastin Time (APTT) and platelet count are still frequently
used to assess coagulopathy and to guide transfusion strategies [7].
These tests often produce abnormal results in intensive care unit
patients [8]. The risk-benefit ratio of FFP and PC transfusion strategy
on the basis of abnormal laboratory test results in the absence of active
bleeding is poorly understood [9]. It is commonly assumed that
prolongation of PT/APTT or low platelet count reflects an increased
risk of bleeding [7]. However, prolonged PT/APTT and low platelet
count do not necessarily indicate hypocoagulation status, and they
might even accompany hypercoagulation status [10].

Routine coagulation tests such as PT/APTT are most commonly
measured using blood plasma separated from blood cells. Thus, these
standard laboratory coagulation tests do not reflect coagulation as a
complex system. There is now a growing interest in the use of global
haemostasis assays [10] such as rotational thromboelastometry (TEM
International GmbH, Munich, Germany). This method uses whole
blood and provides a unique, comprehensive way to assess coagulation,
which more closely mirrors the physiologic conditions in vive [11] and
also provides qualitative coagulation analyses. After the institution of
ROTEM at our department, FFP and PC consumption significantly
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decreased. Therefore, we decided to conduct a retrospective study
comparing FFP and PC consumption during the periods prior to, and
after, ROTEM institution in daily practise.

Materials and methods

Our clinical analysis of annual FFP and PC consumption was
performed retrospectively for the period prior to ROTEM institution
(April 2009-April 2013), as well as the period after ROTEM institution
in daily practice (April 2013-April 2015). The study comprised a
sample of 4,678 patients.

During time period before the introduction of ROTEM FFP and PC
were transfused before providing invasive procedures in response to an
abnormal coagulation test result, such as PTr/INR and platelet count.
The standard dose of FFP for the correction of coagulation was 15
ml/kg, resulting in approximately 4 units of FFP. In the cases of
patients where platelet count was less than 100 x 10%/L, two units of
PC were administered. After the implementation of ROTEM,
transfusion strategy before surgical interventions was managed based
on this method. The surgical procedures were conducted without
prophylactic FFP administration were performed in patients having (at
least) minimal values within the normal range for clothing time (CT)
EXTEM results. In cases where EXTEM testing results showed
pathological clotting times (CT), four units of FFP were transfused
prior to the procedure. In patients with platelet count less than 100 x
10°/L for the platelet function assessment in addition to EXTEM,
FIBTEM test was also performed. The surgical procedures were
conducted without prophylactic platelet administration when EXTEM
and FIBTEM clot firmness (MCF) were normal. In cases, where
platelet abnormality was suggested (reduced MCF in EXTEM with a
normal MCF in FIBTEM), two units of PC was administered prior to
the procedure.We compared our findings with other relevant research
results published in the PubMed database, the MeSH index in the
Medline database, and Google Scholar. This was accomplished using
the following search terms: “thromboelastometry”, “ROTEM”, “fresh
frozen plasma’, “platelets’, and “reduction of consumption” The
financial costs for both periods were calculated. The GraphPad Prism
statistics program (version 6.0, San Deigo, CA. USA) was used to
perform statistical analyses using descriptive statistics to determine
median values.

Results

Mean annual fresh frozen plasma consumption before rotational
thromboelastometry institution was 6235 units. After implementation
of rotational thromboelastometry it decreased to 4028 units (35%
reduction) in the first year and to 2990 units (52% reduction) during
the second year. Platelets consumption decreased from average 501
units before rotational thromboelastometry implementation to 487
units (3% reduction) in the first and to 401 units (20% reduction) in
the second year. Data are summarised in Table 1. Annual financial
costs for FFP and PC calculated for both periods also significantly
decreased (Table 1). The number of patients and demographic data did
not differ significantly between analysed periods (Table 2).

Discussion

Implementation of ROTEM into daily practice at our department
decreased consumption of FFP by about % comparing to period when
hemocoagulation was evaluated only by standard tests PT/APTT and
platelets count. These data obtained from our general ICU are in

accordance with other authors who found ROTEM effective in FFP
and platelets reduction in cardiac intensive care unit [12], during liver
transplantation [13] and also in management of traumatic bleeding
[14] and massive haemorrhage management [15]. This approach to
coagulation assessment protects patients from unnecessary FFP and
platelets administration which are generally connected to increased
morbidity and mortality. A systematic review including 80 published
randomized controlled trials [16] has also shown no evidence of
benefit in the prophylactic use of FFP and PC in non-bleeding ICU
patients prior surgery. However, in practice when standard tests are
prolonged, clinicians need some device which would provide objective
picture of coagulation and which would protect them from potential
forensic issues. Thromboelastometry might be such a device. By using
whole blood it takes into consideration also platelets function which
play a critical role in coagulation [17].That is why low level of
coagulation factors (prolonged PT/APTT) in cooperation with
platelets is sufficient for good blood clotting. Vice versa, when there is
low number of platelets, the high functional fibrinogen level (present
in septic ICU patients) is sufficient for adequate clot formation [18].
Therefore, in case of normal ROTEM we do not see any bleeding
complication during surgical procedures or afterwards despite
prolonged PT/APTT or low platelets count [2]. Daily using of ROTEM
is also cost effective [19].

. oq| FFP Galculated | platejets | Coiculated
me Perod| consumption | FFP costs | ¢ tion | F
before ROTEM £ L v costs
(units) {Euro) {units) (Euro)
2009 - 2010 6097 182400 492 163836
2010 - 2011 7809 235456 531 176823
2011 - 2012 5138 190857 467 155511
2012 - 2013 6331 182472 515 171495
g”;d;a" 2009 - ga35 186665 503 167666
Time period after
ROTEM
2013 - 2014 4028 124365 487 162171
2014 - 2015 2990 90640 401 133533
g&dg"“ 2013 -/ 3500 107503 | 444 147852

Table 1: Consumption of FFP and PC before and after ROTEM

institution.

Tmeeriog | 2000 2010 2011 2012 | 2013 | 2014
pe 2010 | 2011 | 2012 | 2013 | 2014 | -2015

Number  of| ., 809 794 821 723 807

patient

Mean age| g4 67 62 59 68 65

(years)

?",,/f)'e/ Female | grmg | 66/34 | 5oM1 | 5545 | 61/39 | 6535

Table 2: Characteristics of ICU patients.

J Hematol Thrombo Dis
ISSN:2329-8790 JHTD, an open access journal

Volume 4 » Issue 1 » 1000233



Citation:
Consumption in ICU Patients: A Clinical
10.4172/2329-8790.1000233

Astraverkhava M, Durila M, Vymazal T (2016) Thromboelastometry-based Coagulation Assessment Reduces Plasma and Platelet
Analysis and Literature Search.

J Hematol Thrombo Dis 4: 233. doi:

Page 3 of 3

According to our results during the period after ROTEM institution
we were able to save approximately 79 000 Euro per year due to FFP
reduction and also approximately 20 000 Euro per year due to platelets
reduction. Thus, the total cost reduction was 99 000 Euro per year.

Conclusion

Rotational thromboelastometry, as the global coagulation test, has
quite changed our view on hemocoagulation and has helped us to
provide the goal-directed and individual-tailored therapy. Thus, based
on this method, we can protect our patients from useless and
potentially harmful transfusions of fresh frozen plasma and/or
platelets. In addition, ROTEM enables to spare financial resources and
makes the treatment cost-effective.
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Impact of retransfusion of blood processed in cell-saver on coagulation
versus cardiopulmonary bypass: a prospective observational study using
thromboelastography

Tomas Vymazal, Martin Filaun, Michal Horacek

Aims. To compare an impact of retransfusion of blood processed in cell-saver (CS) with that of cardiopulmonary bypass
(CPB) on blood coagulation in patients undergoing cardiac surgery.

Methods. Prospective observational study using thromboelastography (TEG).

Results. TEG samples from 170 patients were analyzed. Cardiopulmonary bypass was used in 100 patients while 70
patients were operated off-pump. In 20 off-pump patients collected blood was processed by cell-saver and returned. In
all patients clot formation after heparin neutralization by protamine was unimpaired. However, there was a significant
increase in fibrinolysis defined by the TEG parameter Lysis time 30 min after the maximum amplitude of the clot was
reached (Ly30) in groups with CPB or CS but this increase still did not exceed the threshold for clinical fibrinolysis (Ly30

> 7.5%). In the group without CPB there was no significant impact on coagulation.
Conclusion. Surgery that avoids CPB and/or CS is the gentlest method for inducing blood coagulation.

Key words: thromboelastography, coagulopathy, bleeding, cardiopulmonary bypass, cell-saver, fibrinolysis
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INTRODUCTION

Cardiac surgical procedures are complex, usually long-
lasting and performed most frequently in seniors suffering
from concomitant diseases and taking various medica-
tions. The majority of procedures are accomplished on
cardiopulmonary bypass (CPB) but some can also be per-
formed without CPB on the beating heart. These are off-
pump coronary artery bypasses (OPCAB). In all coronary
revascularizations, the decision on how to perform the
procedure in a particular patient belongs to the operating
surgeon. Principally it is possible to do the case either on
pump or on beating heart.

Cardiac surgical procedures carry the risk of consider-
able bleeding which is caused by surgical wound itself and
by heparin and protamine together with other causes such
as hypothermia, anaemia, inflammation or drug effects
(e.g. antiplatelet agents, low molecular weight heparins)
etc. To reduce the burden associated with blood transfu-
sions - transfusion-associated immunomodulation, lung
injury or circulatory overload to name just a few - resulting
in decreasing patients’ survival with increasing number
of transfusions' the shed blood in pump procedures is
often retransfused directly back to the patient or in off-
pump procedures it is collected to a cell-saver, processed
and also returned back to the patient. In both cases, the
blood is in contact with a serose lining in the pericardium
and/or in pleural cavities, sometimes for a long time. It
has been shown that blood contact with the pericardial
cavity induces strong hemolysis, inflammatory mediator

release, and coagulation activation, driven by tissue factor
pathway activation?.

Therefore, the aim of this prospective observational
study was to compare the impact of cardiopulmonary by-
pass plus retransfusion of the shed blood with retransfu-
sion of shed blood processed by a cell-saver in off-pump
procedures. The impact on coagulation was assessed
thromboelastographically. The hypothesis was that re-
transfusion of blood from cell-saver could impair coagu-
lation equally as cardiopulmonary bypass.

MATERIAL AND METHODS

Patient sample

The study was done in adult patients undergoing car-
diac surgical procedures including coronary artery bypass
grafting on pump (CABG) and off-pump (OPCABG)
and/or valve procedures at a university hospital between
June 2010 and June 2011. To evaluate the impact of
both approaches (i.e. direct retransfusion on pump vs.
retransfusion from cell-saver in off-pump procedures) on
coagulation, thromboelastography (TEG) was used. All
the relevant data for analysis were obtained from cardiac
anaesthesia and surgical intensive care databases collected
prospectively during the patient’s hospitalization as a part
of routine clinical practice. Therefore, individual consent
was waived as this was a retrospective analysis of prospec-
tively gathered data and patients were not identified.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2013; 157:XX.

Anaesthesiological and coagulation management
All anaesthetic and surgical procedures were per-
formed in the standard manner. General anesthesia was
principally the same in on-pump and off-pump proce-
dures. It was induced by a combination of sufentanil 1
pg.kg!, etomidate 0.2 mg.kg! and rocuronium 1 mg.kg?!
and maintained by isoflurane in air and boluses of suf-
entanil and rocuronium being supplemented as needed.
Before connecting the patient to the CPB 3-4 mg.kg'
body weight bovine lung heparin were given into the cen-
tral vein to achieve an activated coagulation time (ACT)
at least 400 s. The standard cardiopulmonary bypass with
open venous reservoir, twin-head roller pumps, capillary
membrane oxygenator, and arterial line filtration and bio-
compatible substances coated circuit was performed using
mild hypothermia 34-35 °C. A cold blood antegrade and/
or retrograde cardioplegia were applied for myocardial
protection according to surgeon’s discretion. After suc-
cessful weaning from CPB protamine was given in a dose
of 1 mg per mg of administered heparin into a central
vein to achieve ACT less than 140 s. Inotropic and vaso-
active drugs were supplemented as needed. Aprotinin or
antifibrinolytics were not routinely used during the study.
In off-pump procedures, heparin was given in a dose
2-3 mg.kg! body weight into the central vein on surgeon’s
request. The desired ACT value was at least 300 s. The
anastomosis of left internal mammary artery to left ante-
rior descending artery was constructed first, other anas-
tomoses were then performed using stabilizers at the
surgeon’s discretion. Necessary hemodynamic support
was achieved with volume, inotropic agents and cardiac
pacing as needed. After completing the last anastomosis
when circulation was stable, protamine was given in the
same ratio to heparin as in on-pump procedures.
Cell-saver (a continuous autotransfusion system
C.A.T.S. Fresenius Medical) was routinely used in all
off-pump procedures since their beginning respecting its
contraindications such as sepsis and malignant tumors. In
all off-pump cases, the lost blood was suctioned into the
reservoir of the cell-saver where heparin in a dose 50 mg
was added. However, the collected blood was processed
only if the blood loss was more than 1 liter and/or if the
patient was anaemic and the amount of blood gained af-
ter processing (roughly one third of blood collected) was
high enough to justify the costs of additional instrumental
setting. The processed blood was retransfused to patients
immediately after processing in accordance with circula-
tory condition.

Thromboelastography

Thromboelastography was performed in the standard
manner according to the manufacturer’s manual using
a computer-controlled thromboelastograph haemostasis
system (TEG Haemoscope, Niles, Illinois, USA) in na-
tive blood samples withdrawn from arterial lines after dis-
carding 10 ml of blood to eliminate the effect of heparin
flush because all arterial lines were continuously flushed
with a heparin solution (4 IU.mL", 3 mL.h"). The TEG
analysis was done at the temperature 37 °C. There were

two samples for each patient. The first sample was taken
after the induction of anaesthesia before heparin admin-
istration, the second one in patients operated on pump
within 20 min after coming off the bypass and after hepa-
rin neutralization by protamine or in off-pump patients
after retransfusion the blood gained from the cell-saver
and again after heparin neutralization by protamine. The
samples were compared within and between the groups.
Recorded values from thromboelastography were R
(reaction time), i.e. time from the start of the sample run
to the first detectable fibrin fiber formation defined by
curve amplitude width 2 mm (normal range 19-28 mm);
K (clotting time) is a time from R to the arbitrarily pre-
defined strength of the clot, i.e. the width of the TEG
trace 20 mm (normal range 8-13 mm); MA, maximum
clot amplitude (normal range 48-60 mm); LY30 is an
amplitude decrement measured 30 min after the MA ex-
pressed in % of MA (normal range < 7.5%). The tracing
speed was 2 mm.min". Reaction time R corresponds to
the whole blood clotting time. Values R, K and o-angle
(not collected) indicate the rate of clot formation whereas
MA represents the strength of the blood clot, which is a
function of platelet number and fibrinogen concentration.
TEG parameter Ly30 describes the stability of the blood
clot in time, i.e. describes the amount of fibrinolysis.
Recorded values were exported and further analyzed
in Microsoft Excel while statistical analysis was done with
SPSS 17.0 (SPSS, Chicago, lllinois, USA). Statistical com-
parisons were done using Mann-Whitney test or x*test,
as appropriate. The level of significance was set at 0.05.

RESULTS

A total of 170 patients were included in our study.
There were 100 patients operated on pump (58.8%) and
70 patients (41.2%) operated off-pump. Of these patients,
in 20 (28.6%) retransfusion of blood from cell-saver was
performed. The volume of the retransfusion was approxi-
mately 480 mL.

Thromboelastographical values are given in Table 1.
It can be seen that cardiopulmonary bypass accelerates
coagulation according to shortened values of reaction and
clotting times (R and K), does not affect the clot strength
and activates fibrinolysis. The fibrinolysis activation is sta-
tistically significant but may not be clinically significant
because the median value of Ly30 is still in the normal
range (i.e. <7.5 %). Off-pump procedures have no substan-
tial impact on blood coagulation assessed by thromboelas-
tography because neither coagulation nor fibrinolytical
parameters changed significantly. However, comparing
values after the surgery in patient given retransfusion
from cell-saver at the end of surgery with initial values
in these patients (n=20) the same pattern as in on-pump
procedures can be seen, i.e. coagulation activation and
fibrinolysis enhancement. However, the significance is
again statistical but may not be clinical because the value
of LY 30 is still in the normal ranges.
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Table 1. Thromboelastographical values at the start of the operation (T1) and at the end (T2) in on-pump and off-pump pa-
tients with/without cell-saver.

On-pump OPCAB patients OPCAB patients

patients with cell-saver without cell-saver

(n=100) (n=20) (n=50)

Tl T2 T1 T2 T1 T2

Reaction time (s) 28.4£0.3 22.3+0.6 28.5+0,3 26.3+0.5 274 +03 274 +0.3
Clot formation time (s) 16.5+0.3 124 +0.8 16.5+0.3 15.7+£0.5 155£0.1 15.8+0.4
Maximum amplitude (mm)  54.4 £0.3 542 £0.6 545+0.3 555 06 544 +£0.3 52.7+0.1
Ly30 (%) 2.6 +0.3 4.3+ 0.5" 2.5+0.3 32+0.2" 2.4+0.1 2.3£0.1

Abbreviations: OPCAB = Off-Pump Coronary Artery Bypass, Ly30 = clot lysis time 30 min after the maximum amplitude of the clot.

Values are means + standard deviation.

*There is a significant difference (P=0.01) between Ly30 in the group at the start of the operation (T1) and at the end of the operation (T2).
"There is a significant difference (P=0.01) between Ly30 in the group at the start of the operation (T1) and at the end of the operation (T2).

Other comparisons within and between groups were nonsignificant.

DISCUSSION

In this prospective observational study using throm-
boelastography we found that both retransfusion of shed
blood from cardiopulmonary bypass as well as from cell-
saver in offspump procedures activated coagulation (de-
creased values R, K, equal MA) as well as fibrinolysis
(increased values Ly30). In OPCAB patients operated
without cell-saver there were no differences in coagulation
or fibrinolysis by TEG parameters at the start and at the
end of operation.

Cardiopulmonary bypass used for heart operations
in adults has an artificial surface with an area of approxi-
mately 4.2 m? in the system and 1.6 m? in the oxygenator.
The contact of blood with this surface and with air in the
standard open venous reservoir together with suctioning,
ischemia and reperfusion all lead to an acute, intense, but
transitory proinflammatory state. Despite anticoagulation
with heparin, thrombin generation occurs and secondarily
activates fibrinolysis. These disturbances - activation of
both coagulation as well as fibrinolysis - can enhance
blood loss after the operation and impair the function
of bypasses.

In the last decade, there has been a dramatic increase
in the popularity of off-pump technology in coronary ar-
tery bypass surgery. However, despite abundant evidence
validating the safety and efficacy of this approach to coro-
nary revascularization, considerable controversy persists
about the long-term outcome due also to hypercoagulable
state which can be induced by the operation’.

In case of surgery in which massive blood loss is ex-
pected or can be sudden, a machine for recuperation of
blood - a cell-saver is advocated®. Cell-saver machines
enable processing the blood removed by suction and to
return it to the patient’s circulation despite impact on
coagulation®®. The filters of cell-savers can remove large
particles as fat or tissue but cannot delete tissue factor
and other cytokines released due to surgical trauma and
affecting coagulation’. The potential advantages of peri-
operative blood salvage include the ready availability of

large volumes of patient-compatible blood with optimal
oxygen-carrying capacity free of exogenous infection®.
Although the blood loss during off-pump surgery varies
usually from 500 to 1800 mL, at our institution the cell-
saver is routinely used for suctioning the blood into the
reservoir only. The collected blood is then processed and
retransfused only when the volume is sufficiently high
to warrant further costs incurred by additional setting
needed for the procession. These costs are higher than the
cost of one transfusion unit of foreign packed red cells.

The strength of the study is the method used to evalu-
ate changes in coagulation and fibrinolysis - thrombo-
elastography. This is unique because it assesses blood
coagulation as a whole. It involves the effects of all fac-
tors affecting coagulation such as number and function
of platelets and leucocytes, activities of coagulation and
anticoagulation and fibrinolytic factors and effects of
drugs, influence of temperature, acid-base balance, anae-
mia etc.”!%. The other major advantage of TEG is that it
can show the stability of the clot in time. Thus, in contrast
to conventional coagulation tests performed in plasma,
TEG as a whole blood coagulation test is superior in as-
sessing the coagulation status!’.

The limitation of the study is a small number of pa-
tients in which a cell-saver was used. The decision is al-
ways based on the volume of blood loss, the hemoglobin
level and circulatory status of the particular patient and
with regard to economy.

CONCLUSION

In this prospective observational study it was shown
that retransfusion of patient’s own blood from cardiopul-
monary bypass as well as from cell-saver have similar ef-
fects on coagulation. In both cases, increased fibrinolysis
was discovered. On the other hand, the mutual contact of
blood with endothelium of serose pericardial cavity did
not significantly affect coagulation. Thus, surgery avoiding
cardiopulmonary bypass and/or cell-saving techniques, i.e.
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careful physiological operating with minimal blood loss in
patients with sufficiently high preoperative hemoglobin
level, is the only method with no substantial impact on
blood coagulation.
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ACT, Activated coagulation time; CABG, Coronary
artery bypass graft; CPB, Cardiopulmonary bypass; 1U,
International unit; K, Clotting time; Ly30, Clot lysis time
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OPCAB, Off-pump coronary artery bypass; R, Reaction
time; TEG, Thromboelastography.
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Is Allogeneic Blood Transfusion a Risk Factor for
Sternal Dehiscence Following Cardiac Surgery?
A Prospective Observational Study

Tomas VymMazAL,' MD, Michal HorRACEK," MD, Radim DURPEKT,” MD,
Marie HLADIKOVA,” Mgr, and Karel CvacHOVEC,' MD

SUMMARY

Sternal dehiscence following cardiac surgery has a multifactorial etiology. Significant
risk factors contributing to sternal dehiscence include chronic obstructive pulmonary
disease (COPD), obesity, or re-exploration due to bleeding or pericardial tamponade. We
have focused on the role of allogeneic blood transfusion as a factor leading to the poor
healing of surgical wounds.

A prospective observational study of 1553 elective and emergency cardiac surgery
patients was performed between January 2003 and June 2007. All of the patients enrolled
in this study underwent median sternotomy. We studied the relationship between sternal
dehiscence following cardiac surgery and the total number of packed red blood cells trans-
fused.

The incidence of sternal dehiscence in the study group was 3.4%. Diabetic patients
did not have a higher incidence of wound dehiscence. Although COPD,” obesity,” and
re—exploration‘” contributed to sternal dehiscence, the number of allogeneic blood transfu-
sions during the perioperative period was an important independent risk factor for sternal
dehiscence. Patients with sternal dehiscence received an average of 7.6 transfusion units
(TU) of allogeneic blood versus 1.6 TU of allogeneic blood in the group without sternal
dehiscence (P < 0.00005). The dehiscence affected patients without any other significant
risk factor who received 6 or more TU, or patients with at least one significant risk [actor
who received 4 or more TU of allogeneic blood.

According to our results, the total amount of allogeneic blood transfused is an impor-
tant risk factor contributing to sternal dehiscence. Regardless of other risk preconditions,
the transfusion of 6 or more TU could result in sternal dehiscence following cardiac sur-
gery. (Int Heart J 2009; 50: 601-608)

Key words: Sternal dehiscence, Immune modulation, Blood transfusion, Cardiac surgery

SINCE 1956," median sternotomy has been the most frequently used surgical

From the Departments of * Anesthesiology and Intensive Care Medicine and * Cardiovascular Surgery, University Hospital
Motol, Prague, * Medical Informatics, 2™ Faculty of Medicine, Charles University, Prague, Czech Republic.

Address for correspondence: Tom4$ Vymazal, MD, Department of Anesthesiology and Intensive Care Medicine, University
Hospital Motol, V Uvalu 84, 150 06 Prague 5, Czech Republic.

Received for publication September 22, 2008.

Revised and accepted April 27, 2009.

601



Int Heart J
602 VYMAZAL, ET AL September 2009

approach to the heart. Sternotomy wound healing difficulties occur in 1-5% of
cases and are associated with significant patient suffering, prolonged hospital
stay, and increased costs. They can be categorized as either superficial lesions
involving only soft tissues (skin and subcutaneous) or sternal dehiscences with
or without infection.

The most important risk factor for sternal dehiscence is obesity. Other risk
factors include diabetes mellitus, COPD, ACE inhibitor use, bilateral mammary
artery harvesting, emergency surgery, or mediastinal re-exploration. Their im-
portance is viewed differently and conflicting results are widely discussed.>

Cardiac surgery is associated with significant bleeding and blood loss. This
lost blood is often replaced by allogeneic blood transfusion. Blood transfusion,
however, can lead to adverse effects such as volume overload, febrile reaction,
and allergy. It is also associated with many risks, namely hemolytic reaction, in-
fection transmission, or the possibility of immunomodulation. The role of allo-
geneic blood transfusion as a possible strong immunomodulating agent has been
widely discussed recently.” "

Allogeneic blood transfusion represents a possible risk for its recipients.
The immunomodulation affects in-hospital morbidity and mortality,”*'"" in-
creases the risk of infectious complications,”"*'"” prolongs hospitalization,"""?
and increases costs. The restrictive approach to allogeneic blood transfusion
should always be adhered to,"” and the guidelines for alternatives to blood trans-
fusion should be followed.'*'*"” The operation should also be avoided in anemic
patients."**”

Our study was designed to evaluate the role of allogeneic blood transfusion
in sternal wound dehiscence following median sternotomy in patients who un-
derwent cardiac surgery.

METHODS

Cohort evaluation of all consecutive (ie, elective as well as emergency) pa-
tients undergoing cardiac surgery (both off-pump and cardiopulmonary bypass)
using median sternotomy at our institution between January 2003 and June 2007
was performed (Table I). Clinical data were collected prospectively and entered
into the clinical database. Data analysis was performed retrospectively. The in-
formed consent of patients was not required as follow-up and data analysis is
part of the departmental quality management program. This study was approved
by the Hospital Institutional Review Board.

Anesthesiological and surgical management including cardiopulmonary
bypass were performed in accordance with standard practice in their entirety.
Preoperative chest hair removal was performed by manual shaving the day be-
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Table I. Baseline and Clinical Patient Characteristics

Sternal dehiscence Without sternal

(n=153) dehiscence (n = 1500) o

Age, years 67 =14 65 £33 0.103
BMI, kg.m> 27.6+34 265+3.6 0.031
Diabetes, n (%) 28 (52.8%) 643 (42.9%) 0.272
COPD, n (%) 17 (32.3%) 184 (12.3%) 0.033
Left ventricular ejection fraction, % 47 43 0.152
EuroSCORE 4.8+1.2 4713 0.098
LIMA + RIMA, n (%) 2 (4%) 90 (6%) 0.324
Blood loss, mL 1480 + 720 mL 790 + 560 mL < 0.0002
Re-exploration, n (%) 9 (17.6%) 127 (8.5%) <0.002
RBC administered, TU 7.6 1.5 < 0.00005

BMI indicates body mass index; COPD, chronic obstructive pulmonary disease; EuroSCORE, European
System for Cardiac Operative Risk Evaluation; LIMA, left internal mammary artery; RBC, red blood cell;
RIMA, right internal mammary artery; and TU, transfusion unit.

Table II. Symptoms of Sternal Dehiscence

Symptom Number Percentage
Sternal instability 51 96%
Painful deep sternal palpation 47 89%
Positive cultivation 46 88%
Local redness 41 T1%
Pus secretion 11 21%

fore the operation in elective cases, or just before the operation in emergencies.
Antibiotic prophylaxis was administered at the introduction of anesthesia, ie,
30-60 minutes before the start of operation. Broad spectrum penicillins or 1st or
2nd generation cephalosporins were given for 24 to 48 hours depending on the
type of procedure. Perioperative glucose management followed departmental
guidelines valid at the time of the study, ie, insulin was given when glycemia ex-
ceeded 180 mg% (10 mmol/L). All transfusion units of red blood cells were ad-
ministered through a deleucotizing filter. Mammary arteries were harvested ex-
clusively as pedicled grafts. Closure of the sternum was (based on the surgeon’s
preference) by either 8, 6-gauge stainless-steel wire stitches going through-and-
through the bone, or by figure-of-eight wire stitches going again through-and-
through the bone. The amount of blood lost was assessed regularly every hour
and the indication for re-exploration was determined according to Barrat-Boyes
criteria or when pericardial tamponade was diagnosed.

The sternal wound was assessed during the patient’s stay in hospital and
again during a scheduled visit 6 weeks after discharge. Sternal dehiscence was
diagnosed by clinical and/or radiological assessment. Clinical signs of sternal
dehiscence included local redness or an upswing of temperature, pus secretion,



Int Heart J
604 VYMAZAL, ET AL September 2009

Table ITI. Classification of Mediastinitis in Patients Undergoing Cardiopulmonary Bypass

1 Mediastinitis present within 2 weeks after operation in the absence of risk factors
2 Between 2" and 6" week, no risk factor

3a Type 1 with one risk factor

3b Type 2 with one or more risk factors

4a Types 1, 2, or 3 with failure of one therapeutic trial

4b  Types 1, 2, or 3 with failure of more therapeutic trials

5 After more than 6 weeks

El Oakley RM, Postoperative Mediastinitis: clasification and management, Ann Thorac Surg
1996; 61: 1030-6.

Table IV. Demonstrated Risk Factors and Their Statistical Power

Risk factor Significance

Diabetes P=0272

Age P=0.103

COPD P =0.033

BMI P =0.031

Re-exploration P < 0.002

Dehiscence developed in patients with no risk factor mentioned P < 0.00004
above received 6 > TU ABT

Dehiscence developed in patients with risk factors >1 mentioned P < 0.00006
above received 4 > TU ABT

Number of ABT TU P < 0.00005

tenderness or pain on palpation, and sternal instability (Table II). Infection as-
sociated with sternal dehiscence was confirmed by positive microbiological cul-
tivation of mediastinal tissue or fluid. Sternal dehiscence was further classified
according to the Fl Oakley classification (Table III).

The following baseline characteristics were recorded: age, sex, obesity de-
fined by a body mass index (BMI) above 30 (BMI is body weight in kilograms
divided by body height in centimeters squared), diabetes (medication with a
peroral antidiabetic agent and/or insulin), COPD (regular use of bronchodilators
and/or steroids per inhalation or appropriate systemic medication), left ventricu-
lar ejection fraction, EuroSCORE, and previous sternotomy. Perioperative pa-
rameters included the use of mammary grafts, blood loss, number of red blood
cell transfusion units administered during the hospital stay, and re-exploration
due to bleeding.

Data are presented as the mean + standard deviation or percentage. Both
groups, ie, the group with sternal dehiscence versus the group without sternal
dehiscence, were compared using the Mann-Whitney test or o test, as appropri-
ate. Statistical analysis was done using SPSS version X (SPSS, Chicago, Ill.,
USA) and a P value of 0.05 was considered statistically significant.
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RESULTS

Cohort analysis involved 1553 patients, 1500 without and 53 with sternal
dehiscence. The incidence of sternal dehiscence was thus 3.4%. The baseline
and perioperative clinical characteristics are summarized in Table 1. Patients
with sternal dehiscence tended to be older, demonstrated a greater inclination
towards obesity (BMI 27.6 versus BMI 26.5; P = 0.031), and were more likely
to suffer from COPD (32.3% versus 12.3%; P = 0.033). The incidence of dia-
betes was high in both groups, but the difference was not statistically significant
(52.8% versus 42.9%; P = 0.272). Left ventricular ejection fraction as well as
the operative risk as assessed by EuroSCORE were identical in both groups. Bi-
lateral mammary artery harvesting was quite rare mainly due to the higher age
of CABG patients, who represented roughly two thirds of the study population,
and the high proportion of diabetic patients. The amount of blood loss in the
group with sternal dehiscence was almost twice as high as in the other group,
which is also reflected by the number of administered packed red blood cells.
Patients who required re-exploration of the chest due to postoperative bleed-
ing and/or tamponade had sternal dehiscence twice as frequently as patients not
requiring re-exploration (17.6% versus 8.5%; P < 0.002). There was no statisti-
cally significant difference in blood loss among different surgeons conducting
the procedures.

On average, 7.6 transfusion units (TU) of allogeneic blood were admin-
istered to patients with sternal dehiscence versus 1.6 TU of allogeneic blood
in patients without sternal dehiscence (P < 0.00005). The dehiscence affected
patients without any other significant risk factor who received 6 or more TU, or
patients with at least one significant risk factor who received 4 or more TU of
allogeneic blood (Table IV).

DiscussioN

The number of administered allogeneic blood transfusion units as a risk
factor in patients who suffer sternal dehiscence has yet to be acknowledged.
The immunomodulatory effect of blood transfusion was recently widely dis-
cussed”™™®"”'” and also demonstrated in clinical practice in orthopedic surgery by
Weber, et al who observed problems with wound healing in 31% of transfused
patients versus 18% of the nontransfused group (P < 0.05) with allogeneic blood
transfusion being the only significant predictor for the development of wound-
healing disturbances.” Our study provides evidence that the transfusion of 6 or

more allogeneic blood TU could result in sternal dehiscence following cardiac
surgery regardless of other risk preconditions. Furthermore, our study confirmed
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that the generally appreciated risk factors of COPD and obesity contribute to
sternal wound dehiscence following cardiac surgery in contrast to diabetes mel-
litus type I (DM II), the impact of which was not statistically significant.

Our study targeted the total number of allogeneic blood transfusion units
administered regardless of whether patients were re-explored.*'*"” All of the
surgical procedures were performed by any one of three senior surgeons using
standard techniques. None of the patients in the study period suffered from low
cardiac output. Nevertheless, the role of a low dose of norepinephrine infusion
in a few patients was taken into account. All of the allogeneic blood transfusion
units were between 7 and 25 days old. Some authors suggest that the length of
storage of blood products could be relevant in the postoperative period.*”'*'”
Our study did not investigate such data.

There is no doubt about the negative impact of DM II and high blood sugar
levels on both macrocirculation and microcirculation. The proportion of diabet-
ics in our study group was very high indeed (see Table I), and the severity of
the diabetes varied. Our results show that DM 1I did not contribute to a greater
incidence of sternal dehiscence.” The reason appears to be effective blood sugar
level regulation in patients during hospitalization.

COPD? is a very common comorbidity affecting postoperative recovery
not only in cardiac surgery patients. The bone and soft tissue sutures are strained
by intense coughing and efforts to expectorate viscid mucus during the recovery
period, leading to incomplete healing of the sternum. Our results confirm that
COPD increases the incidence of sternal dehiscence following cardiac surgery.

Overweight and obese” people are increasingly more prevalent in the
present day population. As fat tissue is poorly vascular, wound healing is com-
promised. We can confirm that obesity” is a contributing factor to the develop-
ment of sternal dehiscence following cardiac surgery.

Our study also confirms that re-exploration of the chest™'*"” due to exces-
sive postoperative bleeding or pericardial tamponade is also a serious and rel-
evant risk factor leading to sternal wound dehiscence following cardiac surgery.

Female gender, age, both LIMA and RIMA harvesting, low ejection frac-
tion of the left ventricle, and high EuroSCORE'™ are commonly considered to
be risk factors for poor healing of the sternum as well. In our group of patients,
there was no significant difference in the incidence of sternal dehiscence as re-
lated to ejection fraction of the left ventricle and frequency of both LIMA and
RIMA harvesting. The EuroSCORE of patients suffering from sternal dehis-
cence was slightly higher, appearing to support some authors,*'"*” but this dif-
ference was not statistically significant.

In conclusion, the total number of allogeneic blood transfusion units is sig-
nificant as one of the independent risk factors contributing to sternal dehiscence.
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Regardless of other risk preconditions, transfusion of 6 or more allogeneic blood
TU can result in sternal dehiscence following cardiac surgery.
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Introduction: Massive hemorrhage remains a major cause of potentially preventable deaths.
Better control of bleeding could improve survival rates by 10%—20%. Transfusion intervention
concepts have been formulated in order to minimize acute traumatic coagulopathy. These inter-
ventions still have not been standardized and vary among medical centers.

Materials and Methods: Based on a literature search using free term keywords and Medical
Subject Heading (MeSH) index, we analyzed published articles addressing massive hemor-
rhage, component therapy, fresh whole blood, and fibrinogen from the year 2000 onward, in
journals with impact factor >1.000, in Medline, PubMed, and Google Scholar. The evidence
was grouped into topics including laboratory testing and transfusion interventions/viscoelastic
assays vs standard laboratory tests, the effect of component therapy on patient outcome, the
effect of warm fresh whole blood on patient outcome, and the effects of fibrinogen in severe
bleeding. The obtained information was compared, evaluated, confronted, and was focused on
to present an adequate and individual-based massive hemorrhage management approach.
Resuilts: Viscoelastic whole-blood assays are superior to standard coagulation blood tests for the
identification of coagulopathy and for guiding decisions on appropriate therapy in patients with
severe bleeding. Replacement of plasma, red blood cells, platelets, and fibrinogen in a ratio of
1:1:1:1 has appeared to be the best substitution for lost whole blood. There is no evidence that
cryoprecipitate improves the outcome of patients with severe hemorrhage. Current literature
promotes the transfusion of warm fresh whole blood, which seems to be superior to the compo-
nent therapy in certain clinical situations. Some authors recommend that fibrinogen and other
coagulation factors be administered according to the viscoelastic attributes of the blood clot.
Conclusion: This best-evidence topic report brings comprehensive information about massive
hemorrhage management.

Keywords: coagulopathy, fibrinogen, transfusion, viscoelastic assay

Introduction

Massive hemorrhage remains a major cause of potentially preventable deaths. All
over the world, more than 5 million people die every year from massive hemorrhag-
ing, and it is estimated that 10%—20% would have survived with better control of
bleeding.! Trauma, perioperative period, and massive transfusions are associated with
coagulopathy secondary to tissue injury, hypoperfusion, and consumption of clotting
factors (especially fibrinogen) and platelets, together with hypothermia, hemodilution
and hypothermia (due to crystalloid overload), and acidosis (as a result of administer-
ing NaCl 0.9 % solution).> Bleeding is the primary cause of death, and coagulopathy
contributes significantly to hemorrhage and subsequent poor outcomes.** The current
view emphasizes an endogenous origin of severe coagulopathy. The key role play
the massive release of tissue factor, activation of protein C pathways, disturbances in

tPA-1 and PAI-1 plasmatic levels and depletion of factors II, V, VIL, VIII, IX and X 378
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In past decades, transfusion interventions have been changing
to reflect the accessibility of blood products, the development
of new hemostatic drugs, and better training at medical
centers.

Point of care tests

Since 1956, the PubMed database has featured more than
4,000 full-text articles on thromboelastography (TEG) and
170 articles about rotational thromboelastometry (ROTEM)
as diagnostic and therapeutic methods in cases of coagulopa-
thy. ROTEM broadens diagnostic alternatives and conse-
quently helps physicians to create goal-targeted, individually
tailored treatment of coagulopathy. ROTEM enables the
investigation of both intrinsic (INTEM test) and extrinsic
(EXTEM test) hemocoagulation pathways, including inves-
tigation of'the participation of fibrinogen (FIBTEM test) and
thrombolysis (APTEM test) and how they play a role in the
final quality of the blood clot. Standard plasma coagulation
tests take up to 45 minutes to produce results, and the samples
must be transported to a hematology laboratory, while TEG
and ROTEM can be done as bedside monitoring techniques.
Furthermore, both of these viscoelastic assays are unique
because they investigate whole fresh blood and thus respect
physiological conditions and circumstances, such as blood
temperature, pH, hemoglobin and platelet concentrations,
and the plasma levels of coagulating factors. Both ROTEM
and TEG seem to be superior to standard coagulation blood
tests, such as partial thromboplastin time (PTT) and interna-
tional normalized ratio (INR), for identifying coagulopathy,
and for setting appropriate therapy and predicting massive
transfusion.”!*

A short history of transfusion
interventions

Over the last century, there have been major changes in
blood transfusion practices, which largely occurred due
to the experience of military physicians during major war
conflicts. At the end of the World War I, whole blood in
combination with saline and colloids was, remarkably,
successfully used.” During World War I, albumin and
freeze-dried (lyophilized) plasma with whole blood were
used to achieve balanced volume resusucitation.!6 During the
Vietnam war in the 1970s, transfusion practice dramatically
changed for the worse due to a lack of blood derivatives on
the battlefield and a high risk of infectious disease transmis-
sion. Consequently, inadvertent hemodilution became routine
and resulted in failure to control bleeding, massive blood
loss, and the progress of coagulopathy, hypothermia, and

acidosis. Furthermore, the significant volume of crystalloids
created abdominal compartment syndrome, acute respiratory
distress syndrome, and multiple organ failure."” In the late
1990, it was proved that the excessive volume of crystalloids
are harmful,'"" and transfusion techniques returned to those
that were in practice during World War II. Throughout the
following decades, the concept of damage control resuscita-
tion was proposed and began to be used routinely, not only
in US combat hospitals.

Component therapy

Damage control resuscitation and massive transfusion
techniques involve the rapid control of trauma- and
surgery-related bleeding; early and increased use of red
blood cells, plasma, and platelets in a 1:1:1 ratio; limitation
of excessive crystalloid use; prevention and treatment of
hypothermia, hypocalcemia, and acidosis; and permissive
hypotension.>$17%2 The same results have been described in
civilian patients receiving massive transfusions. Thirty-day
survival has been reported to be significantly increased in
patients with high plasma to red blood cell ratios (>1 :2) com-
pared with those with low ratios (<1:2). It was also shown
that a combination of high plasma to platelet ratios (>1:2)
increased 1-day and 30-day survival.2124 Higher platelet to
red blood cell ratios (>1:2) have also been shown to improve
1-day and 30-day survival after massive transfusion second-
ary to civilian trauma.**%2 Thus the current resuscitation
approach is to use the 1:1:1 ratio for all casualties expected
to receive a massive component transfusion.’® Component
transfusion therapy in similarly economically and socially
developed countries is highly variable and is independently
associated with adverse events.?”2 The possible harm from
stored red blood cells and platelets has focused attention on
the detailed analysis of transfusion practices. It has been
found that 8 days is the threshold after which stored red
cells begin to have harmful effects on patients.”*? This
period was consistently found in the most recent reviews of
studies investigating the effects of stored red blood cells on
critically ill patients.”***! Similarly, when comparing the
in vivo properties of platelets that are stored for 7 versus 5
days, platelets that were stored for a longer period were found
to have significantly deteriorated in function;*? the clinical
implications of platelet storage-related defects have been
repeatedly reported.* One last finding of interest is the
strong association of reduced plasma fibrinogen level and
activated coagulation time (ACT).>3** When taking this
into account, the ratio 1:1:1:1, which includes fibrinogen,
seems to be very smart and advantageous.3514.21.25.36-38
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Warm fresh whole-blood (WFWB)

transfusion

The primary blood product that is currently the safest and
has the least side effects is WFWB.%**! If complete com-
ponent therapy is not available or does not adequately correct
coagulopathy in patients with life-threatening hemorrhage at
risk for massive transfusion, the risk—benefit ratio favors the
use of WFWB transfusion. In addition, recent evidence sug-
gests that WFWB is potentially more efficacious than stored
component therapy. Efforts must continue to improve the
safety of WFWB transfusion for patients when it is required
in emergency situations.?>?5%! The risk of infectious disease
transmission with WFWB transfusion can be minimized by
rapid screening tests before transfusion. Even the best clinical
practice component therapy using the 1:1:1:1 formula is not
as effective as WFWB transfusion.*”*! The use of WFWRB
in cases of massive hemorrhage is associated with improved
survival and reduced recipient exposure to the harmful effects
of stored blood cells and platelets. However, there can be
major logistical difficulties in supplying WFWB.1742

Fibrinogen

There is a strong correlation between massive hemorrhage
and low fibrinogen level.>***# Therefore a single injection
of fibrinogen concentrate at a dose of 2-4 g intravenously
seems to be a smart and useful intervention.3-142125.36-38
There is no evidence that cryoprecipitate would improve
the outcome of patients with low fibrinogen levels caused
by massive bleeding.* Hypothermic coagulopathy is very
challenging to treat in bleeding patients, but it was shown
that coagulopathy caused by hypothermia can be reversed and
successfully corrected by fibrinogen concentrate.* However,
the prothrombin complex is not able to correct hypothermic
coagulopathy.*

Topical use of thrombin

Massive hemorrhage during trauma and surgical procedures
is common and is potentially life-threatening for patients.*
In the case of cardiac surgery, eg, bleeding may result from
several aspects inherent to cardiac procedures, including the
placement of cardiac suture lines in great vessels or chambers
of the heart, as well as the creation of high-pressure anasto-
moses. Therefore, effective and rapid hemostasis is critical to
optimize surgical outcomes.* For this reason, various topical
hemostatic agents, such as thrombin, porcine gelatin, bovine
gelatin, bovine collagen, regenerated oxidized cellulose, and
their combination products, have been frequently used when
hemorrhage cannot be controlled by conventional hemostatic

methods. Among them, thrombin is of increasing interest
and can be applied to the bleeding site in dry form or after
reconstitution with sterile isotonic saline.*-*

Conclusion

Viscoelastic assays are superior to standard coagulation tests
in the diagnosis of coagulopathy and support of individualized,
goal-directed therapy. In general, the most common transfu-
sion intervention is to use fresh frozen plasma, red blood cells,
platelets, and fibrinogen concentrate in a ratio of 1:1:1:1 for
all patients expected to receive a massive component trans-
fusion. The limitation is the storage duration of the single
products, which should not exceed 8 days in red blood cells
and 5 days in blood platelets. Even the best-practice compo-
nent therapy using the 1:1:1:1 formula is not as effective and
safe as WFWB transfusion. A limitation of this method is the
possible transfer of infectious diseases, and there also can be
major logistical difficulties in supplying WEWB. WFWB is
notroutinely available in most medical centers. There is strong
evidence supporting a single-dose injection of fibrinogen to
all patients with severe bleeding immediately after admission
to the hospital. Following this, individual goal-directed treat-
ment of coagulopathy, based on administration of coagulation
factors and fibrinogen, is guided by viscoelastic assay results.
This massive hemorrhage management approach appears to be
superior to and safer than both component transfusion therapy
and WFWB administration, at present. In massive surgical
bleeding, various topical hemostatic agents, such as thrombin,
are also recommended to minimalize bleeding.
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For symptomatic patients with severe calcified aortic valve stenosis, open heart surgery for
aortic valve replacement remains the gold standard. However, elderly patients with an increased
risk profile can be treated by using transcatheter approaches (transcatheter aortic valve
implantation [TAVI]). The major considerations related to use of general and local anaesthesia
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for TAVI are discussed in this review.

Key words: Anaesthesia, aortic valve replacement, calcified aortic valve, aortic valve stenosis,
transcatheter aortic valve implantation

INTRODUCTION

Surgical replacement (aortic valve replacement [AVR])
via sternotomy utilising extracorporeal circulation
and cardioplegia still remains the gold standard of
therapy for patients with symptomatic stenosis of the
aortic valve. Excellent long-term clinical results and
low mortality, as well as morbidity are achieved in
patients with a low perioperative risk.l! The decision
on the type of intervention is taken based on the
patient’s age, his/ her overall clinical condition,
severity of his/ her problems, disease progression, as
well as his/ her social background.® Interventional
cardiology and cardiosurgery units offer minimally
invasive, catheter-based AVR or transcatheter aortic
valve implantation (TAVI), as an alternative to
AVR.® In general, high-risk American Society of
Anesthesiologists’ (ASA physical status) III-IV patients
are candidates for TAVL™® The risks and predicted
mortality can be calculated using EURO score IT, which
is most commonly used in cardiac surgery. The score
overestimates the calculated mortality and evaluation

of some comorbidities appears insufficient. The success
rate of procedures at specialised sites approaches
100%, with perioperative mortality rates reaching
1-5%, and are most commonly caused by acute heart
failure.®! Compared with classical AVR, important
benefits offered by the TAVI procedure include its
mini-invasiveness and the absence of surgical wound,
no extracorporeal circulation, no cross-clamping of
the aorta, and no need for administration of blood
products.®! Other benefits include early mobilisation
and discharge to the home environment.?’# TAVI
is the method of choice in patients with a markedly
calcified (“porcelain”) aorta.®® However, TAVI is also
associated with complications, the most common of
which are acute left-sided heart failure, occlusion of
coronary arteries, bleeding due to aortic injury and
groin bleeding. In spite of demonstrably better results of
TAVI compared with conventional treatment in patients
contraindicated for AVR' and better short-term
mortality in high-risk patients after TAVI compared
with AVR,™ better long-term results (3-5 years) have
not yet been demonstrated for TAVI compared to AVR.
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Based on current evidences, TAVI appears to be a safe
and less complicated method of AVR for high-risk
patient groups.??!

TRANSCATHETER AORTIC VALVE IMPLANTATION

In 2002, Alain Cribier performed the first catheter-based
AVR via the femoral vein. Access to the right atrium
through the venous circulation and transseptal access
to the left-sided compartments have been replaced
by the retrograde route via the femoral arteries,
which is the most common route of access for TAVI
today.™ Transapical access is an alternative method in
which a mini-thoracotomy is used to “puncture” the
anterolateral wall of the left ventricle and an aortic valve
is then inserted. However, this procedure is associated
with a relatively higher number of complications
including the rupture of the left ventricular apex
or even aneurysm formation, injuries to the right
ventricle, the inter-ventricular septum and coronary
arteries, or damage to the mitral valve. Transapical
implantation is more suitable in patients with limited
femoral blood flow, or other contra indications for its
catheterisation.®2 Considering the reduction in the
sizes of instruments used for transfemoral access, as
well as the generally lower complication rates, the
transfemoral access has become the preferred access
today.l12

ANAESTHETIC TECHNIQUES FOR TRANSCATHETER
AORTIC VALVE IMPLANTATION

Patients undergoing TAVI procedures are high-risk
patients as mentioned already (ASA II-IV) and
the decision about the anaesthesia management
is very important. TAVI can be carried out under
local ~ anaesthesia, analgosedation, or general
anaesthesia (GA). Spinal or epidural anaesthesia
and analgosedation provide the advantage of a lower
overall rates of complications for the patient without
affecting cognitive functions and subsequent length
of hospital stay.'*'4 Local anaesthesia can be used for
TAVI when carotid artery is used as route of access.
0% Analysis of data from 2326 patients shows that
transfemoral TAVI performed under local anaesthesia
is generally preferred but there is a higher incidence
of post-procedural aortic regurgitation.” We prefer
GA for all TAVI procedures at our cardiac centre,
including for high-risk patients. The internal jugular
vein (most commonly on the right) is cannulated in
all patients the evening before the procedure. Two
units of red blood cells are reserved in the blood

Indian Journal of Anaesthesia | Vol. 59 | Issue 6 | jun 2015

bank. Anticoagulant therapy is continued in these
patients. On the day of the procedure, prophylactic
antibiotics are administered and the radial artery is
most often cannulated on the left, (based on the results
of Allen’s test) and a urinary catheter is inserted. The
Catheterization laboratory is prepared to manage any
potential complications [emergency cardiopulmonary
bypass (extracorporeal circulation) and extracorporeal
membrane oxygenation]."” Under GA with tracheal
intubation, transvenous right-ventricular stimulation
electrode and trans-oesophageal echocardiography
probe are inserted in the Catheterization laboratory. GA
is induced using etomidate 0.2-0.3 mg/kg or propofol
1% 1-2 mg/kg; tracheal intubation is performed with
rocuronium 0.6 mg/kg induced relaxation and analgesia
provided by sufentanil 0.1-0.4 ug/kg as a single shot. GA
is continued with oxygen, air and sevoflurane (expired
concentrations not to exceed 1.29%). Sufentanil 10—
20 ug is supplemented as necessary. At the end of
the procedure, neuromuscular block is reversed with
sugammadex 2 mg/kg and patient shifted to Intensive
coronary care unit (ICCU). GA is needed in order to
maintain ventilation and haemodynamic stability of
the patient throughout TAVI implantation, particularly
during the balloon valvuloplasty procedure that
precedes the valve implantation. In both the phases
of TAVI where the flow through the aortic orifice is
virtually obliterated, an external pacemaker must be
used for some time (usually 2045 s), to reduce the
cardiac output by initiating ventricular tachycardia (by
“overstimulation” to approximately 180 beats/
min). GA also allows for performing oesophageal
echocardiographic assessment at any time during the
procedure (to measure the annulus size, determine
aortic pathology, determine the left ventricular function,
evaluate mitral regurgitation, verify the position of the
implanted valve and aortic regurgitation immediately
after the procedure). GA is also convenient in the event
of a protracted procedure when the patient is expected
to be absolutely still.'® The need for circulatory
support  using  vasopressors  (norepinephrine)
or inodilators (milrinone, levosimendan) is not
uncommon. In the ICCU, trachea is extubated
after 30-60 min. Since 2010, Medtronics CoreValve®
(Medtronics, ~Minneapolis, Minnesota, U.S.A.)
valves have been used at our unit and till the time
of submission of this article, 112 valves have been
inserted. Our 30-day mortality is at the same level
as other large European medical centres. In order to
prevent bleeding complications from the puncture
site, surgical haemostasis should be ensured after the
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procedure. We have not yet encountered post-procedure
acute heart failure, adverse cerebrovascular events or
coronary ischaemia; however, two patients needed
surgical intervention for pericardial tamponade with
successful outcomes.

ALTERNATIVE MINIHINVASIVE APPROACHES

In an effort to avoid difficulties following transfemoral
and transapical access and in order to make TAVI
suitable to patients with compromised femoral and
iliac blood flow, some other approaches have been
used with success."*?! Aortic valve can also be guided
through the ascending aorta via a right-sided upper
mini-thoracotomy (second or third right intercostal
space), in the parasternal region under direct vision.2!
Selective ventilation of the left lung throughout the
procedure is necessary (performed at our centre);
it ensures better surgeon comfort. This is done by
inserting a double lumen endobronchial tube (insertion
of a bronchial blocker is an alternative without the
need of reintubating using a regular endotracheal tube
at the end of the procedure). Selective ventilation
of the left lung may, however, precipitate hypoxia
in haemodynamically unstable patients with risk of
subsequent cardiac failure. This procedure provides the
advantage of inserting the instruments in the ascending
aorta under visual control.t*% It is not suitable for
patients with pleural adhesions as there could be
incomplete collapse of the lung during one-lung
ventilation. Implantation via brachiocephalic artery is
suitable in patients with severe atherosclerosis, if the
diameter of femoral arteries is less, if there is sepsis in
the region of subclavian artery access, prior intrathoracic
surgery and in severe calcification of the aorta. It is
usually recommended to monitor cerebral tissiie oxygen
saturation during the procedure.”®?? Implantation via
left carotid artery is suitable and safe in patients where
the transfemoral, transapical or transaxial access cannot
be used. It is advisable to monitor cerebral tissue oxygen
saturation during this procedure also. Transient cerebral
ischaemia is a possible complication.20.231 Implantation
via axillary artery is suitable for patients in whom the
use of other modes of access is not possible. Dissection
of the subclavian artery may be a complication.2425!
Direct access from the subclavian artery is the method
of choice and the most common access. 29!

PARTIAL UPPER STERNOTOMY

This approach provides the advantages of a smaller
surgical wound, lower blood loss without the
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need for blood transfusion, better healing, fewer
infectious complications, and a shorter time of overall
hospitalisation.?”? This approach is also convenient
for repeated surgeries and after previous intrathoracic
procedures.? It is becoming more popular and even
the technique of choice for TAVL2% A disadvantage
of this procedure is the relatively limited orientation
of structures and difficulty in tissue manipulation in
the event of sudden massive surgical bleeding. Partial
upper sternotomy has also been described as an
urgent, life-saving approach to handle complications
during TAVI using transfemoral access.®™™ The
greatest advantages of upper partial sternotomy for
TAVI include simpler handling of instruments and
the incision of the distal part of the ascending aorta,
which is then used to insert the instruments. 293 This
approach does not require one-lung ventilation, and
therefore it is well tolerated in compromised patients.

SUMMARY

Surgical replacement remains the gold standard of
therapy in patients with symptomatic stenosis of the
aortic valve. This procedure is not suitable for certain
groups of high-risk patients where mini-invasive,
catheter-based AVR is the method of choice. Over the
last 12 years, a number of implantation techniques
have been developed. The choice of anaesthesia,
local or general, is different in different centres. Each
technique has its own merits and demerits; we prefer
GA in our centre.
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Alternativni mininvazivni pristupy
prinahradé kalcifikované aortalni

chlopné

Vymazal Tomas

KARIM FN v Motole

SOUHRN

Zlatym standardem v 1é¢bé& pacientd se symptomatic-
kou stendzou kalcifikované aortalni chlopné z{stava
i nadéle jeji chirurgicka ndhrada (AVR - aortic val-
ve replacement). Kromé klasické kardiochirurgické
operace (AVR) mlze byt dnes provedena i nahrada
kalcifikované aortaini chlopné miniinvazivné katet-
rizacné-transkatetréini implantace aortalni chiopné

ABSTRACT

Alternative mini-invasive approaches to calcified
aortic valve replacement

For symptomatic patients with severe calcified aortic
valve stenosis, open heart surgery for aortic valve re-
placement (AVR) remains the gold standard. Elderly
patients with an increased risk profile, however, should

uvob

Zlatym standardem v 16¢bé pacientd se sym-
ptomatickou stenézou kalcifikované aortalni
chlopné zfistava i nadale jeji chirurgicka nahrada
(AVR - Aortic valve replacement) ze sternotomie
s mimotélnim obéhem a kardioplegii. U pacienti
s nizkym periopera¢nim rizikem je dosahovano vy-
bornych dlouhodobych klinickych vysledkii, nizké
mortality i morbidity [1]. Tato metoda je vhodna
i pro pacienty starsi osmdesati let, kteii netrpi
zavaZnymi komorbiditami [2]. Pfesto, Ze doposud
nebyla vypracovana jednotna doporudeni, byvaji
pacientiim star$im neZ Sedesat pét let vieobecné

2013,24,¢.5
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(TAVI - Transcatheter aortic valve implantation). Tato
metoda je stdle Castéji pouzivéna u starych a riziko-
vych pacient, ktefi jsou ke klasické AVR pfilis rizikovi,
V ¢lanku jsou popsany nejcastéji uzivané postupy..

KLICOVA SLOVA

kalcifikovana aortéini chlopeii - ndhrada aortélni chlopna
- TAVI

be treated by using transcatheter approaches (TAVI
- transcatheter aortic valve implantation). The most
common ways are depicted in the article.

KEYWORDS

scalcified aortic valve stenosis -~ aortic valve replacement -
TAVI

doporucovany biologické nahrady, které spolehlivé
fungujive vice nez 90 % pfipadii po dobu delsi ne?
10 let [3]. Jak soudasna populace starme, setkava-
me se s kalcifikovanou stenézou aortalni chlopné
stdle Castéji. V rozvaze, jak postupovat, musime
brat v ivahu vék pacienta, jeho celkovy klinicky
stav, zavazZnost obtiZi, jejich progresi i socidlni
zazemi, podle kterych zvolime optimalni postup
[4]. Jako alternativu k AVR mizZe dnes invazivni
kardiologie a kardiochirurgie nabidnout i nahra-
du aortalni chlopné miniinvazivné, katetrizac-
né - transkatetrdlni{ implantace aortilni chlopné

(TAVI - transcatheter aortic valve implantation)



[5]. Tato metoda je stale Castéji pouzivana u paci-
entl1, ktefl splfuji kardiocentrem & odbornymi
spole¢nostmi zvolena indikacni kritéria, jednim
znichZ byva kontraindikace ke klasické AVR [6, 7,
8]. VSeobecné tedy byvaji k TAVI indikovani vysoce
rizikovi pacienti ASA III-1V, Mira rizika a prediko-
vana mortalita miiZe byt kalkulovana riznymi ské-
rovacimi systémy - v kardiochirurgii je nejcastéji
pouzivano EUROScore nebo novéji EUROScore 11,
které na jedné strané mimé nadhodnocuje vypoci-
tanou mortalitu, ale na strané druhé nedostatecné
oceniuje nékteré komorbidity. Uspé$nost vykonu
se na specializovanych pracovistich bliZi 100 %,
perioperaéni mortalita se pohybuje v jednotkach
procent a jeji nejastéjdi pficinou byva akutni sr-
decni selhani [9]. Dvanact mésicii od implantace
pieziva vice neZ 60 % pacientii. Velkou vyhodou
tohoto postupu ve srovnani s klasickou AVR je
miniinvazivita, absence opera¢ni rany, mimotél-
niho obéhu, pfi¢né svorky na aorté a podani krevni
transfuze [5]. Dals§imi vyhodami je ¢asni mobiliza-
ce a dimise do doméaciho prostfedi [5,12,13]. U pa-
cient s vyrazné kalcifikovanou (,,porceldnovou*)
aortou je TAVI metodou volby [14]. TAVI ma ale
i sva omezeni a komplikace. Mezi ty nejcastéjsi
patii akutni levostranné srdecni selhani, okluze
koronarnich tepen, extravazalni krvaceni pii po-
ranéni aorty a krvaceni z tfisla, méné Casto pak po-
ruchy srde¢niho rytmu a cévni mozkova pfihoda.
1 pfes prokazatelné lepsi vysledky TAVI v porovnani
s konvenéni 1é¢bou u pacientd kontraindikovanych
k AVR [15] a rovnéz lepsi kratkodobou mortalitu
u vysoce rizikovych nemocnych po TAVI oproti
AVR [16], nebyly u TAVI prokazany, podle studif
a vysledki z Cetnych registrii, lepsi dlouhodobé
vysledky (3-5 let) ve stovnani s AVR. Diive nez se
indikace k TAVI roz3ifi na méné rizikové skupiny
pacientdi, zbyva zvazit takové problémy, jako je
trvanlivost takto zavadénych protéz, dlouhodoby
efekt Castého paravalvularniho leaku, skuteény vy-
skyt ischemické cévni mozkové ptihody (5-6 %) ne-
bo nutnost zavést trvaly kardiostimulator (5-40 %
podle typu chlopné) [17, 18]. Nezanedbatelnou okol-
nosti, kterd maZe zasihnout do volby 1é¢ebného
postupu, je ekonomicka situace poskytovatele
zdravotni péce. Ve srovnani s klasickou AVR se
naklady na TAVI pohybuji o Tad vySe. Nicméné
na zakladé soucasnych zkuSenosti se zda, Ze TAVI
z{istdva bezpe¢néjsi a méné zatéZujici metodou
nahrady aortalni chlopné pro skupinu nejvice
rizikovych pacientt [12, 13].

TAVE

Od roku 2002, kdy byla Alainem Cribierem
aortdlni chlopeii poprvé nahrazena katetriza¢né
z vena femoralis, se medicinské postupy neustale
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vyvijeji. Pfistup Zilnim felistém do pravé siné
a transseptalné do levostrannych oddild nahra-
dila retrogradni cesta z arteria femoralis tak, jak
se TAVI dnes provadi nejcastéji [1]. Alternativou
k tornuto postupu je transapikalni pfistup, pii
kterém se z minitorakotomie ,napunktuje* an-
terolaterdlni sténa levé komory a nasledné se po
sméru toku krve zavede aortdini chlopenl. Tento
postup ma vsak relativné vice komplikaci, mezi
které patii pfedevsim ruptura nebo aneurysma
hrotu levé komory, poranéni pravé komory, mezi-
komorové pfepazky, koronarnich arterii ¢i pos§ko-
zeni mitralni chlopné. Lze k ni vyuZit jediny typ
chlopné. Transapikaini implantace je vvhodné&j§i
u pacienti s neprichodnym nebo ke katetrizaci
nevhodnym panevnim re¢istém [8,11]. Ma méné
cévnich komplikaci souvisejicich s instrumentaci
ve velkych artériich [1]. S ohledem na stile se
zmensujici instrumentarium vyuZivané u trans-
femoralniho pfistupu i celkové nizsiho poctu
komplikaci je dnes jiZ preferovanym pfistupem
transfemoralni [4, 8, 10, 11]. NerntiZe-1i byt vyuZit
transfemoralni pfistup, lze zvolit néktery z alter-
nativnich miniinvazivnich pfistupti, o kterych
bude fec v dal§im textu.

ANESTEZIOLOGICKE POSTUPY PRI TAVI
Vykony TAVI je mozZno provadét v lokalni
anestezii, analgosedaci nebo celkové anestezii.
Vyhodou lokalni anestezie a analgosedace je nizsi
celkova zatéZ pro pacienta bez rizika ovlivnéni
kognitivnich funkci a nasledné délky hospitali-
zace [19]. Podle zvyklosti naSeho Kardiocentra je
veler pred vykonem pacientovi ,,zakanylovana“
vena jugularis interna, nejc¢astéji vpravo. V krevni
jsou bance zarezervovany 2 TU erymasy. Pokracuje
se v chronické antikoagulacni a antiagregacéni
terapii. V den vykonu jsou podana profylaktic-
ky antibiotika a ,,zakanylovana arteria radialis®,
podle Allenova testu, nejcastéji vievo a zaveden
permanentni mocovy katétr. Pfipraven je kardi-
ochirurgicky sil k fefeni eventualnich kompli-
kaci, v pfipadé pfistupu z minitorakotomie nebo
horni parcidlni sternotomie je na katetrizacnim
sale pfitomen pfistroj na mimotéini obéh. V cel-
kové dopliiované anestezii s trachealni intubaci
je na katetriza¢nim sale zavedena transvendzni
stimulaéni pravokomorova elektroda a sonda pro
jicnou echokardiografii.. Duvodem k celkové an-
estezii s trachedlni intubaci je potfeba udrZeni
ventilatni a hemodynamické stability pacienta
po celou dobu implantace TAVI, pfedevsim v do-
bé provadéni balonkové valvuloplastiky, kterd
predchazi samotné implantaci chlopné. V obou
téchto fazich TAVI, kdy je prakticky obturovan
prutok pres aortilni tsti, musi byt externim pa-
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cemakerem na potfebnou dobu (nejcastéji desitky
sekund) sniZen srde¢ni vydej iniciovanim komo-
rové tachykardie (tzv, ,pfestimulovanim* na cca
180 tepl/minutu). Celkova anestezie také umoZni
provadét kdykoliv v pribéhu procedury jicnové
echokardiografické vySetfeni (méfeni velikosti
anulu, uréeni aortdlni patologie, stanoveni funkce
levé komory, zhodnoceni mitrdlni regurgitace,
ovéfeni polohy implantované chlopné a aortalni
regurgitace bezprostfedné po vykonu). V neposled-
niradé je celkova anestezie vyhodna pfi protraho-
vaném vykonu, béhem kterého musi byt pacient
v absolutnim klidu [20]. Z anestetik s minimalnim
kardiodepresivnim ti¢inkem jsou nejcastéji pouzi-
vany etomidat, propofol, sevofluran, ze svalovych
relaxancii pak cisatrakurium nebo rokuronium,
z opioidtl sufentanil. ZaleZi plfedeviim na zvyk-
losti pracovisté. Nezfidka byva potfeba podpory
obéhu vazopresory (noradrenalin) nebo inotropné
tfinkujicimi farmaky (milrinon, levosimendan)
[20]. Po vykonu odjizdi je§té intubovany pacient
na koronarni jednotku, kde byva extubovan v pri-
béhu nasledujich nékolika malo desitek minut.
Doznivajici anestezie je vyhodna pro eventudlni
klidnou tpravu srdecniho rytmu a kontrolu ope-
ra¢ni rany. Na nasem pracovisti jsou pouzivany od
roku 2010 chlopné Medtronics CoreValve a doposud
jich bylo zavedeno 33, TTicetidenni mortalita se
pohybuje na drovni velkych evropskych center.
Z divodu prevence krvacivych komplikaci z mista
vpichu jsou v8echna tfisla chirurgicky preparo-
vana a po skonceni vykonu chirurgicky ofetfena.
Doposud jsme nezaznamenali pooperacni akutni
srdecni selhani, cévni mozkovou pfihodu & koro-
ndmmi ischémii. Jeden pacient byl ¢asné revidovan
pro tamponadu perikardu.

Alternativni miniinvazivni pfistupy

Ve snaze vyvarovat se obtiZim plynoucim
z transfemoralniho a transapikilniho pfistupu
a zpiistupnit TAVI pro pacienty s nevhodnym fe-
moralnim a ilickym feCistém, byly tispé$né vyuzity
i nékteré dalsi pfistupy [21, 22].

Implantace do ascendentni aorty z pravostran-
né horni minitorakotomie - po chirurgické pri-
pravé v 2, nebo 3. mezizebii vpravo parasternalné
je aortalni chlopen pod kontrolou zraku zavedena
do ascendentni aorty [23, 24]. Nutnou podminkou
je selektivni ventilace levé plice po celou dobu
vykonu - na nafem pracovi$ti z diivodu vyi§iho
komfortu pro anesteziologa i operatéra zajisténa
zavedenim biluminalni endobronchialni kanyly
(alternativou je zavedeni bronchiilniho blockeru
bez nutnosti pfeintubovavat béZnou kanylou na
konci vykonu). Selektivni ventilace levé plice byva
nejcastéjsi pficinou periopera¢nich komplikaci,
protoZe u kardiopulmonalné kompromitovanych
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pacientti miZe jednostranna (levostranna) ventila-
ce zptisobit ventila¢ni a ndsledné obéhové selhdni.
Velkou vyhodou tohoto postupu je zavadéni in-
strumentaria do ascendentni aorty pod kontrolou
zraku [20, 21, 24]. Tento postup je naopak nevhod-
ny u pacientt s pleurdlnimi srusty (nedostate¢na
arteficidlni atelektdza levé plice).

Implantace cestou arteria brachiocephalica -
tento postup je vhodny u pacienti s téZkou formou
aterosklerdzy nebo tenkym primeérem femoralnich
arterii, patologii v povodi podklickovych arterii,
po predchozi nitrohrudni operaci a pfi téZké kal-
cifikaci aorty. Béhem vykonu byva doporuceno
monitorovani saturace mozkové tkané kyslikem
[22, 25].

Implantace cestou levé arteria carotis - tento
postup je vhodny a bezpefny u pacienti, u kte-
rych nelze vyuzit transfemordlni, transapikalni
nebo transaxilarni pristup. Po preparaci levé ka-
rotické arterie je pod kontrolou zraku provedena
jeji kratka incize a kontraincize a do ni ndsledné
zavedeno instrumentarium. Béhem vykonu je
vhodné monitorovat saturaci mozkové tkané kys-
likem. MoZnou komplikaci je transientni mozkova
ischémie [22, 26].

Implantace cestou arteria axilaris - tento po-
stup je vhodny pro pacienty, kterym nemiiZe byt
vykon proveden z jinych pfistupii. Vyhodou je inci-
ze nebo punkce arteria axilaris pod kontrolou zraku
po predchozi chirurgické preparaci. Komplikaci
miiZe byt disekce arteria subclavia [27,28]. Metodou
volby a nejcastéj§im pfistupem je pIimy pFistup
z arteria subclavia [29].

Parcidlni horni sternotomie

Tento piistup je stile fastéji vyuZivan v kardi-
ochirurgii pfi ndhradeé aortdlni chlopné. Vyhodou
je mensi operani rana, mensi krevni ztrita, ktera
nevyzaduje transfuzi alogenni krve, lep$i hojeni,
méné infekénich komplikaci a krat$i doba celko-
vé hospitalizace [30]. S vyhodou je tento piistup
vyuzivan i pfi reoperacich a pfedchozich nitro-
hrudnich vykonech [31]. Stile Castédji je také pii-
stupem volby pfi TAVI {32, 33]. Nevyhodou ziistava
relativné omezena orientace a manipulovatelnost
pro zvladani ndhle vzniklého masivniho chirur-
gického krvaceni. Parcialni horni sternotomie je
také popsana jako urgentni, Zivot zachranujici
piistup k feSeni komplikaci pfi transfemoralné
zavadéné TAVI [34]. Mezi nejvétdi vvhody horni
parcialni sternotomie pro TAVI patfi jednodussi
manipulace s instrumentariem a incize distidlni
Casti ascendentni aorty, kterou se nasledné instru-
mentdrium zavadi [32, 33]. Pii tomto pfistupu neni
nutna selektivni ventilace plic, a proto je dobfe
tolerovana i kardiopulmonalné kompromitova-
nymi pacienty.



ZAVER

Zlatym standardem v 16¢bé pacientd se sympto-
matickou stendzou kalcifikované aortdlni chlopné
zistava i nadale jeji chirurgickd nahrada. Tento
postup neni vhodny pro urcité skupiny vysoce
rizikovych pacientdi. Metodou volby je miniin-
vazivni ndhrada aortdlni chlopné katetrizacné.
Od prvniho vykonu uplynulo jiZ 11 let, béhem
kterych byla vyvinuta fada technik implantace.
VSechny maji sva omezeni, rizika i komplikace.
Evropska kardiologicka spole¢nost (ESC) a Evropska
spolefnost pro hrudni chirurgii a kardiochirurgii
(EACTS) pravidelné aktualizuji sva doporuleni pro
tyto postupy. Vyznamnou roli v rozhodovani hraji
také naklady spojené s modernimi technologiermi.
Volba konkrétniho postupu tak zaleZi na zkuSenos-
ti pracovisté, které vykon provadi. S ohledem na
omezené finan¢ni prostiedky systému vefejného
zdravotnictvi CR a nirofnost metodiky TAVI od
vybéru vhodnych kandidatd az po zvladani zavaz-
nych komplikaci, by tyto vikony mély byt soustfe-
dény do specializovanych kardiocenter.
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Katetrizacni implantace aortalni chlopné do aortalni pozice
(TAVI) se stala alternativou chirurgické lécby vyznamne
aortdlni stenozy (AS) u pacientt s nepfiméfené vysokym
rizikem chirurgické niahrady chlopné. Tradi¢ni pfistupovou
cestu k aortalni chlopni predstavuje pfistup transfemoralni,
alternativné se vyuzivaji piistupy transsubklavidlni a trans-
apikdlni - pristup pres hrot levé komory srdecnt.!

U 78letého nemocného s tézkou AS a po jiz provedené
chirurgické revaskularizaci myokardu s tézkou choro-
bou tii tepen a pruchodnym zZilnim Slépem na ramus

Obrézek 1 Balonkova aortdini valvuloplastika chlopné
provedena cestou 18F zavadéce v ascendentni aorté

574 Yeselka J et al.  Transaortalni TAVI

marginalis a s mamarokoronarnim bypassem na ramus
interventricularis anterior nebylo mozno pro obliterujici
aterosklerozu vyuzit zadny z tradi¢nich piistupovych cest
k aortdlni chlopni v ramci TAVI. Planovane jsme tedy
provedli implantaci aortalni protézy typu CoreValve 29 mm
(Medtronic, USA) cestou pravostranné minithorakotomie
ve 2. mezizebii parasterndlné s odhalenim ascendentni
aorty a jeji kanylaci pomoci 18F zavadéée (obrdzky 1-5).
Implantaci chlopné jsme eliminovali tlakovy gradient
na aorté a vysledné byla pfitomna pouze Iehkd aortalni

Obrazek 2 Casteéné rozvinuta chlopen CoreValve v aortalni
pozici

CorVasa 201 1;53010}



Obrazek 3 Aortografie po implantaci chlopné s lehkou aortalni
regurgitaci

o

Obrazek 4 Operadni pole

CorVasa 20115300

Obrazek 5 Sutura pravostranné predni minithorakotomie se
zavedenym drénem bezprostfedné po vykonu

regurgitace. Pacient byl propustén do doméciho odetrovini
za deset dni po vykonu.

Pfima transaortdlni TAVI predstavuje novou alter-
nativu pii terapii t€zké AS u vysoce rizikovych pacienta
s obliterujici aterosklerdzou nedovolujici vyuziti tradi¢nich
pristupovych cest k aortdlni chlopni.! Hybridni vykony
kardiologicko-kardiochirurgickych tymi budou pfi terapii
nejtézsich kardiovaskuldrnich pacientd stdle Castéjsi.

Literatura

1. Bruschi G, De Marco F, Fratto P, et al. Alternative approaches for trans-cath-
eter self-expanding aortic bioprosthetic valves implantation: single-center
experience. Eur J Cardiothorac Surg 2011;39:151-158.

Doslo do redakce: 6. 6. 2011
Prijato: 30. 8. 2011

Veselka J, et al.  Transaortalni TAVI | 875






EDITORIALY

75

DESFLURAN - NEPRAVEM POPELKOU

Anesteziologie je obor, ktery zasahuje do témét
viech odvétvi mediciny. Po jeho piedstavitelich
vyZaduje Siroké teoretické znalosti a dovednosti.
V kontrastu s tim si ale vystadi s relativné ma-
lo farmaky. Anesteziolog tak byva konfrontovan
s novymi pfipravky jen ziidka. Od zastupci far-
maceutickych firem nicméné vzdy slychava, ze
ten ktery moderni preparit je vyznamné lepsi,
kvalitnéjsi a bezpetné&jsi. Argumentovano je fadou
¢isel, dat a studii na nejriznéjsich Zivych tvorech
a jejich organovych systémech. Ve skutecnosti
redlné vyhody nebyvaji vyvaZeny adekvatni cenou
piipravku, Navic, vyhody prokdzané ve studiich,
nemusi byt skutetnymi vyhodami v klinické praxi,
kde neni snadné nastavit jasna inclusion a exclu-
sion kritéria. Klinicka praxe také odrazi letitou
zkuSenost a vytiibené postupy, ve Kterych lepsi
parametr jednoho z pfipravki nemusi znamenat
lep#i celkovy vysledek.

O vSech v soucasnosti pouZivanych volatilnich
anestetikdch lze s jistotou Fici, Ze jsou bezpefna
a maji minimum neZidoucich udinkd, jsou-li
spravné uZivana. Jsou vSak mezi nimi rozdily,
které je pro bezpecnou a Gcelnou anestezii tfeba
Znat.

Erainhalaénich anestetik odstartovala objeve-
nim ,rajskych* i¢inka oxidu dusného. Jeho vyrob-
ce Humpry Davy pofadal od roku 1799 v Bristolu pro
bohaté vecirky spojené s jeho nefizenou inhalaci.
Jako analgetikum byl poprvé vyuZit az o 45 let
pozdé&ji. Eter (fecky ,navozujici $tésti“) byl pak
poprvé pacientovi podan v Massachusetts den-
tistou Thomasem GC. Mortonem roku 1846. Tim
byl poloZen zikladni kamen inhala¢ni anestezii.
Pfes poCatetni rozpaky spolupodminéné astymi
umrtimi v dasledku pfedavkovani a asfyxie se vy-
¢lenila skupina nadSencti, ktefi se zacali anestezii
vénovat. Rikalo se jim ,,chlipci s lahvi a hadrem*
podle vybaveni, které si nosili s sebou. Na konci
19. stoleti némecky 1ékai a patolog Curt Theodor
Schimmelbusch zkonstruoval specidlni masku na
presnéjsi divkovani éteru. Jednotlivé faze éterové
narkdzy ale definoval americky 1ékaf Arthur Ernest
Guedel aZ v roce 1937. O vice nez 20 let pozdéji byl
pfedstaven prvni halogenovany uhlovodik - ha-
lotan. Ten ovlidl operacni sily na dlouha 1éta.
AZ po nékolika dalSich desetiletich pfiSly na trh
inhalaéni halogenovana anestetika druhé genera-
ce, metoxyfluran, enfluran a isofluran. Masového

vyuZiti se dockal jen isofluran, ktery je pro své
piiznivé Ginky a pfijatelnou cenu vyuZzivan do
dnednich dnt. Tfeti, a doposud posledni genera-
ce inhala¢nich halogenovanych anestetik, byla
predstavena na pocatku 90. let minulého stoleti.
Jejich klinicky uZivanymi zastupci jsou sevofluran
a desfluran.

DESFLURAN V KLINICKE PRAXI

Véechna soufasna inhala¢ni anestetika jsou
i€inna a bezpetna. Ne kazdé je ale vhodné pro
kaZdou konkrétni klinickou situaci. Idedlnf an-
estetikum by mélo mit rychly nastup ucinku,
nizkou rozpustnost v krvi a tkanich bez fyzikalni
a biologické degradace v organismu, snadnou
a bezpecnou fiditelnost, rychlé odeznéni Gcinkd
a nizkou cenu.

Desfluran ma ze v8ech inhalaénich anestetik
soufasnosti nejniZsi koeficient rozpustnosti v krvi
a tkanich, coz podmifiuje jeho rychly nastup ucin-
ku i eliminace v zavéru celkové inhalaéni anestezie
(tabulkal) [1]. Tato jeho jedine¢na vlastnost je vy-
znamnd pfedev$im u obéznich pacientil a u dlou-
hych operacnich vikoni, kdy umoZnuje fasnou
extubaci a pfevoz bdélého pacienta na pooperacni
oddéleni. Na rozdil od ostatnich halogenovanych
inhala¢nich anestetik se v organismu prakticky
nemetabolizuje (tabulka 2) [2], a proto je vhodny
pro pacienty s dysfunkci jater a ledvin. Synergické
piisobeni opioidi a oxidu dusného je u néj vyjad-
feno nejvice ze viech halogenovanych inhala¢nich
anestetik [3]. Jeho MAC vyrazné klesa s pfibyvaji-
cim vékem pacienta [4]. Nevyhodou desfluranu je,
e stejné jako ostatni halogenovand inhala¢ni ane-
stetika, miiZe zpustit u viiimavych jedincli maligni
hypertermii [1]. Pii rychlém zvySovani koncentrace
ve vdechované smési miiZe vyvolat transientni
sympatomimetickou stimulaci a zvySeni aktivity

Tab.1 Koeficient rozpustnosti inhalacnich halogenovanych
anestetik v krvi a tkanich

lsofluran  Sevofluran  Desfluran |

Tkah  Halotan

Krev 24 14 0.65 0,45
Mozek 34 21 11 0,6
Sval 38 2] 11 0.6
Tuk 137,0 71,0 41,0 15,0
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Tab.2 Metabolismus inhalaénich halogenovanych anestetik

Metabolizovano

Anestetikum

Halotan 15-20 %
Isofluran 0%
Sevofluran 5%
Desfluran 0,02%

systému renin-angiotenzin. Obé tyto situace jsou
snadno zvladnutelné podanim betablokitoru [5].
Plisobi mirnou cerebrilni vazodilataci, ¢imZ muzZe
zhor$it nitrolebni hypertenzi [6].

Desfluran ve srovnani s isofluranem zajistuje
lep$i hemodynamickou stabilitu béhem operace
a snadnéjsi vedeni permisivni hypotenze [7]. Uvod
do anestezie desfluranem je v porovnani s isoflura-
nem, sevofluranem i propofolem rychlejsi [8]. Ve
srovnani se sevofluranem u operaci del§ich nez 3
hodiny pacienti, kterym byl podavan desfluran,
vyznamné dfive vyhovéli slovnim vyzvé a bezpeé-
né spolkli 20 ml vody. Mezi pacienty nebyl rozdil
v Cetnosti pooperacni nauzey a zvraceni a ¢asu do
transportu na pooperacni oddéleni [9]. U pacientd,
kterym byl podavan desfluran, byl ¢as do extubace
kratsi o 36 %, respektive o0 13 % nez po isofluranu,
respektive sevofluranu. Pacienti po ném neoce-
kdvané ,nepfespavali® [10]. Bylo opakované pro-
kazano, Ze dopliiovana anestezie desfluranem je
levnéjsi neZ s pouzitim sevofluranu i propofolu [11,
12], a to i v podminkach naseho zdravotnictvi.

DESFLURAN U OBEZNICH PACIENTU

Rychlost zotaveni po halogenovanych inha-
lacnich anesteticich je pfimo umérna jejich ko-
eficientu rozpustnosti v krvi a tkanich. U obéz-
nich a monstrézné obéznich pacientt ma rychlost
ndvratu obrannych reflexdi i spoluprice zisadni
vyznam v prevenci poopera¢ni hypoventilace a as-
pirace. Ve srovnani s propofolem a isofluranem
byli pacienti s BMI 2 30, kterym byl poddvan béhem
operace desfluran, vyznamné driive extubovani
a na pooperaénim oddéleni méli vyznamné vyssi
hodnotu SpO,. Rovnéz védomi a motoricka spolu-
prace u nich byly vyznamneé lepsi [13]. U obéznich
pacientti, kterym byl pod4van sevofluran, bylana
pooperac¢nim oddéleni 30 a 45 minut po extubaci
v arterialni krvi zméfena vyznamné vy$§i hladina
PaCO, a vyznamné niz$i pH neZ u pacientd, kte-
1ym byl podavan desfluran [14]. Ve studii, kterou
provedl McKay [15], byla u obéznich pacientii s BMI
= 30 anestezovanych sevofluranem a desfluranem
porovnavana délka operace (vyjadfend v MAC hodi-
nach) a rychlost navratu polykaciho reflexu. Kazda
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MAC hodina sevofluranu prodlouzila ¢as potiebny
k navratu polykaciho reflexu po ukonceni ptivodu
anestetika o 268 sekund. U desfluranu pouze o 16
sekund. Po propofolu byly u obéznich pacientt dvé
hodiny po anestezii prokdzany vyznamneé sniZzené
spirometrické hodnoty FEV a MEV. U pacientt,
kterym byl podavan desfluran, byly tyto hodnoty
nezménény [16]. VSeobecné lze fici, Ze podani
desfluranu obéznim pacientim vede k rychlejsi-
mu zotaveni po anestezii a rychlej$imu navratu
adekvatni ventilace i obrannych reflexii.

DESFLURAN U SENIORO

Starnuti je pfirozeny déj, ktery se projevuje vy-
znamneé del§im zotavovanim po celkové anestezii.
V 1oce 2001 byla publikovana studie, jejiZ autofi
hodnotili rychlost zotaveni kognitivnich funkci
po podani sevofluranu a desfluranu. Zjistili, Ze
Cas potiebny k navratu plné kognitivni funkce je
u obou anestetik pfibliZné stejny [17]. U vykond,
které trvaly déle nez dvé hodiny, se po sevofluranu
navrat kognitivnich funkci vyznamné zpomalil,
u desfluranu ztstal stejny [18]. Navrat kognitiv-
nich funkci u seniori po propofolu a isofluranu
je vyznamné pomalejsi nez po desfluranu [19]. Po
desfluranu nebyla u seniorii pozorovana kogni-
tivni dysfunkce [20], po propofolu naopak velmi
€asto [21]. VSeobecné lze Tici, Ze desfluran zkracuje
dobu potfebnou k ndvratu plné kognitivni funkce,
Neovliviiuje v§ak celkovou dobu hospitalizace, ani
vyskyt poopera¢ni zmatenosti [22],

DESFLURAN A OCHRANA ORGANU

Na operacni sal se dostavaji stale star${ a vice
nemocni pacienti, operace jsou naro¢néjsi, kom-
plikovanéjsi, pooperacni stonani delsi a sloZitéjsi.
Celkové naklady stale stoupaji. Potencialni orga-
notoxicita pouzivanych anestetik je proto velmi
nebezpecna. Od ledna 1980 do dubna 2010 bylo na
toto téma publikovano vice nez 600 praci, ale pouze
priblizné 100 odrazi kazdodenni klinickou praxi [1].
Zadné v soucasnosti pouzivané anestetikum neni
jednoznacné lep$i nez jiné. Vidy je potfeba zo-
hlednit konkrétniho pacienta a konkrétni pouZiti.
U inhala¢nich anestetik, zvlasté desfluranu a se-
vofluranu, byl prokazan kardioprotektivni Gi¢inek,
a proto je jejich pouZiti doporuceno u kardiologicky
nemocnych i u nekardiochirurgickych operaci
[23]. Neuroprotektivni Gi¢inek byl prokazan u des-
fluranu, sevofluranu, isofluranu i propofolu [24].
Pfi pouziti desfluranu byl pozorovan méné Casty
vyskyt pooperacni nauzey a zvraceni u vSech sku-
pin pacientli i operacnich vykoni [25, 26]. Jedinou
klinicky duileZitou nevyhodou desfluranu se tak
zda byt zvySené drazdéni dychacich cest [27].



ZAVER

Od uvedeni desfluranu na trh uplynulo 20 let,
v pribéhu kterych byla opakované prokizina jeho
ucinnost a bezpec¢nost napfic¢ spektrem pacientii
ichirurgickych vykoniti. Jeho davkovani je snadné
a dobfefiditelné, jeho icinek silny, stabilni a dob-
fe predvidatelny. Umozniuje rychlé a bezpeciné
probuzeni. Pfi sprdvném davkovini nema Zadné
zavazné nezadouci Gcinky. Diky vyjimecné niz-
kému koeficientu rozpustnosti je nejlepsi volbou
pro obézni pacienty a dlouhé operacni vykony.
NezatéZuje metabolismus pacienta. Pri vyuZiti
low-flow a ultra low-flow technik je jeho podani
ekonomické. Pravem patii mezi to nejlepsi, co
milZzeme nasim pacientim nabidnout.
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Desfluran umoznuje snadné
provedeni wake-up testu pfi operaci
skolidzy u déti —kazuistika

MareSova Dagmar, Vymazal Tomas

KARIM, 2. LF UK, Fakultni nemocnice v Motole

SOUHRN

Kazuistika popisuje pribéh operace 14leté pacientky s BMI
22,1, ktera byla od svych 10 let v péci détského ortopéda
pro idiopatickou skoliézu. Korzet, ktery 4 roky nosila,
Jiz neposkytoval dostatecnou oporu, a byla proto indi-
kovéana korekéni operace instrumentariem SSE (Spinal
Set Evolution). Pacientka byla v pé¢i endokrinologa pro
hypofunkdi Stitné Zlazy na substituéni terapii a détského
kardiologa ro akcidentaini systolicky $elest a bifascikulérni

ABSTRACT

Desflurane facilitates a successful wake-up test in
scoliosis surgery in children. Case report

The case report depicts scoliosis surgery and a wake-up
testin a14-year old girl with BMI 22.1who was in care of
a paediatric orthopaedic surgeon for idiopathic scoliosis.
She wore a corset for four years but it was ineffective
and scoliosis surgery became indicated. The girl was in
care of an endocrinologist due to thyroideal hypofuction
and a paediatric cardiologist due to a persistent systolic

Uvop

Ve FN v Motole je kaZdorotné provedeno pfi-
blizné 30 elektivnich operaci patefe u pacienti ve
véku od 5 do 18 let. Pievazné se jedna o chirurgické
feSeni skoli6zy. Vykony se provadéji v celkové an-
estezii s orotrachedlni intubaci v prona¢ni poloze.
Po nalozeni slozitého instrumentaria pied jeho
konetnym upevnénim s je$té otevienou operaé-
ni ranou se provadi wake-up test, pfi kterém je
intubovany pacient v pronaéni poloze vyzvan,
aby zahybal palci na obou dolnich kondetinach.

Anest. intenziv. Med.,, 24, 2013, ¢ 4. s. 00-00

blok&du. Pfi wake-up testu jsme ocenili vybornou Fiditel-
nost a promptni reakce na zmény koncentraci desfluranu.
Pacientka se probudila do dobrého kontaktu a bezvadné
vyhovéla pozadované vyzvé. Desfluran zajistil hladké
a klidné probuzeni do kvalitniho kontaktu a prispél tak ke
Klidnému a zdarnému pribéhu slozité operace.

KLiCOVA sLovA

skoliéza = wake-up test u déti - desfluran

murmur and bifascicular blockade. Appropriate choice
of short acting and easy to control drugs used for the
general anaesthesia, desflurane included, contributed to
smooth surgery and rapid, full wakefulness necessary
for the wake-up test. Desflurane facilitates a reliable
wake-up test in children undergoing scoliosis surgery
and delivers safe and effective general anaesthesia.

KEYWORDS

scoliosis - wake-up test in children - desflurane

Operatér tak kontroluje celistvost a spravnou funk-
ci miSnich nervovych vlidken v operované oblasti.
I pfes to, Ze pacient tento dkon nacvituje zpravidla
tyden pfed operaci, jedna se z anesteziologického
hlediska o velmi delikatni situaci.

POPIS PRIPADU

Kazuistika popisuje priibéh operace 14leté pa-
cientky s BMI 22,1 kg/m? (télesna vyska 172 cm,
télesna hmotnost 65 kg), kterd byla od svych 10 let
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v péci détského ortopéda pro idiopatickou skolié-
zu. Korzet, ktery 4 roky nosila, jiZ neposkytoval
dostate¢nou oporu, a byla proto indikovana ko-
rekéni operace instrumentariem SSE (Spinal Set
Evolution). Pacientka byla v péci endokrinologa
pro hypofunkci §titné Zlazy na substituéni terapii
a détského kardiologa pro akcidentalni systolicky
Selest a bifascikuldrni blokddu. Dalsi anamnéza
byla nevyznamna.

Operace skolibzy byla provedena v fijnu 2012. Po
premedikaci midazolamem 5 mg intramuskularné
byla pfevezena na opera¢ni sal, kde byla po tivo-
du do anestezie sufentanilem 40 pg, propofolem
180 mg a rokuroniem 50 mg orotrachealné intu-
bovana. Byly ji zavedeny invazivni vstupy - CZK,
piimé méfeni krevniho tlaku, nazogastricka sonda
a permanentni mocovy katétr. Byla napolohovana
do pronace. Doplilovana anestezie byla vedena
smeési 02 + vzduch, sufentanilem, svalova relaxa-
ce byla zajiSténa rokuroniem s méfenim hloubky
nervosvalové blokady pfistrojem TOF Watch®.
Hloubka svalové relaxace byla udrZovana na
TOF-count 1 az 2 opakovanymi bolusy rokuronia.
Inhalaénim anestetikem byl desfluran v end-exspi-
racnich koncentracich do 5 %. Chirurgicky fez byl
veden zadnim pfistupem od Th 6 k L. 5 patefe. Po 215
minutach operace a 30 minut pfed poZadovanym
wake-up testem byl nasazen remifentanil v davce
0,15-0,5 pg/kg/min. Do té doby bylo podano 70 p
sufentanilu. Na pokyn operatéra bylo zahdjeno
probouzeni z celkové anestezie, byl vysazen desflu-
ran, remifentanil pokracoval v davce 0,15 pg/kg/
minutu. Pfi TOF-count 3 byl poddn sugammadex
v davce 2 mg/kg. Po 7 minutich se pacientka pro-
budila do plného kvalitniho kontaktu, velmi dobré
spoluprace a promptné vyhovéla vyzvé. TOF-ratio
byl > 0,9. Celkova dopliiovana anestezie byla na-
sledné opét prohloubena a vykon hladce dokoncen.
Vlastni operace trvala 6 hodin 10 minut, s aneste-
ziologickou pfipravou, rentgenologickou kontro-
lou polohy CZK a polohovanim celkem 7 hodin 15
minut. S ohledem na kardiologickou anamnézu
jsme nezaznamenali Zadné nezadouci pfihody.
Po operaci byla pacientka planované ponechana
intubovanad a pfeloZena na jednotku intenzivni
péce, kde byla po 4 hodinidch hladce extubovana.
Dal3{ hospitalizace probéhla bez komplikaci.

DISKUSE

Wake-up test pii pronacni poloze k operaci
skoliézy klade vysoké ndroky na vyvazenost dopl-
nované anestezie a spoluprici pacienta. Je nutné
vybalancovat vSechny sloZky celkové anestezie
a pacienta dostatetné edukovat [1]. Lze vyuZit
vyhod inhala¢nich anestetik [2] i anestetik in-
travendznich [3]. Kazdé z nich maji své vyhody
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ilimity [4]. Operace skoli6zy s nutnosti pacienta
v pritbéhu vykonu probudit a vyzvat ke spolupraci
Byla pfinich pouZivana riiznd, v dané dobé dostup-
na anestetika. V pocatcich byl vyuzivan fentanyl,
vekuronium nebo atrakurium a halotan, pozdéji
pak izofluran. V poslednich letech pouzivame su-
fentanil, remifentanil, rokuronium a sevofluran
[1, 4]. Nejnovéji mame k dispozici také desfluran.
Operace patefe maji sva anatomicka a funkcni spe-
cifika, ktera je nutno respektovat. I u téch nejroz-
sdhlejsich vykoni je nutno dbat na neporusenou
funkci nervii odstupujicich z patefniho kanalu. Je
také mozné zvolit dostatecné hlubokou celkovou
anestezii bez podani svalovych relaxancii, avsak
k povaze vykonu s trachedlni intubaci a pronacéni
polohou je dostate¢né hluboka nervosvalova blo-
kada téméf nepostradatelna [5]. Pfi pfetrvavaji-
cim neZadoucim dc¢inku opioidd lze podat jejich
antidotum naloxon, pretrvavajici nervosvalovou
blokadu, ktera brani provedeni wake-up testu lze
zvratit pomoci inhibitora acetylcholinesterazy
(neostigminu) a nyni i nového antidota rokuronia
(sugammadexu) [6, 7]. Co vak nelze takto farma-
kologicky vyteSit je stav védomi ovlivnény inha-
la¢nimi anestetiky. Okamzik probouzeni z celkové
anestezie a wake-up test byl doposud pravidelné
komplikovan dezorientaci, neklidem, spontin-
nimi pohyby hornich i koncetin, otacenim hlavy
a Casto také celkovou nespolupraci pacienta [1-4,
8]. Desfluran zajistil hladké a klidné probuzeni do
kvalitniho kontaktu, a bezpochyby tak prispél ke
klidnému a zdarnému priibéhu operace.

ZAVER

Pri pouziti desfluranu jsme ocenili jeho vy-
bornou riditelnost a promptni reakce na zmeény
koncentraci. Pacientka se probudila do dobrého
kontaktu a bezvadné vyhovéla pozadované vyzveé.
Desfluran umoznil hladké a klidné probuzeni do
kvalitniho kontaktu, a piispél tak ke klidnému
a zdarnému pribéhu sloZité operace.

Konflikt zajm
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SOUHRN

Myasthenia gravis (MG) je onemocnéni, které posti-
huje nervosvalovy pienos. Typicky se projevuje mezi
20.-40. rokem véku a postihuje vice zeny. Pfi tézsich
formach onemocnéni dochazi k rozvoji chronické
dechové nedostate¢nosti, v terminalni fazi s nutnosti
umelé plicni ventilace. Velmi zavazné jsou myastenické
krize s akutnim dechovym selhanim. Pacienti vyka-
zujf rdznou a nepredikovatelnou citlivost a odpoved
na podani nedepolarizujicich svalovych relaxancif.
Riziko rezidudlni svalové blokady a pooperacniho
dechoveho selhdni s naslednymi komplikacemi je
u nich velmi vysoké. Nezbytnou soucasti 1é¢by MG,
zvlasté je-li podminéna thymomem (10-15 % pripa-
di), je chirurgicka thymektomie. Zlatym standardem
chirurgického reseni je kompletni tymektomie z par-
cialni sternotomie. Kazuistika popisuje pfipad 45leté
pacientky s BMI 28,3 s myasthenia gravis IV. stupné
podle Ossermanovy klasifikace, kterd velmi $patné
reagovala na farmakologickou terapii kombinaci in-
hibitor( cholinesterazy, imunosuprese a kortikoidd,
vCetné opakovanych plazmaferéz. V pribéhu dvou
let pacientka dvakrat prodélala myastenickou krizi
s nékolikadenni nutnosti umélé plicni ventilace. Pro
nesouhlas s thymektomii ze sternotomie ji byla pro-
vedena exstirpace thymomu videotorakoskopicky. Jiz
pfedoperacné byla hrani¢né ventila¢né kompenzovana
se znamkami chronické respira¢ni insuficience a klido-
vou dusnosti v sedé. K Uspésnému priibéhu operace
a rychlému zotaveni po doplfiované anestezii zcela
Jisté prispéla vhodna volba dobre fiditelnych aneste-
ziologik, véetné desfluranu. Jeho pouziti se podili na
bezpelné a Gicinné anestezii pacientd s tézkou formou
myasthenia gravis.

KLICOVA sLova

myasthenia gravis - videotorakoskopick4 thymektomie —
respiracni insuficience - desfluran
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ABSTRACT

Desflurane proves to be the right inhalational anaes-
thetic agent in a severe stage of myasthenia gravis
Case report

Myasthenia gravis (MG) is a disease affecting the neuro-
muscular transmission. MG is manifested through rapid
fatigue and low muscle strength. It typically occurs
between the ages of 20 and 40 and mostly affects
women. In a severe stage of MG the development of
respiratory insufficiency requiring mechanical ventilation
is common. Patients show various and unpredictable
sensitivity and response to non-depolarizing muscle
relaxants. The risk of residual muscular blockade and
postoperative respiratory failure with consequent com-
plications is very high in such patients. An essential
part of the MG treatment, namely if there is a thymoma
present (10-15% of cases), is surgical thymectomy. Full
thymectomy by partial sternotomy is the gold standard
surgical treatment thereof. Our case report depicts
a peri-operative course in a 45 years old woman with
BMI of 28.3 and myasthenia gravis grade IV according
to the Osserman classification. The farmacological treat-
ment and plasmapheresis were ineffective. During two
years she suffered two myasthenic crises requiring me-
chanical ventilation. Instead of thymectomy by partial
sternotomy, a videothoracoscopic thymectomy was
performed. Prior to surgery she had late symptoms of
chronic respiratory insufficiency with dyspnoea even in
the sitting position. Appropriate choice of short acting
and well-controlled drugs used for general anaesthesia,
desflurane included, contributed to smooth surgery and
rapid, full recovery. Desflurane contributes to safe and
effective general anaesthesia in patients suffering from
severe stage of myasthenia gravis.

KEYWORDS

myasthenia gravis - videothoracoscopic thymectomy -
respiratory insufficiency - desflurane



Uvop

Myasthenia gravis (MG) je onemocnéni, kte-
1é postihuje nervosvalovy pfenos. Pfiblizné 65
% postiZenych trpi folikuldrni hyperplazii thy-
mu, pii které autoreaktivni B butiky produkuji
autoprotilatky proti nikotinovému acetylcholi-
novému receptoru na postsynaptické membriné
nervosvalové ploténky pri¢né pruhovanych svalil.
U7 % pacientl je mozné detekovat protilatky proti
tyroxin kinaze. MG se projevuje rychlou tinavnos-
ti a malou svalovou silou. Typicky se projevuje
mezi 20.-40. rokem véku a postihuje vice Zeny.
chronické dechové nedostatenosti, v terminalni
fazi s nutnosti umélé plicni ventilace. Velmi za-
vazné jsou myastenické krize s akutnim dechovym
selhanim. Pacienti vykazuji riznou a neprediko-
vatelnou citlivost a odpovéd na podani nedepola-
rizujicich svalovych relaxancii. Riziko reziduilni
svalové blokady a poopera¢niho dechového selhini
s naslednymi komplikacemi je u nich velmi vy-
soké. Nezbytnou soucasti 1é¢by MG, zvlasté je-
li podminéna thymomem (10-15 % pfipadi), je
chirurgicka thymektomie. Thymom je v naprosté
vét8iné piipadli nezhoubny nador thymu, ktery
vSak tvoii autoprotilatky proti acetylcholinovému
receptoru, nékdy také i proti nékterym svalovym
bilkovindm (titin, ryanodinovy receptor). Zlatym
standardem chirurgického feSeni je kompletn{
tymektomie z parcidlni sternotomie.

POPIS PRIPADU

Kazuistika popisuje pfipad 45leté pacientky
s BMI 28,3 (vy$ka 163 cm, télesna hmotnost 75 kg)
smyasthenia gravis IV. stupné podle Ossermanovy
Klasifikace, Pfiznaky onemocnéni byly pozorovany
poprvé pred 2 lety, 1. stuperi nebyl zachycen, poté
byl pozorovan rychly nastup obtiZi. Onemocnéni
velmi Spatné reagovalo na farmakologickou terapii
kombinaci inhibitorl cholinesterdzy, imunosu-
prese a kortikoid@. Opakované byla provadéna
plazmaferéza. V priibéhu dvou let pacientka dva-
krat prodélala myastenickou krizi s nékolikadenni
nutnosti umélé plicni ventilace, v obou pfipadech
bez tracheostomie. Jako pficina byl diagnostikovan
thymom indikovany k opera¢nimu feSeni thymek-
tomii z parcialni sternotomie. Pro nesouhlas paci-
entky s timto postupem byla exstirpace thymomu
provedena videotorakoskopicky. Pfed operaci byla
pacientka hrani¢né ventilatné kompenzovana
se zndmkami chronické respiraéni insuficience
a klidovou dusnosti vsedé.

V den operace rano byl podan bisulepin 2 mg pe-
rordlné a chronickd medikace inhibitory cholines-
terazy a kortikoidy. Uvod do anestezie byl proveden
intravenézné propofolem (200 mg), sufentanilem
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(40 pug ), k intubaci pouzZito rokuronium 0,6 mg/
kg télesné hmotnosti. Inhalaénim anestetikem
byl desfluran v endexpiracni koncentraci 2,54 %.
V dopliiované anestezii byl sufentanil nahrazen
kontinualné podavanym remifentanilem v davce
0,5 mg/hodina. Byla monitorovana byla hloubka
nervosvalové blokady pristrojem TOF Watch® - pii
TOF-count 2-3 byly pfidavany davky rokuronia
0,15 mg/kg télesné hmotnosti. Operace trvala 126
minut. Po dokonceni kozni sutury byl pfi TOF-
count 3 podan sugammadex v ddvce 2 mg/kg téles-
né hmotnosti a bylo ukon¢eno podavani remifen-
tanilu a desfluranu. K navratu kvalitniho védomi
s adekvatni reakci na osloveni doslo za 95 sec, za
125 sec byla pacientka extubovana pii TOF-ratio
> 0,9 a dostatecnych spontannich dechovych ob-
jemech a dechové frekvenci a kardiopulmonalna
kompenzovana. Za dal§ich 300 sec byla pfevezena
na dospavaci pokoj a po 30 minutéich byla ze silu
pfeloZena na monitorované liZko chirurgického
pracovisté, Analgezie byla nisledné fe$ena meta-
mizolem. Sedmy pooperac¢ni den byla pacientka
propusténa do domaciho 1é¢eni bez komplikaci.

DISKUSE

Celkova dopliiovani anestezie byla podana
pacientce s tézkou formou myasthenia gravis
1V. stupné podle Ossermanovy klasifikace [1, 2]
se znidmkami respiracni insuficience a klidovou
dusnosti vsedé jiZ v pfedopera¢nim obdobi [3, 4].
Thymektomie byla na zakladé rozhodnuti pacient-
ky provedena videotorakoskopicky [5]. Rozvahu
vyzadovala volba vhodnych farmak a anestetik,
inhala¢nich [6] i intravenéznich [7], s uvdZenim
jejich potencialnich vyhod i nevyhod u takto kom-
promitované pacientky [8]. Byla zvolena dobfe
fiditelna farmaka s rychlym nastupem a rychlym
odeznivanim uc¢inku. Rizika plynouc z ttlumu
dychani po opioidech Ize fedit poddnim antidota
naloxonu, rezidudlni nervosvalovou blokadu pak
dekurarizaci pomoci inhibitori acetylcholineste-
razy (neostigminu) a nejnovéji antidota rokuro-
nia (sugammadexu) [9, 10]. Unikatni vlastnosti
sugammadexu je, Ze dokaZe zvratit i velmi hlu-
boky nervosvalovy blok s post-tetanic count (PTC)
1-2. Hluboka nervosvalova blokdda se u pacienti
s onemocnénim MG vyskytuje podstatné castéji
i po obvyklych davkach svalovych relaxancii neZ
u bézné populace. Tito pacienti jsou proto také
vice ohrozeni vznikem PORC [10]. U pacientky
popisované v nasi kazuistice bylo vSak nutné,
kromeé plné svalové sily, zajistit také plné védom{
a tiroverl spoluprace bezprostiedné pfed extubaci
a po ni z divodu udrZeni prichodnych dychacich
cest a dostatecné spontanni ventilace, Probouzeni

PP

z celkové anestezie byva ¢asto provazeno dezorien-
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taci, neklidem, tfesavkou a celkovou nespolupraci
pacienta [6, 7, 8]. Desfluran zajistil hladké a klidné
probuzeni do kvalitniho kontaktu, a pfispél tak ke
klidnému a zddrmému pribéhu operace.

ZAVER

K ispé$nému priibéhu operace a rychlému zo-
taveni po doplfiované anestezii zcela jisté pfispéla
vhodna volba dobfe fiditelnych anesteziologik
vCetné desfluranu. Jeho podani spolupodminuje
bezpenou a Gi¢innou anestezii u pacientd s té¥kou
formou myasthenia gravis.
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Purpose: Myasthenia gravis (MG) is an autoimmune disease interfering with neuromuscular
transmission. Patients are at risk of postoperative residual curarization (PORC) if nondepolar-
izing muscle relaxants are used. Clinically inapparent insufficient muscle strength may result
in hypoventilation and postoperative bronchopneumonia. We describe a cohort of 117 cases
in which sugammadex was used in MG patients undergoing surgery with muscle relaxation
with rocuronium.

Methods and patients: We anesthetized 117 patients with MG using rocuronium and sugam-
madex as neuromuscular blockade reversal agent. One hundred five patients underwent surgical
thymectomy and 12 underwent cholecystectomy (five laparotomic and seven laparoscopic).
We measured time from sugammadex administration to recovery and to extubation, using the
TOF-Watch® (series of four consecutive electrical impulses [the train-of-four] >0.9). We tracked
peripheral capillary oxygen saturation (SpO,) <95%, elevation of partial pressure of carbon
dioxide (pCO,) >10% above baseline, number of reintubations within the first 48 hours, and
number of pneumonias within 120 hours, postoperatively. Results were processed as average,
minimum, and maximum values.

Results: The period needed to reach train-of-four of 0.9 following sugammadex administration
was on average 117 seconds (minimum of 105 seconds/maximum of 127 seconds) and differed
within deviation <10%. The time to extubation following sugammadex administration was on
average 276 seconds (minimum of 251 seconds/maximum of 305 seconds) and differed mini-
mally among patients as well. We observed no SpO, <95%, no pCO, elevation >10% above
a baseline, no emergent reintubation within the first 48 hours, and no pneumonia diagnosed on
clinical basis within 120 hours, postoperatively in all 117 patients.

Conclusion: In this cohort of MG patients undergoing surgery using rocuronium and
sugammadex, we did not observe any signs of postoperative residual curarization and respiratory
depression. The neuromuscular blockade recovery was reliable, predictable, and rapid.
Keywords: neuromuscular blockade recovery, myasthenia gravis, general anesthesia,
sugammadex

Introduction

Myasthenia gravis (MG) is a disease that affects neuromuscular transmission. Patients
show unpredictable sensitivity and response to the administration of nondepolarizing
muscle relaxants. The risk of residual neuromuscular blockade and postoperative
respiratory failure with consequent complications is very high in such patients.’ This
blockade may not be clinically apparent. Insufficient muscle strength may result
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in hypoventilation, oxygen desaturation, development of
hypercapnia, micro- and macroaspirations, and postop-
erative bronchopneumonia in the postoperative period.
An essential part of MG treatment, namely if there is a
thymoma present (10%—15% of cases), is surgical thymec-
tomy. Thymoma is most often a benign tumor of the thymus
which produces acetylcholine receptor autoantibodies and
can sometimes even produce autoantibodies against certain
muscle proteins such as the titin and ryanodine receptor.
Full thymectomy by partial sternotomy is the gold standard
surgical treatment.’

Sugammadex selectively encapsulates steroid nondepo-
larizing muscle relaxants, thus leaving the receptor free for
acetylcholine. Encapsulation is irreversible, and the whole
complex is then excreted from the body through the urine.
Efficiency and reliability of sugammadex has been repeatedly
shown in several clinical studies.* The aim of this case series
was therefore to verify whether sugammadex can secure full
and rapid neuromuscular blockade recovery with avoiding
respiratory depression in patients with MG.

Methods and patients

With the approval of the local ethics committee of the Teaching
Hospital Motol and with written consents of participants, we
anesthetized 117 patients (from June 2010 to September 2014)
with MG type Ila and ITb (Osserman’s classification) using
general anesthesia (GA) with rocuronium and sugammadex
as neuromuscular blockade reversal agent. Demographic data

Table I Demographic data

Variables Average Minimum/
maximum

Age (years) 41.6 32/68

Body mass index (kg/m?) 242 19.5/34.7

ASA Median Il 11/1V

Osserman’s lla:llb 22:95 NA

Sex (female:male) 67:50 NA

Surgery (minutes) 98.6 76/129

Rocuronium total dose (mg) 725 50/105

Time interval from last rocuronium- 15.5 10/28

sugammadex (minutes)

Time to TOF 0.9 (seconds) 117 105/127

Time to extubation (seconds) 276 251/305

SpO, lower than 95% within 24 hours None NA

pCO, elevation >10% above baseline None NA

Reintubations within 48 hours None NA

Acquired bronchopneumonias within 120 hours None NA

Notes: Osserman’s lla — weakening of eye and limbs muscles; Osserman’s Ilb ~
weakening of eye, limbs, and bulbar muscles.

Abbreviations: ASA, American Society of Anesthesiologists scale; NA, not
applicable; pCO,, partial pressure of carbon dioxide; SpO,, peripheral capillary
oxygen saturation; TOF, train-of-four (four consecutive electric impuises).

are shown in Table 1. One hundred five patients underwent
surgical thymectomy with partial sternotomy and 12 patients
underwent cholecystectomy (five laparotomic and seven
laparoscopic). The degree of neuromuscular blockade was
measured with the device TOF-Watch® (Organon, Mainline
Medical Inc, Norcross, GA, USA) using a series of four
consecutive electrical impulses (TOF, train-of-four). As the
primary endpoints, we measured time from sugammadex
administration to full muscle strength recovery (generally
accepted value TOF 0.9) and to the removal of the endotracheal
tube. As the secondary endpoints, we tracked clinical signs of
the postoperative residual curarization (PORC) — peripheral
blood hyposaturations lower than 95%, measured by standard
pulse oximeter in bedside monitor of vital functions, elevation
of partial pressure of carbon dioxide (pCO,) more than 10%
(standard deviation >10%) above baseline (quiet spontaneous
ventilation prior to induction to GA), measured by emergency
capnometer EMMA Monitor® (Phasein AB, Danderyd, Swe-
den). Patients who underwent laparoscopic cholecystectomy
had the arterial line, the number of reintubations within the first
48 hours following the surgery, and the incidence of acquired
bronchopneumonias diagnosed on clinical basis (due to pos-
sible aspirations) within 120 hours, postoperatively.

GA was administered to all patients, starting with propo-
fol (2 mg kg™) and sufentanil analgesia, 0.2 pg kg™ to a
maximum dose of 0.8 pg kg™". This was followed by induc-
ing muscle relaxation with an unreduced dose of rocuronium
of 0.6 mg kg™ intravenously for orotracheal intubation and
a maintenance dose of 0.15 mg kg™ if TOF >0.6. GA was
supplemented in all patients by the inhalation of O,+ air +
isofturane (up to 1.0% in the expired mixture). Depth of
muscle relaxation was measured with the device TOF-Watch.
In accordance with the manufacturer’s recommendations, the
ulnar nerve was stimulated, and the accelerometry response
of the adductor pollicis muscle was measured by the device.
Calibration was performed. Dosage of all pharmaceuticals
was converted based on the patient’s body weight. Benzodiaz-
epines were not administered. In accordance with pharmaceu-
tical company’s recommendations on deep muscle relaxation
with a TOF between zero and one, sugammadex was adminis-
tered at a dose of 4 mg kg, while a TOF measurement of two
and more was followed by a dose of 2 mg kg~!. We measured
the time from sugammadex administration to TOF 0.9. The
needed time for extubation was measured from the moment of
TOF reaching 0.9 till the removal of endotracheal tube from
the patient’s airways. Results were processed using Microsoft
Excel (Microsoft Corporation, Redmond, WA, USA), with
average, minimum, and maximum values.
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Results

Our patient population was heterogeneous, with large
variations in age, body weight, duration of surgery, and total
administered dose of rocuronium. The patient’s physical
status was determined using the ASA (American Society
of Anesthesiologists’) scale, with a median of III. The
period needed to reach TOF of 0.9 following sugammadex
administration was on average 117 seconds (minimum
of 105 seconds/maximum of 127 seconds) and differed
within a deviation <<10%. The time to extubation following
sugammadex administration was on average 276 seconds
(minimum of 251 seconds/maximum of 305 seconds) and
differed minimally among patients as well. All patients were
transferred from the operating room to a monitored bed in
the postoperative intensive care unit (ICU). We observed
no fall of peripheral capillary oxygen saturation (Sp0,)
less than 95% on room air, no elevation of pCO, more than
10% above the baseline measured for 4 hours in 30-minute
intervals after admission to ICU. No patient needed rein-
tubation due to respiratory failure within 48 hours follow-
ing the surgery. None of our patients had clinical signs of
acquired bronchopneumonia in 120 hours, postoperatively.
The summary of the results is given in Table 1.

Discussion
The results from our series of 117 patients has shown that
sugammadex has brought full and rapid neuromuscular
blockade recovery in patients with MG. Patients at higher risk
for muscle deficit and function due to MG were successfully
reversed to a TOF 0.9. We observed no serious and significant
fallin SpO, and no hypoventilation in both the operation room
and ICU. None of the patients needed reintubation within
48 hours. None of our patients had clinical bronchopneumonia
120 hours, postoperatively. The results of a search in PubMed
database from June 2010 to January 2015 suggest that this
is the most extensive published group of patients with the
aforementioned disorder of neuromuscular transmission.
Steroid nondepolarizing muscle relaxants are a common
part of the current overall GA.> However, the administra-
tion of muscle relaxants is associated with many problems,
including difficulties in the quantification of their effects,
differences in the sensitivity of individual patients, and
also effects related to age and sex.®” The result of often
inadequate dosage of muscle relaxants is PORC, which
increases the risk of hypoventilation and postoperative pneu-
monia. Residual neuromuscular blockade also contributes
to postoperative aspiration. Studies in awake volunteers
and surgical patients have demonstrated that TOF ratios

of 0.7-0.9 are associated with impaired airway protective
reflexes,’ upper airway obstruction,’ a decreased hypoxic
ventilatory response,” and postoperative hypoxemia.'!
On the basis of these findings, several investigators have
recommended that full recovery of neuromuscular function
(TOF ratio of 0.9) should be present at the time of tracheal
extubation.®!!3 PORC (defined by the TOF ratio <0.9 at
accelerometry monitoring of neuromuscular transmission)
occurs in approximately 34% of patients (upon admission
to ward after surgery) relaxed during the surgery using
rocuronium without accelerometry monitoring.!

In principle, three procedures'® can be used for PORC
treatment. The first is to continue artificial ventilation until
full recovery of muscle strength, which is associated with
the risks of prolonged ventilation and prolonged occupancy
in the operating room that hinder the smooth running of the
operational program. The second is to apply standard decura-
rization using the combination of atropine and neostigmine.
Neostigmine is known for its “ceiling effect”.'® Disadvan-
tages of this procedure include possible tachycardias (fol-
lowing atropine administration) and increased secretion from
the respiratory tract, which is inconvenient, particularly in
patients with incompetency of neuromuscular transmission
and lower muscle strength and preexisting lung disease.”"
The third and newest option that can only be applied after
the application of rocuronium or possibly vecuronium is
administration of sugammadex, which selectively binds to
aminosteroid muscle relaxants, has no “ceiling effect”, and
does not impact pulmonary function or hemodynamics.'

Similar to some published case reports describing the
administration of sugammadex in patients with MG, 22 we
evaluated a group of 117 patients undergoing surgery with GA.
Our results are consistent with the findings of other authors
who described its administration in a clinical situation.*?3-25
We can say that the effect of sugammadex in patients with the
diagnosis of MG is reliable and predictable.”® In a very short
time, unaffected by patient’s age, body weight, surgery dura-
tion, or the total administered dose of rocuronium, it results
in full recovery of neuromuscular transmission, guaranteeing
full muscle strength. This will significantly reduce the risk
of PORC'®%2 including all its serious complications.’™? We
suggest sugammadex as a component of accelerated recovery
after surgery to avoid PORC in MG patients.

Limitations

The limitations of this case series can be the enrolling of
patients of only Ila and IIb per Osserman’s classification
and the small number of the patients.

Therapeutics and Clinical Risk Management 2015:1 |
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Conclusion

In the largest published cohort of MG patients undergoing
surgery in GA using rocuronium and sugammadex, we did
not observe any signs of PORC. The neuromuscular blockade
recovery was reliable, predictable, and led rapidly to full
neuromuscular transmission.

Disclosure
The authors report no conflicts of interest in this work.
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Myasthenia gravis a anestezie —
novy bezpecneéjsi postup
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SOUHRN

Myasthenia gravis postihuje nervosvalovy pfenos.
Léci se farmakologicky, imunologicky a thymektomi.
Exacerbovat ji mohou operace, anestezie a dalsi faktory.
na. Doporucuije se anestezie pokud mozno bez svalové
relaxace - hluboka inhalacni, nebo propofol a opioidy, ¢i
svodna anestezie. Jsou-li svalova relaxancia nutna k za-
jisténi klidného operacniho pole, hlavni problém pred-
stavuje ovlivnéni nervosvalového prenosu. Myastenici
na relaxancia reaguji nepfedvidatelné kvali zménam
nervosvalové ploténky. Nejobavanéjsi komplikaci je

ABSTRACT

Vymazal Tomas, Horacek Michal, Bicek Viadimir,
Filaun Martin: Myasthenia and anaesthesia - a new
and safer approach

Myasthenia impairs neuromuscular transmission. Its
therapy is pharmacological, immunological and sur-
gical by thymectomy. Surgery, anaesthesia and other
factors can induce exacerbation. The safest technique
of anaesthesia has not been determined. Anaesthesia
without muscle relaxation is being recommended, either
deep inhalational anaesthesia, or propofol with opioids,
or regional anaesthesia. If neuromuscular blocking agents
are needed to create a motionless surgical field, the main
problem is neuromuscular transmission impairment.
Myasthenic patients react on these agents unpredicta-

Myasthenia gravis (dile myastenie) je vrozené
¢i ziskané chronické autoimunitni onemocnéni
postihujici nervosvalovy prenos, které se projevuje
kolisavou svalovou slabosti a snadnou unavitel-
nosti pfi télesné zatdZi. Polet myastenikd v CR se

ANESTEZIOLOGIE A INTENZIVNI MEDICINA 2014, 25, &1

Anest. intenziv. Med.,, 25, 2014, ¢. 1, s. 00-00

prodlouzeny Uc¢inek znemoznujicl spontadnni ventilaci
spolu se zvySenym rizikem aspirace a snizenou reakci
na hypoxii. Pak je mozné pokracovat v umélé ventilaci
do zotaveni, klasickd dekurarizace byva omezené Gi¢inna,
mUize vyvolat cholinergni krizi. Novou moznosti je pouzit
k relaxaci vyhradné rokuronium a na konci sugammadex.
Rokuronium a sugammadex predstavuji novy, ucinny
a bezpelny pfistup k celkové anestezii u myastenikd.

KLiCOVA siLova

anestezie - myasthenia gravis - nervosvalova ploténka -
rokuronium - sugammadex

bly. The most feared complication is a prolonged effect
preventing spontaneous ventilation with an increased
risk of aspiration and a decreased reaction to hypoxia.
In these circumstances mechanical ventilation can be
continued, or pharmacological decurarisation is given
but it can induce cholinergic crisis and its effect is usually
limited. A new possibility is to use rocuronium for muscle
relaxation with reversal by sugammadex. Rocuronium
and sugammadex represent a new, effective and safe
approach to general anaesthesia in myasthenic patients.

KEYWORDS

general anaesthesia - myasthenia gravis - neuromuscular
junction - rocuronium - sugammadex

v soucasné dobé odhaduje na 2 400, ale kazdym
rokem pfibyva dalSich asi 220 nové diagnostikova-
nych pacientt. Podobneé je tomu i v celosvétovém

méfitku [1]. Priblizné 65 % postizenych trpi foliku-
larn{ hyperplazii thymu, pfi které autoreaktivni



B buriky produkuji autoprotilatky proti nikoti-
novému acetylcholinovému receptoru na postsy-
naptické membrané nervosvalové ploténky pri¢né
pruhovanych svaldl. U7 % pacientl je moZné de-
tekovat protilatky proti tyroxinkinaze. Myastenie
se 1é¢i predevs§im farmakologicky imunologicky,
ale u mnoha pacientt i chirurgicky thymektomii.
Thymektomie se povaZuje za standardni sou-
Cast 1écby u pacientd s generalizovanou myastenii
s hyperplazii thymu a autoprotildtkami proti
nikotinovému acetylcholinovému receptoru na
postsynaptické ¢asti nervosvalové ploténky a u pa-
cientd s thymomem (10-15 % pacienti) [2]. Lze ji
provadét transcervikalné, ze sternotomie, nebo
videothorakoskopicky. Standardnim postupem
je roz8ifena thymektomie s odstranénim thymu
a tukové tkané z celého predniho mediastina
cestou Cdstecné sternotomie podle Smata. V po-
sledni dob¢ se v8ak stale ¢astéji operuje videotho-
rakoskopicky (i roboticky) kviili niZ8i morbidité,
lepsimu hojen{ rany (jen mékké tkané, nikoliv
kost), krat$i potfebné dobé hospitalizace a lep§im
kosmetickym vysledkim. Zatim v3ak prfetrvava
nejistota o maximalnim rozsahu resekce thymu,
ktery je nutny k dosazeni nejvy$siho pfinosu [3].
Myastenie je onemocnéni dlouhodobé, a proto
mohou pacienti piileZitostné potfebovat i jiné
chirurgické vykony, které s myastenii nesouviseji,
jakonapl. cholecystektomii, prostatektomii, ope-
race pro nadory ¢i traumata, cisafsky fez. Operace
i anestezie vSak mohou spolu s emoéni zatéZi pe-
rioperacniho obdobi vést k exacerbaci myastenie.
Pfispivat k ni mohouiinfekce, zmény koncentraci
iontd, 1éky (antibiotika - aminoglykosidy, fluoro-
chinolony, makrolidy, benzodiazepiny, betabloka-
tory, D-penicilamin, gabapentin, methimazol),
zmény imunomodulacni 1é¢by ¢i téhotenstvi.
Krajnim projevem exacerbace je myastenicki
krize. Je definovadna jako akutni dechové selhdni
v dlisledku slabosti dychacich svalfl spojené s ne-
schopnosti udrZet prichodnost dychacich cest
a polykat. Pfed rokem 2000 k ni po thymektomii
dochazelo v 6-34 % pripada [4], ale nastup mini-
maélné invazivnich chirurgickych technik a zména
postupl pii anestezii umoznily vyskyt této kom-
plikace vyrazné snizit [4]. Operace v dnesni dobé
samoziejmé vyZaduji anestezii, ale nejbezpecnéjsi
technika znecitlivéni u pacientti s myasteni{ neby-
la doposud stanovena. Moderni celkova anestezie
se nejCastéji provadi tzv. doplriovanou technikou,
pii niZ anesteziolog soucasné podava vice riz-
nych 1éka. Celkova anestetika, at uz inhalacni,
nebo nitrozilni, se pouzivaji k navozeni ,,spdnku“
v prabéhu operace, maji vSak jen hypnoticky, ni-
koliv analgeticky tcinek (s vyjimkou ketaminu).
Analgezie se proto musi zajistit soutasnou aplikaci
opioidii nebo technikami svodné anestezie. Mnohé

ANESTEZIOLOGIE

operacni vykony kromé toho vyZaduji i svalovou
relaxaci, aby se chirurgovi uleh¢il pfistup do téles-
nych dutin. Tyka se to zejména operaci v nadbfisku
a v hrudniku. Svalova relaxace soucasné sniZuje
ispotfebu kysliku v disledku sniZeni tonu koster-
nich svalli. Vyuziva se jiik zaji$tén{ priichodnosti
dychacich cest intubaci a usnadnéni fizené venti-
lace podle potfeb pacienta.

Hlavni problém v souvislosti s anestezii u myas-
tenikli pfedstavuje pravé ovlivnéni nervosvalového
prenosu ucinkem inhalanich anestetik a svalo-
vych relaxancii. Pfijakékoliv anestezii s pouZitim
nedepolarizujicich svalovych relaxancii je pacient
ohroZen rezidualni nervosvalovou blokadou, ktera
nemusi byt klinicky manifestni. V pooperaénim
obdobi se v8ak mensi svalova sila mliZe projevit
desaturaci, rozvojem hyperkapnie, mikro- i mak-
roaspiracemi a pooperacéni bronchopneumonii.

Podle vysledkd jednodenniho observa¢niho do-
taznikového prizkumu zpisobl anestezie v Ceské
republice v roce 2010 (Czech Anaesthesia Day 1. 6.
2010) se svalova relaxancia pouZivaji pfi témér dvou
tfetindch anestezii [5], a to ve vySe uvedenych in-
dikacich. Svalova relaxancia se podle mechanismu
ucinku déli na dvé skupiny - depolarizujici a ne-
depolarizujici. Depolarizujici relaxancia se vaZou
na nikotinovy acetylcholinovy receptor na postsy-
naptické ¢asti nervosvalové ploténky a vyvolivaji
jejidepolarizaci, kterd se klinicky projevuje neko-
ordinovanymi svalovymi zaskuby (fascikulace) po-
stupujicimikraniokaudalnim smérem od obliceje
k dolnim koncetinam. Odbouravaji se Gi¢inkem
plazmatické cholinesterazy (butyrylcholineste-
raza), ale pomaleji neZ acetylcholin odbouravany
acetylcholinesterazou. Receptory tak ziistivaji
obsazené déle, takZe membrana neni schopna dals{
depolarizace. Nedepolarizujici relaxancia ptisobi
jako kompetitivni antagonisté acetylcholinu, ¢ili
obsazenim receptoru znemoznuji acetylcholinu
vyvolat depolarizaci.

Myastenici na svalova relaxancia reaguji ne-
predvidatelné&, protoZe na nervosvalové ploténce
dochazi ke zménam, priCemzZ mira postiZeni se
zvétSuje s trvanim onemocnéni. Protilatky proti
nikotinovym acetylcholinovym receptoriim pfemo-
stuj{ dva sousedni receptory na postsynaptické ¢as-
ti nervosvalové ploténky a aktivuji komplement.
Nasledné dochazi k destrukci receptorti, jejich
pocet klesa o0 70-80 %, zmensSuje se pocet zahybill
ploténky (simplifikace) a ploténka se roz§ifuje.
U myastenické krize ke slabosti pfispiva i funkéni
blokada receptorti. Témito mechanismy se ome-
zuje rozsah depolarizace svalu, takZe se sniZuje
mnozstvi vapniku v cytosolu svalovych vliken
a oslabuje se svalova kontrakce. Prfi del§im trvani
myastenie se postupné rozviji i svalové postiZe-
ni - myopatie, dochézi k atrofiim, a to zejména
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u formy myastenie s protilatkami proti svalové
specifické tyrozinkinaze.

Pacienti s myastenii jsou pfi niZ§im poétu ace-
tylcholinovych receptorti na ploténce méné cit-
livi vii¢i depolarizujicim svalovym relaxanciim
(sukcinylcholin), vyZaduji proto vy$si davky (a2
2,6krat). Utinek sukcinylcholinu je deli, protoZe
jeho odbourdvani zpomaluji inhibitory plazma-
tické cholinesterazy, jimiz jsou myastenici bé¥né
lé¢eni. Vaci nedepolarizujicim relaxanciim jsou
myastenici pfi niz§im poctu receptorf naopak citli-
véjsi, k navozeni relaxace stalf niz$f davky, nékdy
jen desetinové pti srovnani se zdravymi. Celkové
se podavani svalovych relaxancif, depolarizujicich
inedepolarizujicich, u myastenikfi nepovaZuje za
uspokojivé bezpecné [6].

Jaka technika anestezie je tedy pro pacienty
s myastenii nejbezpetné&js§i? Nepochybné zilez{
na typu arozsahu opera¢niho vykonu. Je-li nutna
celkova anestezie, doporucuji néktet{ hlubokou
inhala¢ni anestezii bez podanf svalovych relaxan-
cii, protoZe inhala¢ni anestetika sniZuji nervosva-
lovy pfenos presynaptickym i postsynaptickym
ucinkem. Jini naopak davaji pfednost anestezii
propofolem a opioidy bez pouZiti inhalaénich
anestetik. V mnoha ptipadech lze téZ tisp&iné
vyuzit nervové blokady, i kdyZ u vysokych cen-
tralnich blokdd (epiduralni i subarachnoidilni)
je urcité nebezpeci zhorSen{ ventilace, stejné
jakou nékterych blokad perifernich nervi (napf.
interskalenicky blok s doprovodnou parézou n.
phrenicus). U nékterych vykonti, napf. pravé
u videoasistovanych thorakoskopii, se viak bez
svalové relaxace nelze Casto obejit, aby se zajistilo
klidné a pfehledné operaéni pole.

Nejobavanégjsi komplikaci podavani nedepo-
larizujicich svalovych relaxancii u myastenikil
je prodlouzZeny Gcinek, tj. pfetrvavajici relaxace,
znemoziujici dostatenou spontanni ventilaci.
Ovlivnénim orofaryngeilnich svald se kromé
toho naruSuje faryngo-ezofageilni koordinace,
coz zvySuje riziko aspirace. U¢inkem na karoticka
téliska se navic sniZuje reakce na hypoxii.

Pii pretrvavajici svalové relaxaci jsou moZné
dva postupy. Prvinim je pokracovat v umeélé plicni
ventilaci pferuSovanym pfetlakem aZ do iplného
zotaveni nervosvalového pfenosu. Protrahovani
ventilace ma vSak rovnéz sva rizika, k nimz patii
atelektazy, rozvoj pneumonie, nepfiznivé Géinky
na obéh a ledviny, nutnost sedace apod. Druhou
moznosti je podat klasickou farmakologickou
dekurarizaci, tj. atropin s neostigminem - in-
hibitorem acetylcholinesterdzy. To je také spo-
jeno s nezadoucimi ucinky, jako jsou nevolnost
a zvraceni, zvySeni slinéni a sekrece v dychacich
cestach, bronchokonstrikce, tachy- i bradykardie,
Pri hluboké relaxaci mtZe dojit k jejimu para-
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doxnimu prohloubeni. U myastenikl miiZe byt
podani neostigminu jen omezené G¢inné, protoze
acetylcholinesteraza je jiZ maximalné inhibova-
na chronicky podavanymi inhibitory. Navic lze
neostigminem vyvolat i cholinergni krizi, kteri
vyZaduje umeélou plicni ventilaci stejné jako krize
myastenicka.

Tieti moZnost postupu se objevila po zaveden{
sugammadexu do klinické praxe v EU v zafi 2008.
Touto moznosti je relaxace rokuroniem a reverze
blokady sugammadexem, coZ je modifikovany
cyklodextrin, ktery dokdZe enkapsulovat (ve své
molekule uzavfit) steroidni svalova relaxancia
rokuronium a vekuronium a sniZit tim jejich
mnozstvi dostupné k vazbé na acetylcholinovy
receptor nervosvalové ploténky, a zru§it tak blo-
kadu. Je to1ék icinny, bezpe¢ny a dobie snaseny
v ddvkich azZ do 96 mg/kg télesné hmotnosti.
Kjeho nezidoucim Géinkiim patii hypersenziti-
vita i bez pfedchozi expozice, obnoveni nervové
blokady v diisledky vytésnéni svalovych relaxan-
cii tfemi dal§imi 1éky (toremifen [antiestrogen],
kyselina fusidova a flukloxacilin) nebo sniZenim
jeho G&innosti zachycovanim jinych 1ékd misto
relaxancii. Mohou se pfipadné zvysit i krevni
ztraty, protoZe sugammadex prodluZuje akti-
vovany parcidlni tromboplastinovy ¢as (aPTT)
a protrombinovy Cas v zdvislosti na davce, i kdyz
jen kratkodobé [7].

Ucinnost a bezpetnost této tieti cesty jsme po-
tvrdili viastni zkuSenosti u 49 po sobé jdoucich pa-
cientli s myastenii podstupujicich rozsitenou thy-
mektomii pfistupem z Castecné sternotomie. Svou
piiznivou zkuSenost se zvratem svalové relaxace
navozené rokuroniem poddnim sugammadexu
u pacient@ s timto onemocnénim jsme potvrdili
i publikovanymi vysledky dalSich autord. V da-
tabazi Pubmed jsme pétrali s pouZitim strategie
»Sugammadex*” nebo ,Bridion“ a ,,myasthenia
gravis“, Objevili jsme 26 ¢1anki popisujicich zku-
Senosti u celkem 42 pacientf (nejvét${ soubor 10
pacientd [8]), vét§inou Zen, ve véku 12-85 let, pod-
stupujicich vétSinou thymektomie, ale i operaci
Stitné Zlazy, laparoskopické cholecystektomie,
pravostrannou hemikolektomii, cisarsky fez nebo
zavedeni perkutanni endoskopické gastrostomie
(u pacientky s cystickou fibrézou na ¢ekaci lis-
tiné pfed transplantaci plic). Sugammadex byl
podavan nejcastéji v davce 2-4 mg/kg. Ve viech
v literatufe publikovanych pfipadech zvratil sva-
lovou relaxaci podle klinického vySetfeni, kromé
jednoho piipadu i podle relaxometrie [6, 8, 9, 10].
U pacientii zafazenych do nasi studie jsme pro-
kazali, Ze TOF 0,9 bylo po podani sugammadexu
dosaZeno dfive nez v kontrolni skupiné po podani
neostigminu (p = 0,02). V8ichni pacienti byli extu-
bovani po operaci na opera¢nim sile a v pritbéhu



nasledujicich 48 hodin jsme nezaznamenali Zad-
né nezadouci i¢inky nebo rezidudlni kurarizaci.

NaSei doposud publikované zkuSenosti celkem
u vice nez 90 pacientd lze shrnout takto: Je-li
k provedeni operace u pacientli s myastenii nutné
podat svalova relaxancia, voli se pfednostné roku-
ronium, protoZe umoznuje tzv. ,,bleskovy*“ tivod
(Rapid Sequence Induction - pfi nutnosti co nej-
rychleji zajistit pruchodnost dychacich cest, je-li
nebezpedi aspirace Zaludecniho obsahu) a jeho
ucinek lze spolehlivé a bezpecné zvratit podanim
sugammadexu, které je bez nezZiddoucich udin-
k. Zotaveni nervosvalového pfenosu je pfitom
podobné rychlé jako u zdravych. Monitorovani
svalové relaxace je standardem. Rokuronium
a sugammadex predstavuji novy, iéinny a bez-
pecny pristup Kk celkové anestezii u myastenika.
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KAZUISTIKA
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Obtizné zajisténi dychacich cest —
Il kazuistiky se Stastnym koncem

KARIM, 2. LF UK, Fakultni nemocnice v Motole

SOUHRN

V kazdodenni anesteziologické praxi se s obtiznym
zajisténim dychacich cest setkdvame s ¢etnosti 3-18
%. Fataini selhani zajisténi dychacich cest je nejCastéjsi
pri¢inou Umrti v souvislosti s anestezii. Pficin obtizné
intubace je mnoho a patii sem nepfiznivé anatomické
poméry u pacienta, nedostate¢né technické vybaveni
a nedostatec¢nd erudice intubujiciho. Ke zvladnuti tech-
nik a postupll bezpecného zajisténi dychacich cest je
vénovana velka pozomost Kromé dostate¢né fundo-
vané teoretické pfipravy a praktické zkusenosti intubu-

ABSTRACT

Difficult airway management. Three happy ending
case reports

During routine anaesthesia the incidence of difficult tra-
cheal intubation has been estimated at 3-18 %. Difficulties
inintubation have been associated with serious compli-
cations, particularly when failed intubation has occur-
red. Occasionally in a patient with a difficult airway,
the anaesthetist is faced with a situation where mask
ventilation proves difficult or impossible. This is one of

uvob

Obtizné zajisténi dychac1ch cest je takové, které
trva zkusenému déle neZ 10 minut a jsou k nému
potieba vice neZ 3 pokusy. S ofekavanou obti¥nou
intubaci se setkdvame u 3-18 % pacienti, s neo-
Cekavanou pak 1 : 10 000. Obtlzna ventilace obli-
¢ejovou maskou se objevuje s frekvenci piiblizné
1:20, nedspé$nd pak1: 3 000. Situace, kdy nejde
ani ventilovat, ani inkubovat, se objevujel: 5 000.
Fatdlni selhani zaji$téni dychacich cest je nej-
¢astéjsi pficinou Gmrti v souvislosti s anestezii
a byva uvadéno s Cetnosti 1 : 20-30 000. PHin
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jiciho, je pro Uspésdné zajisteni dychacich cest nezbytné
spravna volba anestetika a pouzitého instrumentaria.
Je nutné si uvédomit, ze hladky prabéh intubace maze
byt narusen anatomickymi a funkénimi zménami po
probéhlych operacich a patologickych stavech v oblasti
krku a hlavy. Nase kazuistiky popisuji nékteré z moz-
nosti, jak predejit fatalnim komplikacim.

KLICOVA sLoVA

obtiZné zajisténi dychacich cest - kazuistika

the most critical emergencies that may be faced in the
practice of anaesthesia. If the anaesthetist can predict
which patients are likely to prove difficult to intubate,
he/she may reduce the risk of anaesthesia considerably.
These case reports depict possible ways to avoid fatal
complications.

KEYWORDS

difficult tracheal intubation - case report

obtiZné intubace je mnoho. Mezi moZné pric¢iny
patfi nepiiznivé anatomické poméry u pacienta [1],

nedostatené technické vybaveni [2] a nedostated-
nd erudice intubujiciho [3,4]. Nacviku spravneho
zvladnuti technik a postupil bezpecneho zajisténi
dychacich cest je celosvétove vénovana velkd pozor-
nost [5-9]. Ve EN v Motole bylo v roce 2012 podino
vice neZ 14 000 celkovych anestezif se zajisténim
dychac1ch cest trachedlni intubaci. Statisticky to
pfedstavuje nékolik set predikovatelnych obtiz-
nych intubaci a nékolik jednotlivych neprediko-
vatelnych obtiZnych intubaci. Ve skute¢nosti bylo



podezienina obtiZnou intubaci vysloveno pii pfe-
doperacnim vySetfeni u 176 pacientd, z nichZ u 118
redlnd intubace nesplnila kritéria pro obtiznou.
U 10 pacientd musel naopak byt pro nepiedpokla-
danou obtiZnou a netispésnou intubaci operaéni
vykon odloZen. Z divodu akutniho stavu byli tfi
pacienti intubovani fibroskopicky a periopera¢né
tracheostomovani. Ani inkubovat, ani ventilovat
obli¢ejovou maskou nebylo mozné 24 pacientti,
22 z nich bylo nasledné ispé$né ventilovano la-
ryngealni maskou. Dva pacienti byli urgentné
tracheostomovani. Ve sledovaném obdobi Zad-
ny z nadich pacientl nezemfel z diivodu asfyxie.
V dalsim textu popisujeme tfi nejzajimavéjsi pti-
pady obtizného zajiténi dychacich cest na naSem
pracovisti v roce 2012,

POPIS PRIPADU

Kazuistika 1

Prvni kazuistika popisuje piipad 60leté Zeny s BMI
24,6 kg/m’ (télesna vyska 169 cm, télesna hmotnost
70 kg). Osobni anamnéza byla bez pozoruhodnosti
az do roku 2002, kdy Zena podstoupila na soukromé

A«

Obr.1 Anatomie obliceje Obr.2  Voiné otevieni tst
a krku pfi celnim
pohledu bez vidi-
telnych deformit
€i malformaci

na vice nez 5 cm

Obr.3  Voiny zékion
hiavy o vice
neZ 15°

ANESTEZIOLOGIE

Kklinice vaginoplastiku. Béhem intubace ji byl vylo-
men 1. a2, fezak vpravo nahote. Pro nezdokumento-
vanou obtiZnou intubaci svéd¢ila i popisovana bolest
v krku a chrapot v prubéhu nasledujicich 3 dni. Na
tuto komplikaci si pacientka vzpomnéla az na cileny
dotaz. Dalsi operaci pro adenom pfistitného téliska
vpravo pacientka prodélala v iinoru 2012 na Klinice oto-
rinolaryngologie a chirurgie hlavy a krku 1. LF UK a FN Motol.,
Zajisténi dychacich cest bylo provedeno lékafermn nas{
kliniky s 21letou praxi, ktery do dokumentace zapsal:
»Intubace obtiZna pro nepfiznivé anatomické poméry
2x opakovana s vodicem. “ Detailnéjsi popis chybél,
V fijnu 2012 byla pacientce provedena doposud po-
sledni operace, pravostranna myringoplastika, opét
na Klinice otorinolaryngologie a chirurgie hlavy a kiku 1. LF UK
aFN Motol. Pfedanestetické vySetfeni provedl aneste-
ziolog v piipravé s 3letou praxi, zapsal Mallampati 2
bez dalsich pozoruhodnosti. Pacientka pfijela na sal
po premedikaci bromazepamem (Lexaurin) 1,5 mg
peroralné. Anesteziolog s praxi 19 let neshledal na
obliceji Zddnou anatornickou zvla$most, kterd by
svédcila pro obtizné zajisténi dychacich cest (obr. 1),
otevieni st i ziklon hlavy bez omezeni (obr. 2 a 3).
Pfi pohledu do nepfili§ prostorné dutiny stni bylo
vidét pouze mékké patro - Mallampati 4, palpaci
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Obr.4  Navrhovany ,,Priikaz obtizného zajisténi dychacich
cest“ jako souddst zdravotnické dokumentace
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byl zjiStén tuhy neprohmatny krk. Orotrachedln{
intubace byla provedena po tivodu do anestezie pro-
pofolem 160 mg, sufentanilem 20 ug a rokuroniem
40 mg (s védomim mozZnosti okamzité reverze ner-
vosvalové blokady sugammadexem v divce 16 mg/kg
t. h.) intravenézné s buZii naslepo, prvni pokus
o intubaci byl do jicnu, druhy pak s maximalnim
tlakem na oblast laryngu s Gspé&$nym ,,nasondova-
nim* trachey. Nasledné volné zavedena kanyla 8,0
s tésnici manZzetou. Operace byla provedena v klidné
dopliiované anestezii s izofluranem. Extubace na
sale probé&hla bez komplikaci a druhy den byla paci-
entka bez bolesti v krku a s normalni fonaci. Tento
piipad opakované nezdokumentované obtizné intu-
bace nds motivoval k vytvofeni ,,Pritkazu obtizného
zajisténi dychacich cest”, ve kterém jsou uvedeny
vSechny diileZité podrobnosti obtiZného zajisténi
dychacich cest, Priikaz se stiva soudasti zdravotnické
dokumentace a pacient jej nosf stile u sebe, podobné
jako tfeba priikaz diabetika nebo priikaz o implantaci
trvalého kardiostimulitoru (obr. 4),

Kazuistika 2

Druha kazuistika popisuje piipad 64leté paci-
entky s BMI 27,1 kg/m? (télesna vyska 171 cm, t&-
lesna hmotnost 78 kg) s velmi vzicnou mykotickou
infekei feohyfomykézou zpiisobenou Cladosporiem
cladosporoides (obr. 5), kterd se hojné vyskytuje
vrostlinné fi8i. U ¢lovéka byla popsina pouze v oje-
dinélych piipadech u imunokompromitovanych
jedincti (HIV pozitivnich). Pfesto, Ze u na$i paci-
entky nebyl imunodeficit nikdy prokizin, houba
ji zptisobila osteomyelitidu maxily i mandibuly
a byla pfi¢inou ankyl6zy temporomandibulaniho
kloubu vlevo. Mykoticka infekce prakticky zdestru-
ovala mékké tkané na levé poloviné obliceje a pa-
cientka prodélala fadu drobné&j§ich chirurgickych
vykont, které piispély k zjizveni celé levé poloviny
obli¢eje (obr. 6). V pritbéhu kvétna aZ srpna 2012
Zena podstoupila 3 rozsahlé spondylochirurgické
operace (laminektomie Th 11-L 4) v pronaéni polo-
ze, v zafi 2012 pak TEP ky¢le vpravo pro mykotickou
nekrézu hlavice. Pro odmitnuti svodné anestezie
byl vykon proveden v doplfiované anestezii s tra-
chedlni intubaci. Uvod do anestezie byl ve viech
piipadech proveden kombinaci propofol 150 mg,
sufentanil 20 ug a sukcinylcholinjodid 80 mg in-
travenozné, V prvnich tfech pfipadech probé&hla
ventilace obli¢ejovou maskou i trachealni intubace
bez komplikaci. Pfi poslednim ortopedickém vyko-
nu pacientka neéla ani ventilovat, ani intubovat.
Oblifejovd maska netésnila pro veliky inik v misté
chybéjicich mékkych tkani, laryngilni masku ani
1Zici laryngoskopu (McIntosh i McCoy &. 4) neslo
zavést pro trismus pfetrvavajici i po podani suk-
cinylcholinjodidu. Dychaci cesty byly nisledné
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Obr.5 Mutilujici defekt Obr.6 Zjizvend
levé strany oblieje a deformo-
a brady zplisobe- vana leva
ny organismem &ast obliteje
Cladosporium a brady
cladosporoides po fadé
s maximalnim drobnéjdich
otevienim ust na esteticko-
méné nez 2 cm chirurgickych

operacich

bezpecné zajistény orotrachealné fibroskopicky. Po
vykonu byla pacientka extubovina na opera¢nim
sale bez komplikaci. Pro¢ ale trval trismus i po
podani obvyklé davky nepolarizujiciho svalového
relaxans, které dfive zajistilo adekvatni podminky
pro intubaci? Mohly byt pfi¢inou dva drobné&jsi
esteticko-chirurgické vykony v oblasti levé tvafe,
provedené mezi posledni laminektomii a TEP ky¢-
le? Ano. Jejich hojenim doSlo k vazivové pfestavbé
a fibrotickému zajizveni, které se nasledné proje-
vilo rigiditou celé oblasti bez ovlivnéni svalovym
relaxanciem.

Kazuistika 3

Treti kazuistika popisuje zaji§téni dychacich cest
u 48letého pacienta s BMI 22,9 kg/m?2 (télesna vyika
180 cm, télesna hmotnost 75 kg) s diagnostikovanym
vietenobunécnym nediferencovanym karcinomem
spodiny dutiny dstni vpravo., MuZ podstoupil v roce
2008 endo-oralni excizi a pétitydenni radioterape-
uticky cyklus. Pro recidivu onemocnéni mu byla
Vv 1oce 2011 provedena rozsahld zachovna operace
transmandibulami bukofaryngektomie vpravo s he-
miglottektomii, mandibulektomii a rekonstrukci
lalokem z musculus pectoralis (obr. 7). Po 10 mési-
cich doSlo k dalsi recidivé s nutnosti chirurgického
feSeni. Pfi pfedanestetickém vySetfeni bylo zjisténo
Mallampat 2, uspokojivé otevieni ist, vyznamné
omezeny zaklon hlavy, postradiatni fibréza, tuhy
neprohmatny krk s pooperacni fibrotizaci jizev.
V nepiimé laryngoskopii §iroka epiglottis naléhajici
na zadni sténu hypofaryngu znemoziiujici pohled
do hrtanu. Sonograficky byl zjistén nepfehledny
terén s hypoechogenni masou velikosti 6 ml tésné
naléhajici na a. carotis com.dx., na MRI patrni
vyraznd malpozice faryngu i dal$ich struktur (obr.
8 a 9). Na operacni sal pfijel pacient premediko-
vany midazolamem v divce 10 mg perorilné. Po



preoxygenaci 100% kyslikem
obli¢ejovou maskou po do-
bu 5 minut byl podan pro-
pofol 200 mg intravendézne.
Anesteziolog s 2lletou praxi
v piimé laryngoskopii 1Zici
McIntosh €. 4 oziejmil pou-
ze lem epiglotis a jizevnatou
tkan s postradiacni fibrézou,
kterd znemoznovala manipu-
laci shrtanem. Byly provede-
ny dva pokusy ,nasondovat*
buZii tracheu naslepo, oba
viak netispésné. Po pridani
sahlé zéchov 50 mg propofolu tieti pokus
i, bacheotomicks  PELmYym layngoskopem rov-
kanyla nezneuaspéesny, navic kompli-
kovany drobnym slizni¢nim
krvacenim okolo vstupu do
laryngu. Anesteziolog a pfitomny otorhinolaryngo-
log rozhodli o provedeni emergentni tracheotomie.
Béhem vykonu pifidavan propofol vdavkiach 20 mg,
pied incizi sufentanil 10 ug jednorazové. Ventilace
obli¢ejovou maskou byla obtizni, laryngealni masku
se opakované nedafilo uspokojivé usadit. Obtizna
byla také chirurgicka preparace v jizevnatém terénu.
Dychaci cesty byly tispé$né zaji§tény tracheotomic-
kou kanylou €. 8 po 9 minutach a 22 sekundach. Po
celou dobu neklesla saturace kyslikem SpO, méfend
pulznim oxymetrem pod 92 % a pacient byl hemo-
dynamicky stabilni. Vlastni chirurgicky vykon byl
pouze paliativni. Radikaln{ exstirpaci branil velmi
tésny vztah s cévnimi strukturami. Po vikonu, krery
trval 196 minut, byl kardiopulmonalné stabilizovany
pacient pfeloZen na JIP ORL kliniky. 8. den byl pro-
pustén do doméaciho ofetfovani.

Obr.7  Stép z mus-
culus pectoralis major
pouzity k Gpravé
rozmérného defektu
po rozsahlé zachovné
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Obr.8 Rez MRI vy3etteni s viditelnou deviaci hrtanu do leva
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DISKUSE

Ani na prvni pohled normdaini anatomické po-
meéry nemusi umoznit hladkou intubaci [8, 9, 11,
12]. Informace ziskané od pacienta o obtiZném za-
jiSténi dychacich cest u pfedchozi operace nejsou
z hlediska opravdu obtiZzné intubace statisticky
vyznamné, protoZe jsou podavany laikem a ve
vétsiné pfipadii se nepodaii zjistit, v jaké anestezii
byl vykon provadén a jaké pomiicky byly pouZity.
Naopak velmi cenné je vySetfeni zkuSenym ane-
steziologem [8]. K odhaleni moZnych zaludnosti
je nutna zkuSenost anesteziologa a vhodna vy-
Setfeni k verifikaci anatomickych poméri [8-10,
12]. Celosvétové nejrozsifenéjsim skérovacim sys-
témem, ktery slouzi k predikci obtiZné trache-
alni intubace je vySetfeni podle Mallampatiho
(Mallampati skére). Poprvé bylo pouZito v roce 1985
a od té doby byla publikovana fada studii s &asto
protichidnymi zdvéry. Mallampati skére ¢asto
predikuje obtiZnéjsi trachealni intubaci, nez jaka
ve skutefnosti je, pfesto byva jedinym vySetfenim,
na které anesteziolog spoléha [10]. Naopak vzda-
lenost mezi hornimi a dolnimi fezaky pii maxi-
malnim otevieni tst, thyreomentalni vzdilenost
a omezena pohyblivost temporomandibuldrniho
skloubeni jsou vyznamnymi prediktory obtiZné
trachedlni intubace [8]. V soufasné dobé mime
k dispozici celou fadu skérovacich systémii, které
slouzi k predikci obtiZného zajisténi dychacich
cest, Zadny viak neni dostatené piesny a spolehli-
vy. Jako nejbezpecnéjsi se zda zhodnoceni alespori
tii soucasné [9]. Vyuce zajisténi dychacich cest
musi byt vénovana patfi¢nd pozornost, stejnéjako
vybéru vhodnych pomiicek [2, 3, 6, 7].

Nase kazuistiky potvrdily, Ze pro bezpetné za-
jiSténi dychacich cest je vhodné znat relevantni

Obr.9 Rez MRI vy3etfeni s patologickou masou mékkych
tkani vlevo v oblasti hypofaryngu
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anamnestické idaje z pfedchozich obtiZnych intu-
baci 1, 4, 5, 7]. K tispé$nému zvlidnuti bezpeéného
zajisténi dychacich cest je nutné si uvédomit, Ze
svalova relaxancia ovliviiuji svalovy tonus. Tkina,
které jsou vazivové zménéné a po piedchozich
operacich zjizvené, relaxovat nelze, coz miiZe byt
pii¢inou necekanych komplikaci [13]. Ani piedcho-
zi hladky priibéh zaji$téni dychacich cest nepredi-
kuje snadnou intubaci v budoucnu [8, 14]. Pfesto,
Ze Cladosporium cladosporoides se vyskytuje pfevainé
v rostlinné fi8i, mdZe vyjimeéné u imunokom-
promitovaného ¢lovéka zplisobit zivaZné stavy
[15] a jak popisuje nade kazuistika, i u imunosu-
ficientniho jedince mbiZe, byt nepiimo, zptsobit
vazné komplikace pfi bezpe¢ném zajidténi dycha-
cich cest. V situacich pfedpokladané i necekané
obtiZné trachedlni intubace je nezbytné spravné
a vasné rozpoznani hroziciho nebezpeti a volba
adekvatniho postupu [16]. Podminkou je také sou-
hra celého tymu, rozvaha o pouZitych anestetikech
i instrumentariu. V8eobecné viak plati, ¥e $tésti
pfeje pIipravenym.

ZAVER

ObtiZné zajisténi dychacich cest neni sice fas-
tou, o to v8ak ziludné&jsi anesteziologickou kom-
plikaci, kterd miZe skonéit fatilné. Kroms dosta-
tefné fundované teoretické piipravy a praktické
zkuSenosti intubujiciho, je pro iispéiné zajisténi
dychacich cest nezbytné spravna volba anestetika
apouZzitého instrumentaria. Stejné zisadni je také
dikladné pfedanestetické vySetfeni pacienta a sta-
noveni vy3e rizika obtiZného zajisténi dychacich
cest zkuSenym anesteziologem. Je tfeba si také
uvédomit, Ze hladky priibéh intubace miiZe byt
naruSen anatomickymi a funkénimi zmé&nami
po probéhlych operacich a patologickych stavech
v oblasti krku a hlavy. Nezbytna je souhra celého
periopera¢niho tymu.

Konflikt z&jm@
Ze strany autor{ tohoto sdéleni nedoslo ke konfliktu zaima.
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Uspé$né pouziti sugammadexu
u pacienta s morbidni obezitou
s dechovou nedostate¢nosti

po predchozi operaci

Brabcova Milena, Vymazal Tomas

KARIM Il LF UK ve Fakultni nemocnici v Motole

SOUHRN

Nedepolarizujici svalova relaxancia jsou dnes rutinné
pouzivana téméf u dvou tietin doplnovanych celko-
vych anestezii, Jejich komplikaci byva pooperaéni
rezidualni kurarizace, kterd zvysuje nebezpedi hypo-
ventilace, pooperacni aspiraci a pneumonie. Kazuistika
srovnava perioperacni pribéh u téhoz pacienta, ktery
byl operovan v pribéhu tii let dvakrét pro stejnou
diagndzu. Pfi druhé operaci byl k antagonizaci nervo-
svalové blokddy navozané rokuroniem pouzit sugam-
madex. Kazuistika potvrdila u¢innost a spolehlivost
sugammadexu.

KLICOVA sLova

pooperacni rezidualni kurarizace - hypoventilace -
sugammadex

dvob

Nedepolarizujici svalova relaxancia jsou obvyk-
lou soucdsti soucasné celkové doplfiované aneste-
zie az ve dvou tfetinach piipadii. Zavaznou poo-
peracni komplikaci jejich pouZivani je poopera¢ni
rezidudlni kurarizace, kterd zvy$uje nebezpe&i
hypoventilace, spolupodili se na mozZné poope-
racni aspiraci a rozvoji pooperaéni pneumonie.
Mezi nejvice ohroZené patfi obézni pacienti s ne-
vyhovujici mechanikou dychani jiZ pfedoperané
a také pacienti, u kterych je primarmné omezena
schopnost perioperaéni spoluprice. K omezeni
nebezpeci pooperacni reziduilni blokady je rutin-

Anest. intenziv. Med., 24, 2013, ¢. 2, s. Xxx-xx

ABSTRACT

Successful use of sugammadex in morbidly obese
patient with a history of postoperative respiratory
failure - Case report

Non-depolarizing muscle relaxing agents arc routine-
ly used in nearly two thirds of general anaesthetics.
Residual neuromuscular blockade as a major side effect
leads to hypoventilation and can contribute to the de-
velopment of postoperative aspiration and pneumonia.
This case report compares the peri-operative course of
a patient who underwent the same surgical procedure
within tree years. It corroborated the effectiveness and
reliability of sugammadex.

KEYWORDS

residual neuromuscular blockade - hypoventilation -
sugammadex

né vyuzivana farmakologicka dekurarizace. Nyni
je k dispozici specifické antidotum steroidnich
svalovych relaxancii - sugammadex.

POPIS PRIPADU

KRazuistika popisuje perioperatni priibéh
u 24letého muze s Downovou nemoci, ktery byl
v pribéhu 3 let indikovan opakované k abdomino-
plastice pro intertrigo a $§patnou hygienu. V dét-
stvi podstoupil korekéni operaci pro Fallotovu
tetralogii. Pacient je nesvépravny v péci svoji
sestry. Je obézni, s BMI nyni 48,4 kg/m? (télesna
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vy$ka 168 cm, télesna hmotnost 137 kg) a ma mak-
roglosii.

Prvni abdominoplastika byla provedena v inoru
2009, Pfedoperacné pacient spolupracoval v ramci
svych mentalnich moZnosti a obtiZné se adapto-
val na nezndmé prostfedi. Kardiopulmonalné byl
kompenzovany s BMI 44,3 kg/m? (télesnd hmotnost
125 kg). V premedikaci byl podan bisulepin 3 mg
p. 0. Vzhledem k habitu byla ofekavana obtizna
intubace, ale informace o intubaci pii korekci s1-
decni vady v détstvi nebyla k dispozici.

Pacient pfijel na opera¢ni sal lehce sedovan,
vyzvé vyhovél s minimalni latenci. Uvod do celkové
anestezie byl intravenézni sufentanilem (30 ug),
propofolem (200 mg) a se sukcinylcholinjodidem
(100 mg). Videolaryngoskopicky asistovana intu-
bace probéhla hladce. Doplfiovana anestezie byla
vedena isofluranem s endexpiraéni koncentraci
0,8-1,0 %, sufentanilem (celkem 80 pg), k relaxaci
pouZito cisatrakurium (celkem 20 mg), posled-
nich 5 mg podano 63 minut pfed koncem vykonu.
Béhem operacniho vykonu v délce 178 minut, kdy
bylo chirurgem odstranéno 12 kg tkané, byla nut-
na trvala svalova relaxace pro obtiZznou ventilaci
s vysokymi inspira¢nimi tlaky (aZ 35 cm H,0). Pfi
predpokladané nedostatetné svalové relaxaci do-
chazelo opakované k poklesu SpO, a vzestupu PCO,.
Poslednich 46 minut operace byl pacient ventilovan
pii spontanni dechové aktivité manudlné asistova-
né s dechovou frekvenci 14-16/minuta a dechovymi
objemy 450-635 ml. Po dokonceni sutury kiiZe byl
vysazen isofluran. Probouzeni z celkové anestezie
bylo komplikovano vyraznym motorickym nekli-
dem, nedostate¢nou svalovou silou, necilenymi
pohyby koncetin a hypoventilaci (s dechovymi
objemy 250~ 420 ml pfi frekvenci 30-35dechii/mi-
nuta). Pacient byl po celou dobu ob&hové stabilizo-
van. Hloubka nervosvalové blokdady nebyla méiena
(nebyl v té dobé k dispozici monitor). Byla poddna
dekurariza¢ni davka neostigminu 1 mg s 0,5 mg
atropinu intravenézné s ohledem na spontanni
dechovou aktivitu. V pribéhu nasledujicich 30
minut do$lo k ndvratu klinicky plné svalové sily,
pacient reagoval na vyzvu, avSak nespolupraco-
val a trval psychomotoricky neklid a vyznamna
salivace (po neostigminu), Za téchto podminek
byl extubovan. Spontanné udrZoval velmi dobie
prichodnost hornich dychacich cest, trvala sa-
livace a sliny byly opakované z Gst odsavany. Po
58 minut od ukondeni operace byl pfeloZen na JIP
chirurgického pracovisté, kardiopulmondlné kom-
penzovany, klidny, oslovitelny. Dalsi poopera¢ni
priibéh byl bez komplikaci.

V kvétnu 2012 byla u pacienta indikovana dal$i
abdominoplastika. Zdravotni ani mentiln{ stav
pacienta od predchozi operace se nezménil, jen

s

télesna hmotnost a BMI byly vy$8i. Byl premedi-
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kovan bisulepinem 3 mg p. o., na sal piijel opét
lehce sedovan, vyzvé vyhovél s minimain{ latenci.,
Uvod do anestezie byl proveden opét sufentanilem
(30 pg) a propofolem (200 mg). Sukcinylcholjodid
nahrazen rokuroniem 1 mg/kg télesné hmotnosti.
Po hladké orotrachealni intubaci videolaryngo-
skopem bylo pokracovano v dopliiované anestezii
isofluranem s endexpira¢ni koncentraci 0,8-1,0 %.
Operace trvala 159 minut a celkové bylo pfi ni
podano 80 pg sufentanilu. Béhem vykonu byla
monitorovana hloubka svalové relaxace piistrojem
TOF Watch®, TOF-count byl udrzovan mezi 1-2.
Na zakladé monitorovani bylo v pribéhu operace
dvakrat pfidano rokuronium v davce 0,4 mg/kg,
podruhé 53 minuty pfed koncem vykonu.
Pfistrojova ventilace byla bez obtiZi. Postup pfi
probouzeni z celkové anestezie jako u predchozi
operace, jen po sutufe kiiZze byl podin sugamma-
dex v davce 300 mg intravendzné pii TOF-count 2.
Hodnoty TOF-1atio 0,9 bylo dosaZeno po 180 sekun-
dich. Ventilace byla dostatecnd, pacient vyhovél
vyzvé, avSak nespolupracoval, bez motorického
neklidu, bez salivace a bez necilenych pohybt
koncetin. Extubace probéhla hladce po podani
sugammadexu za 3 minuty a 36 vtefin. I nadile
bez salivace a i pfes vrozenou makroglosii udrzoval
volné priichodné horni dychaci cesty. Za 10 minut
od skonceni operace byl pacient pfelozen na JIP
chirurgického pracovisté kardiopulmonalné kom-
penzovan, klidny a v kontaktu, Dalsi pooperaéni
pribéh bez komplikaci,

DISKUSE

Nedepolarizujici svalova relaxancia jsou ob-
vyklou soudasti soucasné celkové dopliiované an-
estezie, Podle dotaznikového prizkumu Czech
Anaesthesia Day (CAD) provedeného v roce 2010
byla pouZita ve dvou tfetinach vSech celkovych
anestezii [1]. Podavani svalovych relaxancii je viak
spojeno s mnoha problémy, k nimZ patfi napt.
obtiZe s kvantifikaci jejich u¢inku, velmi rozdilna
citlivost jednotlivych pacientli mezi sebou, ale
i v zavislosti na véku a pohlavi [2]. Mezi nejas-
t8j31 komplikace spojené s podavanim svalovych
relaxancii patfi pooperaéni rezidudlni kurarizace
(PORC), ktera zvySuje riziko hypoventilace a po-
operacni pneumonie. Rezidudlni nervosvalova
blokada se také spolupodili na pooperacni aspiraci.
Diive byvalo za zotaveni povaZovano TOF-ratio
= 0,7. Tato hodnota vSak nezaruci dostatetnou
svalovou silu a spolehlivé nezabrani rezidualni
nervosvalové blokadeé [3]. Za bezpecné zotaveni je
dnes jiz rutinné povaZovana hodnota TOF = 0,9
[4]. PORC definovani pomérem TOF-ratio < 0,9
pfi monitorovani nervosvalového pfenosu akce-
lerometricky se objevuje pfi pfijeti na dospavaci



pokoj po operaci asi u 34 % pacientfi relaxovanych
v priibéhu opera¢niho vykonu rokuroniem bez
relaxometrie [3, 4]. Piiiivodu do celkové anestezie
u druhé operace jsme sukcinylcholinjodid nahradi-
li rokuroniem, s védomim moznosti jeho okamzité
reverze sugammadexem pfi necekanych kompli-
kacich pfi zajisténi dychac1ch cest. U pacienta,
ktery de facto tvofil sam sobé kontrolni skupinu,
jsme si obdobné jako autofi jednotlivych kazuistik
[5] ovéfili, Ze kombinace rokuronia a sugamma-
dexu je vhodna, bezpetna a pfedvidatelné ticinna
iu obéznich pacientii. Podle doporudeni vyrobce lze
rokuronium u obéznich pacientii bezpe¢né davko-
vat podle idealnf télesné hmotnosti pii zachované
rychlosti nastupu G¢inku a kvalitnich intubaénich
podminkach. Data o davkovani sugammadexu
podle idealni télesné hmotnosti jsou viak rozporu-
plna [6]. Na zdkladé nadi zkudenosti s podavanim
sugammadexu obéznim pacientim mutZeme fici,
Ze jeho davkovani podle aktualni télesné hmot-
nosti je stejné bezpecne a predvidatelné, jako jeho
podavani vychazejici z idealni télesné hmotnosti.
V obou pfipadech jeho podani vyznamne zkracu]e
dobu potfebnou k extubaci a vyrazné zmensuje
nebezpec1 rezidualni svalové relaxace po operac1
[7] Tim piispiva k vy$si bezpe¢nosti pacienti i vys-
$imu komfortu pro anesteziologa [8].

ZAVER

Podani sugammadexu u stigmatizovaného
pacienta vedlo k promptmmu navratu plné sva-
lové sily s moZnosti rychlé extubace a prelozem
na monitorované lizko k dalsi pooperaéni péci.
Nedoslo k hypersalivaci jako po podini neostlg-
minu. Dostupnost sugammadexu umoziuje udr-
zovat adekvatni hloubku svalové relaxace a7 do
konce operace, komfortni umélou plicni ventilaci
u obézniho pacienta a bezpetnou extubaci na konci
vykonu. Zvyéuj e tim bezpe¢nost _pacientav ¢asném
pooperacnim obdobi a zkracuje ¢as od konce opera-
ce k jeho odjezdu na poopera¢ni oddéleni.

ANESTEZIOLOGIE
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Abstract:

Resection and reconstruction of trachea in stenotic lesions is complex procedure. The airway
management presents many challenges for anaesthesiologist. The aim of this case series is to

ascertain the advantages of the laryngeal mask airway.

The charts of 54 consecutive patients operated at our tertiary university hospital during 2009-
2016 period were reviewed. We evaluated tracheal stenosis parameters, insertion parameters
of laryngeal masks, incidence of their failure, quality of perioperative ventilation, fibreoptic
view through the devices, pulmonary aspiration rate, incidence of 24-hour postoperative

bleeding, 48-hour suture dehiscence and 30-days mortality following the surgery.

In our 54 patients the laryngeal mask provided patent airway throughout the procedure in
52/54 (96.4%) of them. Insertion of the device failed in one patient (1.8%) due to abnormal
upper airway anatomy. Another patient (1.8%) developed laryngeal mask malposition due to
neck extention during the procedure requiring tracheal intubation. F ibreoptic view through the
devices including insertion of the flexible bronchoscope was satisfactory in 52 patients
(96.4%). We did not record any case of pulmonary aspiration, early postoperative bleeding,

suture dehiscence and 30-days mortality.

Based on analysis of 54 patients we would consider laryngeal mask airway ventilation safe

and effective during tracheal stenosis surgery.

Key words: Tracheal Stenosis Resection - Laryngeal Mask Airway - General Anesthesia -
TIVA



W~ oy UL W

Introduction

Open resection of tracheal stenosis is complex operation performed in specialized
centers. Surgical resection is the most effective treatment for short stenosis of the trachea and
carina. With careful patient selection, meticulous surgical and anesthesia techniques,
perioperative mortality and complication rate are acceptable [1-3]. Adequate access to the
lumen of trachea is necessary for the surgeon: at the same time an adequate gas exchange
must be provided by the anesthesiologist [3-9]. In open tracheal surgery, an anesthesiologist
should provide adequate ventilation and oxygenation in stenotic airway, followed by
ventilation of transsected airway during the procedure and, finally, a precarious post-
operative airway that may be edematosus due to multiple manipulations and also because of
cervical flexion positioning [6]. Any coughing should be strictly avoided because it can cause

rupture of “end-to-end” suture of resected trachea [5,6,10].

Case Report

We retrospectively analyzed airway management strategy in 54 consecutive patients
who underwent during 2009 — 2016 surgery for tracheal stenosis in our university hospital. No
carinal Tteconstruction was performed. The anesthesia was maintained by the skilled
anesthesiologist experienced in cardiothoracic for 15 years. The surgery was performed by the
team experienced in thoracic and lung transplant surgery for 12 years. Demographic data of
reviewed patients are listed in Table 1. Stenosis characteristics are listed in Table 2.

In our cohort, we conventionaly inserted the single use laryngeal masks LarySeal™
(Flexicare Medical Ltd, Cynon Halley Business Park, Mountain Ash Mid Glemorgag CF45
4ER, UK). A nasogastric tube was inserted prior to the induction of general anesthesia (GA)
to confirm the course of the esophagus and trachea in all patients. GA was provided as total
intravenous anesthesia (TIVA) with propofol, remifentanil and rocuronium in all our patients.
Residual neuromuscular blockade was reversed using sugammadex under cautious “train-of-
four” monitoring in all patients. After induction of GA, the airway was secured with a
laryngeal mask airway (LMA) with a connector allowing an insertion of bronchoscope. We
regularly use classic LMAs, therefore not re-inforced nor second-generation LMAs with
additional gastric channels. The induction-to-insertion LMA time was measured. Patients
were ventilated using volume-controlled ventilation (VCV) mode with the peak pressure up to

20 cmH20. End-tidal carbon dioxide and oxygen saturation in peripheral blood (SpO2) were
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monitored in all patients. The fibreoptic control of the LMA position was provided in all
patients. As the satisfactory fibreoptic view was considered the inflated cuff of the LMA
sealing off the airway with the tip slightly touching the gullet sfincter (Fig. 1). After
preoxygenation in apnoea, the surgeon transected the trachea below the stenosis (Fig.2) and
inserted an endotracheal tube distally (Fig.3) through which the patient was ventilated. The
LMA was left in situ. The surgeons then resected the stenotic section of the trachea and
prepared for “end-to-end* anastomosis. The anastomosis was sutured during an apneic pause
when the endotracheal tube was removed and then again re-inserted to provide oxygenation.
Once the anterior section of the anastomosis was sutured then the dorsal cervical neck
extension was changed to cervical flexion in order to minimize tension of the created suture.
At this moment, ventilation was switched back to the laryngeal mask airway. At the end of the
surgery the LMA was removed in all patients, subsequently they were transferred to the
surgical ICU. The extra attention was paid to the cervical flexion positioning. We evaluated
total success rate of laryngeal mask insertion, reasons for its failure, quality of ventilation
during surgery (end-tidal carbon dioxide level and SpO2), the quality of fibreoptic view
through the device, incidence of early 24-hour bleeding, 48-hour suture dehiscence and 30-
days mortality rate. The Ethics Committee of the Teaching Hospital Motol provided the
consent with retrospective data collection and analysis. All enrolled patients signed the
written informed concent. Due to relatively small cohort of patients we used mean and SD as
statistics only.

In total, 54 patients undergoing open tracheal surgery were anesthetised using TIVA.
The laryngeal mask airway was used in all of them. LMA was succesfully inserted in 53
pateints (98.1%). All these LMAs were introduced with satisfactory fibreoptic view and
enabled adequate oxygenation and ventilation with no periods of desaturation or pCO2
increase during surgery. The peak airway pressure was kept up to 20 cmH20 in all patients.
In one patient (1.8%) we observed leakage of the LMA during the procedure with fall of
SpO2 to 91 % from 94 % at the beginning of surgery. The procedure was initiated with the
LMA but due to neck extention the device was dislocated in the course of surgery. Succesfull
re-insertion of the LMA was not feasible due to the anatomical changes caused by
radiotherapy and prior surgical resections in upper airway caused by laryngeal cancer. The
patient was intubated by a standard single-lumen cuffed endotracheal tube. Controlled
ventilation through the LMA was not possible in another patient, due to chronic stiff oedema
of the laryngeal inlet. This patient therefore had to be subsequently intubated by a standard

single-lumen cuffed endotracheal tube prior to surgery and then underwent the procedure. All
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52 patients in whom was the LMA inserted we did not observe any episode of 24-hour
bleeding and/or dehiscence of the “end-to-end* anastomosis within 48 hours after surgery. 30-
days mortality rate was 0 %. The tracheal stenosis parameters and outcome results are

summarized in Tables 2 and 3.
Discussion

Airway techniques include standard orotracheal intubation with subsequent of a tube
into the opened trachea distal to the area of resection and high-frequency jet ventilation. [1-
3,5,6]. Some authors prefer supraglottic airway devices as laryngeal masks (LMAs) and high-
frequency jet ventilation in tracheal surgery and bronchoscopy. Use of the laryngeal mask in
open tracheal surgery has been published only in two isolated case reports. Both authors
employed high-frequency jet ventilation during the procedure [11-14]. Double-lumen tubes
are generally not indicated because they carry the risk of trauma [2,15]. A nasogastric tube
could be inserted prior to the induction of general anesthesia (GA) to confirm the course of
the esophagus and trachea [16]. CPB [2,3,5-8] and ECMO can be the life saving methods in

patients with ultimate tracheal stenosis and severe dyspnoe [9].

Conventionaly we have used LMAs airway for tracheal surgery for some years. When
compared with tracheal intubation the LMAs should decrease the risk of anastomotic trauma
during extubation or coughing of the patient [3,12,16]. We found the LMA safe and effective
in regards of oxygenation and ventilation but one case of impaired ventilation due to the LMA
dislocation in the neck flection. We found the classic LMA effective especially in regards of
manipulation with the patient during the procedure and while performing perioperative
ﬂexiblé bronchoscopy [17,18]. The neck must be extended prior to surgical incision to
facilitate surgical access. This is a high risk moment where an increase in inspiratory pressure
can occur or the LMA may become dislocated [14,16]. Bronchoscopy allows us to control the
LMA position along with the ability to identify the beginning and the end of tracheal stenosis
and the tracheal suture. The bronchoscope was used also for suctioning of blood or secretions
from the trachea and main bronchi. Nevertheless, the LMA could downfall. Along with other
authors we did not observe any pulmonary aspiration in our patients [12, 21]. The association
between excessive LMA intracuff pressure and postoperative pharyngolaryngeal morbidity is
becoming increasingly studied [6,13]. We kept the intracuff pressure within manufacturer
recommendations (with taking individual patient needs into account) and did not observe any

difficulties during the surgery. In terms of success of managing the case without need for
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change of airway, adequacy of oxygenation and ventilation, conditions for surgery,
advantages of smooth emergence and incidence of complications we feel that an adoption of
the LMA into clinical practice in tracheal stenosis surgery is safe and effective. Importantly, it
eliminates coughing and the trachea suture damage by excessive stress at the end of
anesthesia. It may significantly improve airway management and anesthetic care in this
procedure. Conventional volume controled ventilation with peak pressure up to 20 cmH20
eliminates spraying of blood when compared with high and/or low frequency ventilation
[3,6].

Our experience supports suggestion that TIVA is preferred [3,6,10,14,16]. GA
prevents patient movements during the procedure and protects them against stressfull and
uncomfortable experience from the surgery itself [1,3,5]. GA also represents the most
comfortable type of anesthesia for the surgeons [1,6,8,10]. The use of sugammadex avoids
postoperative residual muscle curarisation [5,6,22]. Several case reports were published
demonstrating awake tracheal resection and creation of anastomosis with spontaneous
ventilation under a regional anesthesia techniques. [23-26]. In rare cases where the luminal
diameter is severely compromised and adequate oxygenation can not be achieved with
conventional airway management and ventilation techniques, than extracorporeal circulation
is an optimal choice for those with critical airway occlusion [23]. ROTEM can be performed

to exclude hemocoagulation impairment in most severe cases [27].

Based on our experience on 54 patients the laryngeal mask airway ventilation is
supposed to be safe and effective useful alternative to tracheal intubation in tracheal stenosis

surgery.



J
O W W~ o U W=

mmmmmmwwmmmwmmwwbam@»ap‘bm»wwwwwwmwwwwwwwwwmmmmww»—\H»—\e—-wi—u—l
(ﬁ»bwl\)HOkoOO\IO\Lﬂ»bwl\)i—‘OkoonmU‘\»bwl\)}—‘OkOOO\)&UW»waHOLOOO\lmmbwl\))—'omm\lo\m‘bwl\)i—*

References

1] Liu XY, Liu FY, Wang Z, Chen G. Management and surgical resection for tumors of the
trachea and carina: experience with 32 patients. World J Surg. 2009;33(12):2593-8.

2] Pinsonneault C, Fortier J, Donati F. Tracheal resection and reconstruction. Can J Anesth.
1999; 46: 439-55.

3] Sandberg W. Anesthesia and airway management for tracheal resection and reconstruction.
Int Anesthesiol Clin. 2000; 38:55-75.

4] C. L. Chiu, B. T. Teh and C. Y. Wang. Temporary cardiopulmonary bypass and isolated
lung ventilation for tracheal stenosis and reconstruction. Br J Anaest. 2003; 91 (5): 742-4.

5] Roman PE, Battafarano RJ, Grigore AM. Anesthesia for tracheal reconstruction and
transplantation. Curr Opin Anaesthesiol. 2013;26(1):1-5.

6] Hobai IA, Chhangani SV, Alfille PH. Anesthesia for tracheal resection and reconstruction.
Anesthesiol Clin. 2012;30:709-30.

7] Woods FM, Neptune WB, Palatchi A. Resection of the carina and main stem bronchi with
the use of extracorporeal circulation. N Engl J Med. 1961; 264: 492-4.

8] Villanueva C, Milder D, Manganas C. Peripheral Cardiopulmonary Bypass under Local
Anaesthesia for Tracheal Tumour Resection. Heart Lung Circ. 2015; Feb 20. pii: S1443-
9506(15)00085-2. doi: 10.1016/j.hlc.2015.01.021.

9] Keeyapaj W, Alfirevic A. Carinal resection using an airway exchange catether-assisted
venovenous ECMO technique. Can J Anesth. 2012; 59: 1075-6.

10] Zhao W, Li CH, Jia NG, Fei HL, Zhao FR. Analysis of anesthetic methods for tracheal
resection and reconstruction with artificial trachea: a report of 25 cases. Zhonghua Wai Ke Za
Zhi. 2008;46(13):981-4.

11] Timmermann A, Russo SG. Which airway should Iuse? Curr Opin Anaesthesiol.
2007;20:595-9.

12] Michalek P, Miller DM. Airway management evolution: in a search for ideal extraglottic
device. Prague Med Rep. 2014; 115: 87-103.

13] Russo SG, Wulf H. Advanced indications of the laryngeal mask - Limitations of use.
Anasthesiol Intensivmed Notfallmed Schmerzther.2014;49:152-61.

14] Vorasubin N, Vira D, Jamal N, Chhetri DL. Airway Management and Endoscopic
Treatment of Subglottic and Trachea Stenosis: The Laryngeal Mask Airway Technique. Ann
Otol Rhinol Laryngeal. 2014; 123(4): 293-298.

15] Dumans-Nizard V, Parquin JF, Moyer JD, Dreyfus JF, Fischler M, Le Guen M. Left
double-lumen tube with or without a carinal hook: A randomised controlled trial. EurJ
Anaesthesiol. 2014; Dec 8. [Epub ahead of print]



O~ O Ul W N

OY Y OO OYOYUTUT UL UT U1 UT U U U1 Ok B s IS S D D D s s 0w W WWWWwWWwwiho NN DNNNDNRN N N R b b p b e fed e
U WD P OWVWROINUE WNHODOVWOITAUD WNF OWOX-IHUBWNHOWOW-TOU B WNFOWEJN D WN O W

16] J. Schiitzner, J. Simonek, A. Stolz, J. Kolarik, J. Pozniak, V. Bobek, P. Pafko, R.
Lischke: The development of the technique of resection of the trachea — our experiences.
Perspectives in Surgery. Rozhl Chir. 2016;95: 19-24.

17] Fadaizadeh L, Hosseini MS, Dabir S. Role of laryngeal mask airway in interventional
bronchoscopy procedures for upper tracheal stenosis : case series. Middle East J Anaesthesiol.
2013; 22(2): 223-7

18] Chhetri DK, Long JL. Airway management and CO2 laser treatment of subglottic and
tracheal stenosis using flexible bronchoscope and laryngeal mask anesthesia. Op Techs
Otolaryngol. 2011; 22: 131-134.

19] Adelsmayr E, Keller C, Brimacombe J. The laryngeal mask and high-frequency jet
ventilation for resection of high tracheal stenosis. Anesth Analg. 1998; 86: 907-8.

20] Biro P, Hegi TR, Weder W, Spahn DR. Laryngeal mask airway and high-frequency jet
ventilation for the resection of a high-grade upper tracheal stenosis. J Clin Anesth. 2001; 13:
141-3.

21] Bernardini A, Natalini G. Risk of pulmonary aspiration with laryngeal mask airway and
tracheal tube: analysis on 65 712 procedures with positive pressure ventilation. Anaesthesia.
2009;64(12):1289-94

22] Stourac P, Krikava I, Seidlova J, Strazevska E, Huser M, Hruban L, Janku P, Gal R.
Sugammadex in a parturient with myotonic dystrophy. Br J Anaesth. 2013;110(4):657-8. doi:
10.1093/bja/aet037

23] Vachhani 8, Tsai JY, Moon T. Tracheal resection with regional anesthesia. J Clin Anesth.
2014; 26:697-8.

24] Loizzi D, Sollitto F, De Palma A, Pagliarulo V, Di Giglio I, Loizzi M.Tracheal resection
with patient under local anesthesia and conscious sedation. Ann Thorac Surg. 2013; 95:63-5.

25] Cho AR, Kim HK, Lee EA, Lee DH. Airway management in a patient with severe
tracheal stenosis: bilateral superficial cervical plexus block with dexmedetomidine sedation. J
Anesth. 2015; 29:292-4.,

26] Macchiarini P, Rovira I, Ferrarello S. Awake upper airway surgery.
Ann Thorac Surg. 2010;89(2):387-90.

27] Durila M, Lukas P., Astraverkhava M., Berousek J., Zabrodsky M and Vymazal T.
Tracheostomy in intensive care unit patients can be performed without bleeding complications
in case of normal thromboelastometry results (EXTEM CT) despote increased PT-INR: a
prospective pilot study. BMC Anestesiology.2015; DOI: 10.1186/s12871-015-0073-1



Table

Table 1 Demographic data

Gender M:F 35:19 Stenosis reason | Posttracheostomical 39
Age (years) Av/SD 51.5/15.1 - postsurgical 35

BMI Av/SD 29.2/59 - postpunctional 4
Mallampati Median 3 Postintubational 15
LMA No. Median S5

M —Male, F — Female, Av — Average, SD — Statistical Diverse, BMI — Body Mass Index,
LMA — Laryngeal Mask



Table

Table 2 Stenosis characteristics

—
Focused parameters

Mean/SD

Diameter of stenosis (mm)

8.6/3.94

9 mm 3 patients

8 mm 7 patients

7 mm 13 patients

6 mm 14 patients

S mm 7 patients

4 mm 6 patients

3 mm 2 patients

2 mm 2 patients

Vocal cord-to-stenosis distance (mm)

3.5/0.57




Table

Table 3 Results

Focused parameters

Mean/SD

LMA Intracuff pressure (mmH20)

within manufactuer recommendation

Duration of anesthesia (minutes)

128.2/14.00

Duration of surgery (minutes) 103.1/ 7.00
Induction-to-insertion LMA time (seconds) 113.2/7.74
Outcome parameters Incidence (n, %)
LMA successful insertion and ventilation 52 (96.3 %)
total

Successful insertion and ventilation via LMA | 52 (100.0 %)
Satisfactory fibreoptic view LMA 52 (100.0 %)
Adequate end-tidal carbon dioxide LMA 52 (100.0 %)
Adequate periph. blood sat. with 02 LMA 52 (100.0 %)
LMA insertion failure (post-radiotherapy) 1(1.8%)
LMA intraoperative leakage 1(1.8%)
LMA satisfactory fibreoptic view 53 (98.2 %)
Adequate end-tidal carbon dioxide total 54 (100.0%)
Adequate peripheral blood sat. with oxygen 53 (98.2 %)

1 (1.8%) decrease to SpO2 91%

End-tidal carbon dioxide LMA

5.6/0.47

Periph. blood sat. with oxygen LMA 94.6/1.38
Pulmonary aspiration LMA 0 (0.0 %)
24-hour bleeding LMA 0 (0.0 %)
48-hour suture dehiscence LMA 0 (0.0 %)
30-days mortality LMA 0 (0.0 %)







ANESTEZIOLOGIE ?9

PUVODNI PRACE

Prvni zkusenosti s biluminalni
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ETView ® v hrudni chirurgii

Bicek Vladimir, Kre¢merova Martina, Ungermannova Veronika, Vymazal Tomas

Klinika anesteziologie, resuscitace aintenzivni mediciny 2. LF UK ve FN v Motole

Anest. intenziv. Med.,, 25, 2014, ¢ 4, s. xx-xx

SOUHRN

Cil studlie: Biluminalni fibroopticka kanyla Vivasight ETView?® je nova pomicka, kterd umoznuje selektivni inkubaci plic
bez pouziti fibroskopu. Nasim cilem bylo zhodnoceni Uspéénosti jejiho zavedenia komplikaci u vykon( v hrudni chirurgii.
Typ studie: Prospektivni observaéni studie (klinicky audit).

Typ pracovisté: Klinika anesteziologie, resuscitace a intenzivni mediciny fakultni nemocnice.

Material a metodika: Sledovali jsme Uspésnost a rychlost zaveden, malpozice a ostatni komplikace v souvislosti se za-
vedenim fibrooptické biluminalni rourky u 65 pacientc, ktefi byli indikovéni k hrudnim vykondm s nutnosti separace plic.
Wisledky: Rourka byla Uspé&né zavedena u 64 7 65 pacientl (98,5 %). U jednoho pacienta (1,5 %) doglo k dislokaci
rourky s naslednou repozici flexibilnim bronchoskopem. Primérna rychlost zavedeni byla 23,4 (= 4,67) sekundy.
Nepozorovali jsme zasadni rozdily v rychlosti zavedeni mezi zkuSenymi anesteziology a lékafi v tréninku.

Zgver: Bilumindini fibroopticka kanyla Vivasight ETView® ie kvalitni pomtckou pro separaci plic v hrudni anestezii.
Je vhodnad i pro edukacni Gcely.

KLiEOVA sLova

hrudni anestezie - biluminain{ kanyla - Gsp&snost zavedeni

ABSTRACT

Bicek V., Kre¢merova M., Ungermannovd V., Vymazal T.: Initial experience with the Vivasight ETView® double-
-lumen fibreoptic tube in thoracic surgery

Objective: The double-lumen fibreoptic tube Vivasight ETView?® is a new tool that allows lung isolation without
the use of a fibrescope. The aim of the study was to evaluate the success and complication rates of its insertion
in thoracic surgery procedures.

Design: Prospective observational study (clinical audit).

Settings: Department of Anaesthesiology and Intensive Care Medicine, University Hospital.

Material and methods: We evaluated the success rate, speed of insertion, incidence of malposition and other com-
plications associated with the insertion of a fibreoptic double-lumen tube in 65 patients scheduled for thoracic
surgery requiring separation of the lungs.

Results: The tube was successfully inserted in 64 of 65 patients (98.5%). One patient (1.5%) experienced tube
dislocation requiring subsequent repositioning using a flexible bronchoscope. The average speed of insertion
was 23.4 (+ 4.67) seconds. We did not observe any significant differences in the insertion success rates between
experienced anaesthesiologists and trainees.

Conclusion: The double-lumen Vivasight ETView® fibreoptic cannula is a good tool for the separation of the Iu ngs
in thoracic anaesthesia. It is also suitable for educational purposes. .

KEYWORDS

thoracic anaesthesia - double-lumen fibreoptic tube - Vivasight ETView® - insertion success rate
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Uvop

Rutinnim zaji$ténim dychacich cest u vétsiny
vykoni v hrudni chirurgii je zavedeni biluminalni
endobronchialni kanyly a selektivni ventilace plic
s fizenym kolapsem plice na operované strané.
Mezi tyto vykony patii pfedev§im lobektomie,
pneumonektomie, neanatomické resekce, revize
hrudni dutiny pro pneumotorax nebo hemoto-
Tax, stendzy trachey, resekéni vykony na jicnu,
transplantace plic a fada dalSich. Spravné umisté-
ni a bezpedna poloha biluminalni kanyly vyZaduje
velkou erudici a zkuSenost anesteziologa, ktery
se Casto neobejde bez fibroskopické kontroly. To
klade naroky na materialové vybaveni flexibilnimi
bronchoskopy vhodnych velikosti a zvy3uje i ¢a-
sové naroky. Cilem této prace je zhodnotit ispés-
nost a rychlost zavedeni nové biluminalni kanyly
Vivasight ETView®, kterd ma zavedenou optiku
pod tirovni trachealniho lumen rourky.

SOUBOR A METODIKA

Prace popisuje zkuSenost u 65 po sobé jdou-
cich pacientq, ktefi byli od ¢ervence 2013 do konce
listopadu 2013 intubovani biluminalni kanylou
Vivasight ETView®, Jednalo se o klinicky audit
registrované zdravotnické pomicky, Eticka komi-
se nemocnice byla informovana a nepoZadovala
informovany souhlas. VSichni pacienti podstou-
pili torakochirurgicky operaéni vykon s nutnosti
biluminalni intubace a selektivni ventilace plic.
Vivasight ETView® - DL (ETView Ltd., Misgav,
Izrael) je levostrannd endobronchidlni kanyla
s dvojim lumen (obr. 1), s pfidanym video zatize-
nim pro zpracovani obrazii, se svételnym zdrojem
na hrotu a s integrovanym kabelem s konekto-
rem. Zatizeni je kompatibilni s ETView monitory
a se zdravotnickymi NTSC video monitory. Realny
obraz z dychacich cest (obr. 2) je pfenaSen na ob-
razovku monitoru. VSem pacientiim byla poddna
identicka kombinovana anestezie 1% propofolem
na tvod, sufentanilem, rokuroniem a izoflura-
nem ve vydechované koncentraci 0,6-1,0 % a0, 1%
bupivakainem podanym do epiduralniho katétru.
Davky intravenéznich anestetik a bupivakainu

Tab.1 Udaje o pacientech (primé&rna hodnota a SD)

Kohorta paciéntﬂ .

Pohlavi M:Z 39:26
vék (v letech) 58,6 +15,36
BMI 245+299
ASA 25+0,89
Mallampati 1,7+£0,67
Cas do zavedeni (s) 234+ 4,67
Pocet selhanf ' 1

ANESTEZIOLOGIE

byly podavany podle télesné hmotnosti pacientii.
Jejich zakladni demografické tidaje jsou souhmné
uvedeny v tabulce 1. Pacienti byli po ukonceni
operacniho vykonu bud extubovani na sile, nebo
preintubovani klasickou jednoluminnou endotra-
chedlni kanylou a pfeloZeni k pokracujici umélé
plicni ventilaci na resuscitacni oddéleni. Sledovali
jsme pocet selhani pfi zavedeni a ¢as do definitiv-
niho usazeni kanyly.

VYSLEDKY

zakladni charakteristika pacienti je uvede-
na v tabulce 1. Intubace biluminalni kanylou
Vivasight ETView® je — podobné jako s klasickou
DL kanylou - technicky nendro¢na. Obraz z dycha-
cich cest je pfenaSen na monitor v dobré kvalité,
DAava piehledné informace o anatomii dychacich
cest i o misté definitiviiho usazeni. S kanylou se
dobfe manipuluje. NevyZaduje naslednou fibro-
skopickou kontrolu. Cas do definitivniho usazeni
se u erudovaného anesteziologa a anesteziologa
v piipravé zasadné nelisil a nepfesahl 30 sekund.
V jednom pfipadé doslo z divodu nedostatecné
fixace kanyly pfi polohovani pacienta k jeji dislo-
kaci, spravna poloha byla nasledné upravena pod
bronchoskopickou kontrolou.,

DISKUSE

Prokazali jsme, Ze kanylu Vivasight ETView" je
mozné pouzit jako alternativu klasické biluminal-
ni kanyly v hrudni anestezii. Neni nutné pouZit
fibroskop a pro méné zkusSené anesteziology je
pravdépodobné vhodnéjsi technickou i vyukovou
variantou ke klasické biluminalni kanyle, Doposud
nebyla publikovana Zadna prace, se kterou by by-
lo mozZné naSe pozorovani srovnat. V soutasné
dobé probihaji 2 studie (Prospective, Randomized
Clinical Trial Evaluating the ETView Double-

Obr.1  Biluminalni levostranna fibroopticka rourka Vivasight
ETView®
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Lumen Tube a Assesment of
the ETView Double-Lumen
Tube - www.clinicaltrials_gov),
jejichz vysledky vSak nejsou
v tuto chvili k dispozici.
Limitaci na${ prace je rela-
tivné maly pocet pacientli
a absence kontrolni skupi-
ny k pfesnéjsimu porovna-
ni s klasickou bilumindini
kanylou. Z tohoto dfivedu
bude provedena ve spolu-
praci s KARIM 1. LF UK VEN
prospektivni multicentricka
randomizovana studie, ktera ty-

to nedostatky odstrani.

Nejvétsi nevyhodou nejcastéji pouzivaného
postupu - intubace biluminalni endobronchidini
kanylou je pfedevsim nutnost verifikace jeji sprav-
né pozice optickou kontrolou bronchoskopem. To
jejednak ¢asové naroné a vyZaduje to i adekvatmi
piistrojové vybaveni [1]. Fibrooptickd biluminalni
kanyla spojuje vyhody klasické biluminalni kanyly
a bronchoskopu. Diky videozafizeni na hrotu ka-
nyly ma intubujici 1ékaf po celou dobu zavadéni
kanyly az dojejiho definitivniho usazeni vizudlni
kontrolu anatomickych poméra v dychacich ces-
tach [2, 3]. Fibrooptickou SL (single lumen) kanylu
lze zavadét také skrz laryngalni masku Fastrach,
coz mizZe byt pfinosné v situacich s primarné ob-
tiZnéjsi laryngoskopii [4]. Mezi nevyhody rourky
Vivasight ETView" patfi nedostate¢né G¢inny zpii-
sob cisténi optiky boénim ostfikem, pfedeviim
u pacientl s velkym mnoZstvim vazkého hlenu
v dychacich cestich (napf. cysticka fibréza) nebo
pii krvavé sekreci.

ZAVER

Kanyla Vivasight ETView® je vhodnou alterna-
tivou k zajiSténi dychacich cest v hrudni chirurgii.
K jejimu bezpecnému usazeni neni potieba fib-
roskop, coZ velmi zjednodu$uje manipulaci v dy-
chacich cestach a zkracuje dobu pfipravy pacienta

ANESTEZIOLOGIE A INTENZIVNI MEDICINA 2014, 25,¢.3

Obr.2 Kamera umisténd pod
trachealnim Gstim rourky
snima bifurkaci a odstup
pravého hlavniho bronchu

do chirurgické incize. Je velmi cennou
pomiickou v edukaci selektivniho zajis-
téni dychacich cest.
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Plicni alveolarni protenéza: Lavaz celych plic
s podporou mimotélni membranové oxygenace

F. Petifik!, A. Grandcourtova!, M. Kre¢merova?, T. Vymazal?,
F. MosSna?, V. Bicek?, M. Leke&3, M. Marel®

'Pneumologické klinika, 2. LF UK a FN v Motole,
2Klinika anesteziologie, resuscitace a intenzivni mediciny, 2. LF UK a FN v Motole,
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SUMMARY

Pulmonary alveolar proteinosis: Whole lung lavage with the support of extra-corporal membrane oxygena-
tion

Pulmonary alveolar proteinosis (PAP) is a rare condition characterised by an excessive production of alveolar
surfactant filling the alveoli and leading to a diffusion defect and respiratory insufficiency. The number one tre-
atment is a whole lung lavage, during which the pathological masses are washed out by a large volume of saline.
The presented case history concerned a patient with a seriously advanced condition, which precluded the use of
the common technique of single lung ventilation ensuring sufficient oxygenation during the procedure. Therefore
it was necessary to use extra-corporal membrane oxygenation (ECMO). To our knowledge, it was the first use of
whole lung lavage with the support of ECMO in the Czech Republic.

Keywords: pulmonary alveolar proteinosis, whole lung lavage, extra-corporal membrane oxygenation

SOUHRN

Plieni alveolarni proteinéza (PAP) je vzacné onemocnéni, charakterizované nadmérnou tvorbou plicniho surfak-
tantu, ktery vypliiuje alveoly a vede k poruse difuze a respiracni insuficienci. Lé¢bou prvni volby je lavaz celych
plic, pfi které sc patologické hmoty z alvcolt odstrariuji vyplachem velkym mnoZstvim fyziologickc¢ho roztoku.

V kazuistice relerujeme o pacienice s pokrodilym onemocnénim, které neumoziiovalo pouzil béZnou lechniku,
pii které syceni krve kyslikem zajistuje jedna ventilovana plice, proto bylo nutno pouZit extrakorporalni membra-
ncgou oxygenaci (ECMO). Dle dostupnych informaci jde o prvni provedeni lavaze celych plic s podporou ECMO
v CR.

Klicova slova: plicni alveoldrni proteinéza, lava celgeh plic, extrakorporalni membrdnovd oxygenace

UVOD

Plicni alveolarni proteinéza (PAP) je vzacné one-
mocnéni, jehoZ pfi¢inou je porucha homeostazy
alveolarntho surfaktantu, vedouc! k akumulaci
proteino-lipidového materidlu v alveolech s na-
slednou poruchou difuze.

V 90 % piipadli se jedna o autoimunitni one-
mocnéni s pritomnosti protilatek proti GM-CSF
(granulocyte/macrophage colony-stimulating fac-
tor), oznadované jako autoimunitni (primarni) plic-
ni alveoldrni proteinéza. Daldimi, méné Castymi
pfi¢inami jsou mutace genu pro GM-CSF (konge-
nitalni forma onemocnéni), mutace genu pro sur-
faktantové proteiny (PAP podobna onemocnéni) &
priciny sekundarni pfi asociaci s jinym zékladnim

onemocnénim. Jedna se predeviim o lymfoprolife-
rativni onemocnéni a solidni nadory, déle expozici
anorganickym prachtim a polékové postiZeni (na-
pf. imunosupresiva, amiodaron) [1,2].

Zakladni 1é¢ebnou metodou PAP je broncho-
alveolarni lavaz, pfi které se z alveoltt patologicky
surfaktant vyplachuje velkym mno#Zstvim fyziolo-
gického roztoku. Vyplachovat Ize jednotlivé seg-
menty nebo laloky, ale za nejiéinngjsi je povazova-
na lavéaz celych plic.

V kazuistice popisujeme p¥ipad pacientky, kieré
byla terapeuticka lavaZz opakované provedena na
Jjiném pracovidti bez vyrazngjsiho efektu a ktera se
na nasi kliniku dostala v talk t&Zké respiraéni in-
suficienci, Ze lavaZ bé&Znou technikou nebyla moz-
na.
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KAZUISTIKA

Osobni anamnéza: Zena 45 let, exkufacka 1 rok, ku-
facka expozice 20 pack-years, manipulacni délnice
v pradném prostfedi, doma chova slepice, kraliky a psy.
V osobni anamnéze operace varixi1t dolnich kondetin,
operatni odstranéni ledvinného kamene, zanst ledvin
v kvétnu 2012. Od unora 2013 bolesti velkych kloubt
nejasné etiologie, v.s. pfi dekompenzaci poruchy cen-
trace patefe a pletencti kloubti, moZny téz podil venos-
lazy, pifma souvislost se zdkladnim onemocnénim &i ji-
né systémové onemocnéni malo pravdépodobné.

Nyn¢jsi onemocnéni: Od dubna 2012 progrese nama-
hové dusnosti, dusnost pii malé namaze, neproduktiv-
ni kaSel, snimek hrudniku se zmnoZenim intersticialni
kresby. V &erviiu 2012 byla vy&etfena na Pneumologic-
kém oddéleni nemocnice Ceské Budgjovice, stanovena
diagnoéza plicni alveolarni proteinézy na zakladé nalezu
na pocitaCové tomografii s vysokou rozliSovaci schop-
nosti (HRCT) a dle bronchoalveocldrni lavaze (BAL). Bio-
psie plic nebyla pro respiraéni insuficienci provedena,
ani nebyly vySetfeny protilatky proti GM-CSF. Dle do-
kumentace byla lé¢ena postupné lavazi pravé plice
s nutnosti nasledné 3 denni umélé plicni ventilace
(UPV) a levé plice bez komplikaci objemy 13 a 28 litri
v €erviniu 2012. Daléi terapeutické lavaz v srpnu 2012
pravého plicniho kifdla, v zaff 2012 levého plicniho
kiidla (4 litry), v Fijnu 2012 pravého plicniho kiidla
(4 litry), v lednu 2013 levého plicniho kiidla.

Pfes uvedenou terapii progredovala respiracni insufi-
cience 1. typu, od 8/2012 klidové saturace hemoglo-
binu kyslikem (SpOs) na vzduchu kolem 80 %. Tehdy
byla zahijena dlouhodoba domaci oxygenoterapie
(DDOT) koncentratorem kysliku prittokem 6 litrti/min.

V Cervnu 2012 jedenkrat z BALu vykultivovano Myco-
bacterium intracellulare, kontrolni odbéry opakované
negativni, kratkodobé byla lé¢ena kombinaci rifampi-
cin, ethambutol, clarithromycin, vysazeno pro elevaci
transaminaz.

V lednu 2013 progrese HRCT nélezu i respiraéni in-
suficience s klidovou saturaci bez oxygenoterapie 72 %,
v breznu 2013 pravostranna kardialni subkompenzace
pti zdkladnim onemocnéni.

V bfeznu 2013 byla pacientka pfijata na Pneumolo-
gickou kliniku FN Motol. Pii prijeli klidové na kysliku
bez dudnosti, du$na pfi pohybu na lizku a pti jidle,
poslechové pti bazich krepitus, otoky DK do 2/3 bércni.

Z vysledkii: Biochemie véetn& CRP v normé, krevni
obraz v normeg, zakladni imunoclogické parametry v nor-
mé&. Skiagram hrudniku — zmnoZen4 intersticialni kres-
ba s maximem ve stfednich a dolnich plicnich polich
bilateraln€. HRCT hrudniku - pokro¢ily obraz .crazy
paving” bilateralné. Krevni plyny (KP) ~ arterializovana
krev pO2 6,36 kPa, pCO2 3,6 kPa, SpO, 02 85,6 % pii
DDOT 6 1/min. Funkéni vySetfeni — TLC 75% nalezi-
tych hodnot (n.h.), RV 102 % n.h. TLCO SB 26,7 % n.h.

Byla indikovdna oboustrannd lavaz celych plic, vzhle-
dem k t&€Zké respiralni insuficienci s podporou mimo-
t€lni membranové oxygenace (ECMO), ktera byla pro-
vedena 7. 3. 2013. Postupovali jsme dle doporudeni
American College of Chest Physicians z roku 2009 [3].

Na opera¢nim sale byla zahdjena neinvazivni moni-
torace Zivotnich funkei, vstupni hodnoty - sinusovy
rytmus 90/min, krevni tlak 160/90 Torr, SpO. pii
atmosférickém kysliku 80 %. Do v. cubitalis 1.dx byla
zavedena periferni kanyla G 18. K tivodu do anestézie
byl pouzit remifentanil v d4vce 0,25 ug/kg/min, propo-
fol v davce 180 mg. nervosvalova relaxace byla zajisté-

na rokuroniem v davce 70 mg. Trachealni intubace
provedena levostrannou biluminalni rourkou velikosti
37 Ch bez karinalniho héku, jeji poloha zkontrolovana
bronchoskopicky. Zaveden permancntni mocovy katétr.
Pacientka byla ventilovdna objemov€ fizenou ventilaci
rezimem VCV - Vt pti oboustranné ventilaci 480 ml, de-
chova frekvence 10 dechti/minutu, pomér1: E 1 : 2,
PEEP 5 cm H:O, FiO, zpocatku nutna 1,0. Ventilaéni
rezim byl do zavedeni veno-venozni extrakorporalni
membranové oxygenace (v-v ECMO) upravevan dle ak-
tualnich hodnot SpO; a ETCO;. Anestézie byla vedena
jako TIVA (totalni intravenoézni anestézie) propofolem
v davece 3 mg/kg/hod a remifentanilem v davce 0,16
ug/kg/min. Vykon byl zajitén antibiotikem cefolaxim
v davece 2 g po 6 hodinéch.

Do levostranné v. jugularis interna zaveden centralni
Zilni katétr 8,5 Fr x 20 cm, 4-lumen. Jako rezervni
vstup pro eventualni invazivini monitorovani hemody-
namiky Swan-Ganzovym katétrem nebo nutnost vyso-
koobjemové volumoterapie byl zaveden do levostranné
v. subclavia sheath 8,5 Fr x 10 cm. Pro pifimé méfeni
arterialniho tlaku byl zaveden do levostranné a. radia-
lis katétr 20 Ga x 8 cm. Na echokardiografickém vy-
Setfeni srdce nalez normaélni kinetiky pravé i levé ko-
mory, bez chlopennich vad nebo separace perikardu.
Sonograficky ovéfena polcha a §ife obou vnitfnich ju-
gularnich a femoralnich Zil. Do pravostranné v. jugula-
ris interna zavedena privodna kanyla pro veno-venézni
extrakorporalni membranovou oxygenaci (v-v ECMO),
odvodna kanyla zavedena do pravostranné v. femo-
ralis. Na ECMO byl dle (€lesného povrchu pacientky
(BSA) 1,79 m? nastaven vypoéteny priitok 4 837 ml/min.
Pri dosaZeni priatoku 4 500 ml/min a FiO, na ECMO
0,8 byl adekvainé upraven ventiladni reZim VCV (snizZe-
ni FiO, a ventilaénich objemut). Nasledné bylo zavedeno
teplotni &idlo do jicnu. V pravidelnych intervalech bylo
kontrolovano ACT {activated clotting time)} a bolusy he-
parinu udrZovano v rozmezi 160-200 sekund.

Po fixaci kanyl pro ECMO byla pacientka polohovana
nejprve na pravy bok. Bronchoskopicky byla znovu
zkontrolovana poloha biluminalni rourky a ponofenim
pod vodu byla zkontrolovdna tésnost obou manZet.
Operacni sttil uveden do anti-Trendelenburgovy polohy
(hlavou vyse, sklon 20 stupfil) a do vySe uloZené levé
plice bylo napusténo prvnich 1 000 ml fyziologického
roztoku, ohfatého na 37 °C. Potom po dobu 4 minut
byly provadény manualni fyzioterapeutické techniky.
Vzhledem k respira¢ni pasivité pacientky byly uplatné-
ny poklepové posturdlni masaze a vibraéni techniky
s cilem, co nejefektivngji uvolnit akumulované surfak-
tantové komponenty od st&n alveoli a bronchiolii. Po-
stupovalo se v tomto sledu: dolni a horni ventralni
hrudni kvadrant, nasledné lateraini a dorzalni éast le-
vého hemitoraxu. Leva horni konéetina byla polohova-
na v témér 90° flexi a abdukei v ramennim kloubu. Le-
va lopatka polohovdna do abdukce pomoci protrakce
ramene pro odkryti vét3i plochy dorzalni ¢asti hrudni-
ho kose.

Poté byla pacientka uvedena do Trendelenburgovy
polohy (hlavou niZe) a tekutina z plice byla vypusténa
samospadem do odmérné nadoby. Tento postup byl
provadén opakované. Zpodatku byla vypousténa teku-
tina siln€ zkalend, Zlutobild s vlo¢kami, které ve sbhér-
ném vélci sedimentovaly, postupné dochazelo k jejimu
odbarvovani, v poslednich porcich vytékala lehce opa-
leskujici ¢ira tekutina.

Po ukonéeni proplachu levé plice byla pacientka po-
Iohovana na levy bok a stejnym zptisobem byla oSetfe-
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na prava plice. Do levé plice bylo celkem podano
15 000 ml fyziologického roztoku, navrat byl 14 530
ml, rozdil ¢inil 470 ml. Do pravé plice bylo aplikovano
12 000 ml fyziologick¢ho roztoku, navrat 11 680 mi,
rozdil 320 ml. Lavazni tekutina vySetfena bakteriolo-
gicky s negativinim néalezem, PCR diagnostika na myko-
bakterie byla téZ negativni.

Béhem vykonu dochéazelo ojedinéle k supraventriku-
larnim a polytopnim komorovym extrasystolam, které
neovliviiovaly hemodynamiku. Byla korigovana télesna
teplota a dle aktudlnich vysledkii také iontogram
zefména kalémie a hladina magnezia. Diuréza byla
podporovana kontinualné podavanym furosemidem
v davce 15 mg/hod., k udrZeni dostateéného perfuzni-
ho tlaku MAP okolo 75 Torr byl podavan noradrenalin
v davee 0,10-0,15 ug/kg/min.

Oxygenace béhem vykonu. Vstupni hodnota paO2
byla pfi pffjezdu pacientky na sal 6,36 kPa, SpO, 80 %.
Po tivodu do anestézie a zavedeni UPV s FiO, 1,0 stou-
pa SpO: k 93 %. Po napojeni na v-v ECMO (FiO. 0.8)
byla hodnota paO, 39,78 kPa, Sa0, 100 %. Hodinu
a pul od zacatku lavaZze prvni (levé) plice klesa paQ.
k hodnoté 16,16 kPa, Sa0, 98 %. Lavaz levé plice trva-
la 3 hodiny a 45 minut a po jejim ukondeni byla hod-
nota paO; 11,59 kPa, Sa0-, 95,5 %. Od celkové doby la-
vézZe nuino odedist cca 45 min, kdy fedena dislokace
kanyly v pravé jugularni Zile. Lavaz pravé plice trvala 2
hodiny a 30 min a po jejim ukondeni byla hodnota
pa0; 13,62 kPa, Sa0, 97,7 %. Pritok na v-v ECMO byl
stale udrZovan v maximalnich hodnotach (3 500-4 000
ml/min) tak, aby pfes v tu dobu nefunkéni plice, pro-
tékalo co nejmendi mnozZstvi desaturované zkratové
krve. Hodnota FiO: na ECMO byla nastavovana dle ak-
tudlni saturace mezi 0,6-0,8. Je tedy zfejmé, Ze bez po-
uZiti veno-venézni ECMO by v pritbéhu oboustranné
lavaze mohlo dochazet aZ k Zivot ohroZujici hypoxii. Ne-
bezpetna je také neschopnost eliminace CO, s nasled-
nym vznikem respira¢ni acidézy. Hodnota pCO, korigo-
véna pratokem plynt ve smésovadi na ECMO.

Obréazek 1: LavdZni tekutina. Vlevo prvni porce ob-
sahujici sedimentujici patologické hmoty vyplach-
nuté z alveoli, vpravo posledni porce po proplachu
15 litry fyziologického roztoku, obsahujici 8iroun
lehce opaleskujici tekutinu.

Po ukonceni proplachu obou plic byla pacientka
reintubovana klasickou trachealni rourkou 7.5 s tésni-
ci manZetou. Byla provedena bronchoskopie s odsatim
malcho mnoZstvi zbytkov¢ tckutiny. Kardiopulmonalné
stabilizovand pacientka v pokracujici analgosedaci
a na podpore v-v ECMO byla pfevezena na KARIM FN
Motol k dalsi péci. Zde v pritbéhu prvnich hodin po-
stupné€ zhorSeni oxygenace, diagnostikovan levostran-
ny pneumotorax, pro ktery zaveden pleurdlni drén. Po-
té¢ prompini tprava stavu. Z davedu hypervolémie
a nedostatecné diurézy téhoZ dne zahajena CRRT (kon-
tinudlni metoda ndhrady funkece ledvin). V pritbé¢hu
dalsich tf1 dnti postupn& ukondena CRRT i v-v ECMO,
nasledné€ pak ventilacni weaning. 9. den hospitalizace
na KARIM extubovana, pro horsi oxygenaci s hypoxe-
mickym indexem okolo 200 intermitentni potfeba ne-
invazivni ventilace. 11. den po vykonu pacientka pfelo-
Zena na Pneumologickou kliniku FN Motol k dalsi pééi.

Pri prijeti na Pneumologickou kliniku je pacientka
mobilni bez dopomoci, SpO, 92.6 %, krevni plyny bez
kysliku pH 7,475, pCO2 3,98 kPa, p0O2 8,19 kPa, na
snimku hrudniku vyrazna redukce zmnoZené intersti-
cialni kresby. Na HRCT hrudniku intesticidlni zmény
pfi alveolarni proteindze, jemné zesileni interlobular-
nich sept, lehké zvySeni denzity parenchymu charakte-
ru mlééného skla, vyrazné zlepseni CT obrazu v porov-
nani s lednem 2013, mirné rozsffeni lumen bronchti
v dolnich lalocich. Béhem pobytu probihala intenzivni
dechové rehabilitace — kondi¢ni cvideni s vyuzitim pro-
prioceptivni neuromuskularni facilitace (PNF), cviky
pro aktivaci hlubokého stabilizatniho systému, cviteni
pro korekeci postury a dechového stereotypu, kondidni
chtize a jizda na rotopedu.

21. den po vykonu pacientka dimitovana, bez potie-
by oxygenoterapie pfi bé&Zné ¢innosti, 6-MWT 220 m
bez zastaveni, SpO; 95 % bez kysliku, TLC 89,9 % n.h.,
RV 108,8 % n.h., TLCO SB 53,9% n.h.

Ambulantni kontrola 2 mésice po vykonu. Pacientka
se cili dobre, kyslik nepotfebuje, nekasle, chodi na
prochazky, uklizi, uvafi, vypere. KP arterializovana
krev bez kysliku: pH 7,437, pCO2 3,69, p0O2 9,16,
SpO2 96 %. Funkéni vys: VC 90 % n.h. (28.3.13 81%
n.h}, FEV, 93 % n.h. (87 % n.h.), FEV 1% VC 86 (88},
TLC 94 % n.h., (89 % n.h.), RV 109 % n.h. (108 % n.h)),
TLCO SB 67 % n.h. (48 % n.h.), TLCO VA 80 % n.h.
(61 % n.h.)

DISKUZE

Plicni alveolarni proteinézu poprvé popsal Rosen
vroce 1958 [4]. Jedné se o vzacné onemocnéni, in-
cidence se odhaduje na 0,49 a prevalence na 6,2
piipadil na milién obyvatel [5], coZ je vice, nez se
difve predpokladalo [6]. PostiZeni jsou pFevazné
mladsi jedinci ve veéku 30-50 let, dvakrat cast&ji
muZzi nez Zeny, ¢asté&ji také kutaci [1,5].

Typickym projevem je progredujici namahova
dudnost, neproduktivni kasel, u tfetiny pacientt
palickovité prsty. Prvnim projevem miiZe byt
I akutni respiragni infekt s febriliemi. Nejéast&jsi
komplikaci jsou oportunni infekce (mykézy, no-
kardiéza, mykobakteriézy) zptisobené poruchou
funkce alveolarnich makrofagfi a zaroven systé-
movou poruchou obranyschopnosti v dusledku
soucasného vlivu antiGM-CSF na neutrofily. Po-
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slechovy nélez miiZe byt normalni nebo jsou pfi-
tomny krepitace. Priimérna doba od zadatku pii-
znakli do potvrzeni diagnozy je 7 mésicti.

Diagnostika je v&tSinou zaloZena na typickém CT
a HRCT obraze a mlééném charakteru bronchoal-
veolarni lavazni tekutiny. V histologickém obraze
{transbronchialni & chirurgickd biopsie) jsou
alveoly vyplnéné eozinofilnim PAS (periodic acid-
Schiff) pozitivnim granularnim aceluldrnim mate-
ridlem. Casto jsou pfilomny i velké pénovité ma-
krofagy. Alveolarni architektura je zachovana.
Surfaktantovy protein mtize byt detekovan imuno-
histochemicky, v elektronové mikroskopii jsou
patrna osmiofilni téliska odpovidajici denaturova-
nému surfaktantu. Pfi vySetfeni krevnich plynt je
patrna respira¢ni insuficience [. typu a zvySeny al-
veolo-arteridlni gradient (A-a gradient). Funkéné je
pfitomna restrikce a porucha difuze. Na rtg hrud-
niku jsou patrné bilateralni infiltrdty, ¢asto perihi-
16zné. Pro CT obraz je typické tzv. ,crazy paving®,
mista s obrazem mlééného skla a zesilenim inter-
lobuldarnich sept a mista s normalnim obrazem.
Typicky mlé¢na bronchoalveolarni lavazni tekuti-
na v cytologickém obraze obsahuje acelularni drt
i pénovité makrofagy. Diagnostické je zvySeni pro-
tilatek proti GM-CSF v BALu.

Prvni linif 1é¢by PAP je bronchoalveolarni lavaz,
kterou zavedl Ramirez v r. 1963 [7], spodivajici
v mechanickém odstranéni patologickych hmot
z alveolt vyplachem fyziologickym roztokem. Léc¢-
ba neni indikovdna u v8ech pacientt — asi 5-7 %
pfipadd regreduje sponténné, néktefi pacienti
jsou pouze sledovani, lavaZ se provadi u 54-90 %
pripadt onemocnéni [8]. Technika lavaZe neni pl-
né¢ standardizovana. Na vétSing€ pracovist se pro-
vadi lavaz celych plic (whole lung lavage — WLL).
Vykon vyZaduje celkovou anestezii se selektivni
plieni ventilaci, pfi které se sekvenéné vyplachuiji
obé plice velkym mnoZstvim fyziologického rozto-
ku. Interval mezi oSetfenim prvni a druhé plice je
né¢kolik dni. Zhruba u dvou tfetin pacientt je jed-
na WLL dostate¢na k plné remisi ¢i dlouhodobému
zlepSeni [9]. Ilustruji to nap¥. zkuSenosti z Pavie,
Italie, sledovano 81 pacientt v letech 1989-2011,
29 bez potieby lavaze, 44 pacientt podstoupilo la-
vaz, z toho u 31 postaéila WLL jednorazové, u 13
bylo nutno ji provést opakovang, pouze u 5 pa-
cientti vice neZ 2x [8].

Zajimavy je soubor 241 pacientt z Ciny, z nichZ
142 bylo 1é¢eno lavazi, pfi¢emZ WLL a lavaZ men-
8iho rozsahu byly pouZity v pomé&mu 1 ¢ 1, v obou
skupinich podobné vysledky, v&tsina pacientil po-
trebovala jen jeden zakrok [10].

Pacienti nereagujici na WLL jsou pak kandidaty
1é¢éby v podobé substituce GM-CSF (v subkutanni
¢i inhalaéni podobé), biologické 1é¢hby (rituximab —
monoklonalni protilatka proti CD20 antigenu
B-lymfocyta) ¢i plazmaferézy. Pfes soucasné tera-
peutické moZnosti u ¢asti pacientti onemocnéni
presto progreduje a jedinou mozZnosti je pak zvaze-
ni indikace transplantace plic [9].

U pokroéilych stadii PAP neni pii selektivni ven-
tilaci jedna plice schopna zajistit dostateénou oxy-
genaci, coZ neumoznuje provedeni WLL obvyklou
technikou. Situaci lze fedit pouZitim ECMO, které
oxygenaci béhem vykonu zajisti. V literatufe se vy-
skytuji pouze ojedinéla sdéleni o pouziti ECMO pfi
WLL [11-15]. V CR byla WLL u PAP jiz nékolikrat
provedena [16-17], dle dostupnych informaci viak
dosud nikdy s podporou ECMO.,

U na8i pacientky by bez mimotélni oxygenace vy-
kon vzhledem k pokrodilé respiraéni insuficienci
nemohl byt viibec proveden, coZ by vedlo k termi-
néalnimu respiraénimu selhdni v kratké dobé. Po-
uziti ECMO umoznilo neruSeny pribéh vykonu,
pri kterém mohly byt pii jedné anestezii oSetfeny

Obrazek 2: CT pfed vykonem. Mista s obrazem mléé-
ného skla a zesilenim interlobularnich sept stfida-
jici se s normédlnim obrazem, tzv. ,crazy paving®.

|

Obrazek 3: CT 3 tydny pe vykonu. Jemné zesileni
interlobuldrnich sept, lehké zvjSeni denzity paren-
chymu charakteru mlééného skla, vyrazné zlepSeni
CT obrazu.
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ob€ plice. Po WLL doslo k vymizeni dusnosti, vyra-
znému tistupu CT nélezu, vzestupu pO, i zlepSeni
difuze. Pfi kontrole po 2 mésicich byl efekt jests
vyraznéjsi.

Neni jasné, pro¢ predchozi lavaZe nemély efekt,
pfestoZe mmnozZstvi tekutiny bylo pii prvé aplikaci
dostateéné. Vykony v8ak byly provadény na jiném
pracovisti, neni nam presné znama pouzita techni-
ka. Velky vyznam piikladame razantni poklepové
[yziolerapii, po kieré se uvoliovaly zpocatku az
kousky patologickych hmot.

Pneumotorax a pleurdlni vypotek, které patfi
k bé&Znym komplikacim WLL, byly rychle zvladnu-
ty. Ponékud delsi dobu trvalo odpojovani od ECMO
a od UPV, prechodné bylo nutno pouZzit NIV. Prob-
lIémy s odpojovanim byly dle dokumentace i pfi
pfedchozich anesteziich.

WLL tedy byla tispé&3na, nicméné daldi vyvoj one-
mocnéni je nejisty, v tivahu pii opéiném zhorova-
ni pfipadaji i dalsi vySe uvedené 1é¢ebné moznosti.

Na zakladé této zkuSenosti i literarnich udaju
doporucujeme u symptomatické PAP provedeni
WLL. Vykony je vhodné centralizovat na pracovis-
t€, ktera maji pfisluéné personalni a materialni vy-
baveni véetn& moZnosti pouZit ECMO.
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Abstract

Backgroud: Pulmonary alveolar proteinosis is a rare disorder that is characterized by a large accumulation of

lipoproteinaceous material within the alveoli. This causes respiratory failure due to a restriction of gas exchange and
changes in the ventilation/perfusion ratio. Clinical symptoms are variable and depend on the severity of damage of
the lung parenchyma. Treatment method is whole-lung lavage, where the accumulated lipoproteinaceous material

is removed using large quantities of saline.

Case presentation: This case report describes a 45 year old patient with advanced pulmonary alveolar proteinosis.
Due to the presence of severe global respiratory insufficiency, this patient could not undergo the classic whole-
lung lavage using a double-lumen tube and selective lung ventilation. The whole-lung lavage was performed with

the support of veno-venous extracorporeal membrane oxygenation. A total of 27 | of warm saline was used.

Conclusion: According to the current published literature, whole-lung lavage with extra-corporeal membrane
oxygenation support is a very rare treatment method. Even when taking into account all of the risks associated
with whole-lung lavage and v-v extracorporeal membrane oxygenation support, we found that this technique is
very effective and, without a doubt, it saved the life of our patient.

Keywords: Pulmonary alveolar proteinosis (PAP), Whole-lung lavage (WLL), Extracorporeal membrane oxygenation

(ECMO), General anesthesia (GA)

Background

Pulmonary alveolar proteinosis (PAP) is a rare disorder
first described by Rosen and colleagues in 1958 [1].
This disease is characterized by an accumulation of
phospholipoproteinaceous material inside the alveoli
due to a disruption in surfactant homeostasis. The
prevalence of PAP is estimated to be around 4 cases
per 1 million. Males, smokers and persons between 30
and 50 years are most commonly affected. Symtoms in-
clude shortness of breath (dyspnea), cough and, in one
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third of cases, nail clubbing. Opportunistic bacterial
and mycotic infections are common complications.
There is a variable interindividual progression of this
disease which can range from spontaneous recovery to
terminal cardiorespiratory failure. Diagnosis is based on
the results from bronchoalveolar lavage (BAL), hist-
ology and immunohistochemical tests, on the presence
of granulocyte-macrophage colony stimulating factor
(GM-CSF) antibodies and computer tomography (CT)
or high resolution computer tomography (HRCT) re-
sults which typically shows areas of patchy ground-
glass opacification and interlobular thickening, which
together produce the “crazy paving pattern” [2, 3].

PAP can occur as an acquired disease (primary or idio-
pathic PAP) and then is characterized by the production

© 2015 Krecmerova et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (httpy//creativecommons.org/licenses/by/40/), which permits unrestricted use, distribution, and
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of GM-CSF antibodies, therefore is autoimmune in ori-
gin. Congenital forms of PAP are less commonly seen
and they are caused by a mutated gene responsible for
surfactant production or by a mutated receptor for GM-
CSE. These forms can be treated with medical therapy
(GM-CSF substitutes, biological treatment with mono-
clonal antibodies or plasmapheresis). Secondary forms of
PAP are associated with other illnesses, mainly hema-
tooncological diseases, exposure to anorganic materials
(eg. silicone), or from side-effect of medication such as
immunosuppresive drugs or amiodarone. Rarely, PAP
can be a part of the aquired immune deficiency syn-
drome (AIDS).

The treatment of aquired forms of PAP are mainly
bronchoalveolar lavage where the lungs are flushed out
with large quantities of saline. This can be performed on
individual lung segments, lobes or on the whole lung
with possibility for longer pauses between each lavage
treatment. The whole-lung lavage (WLL) has been de-
scribed as the most effective method of treatment [2, 3].

Case presentation

This is a case report of a 45-year old female with a history
of work exposure to a dusty environment. She was living
on a farm where the hens, rabbits and dogs were present
and also had a history of smoking 20 cigarettes a day for
19 years. The patient reported progressive worsening of
the shortness of breath on exertion for the last year. A
diagnosis of PAP was performed based on the HRCT and
BAL results. One-sided lung lavage was repeatedly per-
formed with the final procedure being complicated by
acute respiratory failure and the need for mechanical ven-
tilation. The therapeutic effect of the lavage treatments
was short-lived and was followed by progression of the
disease. Oxygen saturation on room air at rest (SpO2)
was measured as low as 80 %. The patient was therefore
dependent on a long-term home oxygen therapy. One year
following the diagnose of PAP, SpO2 at rest on room air
dropped to 72 %. The patients health status began to
deteriorate, withan insufficiency of the right heart devel-
oping and a Mycobacterium intracellular lung infection
was diagnosed and was subsequently repeatedly treated
with a combination of antibodies. High resolution com-
puted tomography results showed a severe ‘crazy paving’
pattern bilaterally. Arterial blood gas on home oxygen
therapy with O2 at 6L/min showed pO2 6.36 kPa and
pCO2 3.6 kPa. Due to rapid disease progression and the
presence of severe respiratory insufficiency, the patient
was indicated for the bilateral lung lavage and the proced-
ure was performed using veno-venous ECMO support.
The protocol recommended by the American College of
Chest Physicians from 2009 was followed during the per-
formance of this treatment [4].
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Upon admission to the operating theatre, non-invasive
monitoring was commenced (electrocardiograph - ECG,
non-invasive blood pressure measurement — NIBP, pulse
oximetry). The initial values were as follows — sinus
rhythm 90/min, NIBP 160/90 mmHg, SpO2 ( on the
room air ) was 80 %. An 18 G peripheral venous cannula
was placed to the right cubital vein. Induction to general
anesthesia was commenced with remifentanil at 0.25 ug/
kg/min, 180 mg of propofol and 70 mg of rocuronium.
Tracheal intubation was performed with a 37 Ch
left-sided double-lumen tube without a carinal hook
(Robertshaw) and its position was confirmed with a
bronchoscope. A urinary catheter was inserted. The pa-
tient was ventilated using volume-controlled ventilation
(VCV) with a tidal volume of 480 mL during bilateral
lung ventilation, a respiratory rate of 10 breaths/min, an
inspiration:expiration ratio of 1:2, positive-end expira-
tory pressure (PEEP) of 5 cm H2O and the initial FiO2
was 1.0. Ventilation was adjusted based on the SpO2
and ETCO2 values until the introduction of the
v-v ECMO. Anesthesia was maintained intravenously
(TIVA) with propofol at a dosage of 0.7 mcg/Kg/min
and analgesia with remifentanil at a dosage of 0.16 mcg/
kg/min. Based on the recommendation of the Local
Hospital Drug Commitee, the procedure was performed
with antibiotic prophylaxis using 2g of cefotaxim 6
hourly.

After examination of both internal jugular veins and
femoral veins, a 8.5 Fr x 20 cm central venous catheter
was insered into the left internal jugular vein. Additionally,
a 8.5 Fr x 10 cm sheath was placed into the left subclavian
vein to allow for potential invasive monitoring using a pul-
monary catheter or in the instance that high-volume fluid
therapy would be necessary. Arterial cannulation was per-
formed on the left radial artery to ensure direct blood
pressure monitoring,

Selective ventilation of the right or left lung was not
possible due to the production of a right-left shunt
which would lead to the severe derangement of oxygen-
ation and highly increase the accumulation of CO2 in
the body.

Using transesophaegeal echocardiography (TEE), the
kinetics of the left and right heart were found to be nor-
mal without any valve pathology or pericardial separ-
ation. A bolus of heparin (5000 1.U.) was administered
prior to cannulation for the v-v ECMO. The infusion
cannula was placed in the right internal jugular vein
while the drainage cannula was placed in the right fem-
oral vein. The position of the both infusion cannulas was
confirmed using TEE. The flow through ECMO was set
at 4837 mL/min and was determined after calculating
the patient’s body surface area which was 1.79m2. After
reaching a flow of 4500 mL/min on the ECMO with a
FiO2 of 0.8, then the parametres of mechanical
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ventilation were adjusted accordingly (tidal volume - Vt
300-350 ml, respiratory frequency - RF 10 per minute,
PEEP 5 cmH20, FiO2 0,4). Body core temperature was
measured in the esophagus. The activated clotting time
(ACT) was measured at precise intervals and heparin
boluses were given every 160-200 s.

After fixation of the ECMO cannulae, the patient was po-
sitioned on her right side. The position of the DLT was
checked with a bronchoscope. Prior to insertion, both cuffs
were tested under water for any leakage. The operating
table was placed in anti-Trendelenburg (“head up”) pos-
ition. Subsequently, the first 1000 mL of warmed (37 °C) sa-
line was introduced into the left lung, after which followed
a 4 min long manual physiotherapeutic massage of the
chest wall — using percussional postural massage and vibra-
tional techniques with the goal of freeing the maximal
amount of accumulated material. Afterwards, the fluid was
released with the help of gravity by placing the patient in
the Trendelenberg position (“head down”). This procedure
was repeated several times. At first, the collected fluid was
yellowish-white and cloudy with floccules that sedimented
and were collected. Progressively, the fluid became more
and more clear (Fig. 1).

After completing the lavage of the left lung, the patient
was positioned on her left side and the same procedure
was performed on the right lung. Over 225 min, the left
lung was rinsed with 12,000 mL of warm saline and
11,680 mL of the fluid was collected (320 mL were
absorbed) and over the course of 150 min, the right lung
was rinsed with 15,000 mL of warm saline and 14,530 mL
were collected (470 mL were absorbed). During the entire
procedure, several incidents of isolated hemodynamically
insignificant supraventricular and polytopic ventricular
ectopics were registered but did not require any interven-
tion. Normothermia was maintained for the duration
of the procedure. Electrolyte levels were monitored

Fig. 1 The character of the first (on the le
fluid used for the lung lavage

ft) and the last portions of
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throughout the procedure and the levels of potassium and
magnesium had to be corrected. Diuresis was supported
using furosemide at a dosage of 15 mg/h. In order to en-
sure proper perfusion, mean arterial pressure (MAP) was
maintained at 75 mmHg by continuous administration of
norepinephrine at a dosage of 0.10-0.15 ug/kg/min.

Oxygenation parameters during the procedure which
lasted 9 h are summarized at the Table 1.

The v-v ECMO flow was held at maximum values for
the entire duration of the procedure, in order to decrease
the amount of desaturated blood flow through the lung
undergoing lavage. The FiO2 values on the ECMO were
determined according to the patient paO2 and varied be-
tween 0.6 and 0.8 for the duration of the procedure. It is
clear from the initial oxygen values that without the use of
the v-v ECMO, the bilateral lung lavage would have
caused life threatening hypoxia. The patient’s life would
also have been endangered by significant hypercarbia lead-
ing to respiratory acidosis. The physiological value of
pCO2 was adjusted by changing of gas flow on the
ECMO.

After completion of the bilateral lung lavage, the pa-
tient was placed on her back and re-intubated with an
ordinary endotracheal tube size 7.5. A small amount of
remaining fluid was removed from the lungs bronchos-
copically. The sedated and hemodynamically stable pa-
tient was then moved to the intensive care unit with
continued support of the v-v ECMO. In the first few
hours post-op, there was a progressive worsening of oxy-
genation and a left-sided pneumothorax was diagnosed.
After the prompt insertion of a chest drain, this was
corrected. Due to an insufficient diuresis and risk of
hypervolemia, continuous renal replacement therapy
(CRRT) was initiated. Within three days, the CRRT and
v-v ECMO were discontinued and ventilatory weaning
was started On the 9th day, the patient was extubated, but
due to poor oxygenation and a hypoxemic index of 200,
she was soon placed on non-invasive ventilation. On the
11th day the patient was transferred from the ICU to the
Respiratory Care Department for further treatment.

Table 1 Oxygenation parameters during the procedure

Initial value Fi02 0.21 pa02 6.36 kPa Sa02 85 %,
Sp02 80 %

After induction Fi02 1.0 Sp0O2 93 %

v-v ECMO start Fi02 0.8 pa02 3978 kPa  Sa02 100 %

After 90 min of left Fi02 0.6 pa02 16.16 kPa Sa02 98 %

lung lavage, v-v ECMO

225 min - end time Fi02 0.8 pa02 1159 kPa  Sa02 95,5 %

of left lung lavage,

v-v ECMO

Next 150 min - end Fi02 0.8 pa02 13,62 kPa 5a02 97,7 %

time of right lung
lavage, v-v ECMO
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Conclusion

Pulmonary alveolar proteinosis caused life-threatening
respiratory failure in our patient with SaO2 levels below
75 %. The only possibility for treatment was bilateral
bronchoalveolar lavage which would rinse the accumu-
lated lipoproteinaceous material out of the lungs using
warm saline. Abdelmalak et al. published [2] their
experience with high volume wash (up to 50 L in very
severe cases) without the need for ECMO and discussed
others’approach utilizing hyperbaric oxygen. Noirez
et al. presented [3] a 3-step strategy that was used in a
patient with PAP-associated refractory hypoxemia and
that combined venovenous extracorporeal membrane
oxygenation, double-lumen orotracheal intubation, and
bilateral multisegmental sequential lavage. In compliance
with current literature [2, 3] the oxygenation and
ventilation was assured by v-v ECMO and double-lumen
orotracheal intubation during the procedure. The oxy-
genation improved dramatically on v-v ECMO in our
patient. In the literature, a few similar cases have been
published [5, 6]. The first WLL was performed by
Ramirez in 1963 [7]. WLL can be performed with or
without ECMO [2, 3, 8]. The WLL procedure could be
accompanied by derangements of the acid—base and
electrolyte balance and hypervolemia [2, 8]. There is no
published information about quantity of absorbed chlor-
ide in current literature. In our case, 790 mL of saline
was absorbed by the lungs. The plasmatic level of the
chloride was checked repeatedly and remained within
the physiological range. Since severe generalized oedema
of soft tissues was observed together with a change in
diuresis, an undefined quantity of chloride is supposed
to have been absorbed into the third space. The type
of crystalloid to be used in this procedure has not
yet been standardized. Derangement of the electrolyte
homeostasis causing cardiac arrhythmias could be
avoided using Ringer's solution [5]. The WLL may
also be complicated by pneumotorax [9]. Standardized
protocols for WLL have not yet been established.
Other methods of treatment are GM-CSF substitutes
applied subcutaneously or inhalationally, biological
treatment with monoclonal antibodies, plasmapheresis,
hyperbaric oxygenoterapy and, in severe cases, even lung
transplantation [2, 3, 10]. In our case, we decided
for WLL with v-v ECMO support due to the severity
of the patient’s clinical status and with full knowledge

of all associated risks. We found this technique to be
very effective and, without a doubt, it saved the life of our
patient.

Bilateral lung lavage with the support of VV-ECMO
is an effective, and often the only feasible, therapeutic
method in patients with pulmonary alveolar proteino-
sis. Quality multidisiplinary teamwork is extremely
important.
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Background. Pulmonary alveolar proteinosis is a rare disorder characterized by a large accumulation of lipoproteinaceous material
within the alveoli. This causes respiratory failure due to a restriction of gas exchange and changes in the ventilation/perfusion
ratio. Treatment methods include noninvasive pharmacological approaches and invasive procedures, such as whole-lung lavage
under general anesthesia. Methods. Based on the literature search using free-term key words, we have analyzed published articles
concerning the perioperative management of adult and pediatric patients with pulmonary alveolar proteinosis. Results and
Discussion. In total, 184 publications were analyzed. Only a few manuscripts were related to anesthetic, respiratory, and airway
management in patients suffering from pulmonary alveolar proteinosis. Airway should be strictly separated using a double-lumen
tube. Respiratory strategies involve the use of manual clapping, continuous positive airway pressure, high-frequency jet ventilation
of the affected lung, and employment of venovenous extracorporeal membrane oxygenation in the most serious of cases. Conclusion.
The goal of this review is to summarize the current published information about an anesthetic management strategy with a focus

on airway management, ventilation, and oxygenation techniques in PAP patients.

1. Introduction

Pulmonary alveolar proteinosis (PAP) is a rare disorder
first described by Rosen and colleagues in 1958 [1]. This
disease is characterized by an accumulation of phospho-
lipoproteinaceous material inside the alveoli due to a dis-
ruption in surfactant homeostasis. The prevalence of PAP
is estimated to be around 4 cases per 1 million. Male
gender, smokers, and adults between 30 and 50 years are
most commonly affected. The symptoms due to a restriction
in gas exchange and changes in the ventilation/perfusion
ratio include shortness of breath (dyspnea), cough, and, in
one-third of cases, also nail clubbing. The disease course
may be complicated by opportunistic bacterial and fun-
gal infections. There is a variable interindividual progres-
sion of this disease which can range from spontaneous
recovery to terminal cardiorespiratory failure. Diagnosis is
based on the findings from bronchoalveolar lavage (BAL),

histology, and immunohistochemical tests and on the pres-
ence of granulocyte-macrophage colony stimulating factor
(GM-CSF) antibodies and computed tomography (CT) or
high resolution computed tomography (HRCT) results which
typically shows areas of patchy ground-glass opacification
and interlobular thickening which together produce the
characteristic, “crazy paving pattern” [2, 3]. PAP can also
occur as an acquired disease (primary or idiopathic PAP),
characterized by the production of GM-CSF antibodies,
which is therefore autoimmune in origin. Congenital forms
of PAP are less frequent and they are caused by a mutated
gene responsible for surfactant production or by a mutated
receptor for GM-CSE. Secondary forms of PAP are associated
with other illnesses, mainly hematooncological diseases,
exposure to inorganic materials (e.g., silicone), or caused by
side-effects of medication, such as immunosuppressive drugs
or amiodarone. Rarely, PAP can be a part of the acquired
immune deficiency syndrome (AIDS) [4].



2. Therapeutic Approaches

There are two possible methods of the treatment of PAP
depending on the etiology and severity of respiratory dif-
ficulties. Congenital, primary (idiopathic), and mild forms
of PAP characterized by sufficient spontaneous breathing
may be treated using a noninvasive, medical approach [4,
5]. The GM-CSF substitution is applied subcutaneously or
inhalationally; other methods include biological treatment
with monoclonal antibodies, plasmapheresis, or hyperbaric
oxygen therapy [5]. Acquired or severe cases are associated
with impairment of ventilation, dyspnea, development of
severe hypoxemia, and hypercapnia and in these cases the
only plausible treatment is lung lavage. In bronchoalveolar
lung lavage, the lungs are flushed out with large quantities of
saline. This procedure can be performed on individual lung
segments, on lobes or on the whole lung with the option
for longer periods between each lavage treatment. Whole-
lung lavage (WLL) has been described as the most effective
method of treatment [5-7]. The ultimate treatment for PAP
is lung transplantation. Some published case reports suggest
asuccessful treatment plan starting with WLL and continuing
to GM-CSF application and/or other pharmacological treat-
ment [5]. The first segmental washout was performed in 1963
by Ramirez et al. [8] and over the following five decades this
procedure has been refined through the routine use of general
anesthesia (GA) [4, 8], increasing lavage volumes and the use
of warm saline and additional concomitant chest percussion
and bilateral sequential WLL in the same treatment session
[4]. In extreme situations, oxygenation can be supported
using extracorporeal oxygenation (ECMO) [9]. In spite of the
superiority of WLL as an interventional therapy for PAP, this
procedure has not been yet standardized: it is not yet clear
whether saline is superior to other solutions that are used, and
each medical centre modifies its own practice [4].

3. Anesthetic, Respiratory, and
Airway Management

Since 1965, WLL is routinely provided under general anes-
thesia (GA). GA presents a challenge due to the preexisting
respiratory failure (with PaO, being commonly lower than
6kPa on room air) and the limited functional reserve of
PAP patients [5, 6]. Anesthesiologists can take advantage of
short acting anesthetics with the minimum of side-effects,
analgesics, which are well tolerated by the patient, and reli-
able neuromuscular blockade recovery agents, which are all
available for routine use in the operating theatre. Application
of total intravenous anesthesia (TIVA) is recommended in
these patients as it does not require the uptake of volatile
anesthetics by the affected lungs and it enables the accurate
conduction of GA during WLL [10]. Routine monitoring
should include electrocardiography (ECG), invasive arterial
blood pressure (IABP) measurement, and peripheral blood
saturation (SpO,). Central venous line can be useful in
blood gases analysis, intravascular volume assessment, and
inotropic and vasoactive drugs administration. The CVP
measures during pouring and draining the fluid in lateral
position have limited value. Insertion of permanent urinary
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catheter with a temperature probe is recommended in pro-
cedures exceeding 4 hours. Point-of-care testing (POCT)
of blood gases, sodium, potassium, chloride, magnesium,
and osmolarity is recommended. Patients undergoing WLL
can become hypothermic during these long procedures and
therefore the appropriate management of body tempera-
ture is beneficial [11]. We also recommend transesophageal
echocardiography (TEE) assessment prior to this procedure
to evaluate cardiac function and during WLL for assessment
of the lung tissue [12]. The manipulating TEE probe can move
the DLT; therefore, immobilizing and fastening both the DLT
and the probe are recommended. Based on our experience,
PAP patients can suffer from pulmonary hypertension and
symptoms of long-term right heart failure with an impact
on left ventricular function. During WLL, an unpredictable
volume of saline can be absorbed which may also overload
the circulation.

3.1. Airway Management. Separation/isolation of lungs using
double-lumen endotracheal tubes (DLT) for selective lavage
of each lung and ventilation of the “dry” lung are necessary
together with flexible bronchoscopy to confirm appropriate
tube placement [11]. The use of double-lumen fiberoptic
tubes (Vivasight ETView) have no superiority because bron-
choscopic control of the lung tissue should be done by
pneumologists prior to WLL. We have found that the optical
lens can get smudgy immediately after the first wash cycle,
thus becoming unusable for the remainder of the procedure.

Several case reports have described the use of serial lobar
lavages with the use of a flexible bronchoscope together
with endobronchial intubation of the healthy lung [13].
Davis et al. reported serial lavage in an awake patient under
local anesthesia only [14].

Techniques for anesthetic management for WLL in chil-
dren with PAP are determined by their age, weight, and
severity of the disease. Pediatric airway management for WLL
differs slightly from those techniques used in adults. Cuffed
double-lumen tubes may be used for adolescents and school-
age children. The smallest size of cuffed double-lumen tube
which is available on the market has a diameter of 8.7 mm
(26 F) [10]. This size may be used for pediatric patients older
than 8 years of age [15]. Airway management techniques
for younger children are usually very challenging. These
include insertion of two separate narrow cuffed tracheal
tubes inserted alongside into each bronchus or one of them
endobronchially and the other one endotracheally [10, 16],
insertion of a cuffed endobronchial tube into the healthy lung,
with the lavage being performed with a flexible fibrescope
inserted alongside into the other lung, and insertion of a
standard cuffed tracheal tube with a cuffed bronchial blocker
inserted into the affected main bronchus and the lavage
performed via a gastric tube inserted alongside the bronchial

blocker [17].

A special Marrano double-lumen tube which is available
for smaller children cannot be used for WLL. This tube is
uncuffed and therefore cannot protect the ventilated lung
[10]. Neonates and infants undergoing WLL for pulmonary
alveolar proteinosis are routinely managed with an endotra-
cheal tube sitting above the carina and pulmonary artery
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flotation catheter inserted into the mainstem bronchus of the
affected lung. The balloon of the catheter is then inflated and
the lung is lavaged through it [18].

Some centers use the support of venovenous extracorpo-
real oxygenation (v-v ECMO) in the most difficult pediatric
patients [19, 20]. Alternatively, WLL utilizing cardiopul-
monary bypass (CPB) can be used in small children with
severe form of PAP to support ventilation during lavage [17].

3.2. Respiration and Ventilation. Volume-controlled ventila-
tion is preferred due to the higher rigidity and lower compli-
ance of the affected lungs. Pressure-controlled modes would
not guarantee the adequate ventilation. PAP patients suffer
from hypercapnia and further elevation of CO, partial pres-
sure could affect microcirculation (the risk of brain oedema)
and could provoke arrhythmias. The tidal volumes for each
lung vary according to the condition of the pulmonary tissue,
usually 200-350 mL at a rate of 12-16 breaths per minute
in adults. In children, a sophisticated ventilatory regimen is
not available due to the differences in age-based physiology
and the degree to which the pulmonary tissue is affected
[10, 12, 17]. The adjustment of end-tidal PCO, or better
PaCO, (due to a restriction of gas exchange and changes in
the ventilation/perfusion ratio in PAP) is recommended [21,
22]. Positive end-expiratory pressure is usually set between
5 and 7 cmH,0. The FiO, in the inspired gas mixture is
adjusted according to PaO, values, with fractions higher
than 0.6 often required [6, 12]. In one case report, the
authors applied continuous positive airway pressure (CPAP)
ventilation into the washed lung, aiming to improve oxy-
genation [23]. Manual clapping performed by a respiratory
physiotherapist during WLL can help to clear out the protein-
rich alveolar material from the affected lung tissue [24]. This
technique has been found to be superior to mechanical chest
percussion or to WLL without any chest percussion. Several
cage reports have described the successful perioperative use
of a novel system for clearance of the airway secretions in
patients with PAP. The vest employs complex technology
in which increased airflow velocities are generated, thus
creating shear forces similar to spontaneous coughing while
simultaneously reducing viscosity of secretions including the
lavaged material [25, 26]. Oxygenation in the most severely
affected adult and pediatric patients may be achieved with
the aid of extracorporeal oxygenation techniques, v-v ECMO,
or even full cardiopulmonary bypass (CPB), regardless of the
risk of significant morbidities [10, 17].

Other methods supporting ventilation and oxygenation
during this procedure have been tested only in experiments.
Partial liquid ventilation (PLV) using perflubron improved
oxygenation only temporarily and had no positive effect on
protein removal in an infant with PAP scheduled for WLL
[27]. Hyperoxygenated saline solution was found to improve
oxygenation in five patients undergoing WLL for PAP in
comparison with normal saline [28].

The duration of WLL is usually several hours and the
accumulated phospholipoproteinaceous material is washed
out of the lungs with 0.5-2.0 L of body temperature warmed
saline in aliquots for 10-30 wash cycles per each lung. The
total volume of saline can reach 30 liters [11, 29]. The patient

must be positioned step by step into the right decubitus
position and subsequently onto the left side according the
protocol recommended by the American College of Chest
Physicians in 2009 [11]. The aliquots of saline are subse-
quently loaded into the inferiorly placed lung following 4-6
minutes of percussion postural massage of the chest wall with
the aim of evacuating the maximal amount of accumulated
material. Afterwards, the effluent is drained with the help of
gravity by placing the patient into the Trendelenburg position
(“head down”). This procedure has to be repeated until the
rinsed fluid is clear. The same algorithm is applied to the
other lung [11, 12]. The volume of solution is essential. If the
volume of solution was high enough, pulmonary blood flow
shifts to the ventilated lung, and as a result the oxygenation
improved. This shift of blood flow became smaller during the
drainage phase, and oxygenation became worse. The nature
is the hypoxemic pulmonary vasoconstriction effect and the
bypassing of the affected lung. The adequate volume also
facilitates effectiveness of the WLL. Validated data about the
absorbed volume of saline is missing in the published cases.
Extensive suction of the residual solution is required for the
better oxygenation after procedure. The amount of chloride
absorbed has not also been evaluated in any published report.
We noted the development of significant facial soft tissue
oedema during WLL as a possible result of absorption of
electrolytes into the third space. The WLL procedure can be
accompanied by derangements of acid-base

and electrolyte balances or hypervolemia. The type of
crystalloid to be used in this procedure has not yet been
standardized. Therefore, hourly electrolyte assessment can
be recommended in WLL cases with extensive NaCl lavage
considerations. Derangement of the electrolyte homeostasis
causing cardiac arrhythmias might be avoided using Ringer’s
solution [30].

3.3. Management of Severe PAP. Whole-lung lavage can also
be performed with ECMO or CPB support in adult and
pediatric patients. The decision depends on the severity of
clinical symptoms [31]. Most commonly, the cannulae used
in v-v ECMO are placed such that the infusion cannula is
inserted in the right internal jugular vein and the drainage
cannula in the right femoral vein [32]. In the case of heart
failure, it is possible to choose venoarterial ECMO [33].
Cannulae for venoarterial ECMO are then placed using
either a percutaneous or surgical technique. In the literature,
there is a case of WLL and lung resection being performed
simultaneously, although the operation was complicated by
cardiac arrest due to hypoxia. After successful CPR, the
procedure was continued with the support of v-v ECMO
[34]. Adequate oxygenation with the support of ECMO
allowed the completion of the procedure and prevented
cardiac arrhythmias and hemodynamic instability. It also
avoided the complications that may occur in the interval from
the end of procedure to the restoration of the lung tissue
with traditional techniques of mechanical ventilation [9, 31].
v-v ECMO cannulation is an invasive technique with many
possible complications such as bleeding, arterial puncture,
vessel rupture, or development of pseudoaneurysms. WLL
may be also complicated by pneumothorax. However, it



remains the only possible technique that prevents serious
hypoxia during WLL. Even when taking into account all of
the risks connected with WLL and v-v ECMO support, this
technique is very effective [32, 35].

4, Conclusions

This review has aimed to present an anesthetic management
strategy with a focus on airway management, ventilation,
and oxygenation techniques for easier perioperative decision-
making in patients scheduled for whole-lung lavage under
general anesthesia due to pulmonary alveolar proteinosis.
Further prospective studies or larger cohort studies are
needed to obtain more robust data from which it is hoped
that further guidelines could arise.
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SOUHRN

Karotickd endarterektomie (KEA) je standardni Ié¢bou
zavaznych symptomatickych a asymptomatickych
stendz karotickych tepen. Je to preventivni operace
s cilem snizit riziko iktu v désledku embolie z atero-
moveého platu v oblasti bifurkace spige, nez odstranit
prekazku pratoku krve. Riziko iktu se sniZi asi 0 50 %,
ale pfinos se projevi jen tehdy, pokud rizika operace
a souvisegjici anestezie nepievysi snizeni rizika iktu
v dlsledku operace. Navic mlze KEA chranit pfed
zhorsovani neurokognitivnich funkci. Nejobavangjsimi
komplikacemi jsou Umrti a perioperaéni iktus, me-
ze dojit i k infarktu myokardu, vyznamny je rovnéz
mozkovy hyperperfuzni syndrom. Anestezie je mozna
celkova, regiondlni (kréni epidurdlni, nebo povrch-
ni, intermedidlni nebo hluboky kréni blok & jejich
kombinace), nebo lokaIn infiltracni anestezie. Kazdy
postup vsak vyzaduje zajistit dostate¢nou oxygenaci
a normokapnii, pfiméfeny krevni tlak a volnou zilni
drendz mozku. Klinickym neurologickym vysetienim u
pacientd pfi védomi a/nebo pfistrojovymi technikami
je rovnéz nutné ovérit dostatecnost mozkového priito-
ku ke stanoveni nutnosti zavedeni zkratu. Pfistrojové
techniky vSak dosud nemaji uspokojivou senzitivitu
ani specificitu. Na zakladé provedenych studii se do-
porucuje volit techniku anestezie individualné podle
potreby, nejbezpecnéjsi jsou celkova anestezie se
selektivnim zavedenim zkratu podle monitorovani
dostatecnosti mozkové perfuze, nebo povrchni a/
nebo intermedidlni kréni blok. Zda se, Ze regionaini
anestezie je ekonomictéjsi.

KLICOVA sLovA
karoticka endarterektomie = celkova anestezie = krénf

epiduralni anestezie - kréni blok povrchni - kréni blok
intermediaini - kréni blok hluboky

ANESTEZIOLOGIE A INTENZIVN MEDICINA 2013, 24, ¢.1

ABSTRACT

Current view of anaesthesia for carotid surgery

Carotid endarterectomy (CEA) is a standard treatment of
serious symptomatic or asymptomatic stenoses of caro-
tid arteries. It is a prophylactic operation performed more
to reduce the risk of embolic stroke from atheromatous
disease at the carotid bifurcation than to relieve the he-
modynamic stenosis. The risk is reduced by 50% but the
benefit can be realized only if the risks of operation and
associated anaesthesia are lower than the achieved re-
duction of the risk of stroke. The most feared compli-
cations are death and peri-operative stroke. Myocardial
infarction can occur as well. An important adverse event
is also a cerebral hyper-perfusion syndrome. CEA can
be carried under general, regional (cervical epidural
blockade or superficial, intermediate or deep cervical
block or their combinations) or local infiltration anaes-
thesia. Each anaesthetic technique must provide suffi-
cient ventilation and oxygenation, cardiovascular sta-
bility and free cerebral venous drainage. It must also
allow shunt insertion based on the sufficiency of ce-
rebral perfusion. This can be accomplished by clinical
neurological assessment (in awake patients) and/or by
technical devices. Unfortunately, they do not have sa-
tisfactory sensitivity or specificity. Based on the studies
performed, the safest technigues are general anae-
sthesia with selective shunting determined by cerebral
perfusion monitoring or superficial and/or intermedi-
ate cervical block. Regional anaesthesia seems more
economical.

KEYWORDS

carotid endarterectomy - general anaesthesia - cervical
epidural anaesthesia - superficial cervical block = intermedial
cervical block - deep cervical block



uvop

Cévni nemoci mozku postihuji v Ceské republice
3 % dospélé populace a 10 % seniorské populace
[1]. Jejich piifinou jsou nejast&ji ateroskleréza,
hypertenze a diabetes mellitus (> 90 %), vzacné
je zplisobuji zdnét (arteriitida), fibromuskulirni
dysplazie, ozafeni krku, disekce nebo stavy po
operacich krku. Ateroskleréza zuZuje vétve odstu-
pujici z oblouku aorty asi v 17 % pfipadi, bifurkace
karotid je postiZena asi u 10 % lid{ star§ich 7o let.
Stendzy v této oblasti jsou pFi¢inou asi 10 % viech
ikt(i [2]. Standardni 1écbou zivasnych symptoma-
tickych (tj. jiZ po probé&hlé tranzitorni ischemické
atace [TIA] nebo iktu) i asymptomatickych stenéz
karotickych tepen v diisledku jejich uzavérového
onemocnéni je doposud karotickd endarterektomie
(KEA).

Karotickou endarterektomii poprvé provedl ame-
ricky kardiochirurg Michael DeBakey (1908-2008)
Vroce 1953. Je to preventivni operace s cilem sni%it
riziko iktu v déisledku embolie z ateromového plitu
v oblasti bifurkace spiSe, neZ odstranit pfekazku
priitoku krve [3]. Operaci se riziko iktu sni?i asi
050 % [4]. Piinos se projevi jen tehdy, pokud rizika
operace a souvisejici anestezie nepfevysi snizeni
rizika iktu v diisledku operace [3]. Navic, KEA zfej-
mé miiZe eliminaci zdroje emboli i mikroembolf
a nékdy i zlepSenim priitoku krve mozkemn chra-
nit pfed zhorSovinim neurokognitivnich funkci
(5], nebo je dokonce miiZe u nékterych pacientti
zlepsit [6].

V roce 2008 bylo Ustavu pro zdravotnickou infor-
matiku a statistiku CR (UZIS CR) vykizano 1970 en-
darterektomii Karotickych a ostatnich tepen (kéd
operace 54320) provedenych jako hlavni operaéni
vykon [7], a proto neni mozné pfesny pocet prove-
denych KEA jednoznalné stanovit. Vzhledem ke
starnuti populace a stoupajicim naroktim na kva-
litu Zivota Ize ofekavat, Ze pofty KEA v blizké bu-
doucnosti zfejmé nebudou prili§ klesat. Nej noveéjsi
studie vSak naznacuji, Ze riziko TIA/iktu je dnes
v diisledku zlepSeni farmakologické 1é¢by (statiny,
protidestickova 1é¢ba) vyznamné nizsi, nez bylo
diive, pfiem? operalni riziko je stile priblizné
stejné. Zda se tedy, Ze u asymptomatickych za-
vaznych stenéz karotid mtiZe byt nejlepsi moz-
nosti optimalizovana farmakologicka 16¢ba [8, 9].
Definitivni zavér bude mozZné stanovit teprve po
roce 2015, kdy se o¢ekévaji vysledky studie SPACE-2
(www.space-2.de). Ve studii se pacienti s asymp-
tomatickou stenézou karotid = 70 % randomizuji
k1écbé bud KEA, nebo karotickym stentem (KAS),
nebo farmakologicky [10].

Anestezie ke KEA je mozna celkovd, regionalni
(kr¢ni epidurdlni, kréni bloky) i lokalni infiltraéni.
O tom, ktery z postupii je nejvyhodnéjsi, se vedou
trvalé debaty, takZe v riiznych centrech davajina
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zakladé svych zkusenosti pfednost riiznym postu-
piim. Cilem tohoto pfehledového ¢lanku je pFibli-
Zit anesteziologlim problematiku KEA a pfedstavit
soutasné moznosti anestezie u tohoto vykonu.
Problematikou pooperacni péce se u téchto operaci
nedavno zabyvali Michalek et al. [11].

OPERACE

Principemn operace je odstranit z karotidy atero-
skieroticky plat jako zdroj embolizaci do mozku.
Cévu je pak tieba pellivé anatomicky a fyziologicky
rekonstruovat. Arteriotomii lze uzav¥it primarné
stehem nebo plastikou s pouZitim ziplaty ze Zi-
ly nebo ze syntetického materiilu tak, aby bylo
zachovano jeji lumen. Operaci je moZné provést
touto Klasickou (ventrojuguldrni nebo retrojugu-
larni) technikou, ale i everzné. PHi této technice se
vnitini karotida tiplné oddéli od bifurkace pfi¢nou
arteriotomii, plit se odstrani otocenim karoti-
dy naruby a tepna se reimplantuje zpét. Everzni
technika se ¢asto pouZiva pfi tzv. ,kinkingu*, kdy
je priitok karotidou omezen v diisledku anatomic-
kého zalomeni tepny. Volba techniky vzdy zalezi
na zkuSenostech chirurga.

Indikace k operaci se stanovuje v zdvislosti na
neurologickych piiznacich, stupni stenézy, pfi-
tomnosti pfidruZenych chorob, anatomickych po-
mérech na krku a v tepné a podle morfologie plitu.
Podle doporuceni European Society for Vascular
Surgery (ESVS) z roku 2009 [12] je KEA absolutné
indikovana u symptomatickych pacientfi s > 70%
stenézou a pravdépodobné indikovana u sympto-
matickych pacientil s > 50 % stenézou, vie za pred-
pokladu, Ze Cetnost periopera¢nich ikt a tmrti je
v zafizeni, kde se vykon provadi, < 6%. Vykon se
ma provést pokud mozno do dvou tydnt od zadatku
ptiznakl. Pozdéji se jeho pfinos ke sniZeni rizika
iktu sniZuje a po tfech mésicich se ztrci, zfejmé
v disledku stabilizace platu a vzniku kolaterdl,
KEA je kontraindikovana u symptomatickych pa-
cientll se stenézou < 50 %. U asymptomatickych
pacientii se KEA doporutuje u mu?& mladsich
75 let se stenézou 70-99 %, pokud je Cetnost peri-
operacnich ikt a dmrti v zafizeni, kde se vykon
provadi, < 3%. Pfinos operace u asymptomatickych
Zen je vyznamné mensi nes u muzii, takZe o vy-
konu se ma pfipadné uvaZovat hlavné u mladsich
Zen. Pri pfekroeni uvedenych hranic cetnosti
perioperacnich ikt a dmrtf 6 % u symptomatic-
kych pacienttl, respektive 3 % u asymptomatickych
0sob by bylo riziko operace vys, ne je jeji ptinos,
takZe provedeni vykonu je v konkrétnim zatizeni
kontraindikovdno, Otekdvané doziti pacientii by
navic mélo byt del3f neZ 5 let [13].

Hlavnim problémem pfi operaci je to, Ze k odstra-
néni platu je nutné operovanou tepnu pfechodné
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uzaviit a tim docasné pierusit pritok krve do moz-
ku. Je znadmo, Ze karotickymi tepnami do mozku
piitéka asi8o-90 % krve, zbytek zajiStuje vertebro-
bazilarni fecisté. Obé fecisté se normalné na spo-
diné mozku spojuji a vytvafeji Willistiv okruh.
V populaci existuje 22 jeho riiznych anatomickych
konfiguraci, pficemz okruh je Giplné vytvorfen jen
asi u 18-50 % pacientfi. Nej€astéji (v 21 % pfipadil)
chybi a. communicans posterior [14, 15]. Anatomii
okruhu lze ovéfit vySetfenim nukledrni magnetic-
kou rezonanci, ale bézné se to neprovadi.

Krevni zasobeni mozkové hemisféry na operované
strané v obdobi po nalozZeni svorek zalezi na dosta-
te¢ném krevnim tlaku a funkci Willisova okruhu.
Podle zkusSenosti asi 10-20 % pacienti netoleruje
naloZeni svorek na karotidy a rozvinou se u nich
piiznaky ischémie. Je-li pfi¢inou nedostatetné vy-
tvofeni kolaterdlniho fecisté ve Willisové okruhu,
zjisti se to vétSinou velmi rychle, do 1 minuty po
naloZeni svorek. Je-1i pfi¢inou ischémie pokles per-
fuze mozku v disledku nedostatetného krevniho
tlaku, dojde k projevim ischémie pramérneé po
15 minutach od naloZenf svorek. K pfiznakiim patfi
zmeéna védomi a spoluprace (napf. mackani piskaci
hra¢ky rukou na vyzvu). Pfi ischémii pacient pre-
stava byt schopen odpovidat na otazky a vykonavat
jednoduché dusevni ikony, napf. pocitat pozpatku,
ma setfelou fe€, je zmateny, agitovany, afaticky,
ztraci védomi, mohou byt kie¢e nebo jiné motorické
projevy na kontralaterdlnich koncetinach.
Docasnému pferuSeni krevniho proudu do moz-
ku lze zabranit zavedenim zkratu (,,shunt“). I to
vSak miiZe byt spojeno s komplikacemi, jako jsou
prodlouZeni operace, mozZnost krevni ztraty, vznik
trombu, embolie do mozku (i ischémie. Rizikem
je i poranéni endotelu distadlnim koncem zkratu
snaslednym vznikem aterosklerotického platu nad
mistem operace. Profylaktické, rutinni zavedeni
zkratu nesnizZuje, ani nezvysuje vyskyt komplikaci,
Rada chirurgfi proto zavadi zkrat jen tehdy, je-li po
naloZeni svorky patrmé kritické sniZeni mozkové
perfuze. Rutinni zavedeni zkratu vyzaduji jen pa-
cienti se soucasnym uzavérem druhostranné karo-
tidy, ktefinemaji vytvofenu arteria communicans
posterior [15].

RIZIKA OPERACE

Nejobavanéjdimi riziky KEA jsou amrti a iktus,
miZe dojiti k infarktu myokardu. Je zajimavé, Ze
po analyze vysledki studie WCCE (Western Canada
Carotid Endarterectomy, n = 3 164 pacienti) a slou-
cenych 1dajii ze studii NASCET (North American
Symptomatic Carotid Endarterectomy Trial,
n=1415) 2a ACE ASA (Acetylsalicylic Acid in Carotid
Endarterectomy Trial, n = 2 469) se ukazalo, Ze po
vykonech na levé strané je vy$s$i riziko tmrti a ikt
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neZ po operacich pravé strany. Pfi¢ina je nejasna
[16]. Nezda se, Ze by uzavér kontralaterdlni karo-
tidy zvySoval riziko komplikaci [17].

Woo et al. v nejnovéj$im piehledu vysledkd 5009
pacientl s primérnym vékerm 71 let operovanych
pro asymptomatickou stenézu karotid z americké
databaze National Surgical Quality Improvement
Program (NSQIP) zjistili v roce 2010 Cetnost Gmrti
do 30dni 0,56 %, Cetnost iktu 0,96 % a Cetnost in-
farktu myokardu 0,22 % [18]. V jejich souboru mélo
82 % pacientti celkovou anestezii. Tyto vysledky se
podobaji idajiim ze studie ACAS (Asymptomatic
Carotid Artery Stenosis) publikované v roce 1995
[19], v niZ bylo sloucené riziko iktu a/nebo Gmrti
2,3 %. Potvrzuji tak, Ze se Cetnost operacnich rizik
pEili§ neméni na rozdil od farmakologické 1é¢by,
ktera je stale uspésnéjsi. Riziko komplikaci je
pochopitelné vy$si u symptomatickych pacientd,
star§ich (> 75 let), hypertoniki, reoperaci, mozna
iu Zen, jak vyplyva z nékterych, ne vSak ze vSech
studii. Ve studii GALA (General Anaesthesia versus
Local Anaesthesia for carotid surgery), v niz bylo
nakonec analyzovano 3 523 pacientli primérného
véku 7o let (61 % symptomatickych), byly v roce
2008 zjistény Cetnosti téchto ukazateld pifiblizné
dvojnasobné, a to tmrti 1,27 %, iktu 3,9 % a in-
farktu myokardu 0,4 %. Polovina pacienth méla
celkovou a polovina regiondlni anestezii [20].
Perioperacni neurologické piihody jsou vétsinou
zptisobeny tromboembolickymi komplikacemi.
Miize k nim dojit jiZ pfi preparaci karotid (pro-
jevi se napf. stejnostrannymi poruchami visu).
VétSinou se vSak objevuji aZ po sejmuti svorky,
a to v diisledku trombdzy v misté operace a/nebo
embolizace distdlné. Ve studii 2 024 pacientti pro-
vedené Rockmannem et al. bylo zji§téno 38 neuro-
logickych piihod (1,9 %), tromboembolickych bylo
63,2 %, zatimco u 13,2 % byla pfi¢inou ischémie po
naloZeni svorky, u 13,2 % intracerebralnf{ krvacent
a ve zbyvajicich 10,5 % pfipadi se deficit netykal
operované oblasti [21]. Ischemicky iktus se nejcastéji
projevi do 8 hodin po operaci, ale mfize zacit i po
12-24 hodinach nebo i pozdéji. Prakticky plati, Ze
dojde-li ke zhor$eni klinického stavu jiz v pribéhu
operace, je jednoznatné indikovano zavedeni zkra-
tu. Projevi-li se zhorSeni az po sejmuti svorky, je
indikovana perioperacni angiografie a podle jejiho
vysledku reoperace, nebo intraarteridlni tromboly-
za. V pfipadé zhor3eni aZ po dokonceni operace se
v soucasné dobé doporuluje provést angioCT spiral-
nim piistrojem, aby se ovéfila priichodnost cév na
krku a vmozku a vyloudilo krviaceni do mozku, které
je v8ak vzacné. Reoperace prinese dobry vysledek,
je-li provedena véas, podari-li se oteviit uzavienou
cévu a jsou-li prichodné mozkové cévy [22]. Krvacivy
iktus v periopera¢nim obdobi je vzacny, riziko ve
studii Cheunga et al. [23] bylo 0,64 % (1okrat vétsi



neZ riziko téZe komplikace u farmakologicky 1é¢e-
nych pacientli). Doslo-li viak k iktu, pak z 85 iktl
v perioperatnim obdobi bylo 10 krvacivych (11,8 %,
podobné jako u Rockmanna [21]). K Sesti z téchto de-
seti iktf doSlo jiZ peroperalné, u jednoho pacienta
bylo poranéno misto naloZeni svorky, u druhého
doslo k trombéze v misté endarterektomie s nut-
nosti reoperace, u ostatnich byly tepny normalni
[23]. Krvacivé ikty se rozdéluji na petechidlni kr-
vaceni do ischemického infarktu, intracerebralni
a subarachnoidalni krvaceni. V Cheungové studii
bylo z deseti krvaceni v perioperatnim obdobi Sest
petechidlnich, tfiintracerebrilni a jedno subarach-
noidalni. Petechialni krvaceni byla zjiSténa na CT
v pribéhu prvniho tydne, zatimco intracerebralni
krvaceni se projevila prvni, tfeti, respektive osmy
den ponekomplikované endarterektomii. Jedinym
rizikovym faktorem krvacivého iktu v této studii
u chirurgickych pacientii byl diabetes mellitus,
Komplikaci, které se obavaji zejména anestezio-
logové, je krvaceni na krku s ndslednym moZnym
dtlakem dychacich cest. Revize pro krvaceni po
KEA byla na Mayo Clinic v priibéhu deseti let nut-
naui,4 % piipada (44 z 3 225), pfiCemz primérny
interval mezi dokoncenim operace a revizi byl 6,4
+ 6,5 hod (rozmezi 1-32 hodin). Tepenné krvaceni
bylo pfi¢inou v 25 %. K iitlaku dychacich cest miize
navic pfispivat i jejich otok, jenz muZe zmenS$it
jejich primeér az o 75 %, zfejmé v disledku poruseni
lymfatické drendZe opera¢nim traumatem. K za-
jisténi prichodnosti dychacich cest autofi u stabil-
niho pacienta doporucuji fibroptickou intubaci pfi
védomi v mistni anestezii pfi spontinni ventilaci,
v pfipadé netispéchu, nebo u nestabilniho pacienta
primou laryngoskopii pfi védomi, nebo v celkové
anestezii, pfipadné aZ po otevieni operac¢ni rany
k dekompresi trachey [24].

Chirurgickou komplikaci KEA je poranéni nervi,
které se nejcastéji projevi jako traumaticka neura-
praxie, PostiZzeny byvajin, hypoglossus, n. vagus,
hlavné jeho vétve n, laryngeus superior an. laryn-
geus recurrens, dale n. facialis, n. mandibularis
an. glossopharyngeus. Obvykle se uvadi incidence
4-8%, ale zda se, Ze tato poSkozeni jsou v posledni
dobé vzacnéjsi. Funkci nervii miize pfechodné
ovlivnit i anesteziolog. Peropera¢né miize napf.
dojit k blokadé n. recurrens s naslednou obrnou
hlasivky, dusnosti a kaslem ¢i blokadé nervus
phrenicus, kterd vede k paréze poloviny branice
az dechovému selhani. U hluboké kréni blokady
je rovnéz moznost nechténé aplikace lokilniho
anestetika do epiduralniho nebo subarachnoidal-
niho prostoru.

Pooperacni hypertenze po KEA je ¢asta, vice po cel-
kové nez po regiondlni anestezii. K jejim pfi¢indm
patii hlavné §patné kontrolovany krevni tlak jiz
pfed operaci, denervace karotickych baroreceptorii
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(Castéjsi pfi everzni KEA), hypoxémie, hyperkap-
nie, pfeplnéni mocového méchyie a bolest.

MOZKOVY HYPERPERFUZNI SYNDROM
Mozkovy hyperperfuzni syndrom je specifickou
komplikaci KEA. Bezprostiedné po operaci dochazi
ke zvySeni pratoku krve do mozku (CBF, Cerebral
Blood Flow), a to u vétSiny pacientil asi 0 20-40 %,
které trva nékolik hodin. U nékterych pacientd se
CBF muize zvysit i o vice neZ 100 % a toto zvySeni
miize pfetrvavat po dobu nékolika dnti az dvou tyd-
nl. Autoregulace mozkového pritoku pfizmeénach
krevniho tlaku se po operaci obvykle stabilizuje
do Sesti tydnti.

Hyperperfuze je definovina zvySenim CBF o vice
nez 100 % pii vySetfeni transkranidlnim dopple-
rem. Riziko milize stoupat u vysoko ulozZené stendzy
s omezenym kolaterdlnim priitokem, nebo pokud
se KEA provadi ¢asné po stejnostranném iktu,
Klinicky obraz je charakterizovan jednostrannou
bolesti hlavy na operované strané, hypertenzi,
kfeCemi a loZiskovymi neurologickymi pfiznaky.
Dochézi k edému mozku, subarachnoiddlnim a/
nebo intracerebralnim krvacenim. Pfi nevhodné
1é¢bé miZe tato komplikace skoncit dmrtim. Je
proto nutné peclivé kontrolovat krevni tlak po
operaci, tzn. snazit se udrzovat ho pod 140/90
a soucasné nedopustit pfiliSnou hypotenzi, tj.
pokles o vice nez 25 % za den [25].

ANESTEZIE

O nejlep$im anesteziologickém postupu k operacim
karotid z hlediska G¢innosti, bezpecnosti a spokoje-
nosti pacienta i operatéra a také nakladové efektivity
se vedou spory po léta. PIi pouZiti kteréhokoliv po-
stupu je vsak nezbytné zabezpecit vidy dostateny
priitok krve mozkem, aby se minimalizovalo riziko
ischémie po nalozeni svorek na karotidu. Z hlediska
ventilace to vyZaduje dostate¢nou oxygenaci a nor-
mokapnii a z hlediska obéhového pfiméfeny krevni
tlak a volnou zZilni drendz.

Anesteziologicky management musi navic umoz-
nit ovéfeni dostatecnosti mozkového priitoku,
aby se stanovilo, zda je nutné zavést zkrat. To se
provadi bud klinicky sledovinim neurologického
stavu (védomi, fatické a motorické funkce: FAST
= Face + Arm + Speech Test), nebo monitorovanim
rliznymi pfistrojovymi technikami jako méfenim
zpétného tlaku (,stump pressure“), saturace he-
moglobinu kyslikem nebo koncentrace laktitu
v jugularnim bulbu, analyzou EEG, vySetfova-
nim somatosenzorickych evokovanych potencia-
1, méfenim rychlosti prutoku v a. cerebri media
prostfednictvim transkranidlniho doppleru (uka-
ze i pfipadné embolizace), bispektrilni analyzou
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(BIS), blizko-infrafervenou spektroskopii (NIRS) &
kombinaci téchto postupii.

V8echny zvolené anesteziologické postupy by tudiz
mély umoznit bud spoluprici pacienta v priibéhu
opera¢niho vykonu, aby bylo mozné neurologicky
stav ovéfovat klinicky, nebo tuto spoluprici po cel-
kové anestezii rychle obnovit, aby se neurologicky
stav dal rychle zkontrolovat, a to vZdy pii zachova-
ni dechové a hemodynamické stability. Pokud se
KEA provadi v celkové anestezii, stoji volba mezi
rizikem poSkozeni nepotfebnym zkratem, zava-
di-li se rutinné, a rizikem, Ze se ischémie mozku
zvolenou metodou monitorovani nezjisti a zkrat se
nezavede, zavadi-li se selektivné [26]. Senzitivita, tj.
schopnost rozeznat spravneé pacienty, ktefi zavedeni
zkratu vyzaduji, a specificita, tj. schopnost rozeznat
spravneé pacienty, ktefi zavedenizkratu nepotfebu-
ji, jsouu viech pfistrojovych technik neuspokojivé
nizké. Tyto techniky jsou navic vét§inou i drahé,
pro anesteziologa ¢asto omezené dostupné a jejich
pouZiti je nékdy tézkopadné. Pii KEA v regionalni
anestezii se uvadi senzitivita, tj. schopnost rozeznat
pacienty, ktefi na zakladé zmén neurologického
stavu zavedeni zkratu vyzaduji, 59-91 %, specificita
57-99 % [27].

PREDOPERACNI OBDOBI A PRIPRAVA

Pacient se stendézou karotidy je nejvice ohrozen
ischémii mozku a kvili ¢astému soufasnému po-
stizeni koronarnich tepen a srdce téZ ischémii myo-
kardu a/nebo selhanim srdce. V Hertzerové studii,
v niZ vyzkumnici analyzovali 1 coo koronarografii
pacientfl s onemocnénim obvodovych cév, mé&lo
26 % pacientl s cerebrovaskularnim onemocnénim
souasné tak vyznamné poskozeni koronarnich cév,
Ze splilovali indikaci ke koronarni revaskularizaci
[28]. Ve studii srovnavajici vysledky KEA a KAS bylo
zjisténo, Ze pfibliZzné u kazdého sedmého pacienta
po operaci (13 %) doslo ke zvySeni troponinu I [29],
pricem?Z je dobfe prokizan vztah mezi bezpfiznako-
vym uvolnénim tohoto markeru ischémie myokar-
du a zhorSenim dlouhodobé prognézy. Doporuceni
ESC/ESA pro pfedopera¢ni hodnoceni srde¢niho
rizika a periopera¢ni management kardidlnich pa-
cientfi podstupujicich nekardiochirurgické vykony
pfitom povazuji KEA za stfedné zavaZnou operaci
s rizikem srde¢nich komplikaci (IM nebo smrt do
30 dnil) 1-5 %. Neléfena hypertenze pied operaci je
spojena s pooperacni hypertenzi a z ni vyplyvajicimi
riziky (mozkovy hyperperfuzni syndrom). Je proto
rozumné pokusit se krevni tlak pfed operaci opatr-
nou antihypertenzni 1é¢bou stabilizovat v paAsmu
pod 180/90 mm Hg s tim, Ze podavini antihyper-
tenziv by se po TIA/iktu mélo zahdjit po 24 hodindch
od piihody a cilové hodnoty stanovit individudlné
podle postiZeni mozkového feCi§té (piitomnost zi-
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vaznych, tj. >70 % stendz, kontralateralni stenéza)
a neurologického stavu [25]. Ma-li pacient kon-
tralateralni stendzu ¢i ¢asté TIA, je ziejme rozum-
né operovat i pfi hypertenzi [3]. Vhodné je tudiz
monitorovat krevni tlak pfed operaci opakované
a téZ v noci, a stanovit tak pasmo, v ném? pacient
funguje bez neurologickych pfiznakli v diisledku
hypotenze i kardidlnich pfiznakii zplisobenych
hypertenzi. Dalsi problémy vyplyvaji z Casté chro-
nické obstrukéni plicni nemoci (CHOPN), kufactvi
a diabetu. Premedikace je nejcastéji jen lehka,
anxiolyticka.

Rizikové faktory periopera¢ni nestability jsou:
kratky interval mezi probéhlou neurologickou
piihodou a operaci, oboustranné postiZeni, KEA
na druhé strané v anamnéze, Spatné kontrolovana
hypertenze, everzni endarterektomie a blokada
nervus sinus carotici lokalnim anestetikem nebo
jeho poskozeni pfi operaci [3].

NAEASOVANI OPERACE

Podle doporuceni ESVS [12] se mé operace provést
u neurologicky stabilniho pacienta do dvou tyd-
nfl od posledni pfihody (TIA/iktus). Riziko jejiho
opakovani je totiZ nejdfive vysoké a pak postupné
Kklesa, pricemz ve dvou dnech je toto riziko podle
metaanalyz 6,7 %, do tydne 10 %, Ukazuje se vak,
Ze velmi ¢asné operace jsou rovnéz spojeny s vyso-
kym rizikem. Ve studii 2596 pacienti ze Svédského
registru cévni chirurgie do$lo k amrti nebo iktu
1 11,5 % pacientfi (17 z148) operovanych do dvou dnil
od ptihody, zatimco u pacientfi operovanych v ob-
dobi 3-7 dnti se tak stalo v 3,6 % pfipadii (29 z 804),
v obdobi 8-14 dni ve 4,0 % piipadd (27/677) a v ob-
dobi 15-180 dnli v 5,4 % (52/967). Nejbezpetnéjsi
je zfejmeé provést vykon az po uplynuti dvou dnid
od pfihody [30]. Definitivni rozhodnuti v8ak jisté
zaleZi na klinickém stavu a jeho vyvoji.

Na nacasovani operace u pacientli vyZadujicich
soucasny kardiochirurgicky vykon jsou réizné nazo-
1y. Jde o sloZitou problematiku pfekracujici ramec
tohoto ¢lanku.

PERIOPERACNI ZAJISTENI A MONITOROVANI
Vsem anesteziologickym postuptim je spoletné
zdkladni monitorovani, tzn. sniméini EKC svodt
II a V5 s analyzou ST tseku k detekci ischémie
myokardu, neinvazivni méfeni krevniho tlaku
a saturace hemoglobinu kyslikem pulzni oxy-
metrii. K perioperaénimu zajisténi je nezbytné
zavést alesporl jednu periferni Zilni kanylu s do-
state¢nym prisvitem (> 16 G) k rychlému doplnéni
piipadné ztraty objemu krve, protoZe se v pribé-
hu operace otevira velka céva s priitokem kolem
400 ml/min. Vyhodou je mit téZ dal$i zilni kanylu



k podaviani analgosedace a/nebo vazoaktivnich 14-
tek ¢i inzulinu, kterd miiZe byt ten&i. Standardem
je pfimé méfeni krevniho tlaku v arteria radialis,
nej Eastéj inakontralateralni konéetiné. Dlivodem
jemoZna hemodynarmcka nestabilita v prib&hu
vykonu a po ném, k niZ mfi%e ptispivat i pfipadna
denervace karotlckych télisek. Dal$im dfivodem
zavedeni arteridlni kanyly je moZnost odbérii krve
k vySetfeni ACT, acidobazické rovnovahy, gly-
kémie a daldich parametrfi vnitfniho prostiedi.
U vykonu v celkové anestezii, u nichz se nekdy vy-
uzivd i mirna hypotermle je potfebné méfeni t&-
lesné teploty. U omezené spolupracujicich pacien-
ti ¢i u operaci s nejistou délkou je vhodna i kate-
trizace mocového méchyfe, zatimco u pacientd,
ktefi se prokazatelné vymod&ili pied piijezdem na
sal, a ofekdva se u nich normalni vykon, neni
zavedeni mocového katétru zcela nezbytné.

VOLBA ANESTEZIE: CELKOVA

NEBO REGIONALNI?

Tuto otazku fe§ili autofi mnoha randomizovanych
inerandomizovanych studii, ale nepodafilo se jim
dospét k jasnému zavéru. Rerkasem a Rothwell
v posledni metaanalyze v Cochranové databizi
systematlckych prehleddi v roce 2008 konstatovali,
Ze neex1stu]e dostatek diikazi z randomlzovanych
studii a Ze nerandomizované studie sice svédéi
o mozném piinosu uZiti lokalnich anestetik, ale
mohou byt zkreslené [31]. S napétim se proto oceka-
valy vysledky studie GALA, které byly publikoviny
online 27. 11. 2008. Byla to velka, prospektivni,
randomizovana, fizend multicentricka studie, kte-
1d byla provedena v obdobi osmi let (¢erven 1999 aZ
tijen 2007) v 95 centrech ve 24 zemich vetné Ceské
republiky (osm center) [20]. Byli do ni zafazovani
a do skupin s celkovou (CA) nebo regionilni anes-
tezii (RA) ndhodné rozdélovani pacienti bez ohledu
na vék se symptomatickou i asymptomatickou
stenézou karotid indikovani ke KEA. Vyzkummc1
piedpokladali, Ze RA povede ke sniZeni fetnosti
primarniho vysledného ukazatele studie o jednu
tfetinu. Tento ukazatel byl definovan jako podil
pacientfi, u nichZ v periopera¢nim obdobi 30 dni
do8lo k iktu véetné infarktu sitnice, infarktu myo-
kardu a/nebo Gamrti.

Sledované komplikace se nakonec vyskytly
u 84 pacientt (4,8 %) operovanych v CA (analy-
20vano 1752) a u 8o pacientt (4,5 %) operovanych
v RA (analyzovano 1771), takZe rozdil nebyl statis-
ticky vyznamny. Studie je tedy negativni, pouze
u pacientfi se soufasnym uzavérem druhostranné
karotidy byl prokazan trend ke sniZeni vyskytu
iktu (7/160 oproti 13/150, p = 0,098). Ve skupiné
S RA se naopak nevyznamneé zvysil pocet infarktt
myokardu (v CA 0,2 %, kdeZto vRA 0,5 %). Celkova
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anestezie byla vét§inou inhalaéni (84 %), oxid dus-
ny byl pouZit u 41 % pacientd, svalova relaxancia
u 91 % pacientdl, totdlni intravenézni anestezii
('I“IVA) dostalo 30 % pacientli. Regionalni anestezii
piedstavoval v 93 % kréni blok doplnény infiltraci
anesteziologem (77 %) a/nebo chirurgem (64 %).

V priibéhu operace bylo 48 % pacientl sedovano
a 44 % dostalo peroperacni analgezii. Konverze na
CA byla nutnaui,q % pacientﬁ Zkrat bylo nezbyt-
né zavést U 14 % pac1entu v RA a u 43 % pacient
v CA, coz je vyznamny rozdil. K nedostatkiim
studie patfi nestandardni technika RA (povrchni
i hluboky krcni blok nebo jejich kombinace) a ne-
standardni lokalni anestetikum. Autofi dospé&li
k zavéru, Ze o nejvhodnégjsim anesteziologickém
postupu miliZe rozhodnout anesteziolog podle
individualni potfeby pacienta a chirurga, proto-
Ze oba postupy poskytuji srovnatelné vysledky

vvvvvv

anesteziologa a spoluprace s chirurgem.

CELKOVA ANESTEZIE

Celkova anestezie ma vyhodu v tom, Ze je pro pa-
cienty mnohem méné psychicky zatéZujici a nevy-
zaduje jejich spolupréci v pritbéhu vykonu. Hlavni
nevyhodu pfedstavuje skutefnost, Ze je tfeba zkra-
ty zavadét rutinné s védomim souvisejicich rizik,
nebo je k priikazu dostatetného CBF nutné pouZit
rtizné piistrojové techniky. Soucasné vyuZiti né-
kolika metod snad muZe zpFesnit rozhodnuti,
zda zkrat zavést. Své zkuSenosti publikovali napf.
Stejskal et al. z UVN, ktefi u 500 pacientfi mo-
nitorovali soucasné transkranialnim dopplerem
rychlosti krevniho proudu v arteria cerebri media
na obou strandch mozku, na Sestikanalovém EEC
zkoumali elektrickou aktivitu mozku prostfednic-
tvim spektralni{ analyzy signdlu a méfili i latenci
a amplitudu somatosenzorickych evokovanych
potencidli nervus medianus na strané opacné viici
operované tepne [3z].

Uvod do celkové anestezie musi byt hladky, nesmi
dojit k nadmérnému poklesu krevniho tlaku (pozor
zejména u nedostate¢né kompenzovanych hyper-
tonikil) ani k hypertenzi pfi intubaci. K vedeni
anestezie 1ze pouZit jak dobfe fiditelna inhala&ni
anestetika (isofluran, sevofluran, desfluran), tak
imetodu TIVA zaloZenou na propofolu. Analgezie
je zajiSténa pfiméfenymi davkami nedlouho pii-
sobicich opioidd sufentanilu, alfentanilu, remi-
fentanilu.

VSechna celkovd anestetika kromé ketaminu
vedou ke sniZeni rychlosti metabolismu v moz-
ku a tim i spotfeby kysliku (CMROz). Volba je
mezi propofolem a inhalaénimi anestetiky.
Sevofluran ve srovnani s isofluranem piisobi
pii stejné hloubce anestezie men3i vazodilataci
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a méné narusuje autoregulaci CBF, stejné tak
i probouzeni po ném je rychlejsi, takZe se zda,
Ze je anestetikem volby. Vhodnd davka je nizsi
nez1 MAC (minimalni alveoldrni koncentrace).
V této davce sevofluran soucasné snizuje CBF
1 CMRO2, kdezZto ve vy§$ich davkich svym vazo-
dilatacnim d¢inkem CBF zvy$uje a na rozdil od
propofolu rozpojuje vazbu mezi CBF a CMRO2,
Na vyuziti oxidu dusného jsou rizné nazory,
nékteii ho zcela odmitaji [3, 33], kdeZto jini ho
stale je$té bézné pouzivaji [2].

Priichodnost dychacich cest se obvykle zajistuje
intubaci, ale KEA 1ze provést i s laryngedlni mas-
kou. Laryngealni maska sice nechrani bezpe¢né
proti aspiraci, ale Marietta et al. ji doporucuji pro
vy$§i hemodynamickou stabilitu [34]. Jeji zavede-
ni méze byt feSenim i pfi nutnosti neo¢ekivané
konverze RA na CA, protoZze zajistit priichodnost
dychacich cest intubaci pod rou§kami v priitbéhu
operace miiZe byt obtiZné. Klasické indikace pro
konverzi jsou totiZz agitovanost a nespoluprice
pacienta a problémy s prichodnosti dychacich
cest. Nevyhodou laryngeadlni masky vSak mizZe
byt, Ze nafouknuti jeji manzety sniZzuje priitok
krve bifurkaci karotid [35].

Zajimavou otazkou je, zda miiZe byt CA indikovana
s cilem navodit neuroprotekci, pokud se zhorsi
neurologicky stav pacienta po naloZeni svorky.
Prvnim opatfenim v této situaci je sice zavedeni
zkratu, ale pokud by se porucha neupravila ani
po ptipadném zvy§eni krevniho tlaku (je-li nutné)
a frakce vdechovaného kysliku (vZdy, bez ohledu
na aktudlini saturaci), pak miiZe byt vhodné uvést
pacienta do CA [3].

Neuroprotektivniho udinku celkovych ane-
stetik vyuzivaji i sofistikované postupy anes-
teziologického managementu KEA. Napifiklad
Barth monitoruje dostate¢nost CBF trans-
kranidlnim dopplerem ve stejnostranné a, cerebri
media, pfifem? zkrat se zavadi jen tehdy, dojde-li
po naloZeni svorek ke sniZeni rychlosti krevniho
proudu o vice neZ 6o %. Toleranci mozku vici
ischémii zvySuje farmakologicky a navozenim
lehké hypotermie (32-34 °C) na obdobi zasvorko-
vani karotidy, Farmakologickou neuroprotekci
tidi podle EEG, cilem je dosdhnout ,burst supres-
sion“ na EEG. Kvlli vétsi stabilité krevniho tlaku
arychlejSimu probouzeni davé prednost propofolu
pfed thiopentalem. Nevyhodou je sloZity a asové
narocny postup, zhorSeni koagulace v hypotermii
a riziko tfesavky po ukonceni anestezie se zvyse-
nim spotfeby kysliku [36].

REGIONALNi ANESTEZIE

Techniky regionalni anestezie obecné nabizeji vét-
81 hemodynamickou stabilitu a urnoZriuji sledovat
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neurologicky stav pacienta v pribéhu operace,
zejména v obdobi pferuseni pfitoku krve do mozku
operovanou tepnou. Poskytuji pfetrvavajici anal-
gezii. Pravdépodobné jsou i lacinéjsi.

O vyhodnosti jednotlivych technik regionalni ane-
stezie pro KEA se dlouho vedly vzrusené debaty,
protoze ke KEA je mozné zvolit kréni epidurlni
anestezii, kr¢ni blok povrchni, hluboky, a to tech-
nikou jedné jehly, nebo tfi jehel, nebo pouZit oba
bloky soucasné. Tfetim typem Kkréniho bloku je
blok intermedidlni, opét vyuzitelny samostatné
nebo v kombinaci. Moznosti je rovnéz i postupna
lokalni infiltrace chirurgem, pficemzZ anestezio-
log pacienta sleduje, monitoruje a pfipadné pod-
le potifeby doplnuje analgosedaci (monitorovana
anesteziologicka péce). VSechny postupy maji své
piesvédcené zastance a odplirce, nicméné v po-
sledni dobé za¢ina prevlddat nazor, Ze povrchni a/
nebo intermedialni kr¢ni blok jsou vedle infiltra¢ni

vevos

CERVIKALNI EPIDURALNI ANESTEZIE (CEA)
Cervikalni (kr¢ni) epidurdlni anestezie se provadi
standardnim postupem jako v jinych oblastech
patefe. Zastanci CEA zdiraziiuji jeji jednoduchost
a vét§inou znacné zkusenosti mnoha anesteziolo-
gl s punkcemi v jinych oblastech patefe. Odpurci
argumentuji obéhovymi zménami (bradykardie,
hypotenze), dechovym selhdnim, moZnosti punk-
ce dura mater, epiduralnich zil (2 %) pfi soucasné
antikoagulac¢ni 16¢bé apod. Hakl, Michalek et al.
ve velké retrospektivni studii 1 828 KEA provede-
nych u 1455 pacientd zjistili vyssi Cetnost selhani
CEA (v 6,9 % pripadd) a vy$§i vyskyt komplikaci
(5,7 %) v€etné zivot ohroZujicich (2 %) nez pfi pou-
Ziti kombinovaného kréniho bloku (3 %, respektive
4,7 %, respektive 0,3 %). Cetnost zavedeni zkratu,
periopera¢niho iktu a dmrti bez rozliSeni pfi¢iny
byly pfitom u obou technik stejné. Autofi dospéli
k zavéru, Ze obé techniky jsou sice pro KEA pii-
jatelné, ale Ze postupem volby by mél byt kréni
Kréni epiduralni anestezie se vSak dnes jesté snad
miZe uplatnit u rozsidhlych cévnich vykonii na
krku, jako jsou karoticky cross-over bypass nebo
karoticko-subklavidlni rekonstrukce [38].

KRENI BLOK

Bifurkace karotid lezi nejcastéji ve vysi C3, takze
operovana oblast je zasobena hlavné z plexus cer-
vicalis. Jeho hluboké nervy inervuji kréni svaly,
kdeZto povrchni nervy vystupuji do podkoZi v tzv.
Lpunctum nervosum®* v poloviné délky zadni hrany
m. sternocleidomastoideus. Podle mista, kam se
aplikuje lokaln{ anestetikum, ve vztahu k povrchni



kréni fascii (podle éeské anatomické terminologie,
respektive latinské ,lamina superficialis fasciae
cervicalis”, ¢ili ,investing fascia“ anglickych au-
torti) se v principu rozlisuji tfi typy kréniho bloku:
hluboky, intermedialni a povrchni, jak navrhli
Telford a Stoneham v roce 2004 [39]. Propustnost,
nebo naopak nepropustnost této fascie pro lokalni
anestetika je dodnes nejasna. SloZitymi anatomic-
kymi poméry na krku se u nas podrobné& zabyvali
Nalos et al. [40].

Pri hlubokém krénim bloku se blokuji jednotlivé
miSninervy, které inervuji kréni svaly, a to ve vysi
C2, C3 a C4 v blizkosti pfi¢nych vybéZkil piislus-
nych krénich obratlii. PouZiva se bud technika tfi
jehel podle Moora [41], nebo technika jedné jehly
podle Winnieho [42]. Blokddu lze providét nasle-
po jen podle identifikace pfi¢nych vyb&zki [43],
nebo 1ze k detekci nervill vyuzit neurostimulator,
dnes i ultrazvukovou navigaci. K hlavnim rizikiim
patii punkce arteria vertebralis, ktera probfha
skrz pfi¢né vybézky smérem nahoru do lebky.
Pii podani anestetika dojde okamzité ke kieéim
a ztraté védomi v dlisledku neurotoxicity. Mozné
jsou i subarachnoidilni nebo epidurdlni injekce
a rozvoj dechového selhdni v disledku blokady
n. phrenicus. Aspirace krve mize byt aZ ve 30 %.
Hluboky kr¢ni blok proto v soutasnosti neni me-
todou prvni volby.

Povrchni kréni blok vyZzaduje podkozni infiltra-
ci lokdlnim anestetikem podél zadni hrany m.
sternocleidomastoideus nad povrchni kréni facii
zhruba 2,5 cm na kazdou stranu od punctum ner-
vosum, nebo az v celé délce svalu od mastoidniho
vybéZzku k hrudni a kli¢ni kosti. Je mnohem jed-
nodussi a méné rizikovy neZ hluboky kréni blok.
K zablokovani vlaken pfechazejicich pfes stfedni
¢aru z druhé strany je vhodné doplnit ho stejné
jako hluboky blok podkozni infiltraci podél pfedni
hrany svalu, tj. vmisté chirurgického fezu od prs-
tencové chrupavky kranialné, Vyhodné je provést
infiltraci i kaudalné do mista zavedeni Redonova
drénu na konci operace. Dal$i moZnosti je pod-
kozni infiltrace ve stfedni ¢afe krku mezi $titnou
chrupavkou a jugulem [44].

Intermedidlni kr¢ni blok znamena aplikaci lo-
kalniho anestetika pod povrchni kréni fascii, coz
zarucuje $ifeni lokalniho anestetika do hlubokého
kr&niho prostoru k nervové cévnimu svazku obsa-
hujicimu karotidu a k hlubokym vlakntim Kréniho
plexu. Barone et al. tento blok pouZivaji ke KEA
samostatné, kdyz 1o ml o,75% ropivakainu aplikuji
tenkou jehlou 25 G zavedenou kolmo ke kiiZi do
hloubky 15 mm v punctum nervosum. Doplriuji
ho infiltra¢ni anestezii v misté fezu opét s 10 ml
0,75% ropivakainu [45]. Naopak Pandit et al. [46]
ho pfidavaji k povichnimu krénimu bloku, kdyz
injikuji malou davku (3-5 ml) lokalniho aneste-
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tika pod povrchni kr¢ni fascii v misté punctum
Tervosumn.

Srovnanim dspésnosti a Cetnosti komplikaci hlu-
bokého a povrchniho krénfho bloku se zabyvaly
mnohé studie. Jejich vysledky shrnuli v metaana-
lyze Pandit et al. [47], ktefi patranim v databazich
objevili 69 studii srovnavajicich 7558 hlubokych
nebo kombinovanych krénich blokd s 2533 po-
vrchnimi a/nebo intermediadlnimi bloky. Zjistili,
Ze hluboké/kombinované blokady vedly k vyssi
Cetnosti zdvaznych komplikaci (moZné ohroZeni
Zivota v souvislosti s blokem, 19/7558, tj. 0,25 %, tj.
stejné jako u Hakla, Michalka et al. 0,3 %) neZ po-
vichni/intermedialni bloky, u nich? k Zidnym za-
vaznym komplikacim nedo$lo. U hlubokych/kom-
binovanych blokad byla rovnéz pfekvapivé fastéjsi
konverze na celkovou anestezii (2,8 %, respektive
0,39 %), ackoliv se ofekavalo, zZe hluboka blokada
poskytuje lepsi analgezii. Divodem c¢astéj§ich
konverzi mohly byt i pfimé komplikace v souvis-
losti s hlubokym blokem (punkce vertebralni tepny
s neurotoxicitou). Vyskyt systémovych komplikaci
(amrti bez rozliSeni pfi¢iny, kardiovaskularni,
neurologické a dechové komplikace) byl u obou po-
stupt srovnatelny (4,72 % u hlubokych/kombinova-
nych blokii, 4,18 % u povrchnich/intermedidlnich
blokd). Pandit et al. tudiZ sviij systematicky pfe-
hled uzavreli konstatovanim, Ze povrchni/interme-
analgezii v pribéhu operace, i kdyZ teoretickou
nevyhodou miize byt nedostatek svalové relaxace
na krku.

Vyzkumnici z Panditovy skupiny pozdéji porovnali
i Gspésnost povrchniho a intermedidlniho bloku
[48]. V randomizované studii u 46 pacientfi p¥i
povrchnim bloku aplikovali lokdlni anestetikum
tupou jehlou do podkozi, ne hloubéji neZ s mm,
podél celé zadni hrany kyvace, kdeZto pfi inter-
medidlnim bloku vyuZivali tupou jehlu k detekci
subfascidlniho podani fenoménem ztraty odpo-
tu nebo kliknutim pfi prichodu fascii v hloubce
1-2 cm. U obou blokadd bylo misto vpichu v poloviné
délky kyvace bezprostfedné za jeho zadni hranou.
Stejna byla i davka lokdlniho anestetika: 1,4 mg
bupivakainu na kilogram télesné hmotnosti, tj.
priblizné 25 ml 0,375% roztoku. Hlavnim vysled-
nym ukazatelem byla ddvka lidokainu potfebna
k dopliikové infiltraci v pribéhu vykonu. Mezi
obéma bloky v ni nebyl rozdil, stejné jako v davce
fentanylu, midazolamu & ve spokojenosti paci-
entfi i chirurgli. Autofi tak zjistili, Ze oba bloky
jsou stejné ucinné a potvrdili tim vyhodnost po-
vrchnich blokd.

Za selhani kr¢nich bloki{ nelze povaZovat, pokud je
chirurg musi doplnit je$té dalsi injekei lokdlniho
anestetika v priibéhu vykonu, vZdyt i ve studii
CALA tomu tak bylo v 64 % piipadl [20]. Pfi¢inou

2013,24,&.1  ANESTEZIOLOGIE A INTENZIVNI MEDICINA

21



22

ANESTEZIOLOGIE

je inervace operované oblasti i vlakny pfichize-
jicimi z druhé strany krku nebo béZicimi podél
karotidy od oblouku aorty ¢i kaudalné s hlavovymi
nervy. Dal§im dfivodem nutného doplnéni miZe
byt preparace v oblasti bifurkace, kterd je nékdy
spojena s hemodynamickou nestabilitou - nahla
bradykardie a hypotenze, Neupravi-li se tento stav
po pieruSeni chirurgické stimulace, miiZe pomoci
pravé vyplachnuti rany lokalnim anestetikem. Na
druhou stranu byva cilena blokada n. sinus carotici
spojena s vét§i hemodynamickou nestabilitou po
vykonu, a proto se jeji provedeni rutinné nedopo-
rucuje [49].

Pfinavadéni jehly pfi blokddach perifernich nervii
se v soucasné dobé stdle Cast&ji uplatriuje i ultra-
zvuk. Vizualizace jehly a nervli pomédhi zpfes-
nit jeji umisténi, kontrolovat §ifeni lokalniho
anestetika pii aplikaci a tim i sniZit jeho davku
a riziko toxicity. Ultrazvuk se vyuziva u hluboké-
ho i intermedidlniho bloku [50, 51], i kdyZ jeho
prakticky vyznam neni u téchto blokad stale jesté
definitivné uréen.

V souhrnu vysledky vySe uvedenych studii pod-
poruji jako postup volby ke KEA povrchni/inter-
medialni blok, protoZe je jednodussi naucit se ho
a provést ho; je pritom stejné i¢inny jako hluboky
nebo kombinovany blok a je spojen s méné kom-
plikacemi. Je otazkou, zda je pouZzivani hlubokého
bloku viibec je$té opravnéné, kdyZz se zd4, Ze nema
zadny dalsi pfinos [52].

TRETI CESTA

Karotickd endarterektomie se vét§inou provadi
v celkové, nebo vregiondlni anestezii, pfi¢emz obé
techniky maji své konkrétni vyhody a nevyhody.
Zpusob, jak zachovat jejich vyhody a pfekonat
jejich nevyhody, nabizi tzv. tfeti cesta, tj. spolu-
pracujici pacient v celkové anestezii (Co.Pa.Ge.A -
Cooperative Patient General Anesthesia).
Bevilacqua et al. [53] k tomu podle svych zkuSe-
nostiu 181 pacientl doporucuji celkovou anestezii
metodou TIVA-TCI (Target Controlled Infusion),
pii niZ se rychlosti infuzi remifentanilu a pro-
pofolu fidi jejich cilovymi koncentracemi. Pfi
podavani kysliku maskou se anestezie zahaji
infuzi remifentanilu s cilovou koncentraci na
misté acinku 8 ng/ml, pfidemz zadouci je do-
sahnout analgezie (na obvykly anesteziologicky
budivy podnét - stisknuti fasy m. trapezius) pfi
soudasné schopnosti pacienta stisknout ruku.
V tomto okamZiku se stanovi skutecna cilova
koncentrace remifentanilu u konkrétniho pa-
cienta, Pacient se pak uvede do celkové anestezie
propofolem v davce 1,5 mg/kg, jenz se infunduje
dal rychlosti 2 mg/kg/hod. Pacient se intubuje po
topické anestezii trachey lidokainem bez pouziti
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svalovych relaxancii, pokracuje fizena ventilace,
Lokalnim anestetikem se infiltruje krk v misté
Tezu. Infuze propofolu se pferusi 20 minut pied
naloZenim svorek, infuze remifentanilu bézi.
Po obnoveni védomi se pacient neurologicky
vySetfijako vregionalni anestezii, tzn, ovéfi se,
Ze rozumi vyzvé, kyvne hlavou a stiskne ruku.
Po preruSeni krevniho priitoku karotidou se to-
to vySetfeni opakuje po jedné minuté prvni tii
minuty, pak po tfech minutich, pficemz zkrat
se zavadi podle potfeby. Po obnoveni priitoku
karotidou se pacient vySetfiznovu, je-li vysledek
priznivy, obnovi se infuze propofolu rychlosti
2 mg/kg/hod aZ do ukonceni operace. Tato tech-
nika je bezpe¢na, umoznuje uplnou kontrolu
ventilace, hemodynamickou stabilitu i neuro-
logické vySetfovani v obdobi svorek. Podobnou
techniku u 563 pacientfi publikovali rovnéz Coppi
et al. s tim rozdilem, Ze v obdobi zasvorkovani
karotidy se naopak pferusila infuze remifenta-
nilu a pokracovalo se v infuzi propofolu [54].

ZAVER

Karoticka endarterektomie je Castou cévné chirur-
gickou operaci, kterd se provadi vétSinou u poly-
morbidnich starSich pacientfi. Je to preventivni
operace, takzZe je nesmirné diilezité minimalizovat
vyskyt komplikaci s ni spojenych, aby se jeji ptinos
mohl skuteéné projevit. VyZaduje proto vzdéla-
ného, §ikovného a s pokorou pracujiciho, pokud
mozno specializovaného anesteziologa, jenz svym
postupem v perioperacnim obdobi m{Ze nepochyb-
né ovlivnit i dlouhodobé vysledky pacientdi.
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Fast-track is more than physiological
anaesthesia

T. Vymazal

Department of Anaesthesiology, Resuscitation and Intensive Medicine of the 2nd Medical
Faculty of Charles University at University Hospital Motol, Prague

The role of the anaesthesiologist, nowadays, is not just limited to
patient care in the operating room but also plays a key role in the
ERAS (Enhanced Recovery After Surgery) protocol, including
management of perioperative analgesia, infusion therapy, nutrition
and efficient rehabilitation in order to obtain the shortest hospital-
ization with the lowest rate of adverse complications for patients
undergoing surgery.

The fast-track protocol was first designed for patients undergoing
major abdominal surgery, but its principles were soon extended
to other surgical specialities, including orthopaedic and vascular
surgery. As the most advanced technical equipment and drugs are
often insufficient to successfully manage serious conditions, their
synergic use and mutual purposeful coordination are even more im-
portant.

Cooperation of the whole team (in particular of the anaesthesiologist
and the surgeon) is necessary, as demonstrated by the workgroup of
Evidence Based Medicine in Surgery of the Canadian Association of
General Surgeons and the American College of Surgeons.
Nutritional support. Nutritional status, fluid intake before sur-
gery, special nutritional products and intestinal preparation play a
crucial role in the perioperative period (1). Perioperative nutrition-
al care should focus particularly on detection of any preoperative
malnutrition and potential nutrition problems in the postoperative
period, compensation of perioperative hyperglycaemia and man-
agement of insulin resistance through preoperative administration
of appropriate carbohydrate solutions, early enteral nutrition and
special nutritional immunomodulative products to support the gas-
trointestinal tract. Randomized clinical studies have shown that ad-
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ministration of such products reduces mor-
bidity, mortality and the length of hospital-
ization. Oral administration of prokinetics,
together with early enteral nutrition and
proper analgesia, reduce ileus after major
gastrointestinal surgery (2).

Fluid strategy. Proper fluid administra-
tion policy in the perioperative period is
of crucial importance. Positive cumulative
fluid balance is known to cause increased
perioperative morbidity and mortality.
Moreover, fluid restriction does not cause
circulatory instability or renal failure and
contributes to shorter hospitalization (4).
Maintenance of normothermia. Hypo-
thermia and all its adverse effects (acid-
base equilibrium disturbance, haemoco-
agulation impairment, wound infection)
can be prevented by warming intravenous
fluids to body temperature.

Analgesia. Insufficient analgesia may cause
organ hypoperfusion, worsen wound heal-
ing, and cognitive functions and increase
postoperative morbidity. Epidural or spinal
analgesia are the first choice techniques for
major abdominal and orthopaedic surgeries
worldwide.

Although providing outstanding pain al-
leviation throughout the perioperative pe-
riod, large clinical studies have failed to
demonstrate that this approach shortens
hospitalization and provides any other es-
sential benefits to the patient when com-

pared to other techmiques. Nevertheless
it is considered the gold standard of peri-
operative analgesia for thoracotomy and
laparotomic gastrointestinal surgical pro-
cedures (5). Peripheral nerve blocks or in-
travenous, preperitoneal, intraperitoneal
or subfascial administration of opioids and
non steroidal anti inflammatory drugs and
lidocaine seem to be safer, more efficient,
and more economic options in selected pa-
tients (6).

Preadmission counselling. Proper psy-
chological preparation of the patient and
anxiolytics as part of the evening premedi-
cation may improve outcome, shorten hos-
pitalization and decrease medical treat-
ment expenses.
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Fast-track neni jen fyziologicka

anestezie
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Kvalitni perioperacni péce je nezbytnou soucasti modernich anesteziologickych postupd. Fast-track je zalozen na
multidisciplinarni spolupraci s cilem minimalizovat nezadouci G¢inky a co nejvice zkratit hospitalizaci pacientd, ktefi

podstupuji rozsahly chirurgicky vykon.

KLIEOVA SLOVA

fast-track - anestezie

ABSTRACT

Vymazal T.: Fast-track is not only physiological anaesthesia
Improving perioperative efficiency and shortening lenght of stay have become very important in current anaesthesio-
logy. Fast-track surgery represents a multidisciplinary perioperative approach to improving perioperative effeciency

by facilitating recovery following major surgery.

KEYWORDS

fast-track - anaesthesia

Uvop

Soucasna anestezie neni vazana pouze na ope-
ralni sal. Koncept perioperacni mediciny pfedur-
¢uje anesteziologa k tomu, aby se stal odbornikem,
ktery iielné koordinuje medicinské ¢innosti pied
operatnim vykonem provadénym v celkové ne-
bo regionalni anestezii, béhem vykonu a bezpro-
stfedné po vykonu. Fast-track (Enhanced Recovery
After Surgery - ERAS) je proto logickym vyisténim
téchto efektivnich, erudovanych, Evidence Based
Medicine (EBM) respektujicich postupti, které
zajisti pacientovi podstupujicimu rozsidhly ope-
radni vykon, co nejkratsi hospitalizaci s minimem
nezadoucich komplikaci.
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Koncepce fast-track je zndma od pocatku 90. let
minulého stoleti, jejim zakladatelem a propaga-
torem je Henrik Kehlet, profesor chirurgie a peri-
operalni mediciny v Rigshospitalet, univerzitni
nemocnici v Kodani v Dansku. Zalozil také spolec-
nost ERAS Society (Www.erassociety.org), ktera
sdruZuje chirurgy, anesteziology, intenzivisty
a internisty a jejim cilem je zménit pohled na
perioperalni péci s dlirazem na Casné zotaveni po
rozsahlych chirurgickych vykonech zménou v pii-
stupu v pfipravé pacienta na vykon, k vlastnimu
vykonu, parenteralni analgezii, infuzni terapii,
perioperalni nutrici a efektivni rehabilitaci, za
pfedpokladu stabilniho a kompenzovaného kardio-
vaskularniho systému pacienta [1]. Koordindtorem



vSech téchto postupli ma byt anesteziolog, ktery
voli optimalni formu edukace, premedikaci, an-
estetika, reaguje na zmény v1ta1n1ch funkci bé-
hem vykonu, hydratuje pacienta a voli vhodnou
analgezii [2].

Pro koho je fast-track vhodny?

V dobé svého vzniku na pocatku 90. let minu-
1ého stoleti byl fast-track uréen predevsim propa-
cienty, ktefi podstupovali rozsahly vykon vdutiné
bfisni z dGvodu onkologickych onemocnéni, velmi
rychle viak byly jeho principy vyuZityiv ostatnich
oblastech bfi$ni chirurgie - rektalni a panevni chi-
rurgie [3], pankreatoduodenektomie [4 [ ] a elektivni
chirurgie tlustého stfeva [5]. V soucasné dobé je
koncept fast-track velmi tispésné aphkovan také
u pacientd, ktefi podstupuji opera¢ni vykony na
jienu [6], Zaludku [7], hlavé a krku [8], dale or-
topedické operace [9], vykony na velkych cévach
[10] 1 b&Zné vykony cévni chirurgie [11]. Minimum
a spiSe jen kusych informaci bylo doposud pub-
likovano o mozZnosti vyuZiti konceptu fast-track
u détskych pacientd [12]. Po vice neZ dvaceti letech
od svého vzniku byl fast-track ispé$né zaveden do
vétSiny operacnich obort.

PlestoZe ma koncepce fast-track jasné zadani
acilanaftadu khmckych situaci byly vypracovany
celosvétové uznavané a zavazné pracovni postupy
[3-51, jednotlivé diléi kroky jsou pravidelné aktu-
alizovany podle vysledkd multicentrickych studif
a metaanalyz, které sice vychazejiz EBM [1, 6, 7,
11, 12], ale soucasné respektuji jedine¢nost kazdého
pacienta i poskytovatele zdravotni péce [13, 14].

ZAKLADNI PRINCIPY FAST-TRACK PRISTUPU

Zakladni ideou koncepce fast-track je, Ze oka-
mzitého zlepSeni perioperaéni péce 1ze dosdhnou
duslednym uplatiiovanim Setrnych postupi, kte-
ré vychazejl z EBM, z nichz fada ]e leta znama
a Casto i uZivana [15] K uspesnemu zvladnuti
zavaznych stavl nestaci jen nej nove151 technika
afarmaka, mnohem dileZit&jsi je jejich propojeni
a vzdjemnd 1ifelnd koordinace.“ (D. M. Berwick,
President Institute for Healthecare Improvement,
Boston, USA). Jak prokdzala pracovni skupina
Evidence Based Medicine in Surgery (EBMS) ka-
nadské Canadian Association of General Surgeons
(CAGS) a americké American College of Surgeons
(ACS) nezbytna je spolupréce celého tymu, plede-
vsim pak anesteziologa a chirurga [16].

Nutriéni podpora

Bylo opakované prokazano Ze stav vyzivy, pn-
jem tekutin pfed operaci i spec1a1n1 nutric¢ni pn-
pravky v kombinaci s vhodnou piipravou stieva
hraji v periopera¢nim obdobi zdsadni roli [17].
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Perioperacni nutri¢ni péce by se méla zaméfit
predevsim na detekci pfedoperalné pritomné mal-
nutrice a moznych problému s vyZivou pooperacné
(Reillyho nutri¢ni skére, index nutri¢niho rizika),
kompenzaci periopera¢ni hyperglykémie a zvlad-
nuti inzulinové rezistence vhodné zvolenym pfed-
operatnim podévénim karbohydratovych roztokn
(sipping) a Casnou enteralni VyZlvu Zvlastni kapi-
tolu pfedstavuji speciilni vyzivové imunostimu-
la¢ni piipravky, které posiluji gastrointestinalni
trakt. Nékolik randomizovanych klinickych studif
a pfehledovych studii prokazalo, Ze jejich podani
sniZuje morbiditu, mortalitu a délku hospitalizace
po rozsahlych chirurgickych vykonech v dutiné
bfisni [18]. Perordlni podavini prokinetik spolu
s Casnou enterdlni nutrici u pacientfi po resekci
jater urychlilo navrat peristaltiky, avSak nemélo
vliv na celkové lécebné vysledky [19]. U pacienti po
kolorektdlni resekci, kterym zacaly byt podavany
specialni na proteiny a energii bohaté vyzivové
perordlni pfipravky prvni poopera¢ni den, doslo
vyznamné dfive k vlastni proteosyntéze a obnové
stfevni pasaze [20]. Rozsdhld metaanalyza proka-
zala, Ze podévéni imunomodula¢nich pfipravki
pfedoperatné muze zkratit hospitalizaci a zlepsit
1é¢ebné vysledky u pacienti po rozsahlych reseke-
nich vykonech v dutiné bfisni. U jiz pfedoperatné
malnutnckych pac1entu muze byt vyhodna poope-
racni parenteralni vyZziva. U téchto pacienti viak
Castéji dochazi k rozvoji hyperalimentaéniho stavu
[21]. Jako prevenci inzulinorezistence a katabolis-
mu pooperacneé je vhodné podat pacientiim v rimci
ranni premedikace 250 ml népoje s obsahem 12,6
nebo 18 % karbohydrati [22]. Spravné zvolena nu-
tricni podpora u pacientd podstupujicich resekéni
stfevni vykon zkracu]e dobu hospitalizace, a pii-
nasi tak finan¢ni dspory [23].

Tekutinova strategie

Spravna taktika podavani tekutin v periope-
ra¢nim obdobi mi zisadni vyznam na 14¢ebné
vysledky. U pacientd ASA 1-3, kterym byla pro-
vedena kolektomie, bylo prokizdno, Ze restrikce
krystaloidl v den operace (2600 ml vs. 5200 ml,
P <0,0001) nevedla k ob&hové nestabilité a rozvoji
renalniho selhani v priibéhu dalsi hospitalizace
[24]. Naopak, prispéla ke kratsi délce hospitalizace
a lep$im léCebnym vysledkim [25]. U pacienti po
kolorektalnim chirurgickém vykonu se ukazalo,
Ze optimalizace tekutinové bilance a dosaZeni sub—
maximalniho tepového objemu podle echografické
kontroly nevedla k lep§im léCebnym vysledkiim
neZ podavani tekutin podle hmotnosti pacien-
ta s vyrovnanou pooperaéni tekutinovou bilanci
[26]. JiZ fadu let je zndmo, Ze pozitivni kumula-
tivni bilance tekutin Vede k rozpadu chirurgic-
kych anastomoéz a je nezavislym predikitorem
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mortality [27]. Ohfivanim podavanych roztokti na
télesnou teplotu lze predejit hypotermii se vemi
jejimi nezadoucimi aéinky (porucha acidobazické
rovnovahy, hemokoagula¢ni porucha, infekce
v misté rany) [28]. V soucasné dobé probihaji jed-
nani Farmakovigilan¢niho vyboru (PRAC) Evropské
lékové agentury (EMA) o pozastaveni registrace
pripravkil s obsahem hydroxyetylSkrobu z diivo-
du jejich moznych nezaddoucich G¢inki. Nejen
v ramci fast-track je koloidy nutno brat jako 1é¢iva
s jasnou indikaci, kontraindikac{, pfinosem pro
pacienta a moznymi riziky. Rada rozsahlych meta-
analyz vSak prokazala, Ze v ramci perioperalni péce
nepiedstavuji koloidy pro pacienta Zadné zavazné
riziko, naopak, jejich uvazlivym podanim lze zkra-
tit hospitalizaci a zlep$it 1é¢ebné vysledky [29-31].

Analgezie

Kvalitni perioperacni analgezie je zcela zasadni
nejen v koncepci fast-track. Nedostateéna anal-
gezie aktivuje cestou aferentnich i eferentnich
nervovych drah neurohumoralni a zanétovou re-
akci organismu, ktera ve svych dtisledcich vede
k hypoperfuzi organd a ma za nasledek horsi ho-
jeni rany, poruchu kognitivnich funkei i vyS$si
pooperacni morbiditu [32]. Na vétS$iné pracovist
je pro rozsahlé bfisni vykony preferoviana epidu-
ralni nebo spindlni analgezie, Pfesto, Ze zajiStuje
vynikajici tlumeni bolesti v celém periopera¢nim
obdobi, nebylo rozsahlymi klinickymi studiemi
prokazano, Ze by ve srovnani s jinym zptisobem
analgezie zkracovala hospitalizaci, nebo méla v po-
opera¢nim obdobi pro pacienta jiné zadsadni vyhody
[33, 34]: nezmen§uje riziko poopera¢nich plicnich
komplikaci [35], nesniZuje nebezpeci pooperac-
niho paralytického ileu, ani neurychluje navrat
peristaltiky [36], nesniZuje pravdépodobnost roz-
padu anastomdzy, neovliviiuje perioperacni krevni
ztratu, riziko tromboembolickych komplikaci ani
rozvoje perioperacniho infarktu myokardu [37].
Naopak muze byt pfi¢inou zavaZnych neurologic-
kych komplikaci [38, 39]. Z téchto dlivodd jiZ neni
povazovana za zlaty standard perioperacni anal-
gezie, s vyjimkou torakotomii a laparotomickych
resekci tlustého stieva [40, 41]. U&nnéjsi, bez-
pecnéjsi a ekonomictéjsi variantou perioperacni
analgezie je intravendzni, preperitonealni, intra-
peritonedlni nebo subfascidlni podani opioidnich
analgetik a nesteroidnich analgetik/antiflogistik
vCetné lidokainu [34, 36, 42]. Jako velmi nad&jné,
bezpelné a ekonomicky nenarocné se prokazaly
blokady jednotlivych nervii, odpovédnych za ve-
deni bolesti z dané oblasti [43].

Anxiolyza
Spravnd psychologicka pfiprava pacienta k ope-
ra¢nimu vykonu, dobrd informovanost a anxioly-
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tika ve veCerni premedikaci muze spolecné s dal-
$imi opatfenimi zlep§it 1éCebné vysledky a zkratit
hospitalizaci [44, 45].

ZAVER

Opakované bylo prokazano, Ze dodrzovani kon-
cepce fast-track (ERAS) v péci o nemocné, ktefi
podstupuji rozsahly vykon v dutiné brisni, zlepSuje
lé¢ebné vysledky a zkracuje dobu hospitalizace.
Uzka spoluprace mezi anesteziologem a chirurgem
umoznuje optimalizovat 1é¢ebny postup a elimino-
vat nezadouci ucinky jednotlivych krokd.
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