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Vliv Point-of-care managementu koagulopatie na silu krevniho koagula a

primarni dysfunkei $tépu u pacienti po transplantaci plic
Abstrakt v ¢eském jazyce:
Uvod:

Kli¢ovymi faktory negativné ovliviiujici funkci $tépu béhem transplantace plic jsou krvaceni,
podavani transfuznich ptipravkl a ischemicko/reperfuzni poskozeni plicniho stépu. Vzhledem
k tomu, Ze tyto vSechny atributy pfedstavuji vyznamné riziko rozvoje primarni dysfunkce $tépu,
je zadouci, aby byl k dispozici sofistikovany anesteziologicky ptistup, ktery povede ke snizeni
krevni ztraty, spotieby transfusnich ptipravkl a tim i redukci incidence primarni dysfunkce

Stépu (PGD).
Metodika:

Tato prospektivni, randomizovana studie se vénovala hodnoceni 67 pacientli béhem obdobi od
ledna 2018 do ¢ervna 2020. Porovnali jsme vysledky u pacienti podstupujicich transplantaci
plic, ktefi byli 1é¢eni pomoci point-of-care (POC) ptistupu zaméiené¢ho na cilenou diagnostiku
a lécbu koagulopatie, kombinované s volumoterapii 5% albuminem, oproti tradi¢nimu

managementu zalozenému na klinickych zkusenostech ve skupiné non-POC.
Vysledky:

Ve skupiné POC doslo k vyraznému poklesu perioperacni krevni ztraty a potfeby krevnich
derivatii. Soucasné¢ jsme zaznamenali zlepSeni funkce plicniho $tépu, coz se projevilo vySsimi
hodnotami Horowitzova Indexu. Dale doslo ke zlepSeni ob&hové stability, vyjadieno nizsi
davkou noradrenalinu. Incidence primarni dysfunkce sté¢pu (PGD) byla v POC skupiné nizsi ve

srovnani s non-POC skupinou.
Zavér:

Implementace cilené¢ho diagnostického a lécebného ptistupu k perioperaénimu krvéaceni a
koagulopatii s vyuzitim metody Point-of-Care (POC), doplnénd o volumoetarpii 5% roztokem
albuminu, mize u¢inné omezit spotiebu transfuznich ptipravki a prispét ke zlepSeni Casnych
vysledkli v oblasti transplantace plic, aniz by to negativné ovlivnilo dlouhodobé preziti

pacientd.

Kli¢ova slova: transplantace plic, ROTEM, koagulopatie, krvaceni, PGD, transfuze, POC, point of care



Effect of Point-of-Care Management of Coagulopathy on Blood Clot Strength
and Primary Graft Dysfunction in Lung Transplant Recipients

Abstract in English:

Introduction:

The key factors negatively affecting the function of the graft during lung transplantation are
bleeding, administration of transfusion products, and ischemic/reperfusion injury. Given that
all these attributes represent a significant risk for the primary graft dysfunction development. It
is desirable to have a sophisticated anesthesiological approach available that will reduce blood
loss and consumption of transfusion products, thereby reducing the incidence of primary graft

dysfunction (PGD).
Methodology:

This prospective, randomized study evaluated 67 patients from January 2018 to June 2020. We
compared the outcomes of patients undergoing lung transplantation who were treated using a
point-of-care (POC) approach aimed at targeted diagnosis and treatment of coagulopathy,
combined with volumotherapy using 5% albumin, against traditional management based on

clinical experience in the non-POC group.
Results:

In the POC group, there was a significant reduction in perioperative blood loss and the need for
blood derivatives. Concurrently, we noted an improvement in lung graft function, reflected by
higher Horowitz Index values. There was also an improvement in circulatory stability, indicated
by lower doses of norepinephrine. The incidence of primary graft dysfunction (PGD) was lower

in the POC group compared to the non-POC group.
Conclusion:

The implementation of a targeted diagnostic and treatment approach to perioperative bleeding
and coagulopathy using the Point-of-Care (POC) method, supplemented with volumotherapy
with 5% albumin solution, can effectively reduce the consumption of transfusion products and
contribute to the improvement of early outcomes in the field of lung transplantation without

negative impact on long-term patient survival.

Key words: lung transplant, ROTEM, coagulopathy, bleeding, PGD, transfusion, POC, point of care
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2 Predmluva

Transplantace plic predstavuje komplexni chirurgicky zakrok, jenz vyzaduje vysokou miru
spoluprace mezi celym lé¢ebnym tymem. Anesteziolog hraje klicovou roli, jelikoz se stara o
pacienta od jeho piijezdu na operacni sal az do momentu, kdy je pfedan do péce chirurgického

¢i plicniho tymu.

V periopera¢nim obdobi je nezbytné zajistit hemostazu a udrzet ob&hovou stabilitu, coz jsou v
kontextu transplantace plic kritické faktory. Tyto parametry jsou Casto naruSené a vyZzaduji
peclivou pozornost. Diky pokrokiim v mediciné mame k dispozici sofistikované diagnostické
a terapeutické metody, které ndm umoziuji efektivné zasahovat pitimo u lazka pacienta tzv.

point-of-care (POC).

Jednou z hlavnich vyzev transplantace plic je kontrola krvaceni a ob&éhové nestability, které
mohou vyrazné zvySovat riziko mortality a morbidity, stejné jako prodlouzit dobu stravenou na

umgélé plicni ventilaci.

Cilem této prace je prozkoumat potencial viskoelastickych point-of-care metod v ramci cilené
diagnostiky a terapie poruch krevniho srazeni v souvislosti s podavanim intravaskularnich
objemovych ndhrad. Zvlast¢ se zaméfime na to, jak point-of-care management ovliviiuje

funk¢nost plicniho §té€pu po transplantaci, zejména v piipad€ primarni dysfunkce stépu (PGD).
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3 Seznam pouzitych zkratek

ABP
A10
APPT
ARDS
BMI
BODE
BTT
CA
CAS
CI
CLAD
CFT
CF
COPD
CVP
CT
DBD
DCD
DLCO
DOAC
ECMO
ECLS
EFLK

FFP

GER
GAG
HLA
HSA

arterial blood pressure (invazivné méteny arterialni tlak)

amplitude at 10 min (amplituda v desaté minut¢)

activated partial thromboplastin time (aktivovany parcialni trombinovy ¢as)
acute respiratory distress syndrome (syndrom dechové tisn¢)

body mass index

body mass index, airflow obstruction, dyspnea, exercise capacity index
bridge to transplant (most k transplantaci)

celkova anestézie

lung composite allocation score

confidence interval; cardiac index (srde¢ni index v jednotkach I/min/m?2)
chronic lung alograft disease (chronické dysfunkce Stépu)

clot formation time (Cas zacatku tvorby koagula)

cysticka fibroza

chronic obstructive pulmonary disease (chronicka obstruk¢ni plicni nemoc)
central venous pressure (centralni zilni tlak)

clotting time (srazeci cas)

donation after brainstem death (darce se smrti mozku)

donation after circulatory death (darce s nebijicim srdcem)

difuzni kapacita plic

direct oral anticoagulants (pfima peroralni antikoagulancia)

extracorporeal membrane oxygenation (mimotélni membranova oxygenace)
extracorporeal life support (mimotélni orgdnova podpora)

ejekeéni frakce levé komory

koagulaéni faktor

fresh frozen plasma (Cerstvé zmrazend plazma)

gastroezofagealni reflux

glykosaminoglykan

human leukocyte antigen

human serum albumin (lidsky sérovy albumin)
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ICHS ischemicka choroba srde¢ni

ILD interstitial lung disease (intersticidlni plicni onemocnéni)
IQR interquartile range

ISHLT International Heart and Lung Society

U international unit (mezinarodni jednotka)

LAM lymfangioleiomyomat6za

LAS lung allocation score

LUMINEX platforma pouzivana pro kvantitativni analyzu proteinii a RNA

LUTx lung transplant (transplantace plic)

MCF maximum clot firmness (maximalni sila koagula)

ML maximum lysis (maximalni lyza)

mRAP mean right atrial pressure (stfedni tlak v pravé sini)

NYHA New York Heart Association

PAH pulmonary arterial hypertension (plicni arteridlni hypertenze)
PAP pulmonary arterial pressure (tlak v arteria pulmonalis)
PaCO2 parcialni tlak oxidu uhli¢itého v arterialni krvi

Pa0O2 parcialni tlak kysliku v arterialni krvi

PCC prothrombin complex concentrate (koncentrat srazecich faktort)
PEEP positive end-expiratory pressure (pretlak na konci vydechu)
PGD primary graft dysfunction (primarni dysfunkce st€pu)

PH plicni hypertenze

PLT trombocyty

POC point-of-care

PVOD plicni veno-okluzivni onemocnéni

RBC red blood cells (€ervené krvinky)

ROS reactive oxygen species (reaktivni kyslikovy radikal)
ROTEM rotational tromboelatometry (rotacni tromboelastometrie)
S1P sfingosin-1-fosfat

TEE transesophageal echocardiography (jicnova echokardiografie)
TF tissue factor (tkanovy faktor)

13



UFH unfractionated heparin (nefrakcionovany heparin)

VHB virova hepatitida B
vW§ Von Willebrandtv faktor
6MWD Sestiminutovy test chiize
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4 Uvod

Transplantace plic je v soucasné dobé povazovana za jedinou definitivni 1écbu pro pacienty
trpici vaznymi chronickymi a ireverzibilnimi plicnimi onemocnénimi, pro néz byly jiz
vy&erpany viechny dostupné konzervativni 1é¢ebné moznosti!. Indikovani k tomuto zakroku
jsou predevsim pacienti s diagnézami jako intersticialni plicni onemocnéni (ILD), chronicka
obstrukéni plicni nemoc (COPD), cysticka fibréza (CF), plicni arteridlni hypertenze (PAH),

lymfangioleiomyomat6za (LAM) a nékteré vzacnéjsi diagnozy'.

Historie transplantaci plic sahd az do roku 1963, avSak prvni uspéSna transplantace byla
realizovana aZz o dvacet let pozdg&ji, v roce 1983 2. Od 90. let minulého stoleti doslo
k vyraznému rozvoji v této oblasti, predev§im diky pokroklim v imunosupresni terapii,
chirurgii, technikédch uchovavani organii a anesteziologickych postupech, coz ptineslo zna¢né
zlepSeni jak v kvantité, tak i kvalit¢ provedenych transplantaci. Aktualné se po celém svéte

realizuje ptiblizné 4000 transplantaci plic kazdy rok.

Zpocatku byli k transplantacim vybirani pacienti s relativné pfiznivym zdravotnim stavem,
nicméné s ¢asem se indikace rozsifily i1 na pacienty s vyrazné vysSim rizikem. To si vyzéadalo
multidisciplindrni pfistup a Casto i1 pouziti kardiopulmonalniho bypassu béhem operace.
Nicméné, vzhledem k vysokému riziku spojenému s pouzivanim této metody, v soucasné dob¢
preferujeme méné¢ invazivni postupy, jako je extrakorporalni membranova oxygenace

(ECMO)**.

Anesteziologicka péce je zdsadni béhem celého perioperacniho obdobi, pii¢emz anesteziolog
ma klicovou ulohu nejen v oblasti celkové anestezie, ale také v managementu krvacivych
komplikaci a hemostazy. V této souvislosti hraji zdsadni roli tzv. point-of-care (POC) metody,
jako je rotacni tromboelastometrie (ROTEM), které umoznuji rychlou diagnostiku a efektivni
reakci na poruchy krevniho srdzeni pfimo na opera¢nim sale. Pfistup anesteziologa k volbé
tekutin a managementu objemové terapie je rovnéz kliCovy pro uspeSnou stabilizaci pacienta a
minimalizaci rizika rozvoje primarni dysfunkce stépu (PGD) po transplantaci. Cilem moderni
anesteziologické péce je tedy nejen zvladnout krvéceni, ale 1 snizit incidenci ranych komplikaci

po transplantaci, zejména PGD.
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5 Teoreticka ¢ast — plicni transplantace

5.1 Predtransplantacni problematika

5.1.1 Nacasovani, hodnoceni a zafazeni na ¢ekaci listinu k transplantaci plic

Proces indikace k transplantaci plic je komplexni a vyzaduje ¢asné a proaktivni pfistupovani.
Idealné by pacienti m¢li byt odeslani do specializovaného centra pro transplantace plic pedtim,
nez dosdhnou kritérii pro aktivni umisténi na transplantacni ¢ekaci listinu. Timto pfistupem
ziskdme drahocenny cas k dikladnému sezndmeni potencialnich kandidati na transplantaci

(LUTX) s piinosy i riziky spojenymi s timto zdkrokem' .

V¢asné odeslani do transplantacniho centra dava kandidatim moznost piekonat prekazky, které
by mohly ohrozit uspé€$né provedeni transplantace, jako je naptiklad obezita, podvyziva,
omezeny rehabilitani potencial nebo nedostatecna socialni podpora. Pred zafazenim na cekaci
listinu je zasadni provést dikladné Iékaiské vySetfeni pacienta a posoudit jeho celkovy
zdravotni stav. To zahrnuje vyhodnoceni zdvaZnosti plicniho onemocnéni, anatomickych
pomeri, nutri¢niho stavu, rehabilitatniho potencialu, komorbidit a psychosocialnich faktorti,
jelikoz vSechny tyto faktory mohou vyrazné ovlivnit vysledky transplantace, vcetné miry

mortality a morbidity!.

V situacich, kdy dojde k extrémné rychlému zhorSeni plicnich funkci, miize byt v n€kterych
piipadech jako ptfechodné feSeni do doby transplantace (bridge to transplant - BTT) zvazovana

mimotélni podpora organii (ECLS)'.

5.1.2 Rizikové¢ faktory v predtransplanta¢nim obdobi
Podcenovani rizik mize mit negativni dopad na spéSnost celého transplanta¢niho programu.
Je zésadni nejen hodnotit jednotliva rizika, ale také brat v uvahu jejich vzajemné plisobeni a

kumulaci.

5.1.2.1 Vek

Horni vE&kova hranice pro provedeni transplantace plic (LUTx) je pfedmétem debat.
V soucasnosti neni v€k povazovan za absolutni kontraindikaci pro LUTx. Nicméné, literatura
naznacuje, zZe v€k nad 70 let je asociovan s niz§imi fyziologickymi rezervami, coz miize vést k

vy$simu riziku komplikaci'®.

5.1.2.2  Maligni onemocnéni
Screening na maligni onemocnéni, odpovidajici véku pacienta, je nezbytnou soucasti kazdého

predtransplanta¢niho vySetieni. V piipadé, Ze pacient v minulosti prodélal maligni onemocnéni,
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je nutné dukladn¢ ovéfit absence rezidudlniho nebo metastatického postizeni. Jakakoli
malignita s vysokym rizikem recidivy je povaZzovana za absolutni kontraindikaci pro
transplantaci plic (LUTx). Je dilezité posoudit potencidlni riziko recidivy nebo progrese

onemocnéni, jez mize byt zvysené v disledku imunosupresivni terapie.

5.1.2.3  Rendlni funkce

Bylo prokazano, ze kandidati na LUTx s hodnotou glomerularni filtrace niz§i nez 60
ml/min/1,73 m"2 podle CKD-EPI v okamziku zafazeni na ¢ekaci listinu, zejména ti, ktefi jsou
star$i 45 let, Celi zvySenému riziku. UdrzZeni fyziologické funkce ledvin je zasadni, obzvlasté
béhem intraoperacniho obdobi, kdy mize dojit k hypotenzi a hypoperfuzi. V pooperacnim
obdobi muze byt ledvinnd funkce dale ohrozena v dusledku pouzivani nefrotoxickych

imunosupresiv, jako jsou inhibitory kalcineurinu (napi. Tacrolimus)'.

5.1.2.4  Onemocnéni koronarnich tepen

Kandidati LUTx cCasto vykazuji vyssi prevalenci ischemické choroby srde¢ni (ICHS). Proto je
kardiologické vySetteni klicovym prvkem hodnoceni ptfed zafazenim na ¢ekaci listinu. Podle
aktudlnich studii mohou kandidati s mirnou az stfedné tézkou ICHS, nebo ti, ktefi prosli
revaskularizaénim zékrokem, nést podobné riziko jako kandidati bez ptitomnosti ICHS.
Pacienti s vys§im kardidlnim rizikem jsou obvykle zvazovani pro jednostrannou transplantaci
plic'.

5.1.2.5 Onemocnéni perifernich cév

Jedna se o rizikovy faktor, ktery mtize byt limitujicim v ramci rehabilitacniho potencialu. Mize
piedstavovat i komplikaci v rdmci nutnosti extracorporeal life support (ECLS) z periferniho

piistupu L.

5.1.2.6  Srdecni insuficience

Existuje shoda v tom, Ze pacienti s nizkou ejekéni frakei levé komory (EFLK) obvykle nejsou
vhodnymi kandidaty pro transplantaci plic. Nicméné, vyjimku ptredstavuji pacienti s dysfunkci
pravé komory spojenou s tézkou plicni hypertenzi, pro které mize byt LUTx povazovéana za

urdity druh l1é¢ebné strategie!.

5.1.2.7  Onemocnéni pojivove tkané

Ne&kolik studii ukazalo, Ze peclivé vybrani pacienti s onemocnénim pojivové tkdné nemaji
vyznamné rozdily v prezivani nebo funkci $t€pu ve srovnani s pacienty, kteti podstoupili
transplantaci plic z jinych divodid. Je vSak dilezité zdlraznit nutnost multidisciplinarniho

hodnoceni ve spolupraci s revmatology'.
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5.1.2.8 Poruchy gastrointestinalni motility, gastroesofagealni reflux (GER)

Gastroezofagealni reflux (GER) je asociovéan se zvySenym rizikem akutni rejekce, infek¢nich
komplikaci a chronické dysfunkce $§tépu (CLAD). Onemocnéni charakterizovand GER a
poruchami motility jicnu, jako jsou sklerodermie nebo jiné poruchy pojivové tkan€¢, mohou
zvySovat riziko mikro- nebo makroaspirace. V pfipadé transplantace u téchto pacientti by se

mély zakroky provadét ve specializovanych, expertnich centrech'.

5.1.2.9 Hematologické onemocnéni

Nejcastéji se v klinické praxi setkdvame s trombocytopatiemi, trombocytopenii, leukopenii
nebo anémii. VSechny tyto stavy mohou v periopera¢nim obdobi pfedstavovat vyznamné riziko,
zejména co se tyce krvaceni nebo infekénich komplikaci. Pacienti trpici krvacivymi diatézami,
trombofiliemi nebo dysfunkci kostni difené jsou podrobovani transplantaci pouze po peclivém

vybéru a zhodnocent jejich stavu'.

5.1.2.10 Télesna hmotnost, Body Mass Index (BMI)

Obezita je znamym prediktorem zvySené morbidity a mortality. Z tohoto divodu je obvykle
obezita s BMI vy$§im nez 35 povaZovana za kontraindikaci k transplantaci plic. Pacienti s BMI
mensim nebo rovnym 30 jsou obvykle bez problémil zafazovani na transplantacni ¢ekaci listinu.
Kandidati s BMI v rozmezi 30-34,9 jsou motivovani k tpravé své vahy, pficemz je kladen
daraz na zachovani svalové hmoty. Naproti tomu u pacientt s cystickou fibrézou (CF) casto
vidime extrémné nizké hodnoty BMI pod 17. Je dilezité podotknout, ze BMI nemusi vzdy

piesné odrazet skute¢né sloZeni t&la'.

5.1.2.11 Predoperacni i pooperacni hypoalbuminémie
Hypoalbuminémie <35 g/l je nezavislym prediktorem pre — i pooperac¢ni morbidity a mortality.

Véetné pacientii vyzadujicich ECLS v pfedtransplantaénim obdobi'.

5.1.2.12 Funkcni rezervy, kirehkost a rehabilitacni potencial

Kiehkost je definovdna jako sniZeni zdravotniho potencidlu souvisejiciho s veékem, coz
zahrnuje pokles fyzické kondice, odolnosti a adaptability na rizné stresory, které jsou pti
transplantaci plic ¢asté. Vzhledem k zdvaznosti plicniho onemocnéni je proto velmi vhodné

piipravit t€lo na riznorodé stresové situace procesem znamym jako prehabilitace 7.

5.1.2.13 Human Leucocyte Antigen (HLA)
Zvysené HLA specifické protilatky detekované v periferni krvi mohou zt€Zovat nalezeni

kompatibilniho darce .
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5.1.2.14 Infekcni rizika

Pokroky v diagnostice, monitoraci a lé¢ebnych metodach piinaseji lepsi vysledky u
transplantaci plic i u pacienti, ktefi jsou kolonizovani multirezistentnimi bakterialnimi kmeny,
zejména u pacientl trpicich cystickou fibrézou (CF). Non-tuberkulozni mykobakterie, kvili
své vysoké rezistenci k 1écbé a sklonu k Castym relapsiim, jsou povazovany za vyznamny
rizikovy faktor spojeny s rozvojem chronické dysfunkce $tépu (CLAD)'®. Infekce zpiisobené
neaspergilovymi plisnémi mohou mit v obdobi po transplantaci plic fatalni nasledky.
Specifickou oblasti jsou infekce komplexem Burkholderia cepacia, pficemz nej€astéjSimi
genotypy jsou B. cenocepacia a B. multivorans. VéEtSina transplantacnich center povazuje
infekce témito bakteriemi za absolutni kontraindikaci k LUTx. Naopak, pfitomnost viru lidské
imunodeficience (HIV) neni povazovéna za absolutni kontraindikaci k LUTX, avSak vyZaduje
diikladné monitorovani a antiretrovirovou terapii'. U pacientii trpicich virovou hepatitidou B a
C jsou k dispozici bezpetné antivirové léky pro profylaxi a lécbu jak v obdobi pied
transplantaci, tak 1 po ni. Hepatitida B (VHB), pokud neni spojena s jaternim poSkozenim, neni

povazovana za kontraindikaci k LUTx'.

5.1.2.15 Psychosocialni rizikoveé faktory

Psychosocialni hodnoceni kandidatd k transplantaci plic LUTx zahrnuje posouzeni
psychologického stavu, neuropsychiatrickych funkei, socidlniho zazemi, zneuzivani
navykovych latek, a rovnéz celkového porozuméni a znalosti transplantac¢ni problematiky z
perspektivy pacienta. Mezi absolutni kontraindikace pro LUTx z psychosocidlniho hlediska
patii nedodrzovani lécebnych pokyni (non-compliance), vyrazny kognitivni deficit a

zneuzivani navykovych latek, véetné tabaku'.

5.2 Problematika détského véku

Pediatricky pacient obvykle stravi na cekaci listiné delsi dobu nez dospéli kvili mensi
dostupnosti vhodného darce organu. U déti mladSich nezZ 2 roky je mozné zvazit transplantaci 1
od darct s odliSnou krevni skupinou ABO. Nejcastéjsi indikaci k LUTx u déti je cysticka fibroza

(CF), ale ¢asto se setkavame i s piipady idiopatické plicni arterialni hypertenze (iPAH) .

5.3 Chirurgické predtransplantacni aspekty
Jakékoli plicni chirurgické vykony nebo rekurentni pneumotorax vedou k vyznamnému riziku
intrapleurdlich sristd. Tyto strukturdlni zmény jsou rizikovym faktorem krvaceni béhem

samotného opera¢niho vykonu'. Intrapleuralni sriisty a riziko krvéaceni jsou dilezité i pro
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anesteziologa. Jejich pfitomnost vede k upraveé davek antikoagulace pfi vyuziti intraoperacni

ECLS’.

5.4 Multiorgénova transplantace

5.4.1 Blokova transplantace srdce a plic
Primarni indikaci k transplantaci srdce a plic jsou nejcastéji tézka sekundarni nebo primarni

plicni hypertenze a vrozené srdecni vady.

5.4.2 Kombinovana transplantace jater a plic
Transplantace plic a jater je terapeutickou moznosti pro pokrocila plicni onemocnéni spojena s
cirhézou (napi. CF, deficit alfa-1 antitrypsinu) a kone¢né stadium onemocnéni jater s plicnim

postizenim.

5.5 Onemocnéni vedouci k transplantaci plic
Choroby vedouci k refrakternimu respiracnimu selhdni, které mohou byt indikovany

k transplantaci plic, 1ze rozdélit na tfi skupiny podle prevazujiciho typu plicniho postizeni.

5.5.1 Obstrukéni onemocnéni plic

Obstrukéni onemocnéni plic zahrnuji rtizné typy patologii. Na prvnim misté chronicka
obstrukcni plicni nemoc (COPD), nasledovana plicnimi onemocnénimi spojenymi s deficitem
al-antitrypsinu, lymfangioleiomyomatézou (LAM), sarkoidézou a bronchiektaziemi
spojenymi s cilidrni dyskinezii'’.

5.5.1.1 COPD

Chronicka obstrukéni plicni nemoc je celosvétove nejcastéjsi indikaci pro transplantaci plic a
tvofi vice nez jednu tietinu vSech plicnich transplantaci. Mezi klicové faktory, které se

zohlediiuji pfi urCovani vhodnosti kandidatdh k LUTx z davodu COPD, patii indikatory

zhorSujiciho se funkéniho stavu a vysledky spirometrie, jak je uvedeno v tabulce ¢.1.
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Tabulka ¢.1

Reference do specializovaného LUTXx centra
e Progresivni zhorsovani onemocnéni i pres adekvatni lécbu
e BODE index 5-6
e PaCO2 >50 mmHg nebo PaO2 < 60 mmHg
o FEVI <15-20% predikované hodnoty
Indikace k zarazeni na WL
o BODE index >7
FEVI <15-20% predikované hodnoty
Vice nez 3 exacerbace béehem posledniho roku
Jedno tezké hyperkapnické respiracni selhani
Stredné tezka az tézka plicni arterialni hypertenze
COPD — chronicka obstrukcni choroba bronchopulmondalni, BODE — body mass index, airflow obstruction, dyspnea, exercise

capacity index, PaCO2 — parcialni tlak oxidu uhlicitého v arterialni krvi, PaO2 — parcialni tlak kysliku v arterialni krvi, FEV1
— usilovné vydechnuty objem za prvni sekundu, PH — plicni hypertenze

5.5.2  Onemocnéni plicniho cévniho fecisté

Tato skupina zahrnuje idiopatickou neboli primarni plicni arterilni hypertenzi, Eisenmengeriv
syndrom, chronickou tromboembolickou plicni hypertenzi a veno-okluzivni plicni onemocnéni.
Transplantace je obvykle indikovana v piipadech, kdy onemocnéni nereaguje na maximalni
dostupnou 1écbu. Pacienti s téZkou plicni arteridlni hypertenzi a ireverzibilnim srde¢nim
selhanim jsou ¢asto indikovani ke kombinované transplantaci srdce a plic'®. Reference do
specializovaného centra a kritéria pro zarazeni na WL k transplantaci plic jsou shrnuty v tabulce

¢. 2.

Tabulka ¢.2

Reference do specializované LUTx centra

o NYHA IIl - IV tridy i pres adekvatni lecbu

e Rychle progredujici zhorseni stavu

e Intravenozni lécba PAH

e Znamé nebo suspekini POVD nebo plicni kapilarni hemangiomatoza
Indikace k zarazeni na WL

e Pretrvavajici NYHA Il — IV tridy i pies 3 mésice trvajici kombinovanou terapii véetné
prostanoidii
CI <2 l/min/m2
mRAP> 15mmHg
6MWD <350m

Pritomnost hemoptyzy, perikardialniho vypotku nebo progresivni zhorsovani

insuficience prave komory

NYHA — New Yorh Heart Association, PAH — Plicni arteridlni hypertenze, PVOD — plicni veno-okluzivni onemocnéni, CI —
srdecni index v jednotkdch l/min/m2, mRAP — stiedni tlak v pravé sini, 6MWD — Sestiminutovy test chiize
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5.5.3 Infekéni onemocnéni

Do této skupiny onemocnéni indikovanych k LUTx fadime cystickou fibrozu (CF) a
imunodeficity charakteru IgG deficience!®. V posledni dob& se pocet pacientii s cystickou
fibrozou zatazenych na ¢ekaci listinu k LUTx vyrazné snizil diky pokrokiim v genové terapii,
zejména diky pripravku Kaftrio. Tento 1k je efektivni zejména u pacientii s alespon jednou
mutaci F508del v genu CFTR, ktery kdduje transmembranovy regulator vodivosti. Reference
do specializovaného centra a kritéria pro zarazeni na WL k transplantaci plic pro CF jsou

shrnuty v tabulce ¢.3.

Tabulka ¢.3

Reference do specializované LUTx centra
o FEVI<30%
Rychla progrese v poklesu FEV'1 i pres optimalni terapii
6MWD <400 m
PH
Vyssi frekvence vyskytu epizod respiracniho selhani vyzadujicich NIV, zhorsujici se
antibioticka rezistence, recidivujici pneumotorax, horsici se stav vyzivy, hemoptyza
i pres embolizacni intervenci
Indikace k zarazeni na WL
o  Chronické respiracni selhani s PaO2 <60 mmHg a hyperkapnii > 50 mmHg
e Dlouhodoba NIV podpora

e Pritomnost PH

FEV1 — usilovné vydechnuty objem za prvni sekundu, PH — plicni hypertenze, NIV — neinvazivni ventilace, PaCO2 — parcialni
tlak oxidu uhlicitého v arterialni krvi, PaO2 — parcialni tlak kysliku v arterialni krvi, 6MWD — Sestiminutovy test chiize, WL —
Cekact listina

5.5.4 Restriktivni plicni onemocnéni

Mezi restriktivni plicni onemocnéni, kterd mohou byt indikovana k transplantaci plic, patii
intersticialni plicni fibréza (IPF), eosinofilni granulomatéza, sarkoidéza, sklerodermie a
Bronchiolitis obliterans syndrom (BOS), ktery se miize rozvinout po transplantaci plic. Do této
skupiny miizeme zafadit i primarni dysfunkci $t&pu (PGD) po LUTx!?. Reference do
specializovaného centra a kritéria pro zatfazeni na WL k transplantaci plic pro CF jsou shrnuty

v tabulce ¢.4.
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Tabulka ¢.4

Reference do specializovaného centra LUTx
e Prokazana specificka ¢i nespecificka intersticialni pneumonie
o FVC <40% predikované hodnoty
e Dusnost a limitace béznych cinnosti
o Nutnost kyslikové terapie
Indikace k zaiazeni na WL
o  >10% pokles FVC nebo >215% pokles DLCO pii 6mésicnim sledovani
SpO2 <88 %
6MWD <250 m
pokles 0 50 m pri 6MWD za poslednich 6 mésicii
PH

e Nutnost hospitalizace pro respiracni selhani, pneumotorax ¢i akutni exacerbaci
FVC —usilovna vitalni kapacita, DLCO — difuzni kapacita plic, SpO2 — saturace kysliku v periferni krvi, 6MWD — Sestiminutovy
test chiize, PH — plicni hypertenze

5.6 Potadi na ¢ekaci listin¢ k transplantaci plic

Poradi pacientti na ¢ekaci listin€ pro transplantaci plic je ur¢eno pomoci Lung Allocation Score
(LAS) a nov¢jsiho Lung Composite Allocation Score (CAS). Tyto hodnotici systémy ptifazuji
pacientim ciselné skore, které urcuje jejich prioritu na ¢ekaci listin€, zohlediuji statistickou
pravdépodobnost pieziti pacienta bez transplantace v nésledujicim roce a ocekdvanou délku
zivota po transplantaci. V ramci systému LAS se hodnoti mnoho faktort, jako jsou diagnodza,
vek, BMI, existence souvisejicich onemocnéni, plicni hypertenze (PH), laboratorni ukazatele a

dalsi'®.

6 SraZeni krve

Hemostéaza je piirozeny proces, ktery zabranuje krvaceni v ptipad¢ poranéni. Naproti tomu
tromboza Casto souvisi s patologickymi stavy a vede k nechténé tvorbé krevnich srazenin tzv.
trombii v lumen cév. Tyto tromby pak mohou vést k ¢astecnému nebo uplnému uzavéru cév a

jsou podkladem patologickych stavil jako napf. arteridlni embolie nebo Zilni tromboembolie.

6.1 Hemostaza

Pokud dojde k poskozeni endotelialni vystelky cévni stény, buiiky endotelu zastavi produkci
inhibitord koagulace a agregace. Misto toho za¢nou vylu€ovat Von Wilebrandiiv faktor (vWf),
ktery iniciuje vlastni proces srdzeni. Hemostaza se skladd ze tifi hlavnich krokd 1)
vazokonstrikce, 2) vytvoreni destickového trombu a 3) tvorby fibrinové zatky. Tato série
procest je nezbytna pro utésnéni poranéni cévni stény a k jejimu naslednému hojeni a reparaci.
Hemokoagulace se sklada z kaskady d&jt, kterych se ucastni celd fada srazecich faktort. Za

fyziologickych podminek, kdy nedochézi k poranéni endotelu cév, je krevnimu sraZeni branéno
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produkci prostacyklinu, sekreci aktivatoru plazminogenu, pfitomnosti proteoglykant

s heparinem na povrchu a aktivaci proteinu C.

6.2 Koagulacni kaskada
Klasické, 1éta zazité pojeti koagulacni kaskady se sklada z vnitini, vnéjsi a spolené cesty.
Nicmén¢ béhem posledni doby se chapani koagulaéni kaskady posunulo a nadale se zlepSuje.

Moderni pojeti koagula¢ni kaskady rozlisuje faze 1) iniciace, 2) amplifikace, 3) propagace.

Inicia¢ni faze zalind expozici tkanového faktoru (TF), ptfitomného v subendotelidlnich
bunkéch, ktery pfijde do kontaktu s proudici krvi béhem poranéni cévy. TF se vazZe s faktorem
Vlla (FVIla) a stépi FIX a FX za vzniku aktivované¢ho FIXa a FXa. Pfipona ,,a“ znamena
aktivovanou formu jednotlivych faktort. FXa usnadiuje konverzi FII (protrombinu) na Flla

(trombin). Vysledkem inicia¢ni faze je tvorba ,,malého* mnozstvi trombinu.

Nasleduje amplifikacni faze, ve které malé mnozstvi vzniklého trombinu vede na povrchu
trombocyti k aktivaci FV, FXI, FVIII. Proces postupuje do propagacni faze, kde dochazi
k tvorbé ,,velkého* mnozstvi trombinu, ktery je schopny proménit fibrinogen na fibrin a FXIII
na FXIIIa. Proces vede ke tvorbé pevného koagula. Graficky znazornéna koagulacni kaskada

je k dispozici na obrazku &. 0 !

Obrazek ¢. 0 Koagula¢ni kaskada
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Anesteziologie (nejen) k atestaci, Vymazal T et al., Grada Publishing a.s., 2023, ISBN 978-80-247-4905-1
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7 Viskoelastické metody

7.1 Rotacni tromboelastometrie (ROTEM)

Rotacni tromboelastometrie (ROTEM) je point-of-care metoda, umoziujici zkoumat
viskoelastické zmény pfi srazeni plné krve. Rychly a pfesny management koagulopatie a
krvaceni fizeny dle ROTEM se stal nezbytnym konceptem vyuzivanym v celé tadé
medicinskych oborti. Ukazuje se, ze tzv. ROTEM-guided management vede k redukci
krvacivych komplikaci, spotteby krevnich derivati a v neposledni fadé¢ i k redukei finanénich
nakladd na hospitalizaci pacienta. Dilezité je podotknout, ze standardni laboratorni vysetieni
koagulacnich parametrii trva 30 aZz 90 minut, zatim co ROTEM vySetfeni je mnohem

cilené ji lécit.

7.1.1 Princip vySetieni

K vySetieni je nutné malé mnozstvi nesrazlivé krve (300 uL), které je pipetou ptfidano do malé
kyvety (pevné umisténé v piistroji) (obrazek ¢.1). Krev je vySetfovana pii teploté 37°C. Po
piidani aktivatort (CaCl,, tkanovy faktor, aprotinin, ellagicova kyselina, tranexamova kyselina,
polybren), které iniciuji hemokoagulaci, je krev vystavena oscilujicimu ,,pinu* ponofenému do
krevniho vzorku v rozmezi 4,75 stupné, ¢imz se michéd krev s ¢inidlem. Viskoelastické sily,
které vznikaji pfi sraZeni krve, jsou béhem vySetfeni detekovany a zaznamendvany v grafické
podob¢ (obrazek ¢.2). Na zaklad¢ grafického zobrazeni, miizeme velmi rychle zobrazit
jednotlivé faze hemokoagulace. Od iniciace a propagace tvorby koagula, ptes silu koagula, az

po ptipadné rozpusténi koagula tzv. fibrinolyzu.
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Obrazek €.1: Princip tromboelastometrie systétmem ROTEM

1 Osa(4,75°% 7 Kyveta kazety naplnéna krvi

2 Pruzina 8  Fibrinova vidkna a agregéat trombocyt(
3  Zdroj svétla/dioda 9  VWhfivana kazeta

4 Zrcadlo 10 Kulickova loziska

5  Senzor citlivy na svétlo 11 Zpracovani (dajli

6 Kolik

7.1.2 ROTEM testy

V ramci ROTEM vysetieni rozliSujeme celou fadu parametra a jednotlivych vySetteni.

7.1.2.1 EXTEM

Pouziti tkailového faktoru jako reagencia umoziuje posoudit vnéjsi cestu koagulaéni kaskady.
maximum clot firmness) primarné ovlivituji hladina fibrinogenu, pocet trombocyti (PLT) a
FXIII. Abnormalni hodnoty téchto parametri mohou signalizovat nedostatek faktorti vnéjsi
cesty koagulace a mohou také odraZet vliv antagonisti vitaminu K, jako je warfarin, nebo

ucinky ptimych peroralnich antikoagulancii (DOAC) ¢i jinych patologii koagula¢nich faktori.
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7.1.2.2 FIBTEM

Po pfidani cytochalasinu D, ktery inhibuje funkci destickovych myktofilament a tim brani
agregaci samotnych trombocytl, je mozné sledovat specifické ucinky na koagulacni proces.
Test FIBTEM je pak povazovan za optimalni zptisob hodnoceni aktivity fibrinogenu, jelikoz
velmi dobfe koreluje s kvantitativnim stanovenim hladiny fibrinogenu v laboratofi pomoci
Claussovy metody. Navic FIBTEM obvykle identifikuje fibrinolyzu diive, nez to dokazou testy

sledujici vnitini a vnéjsi cesty hemokoagulace.

7.1.2.3 INTEM
Negativné nabity povrch reagencii, jako jsou kaolin a kyselina ellagova, aktivuje v testu
INTEM vnitini cestu koagula¢ni kaskady. Poskytuje informace o vnitini cesté srazeni plné krve.

Test 1ze také vyuZit k diagnostice hemofilii ¢i pfitomnosti heparinu.

7.1.2.4 APTEM
Ptidani inhibitoru plasminu — aprotininu se pouziva k posouzeni a potvrzeni, zda je pokles

amplitudy krevniho koagula zptisoben fibrinolyzou. Porovnava se s testem EXTEM.

7.1.2.5 HEPTEM

HEPTEM test je pouzivany u pacientii, kde byl pouzit nefrakcionovany heparin (UFH). Test
INTEM je velmi citlivy k heparinu (CT parametr u heparinizovaného pacienta je prodlouzeny),
naproti tomu je vtestu HEPTEM pouzita heparindza, ktera ucinek heparinu inhibuje (U

heparinizovaného pacienta se CT v testu HEPTEM vraci do normy).

Tabulka ¢. 1: prehled testt ROTEM

Test Zkoumana ¢ast koagulaéni kaskady Pouzita reagencie

INTEM Vnitini koagula¢ni cesta: FXII, FXI, FIX, FVIII, ellagova kyselina,
FX, FII, FI, fibrin, krevni desticky, fibrinolyza

EXTEM Vnéjsi koagulacni cesta: FVII, FX, FV, FII, FI, tkanovy faktor

fibrin, krevni desticky, fibrinolyza
FIBTEM Podil fibrinogenu na krevnim srdzeni po CaClz, Cytochalasin D
inaktivaci krevnich desticek

APTEM Inhibice fibrinolyzy, ve srovnani s EXTEM mize CaCly, inhibitor
detekovat hyperfibrinolyzu fibrinolyzy, aprotinin a
kyselina tranexamova
HEPTEM Inaktivace heparinu u heparinizovanych pacienti  CaCly, heparindza

F — koagulacni faktor, heparinaza I je enzym, ktery specificky degraduje heparin tim, Ze katalyzuje Stépeni sacharidovych vazeb
nachazejicich se v molekule heparinu.

7.1.3 Zakladni ROTEM parametry
7.1.3.1 Clotting time (CT)

Definice: Parametr CT je doba od spusténi testu, po¢inaje piidanim aktivatoru, do doby, kdy je

dosazeno amplitudy 2 mm
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Popis: CT popisuje, jak rychle dochézi k tvorbé fibrinu. Tento parametr je analogicky s dobou
srazeni pii standardnim koagula¢nim vySeteni. Jednd se o hodnoceni srdzeni plné krve, ne

plazmy.

Hlavni ovliviujici faktory: hladina koagulacnich faktort, heparin (citlivost je z&visld na

konkrétnim testu)

Klinické vyuziti: Parametr CT usnadnuje rozhodovani o substituci koagulac¢nich faktorii

(EXTEM) nebo o zvraceni antikoagulac¢niho efektu heparinu (INTEM versus HEPTEM).

7.1.3.2  Clot formation time (CFT)
Definice: Poté, co dojde ke vzniku koagula, je méten parametr CFT. Jedna se o Cas od iniciace

sraZzeni do detekce tvorby koagula o velikosti 20 mm.

Klinické vyuziti: Tento parametr vypovida o kinetice sraZeni, polymerizaci fibrinu a stabilizaci

koagula pomoci trombocyti, fibrinogenu a FXIII.

7.1.3.3  Maximum clot firmness (MCF)
Definice: MCF je méfitkem pevnosti sraZeniny, a tudiZ sily sraZeniny. Jde o maximalni

amplitudu, kterd je dosaZena pied rozpusténim koagula fibrinolyzou.

Hlavni ovliviujici faktory: trombocyty, fibrinogen (koncentrace a schopnost polymerizace),

FXIII a ptitomnost fibrinolyzy.

Klinické vyuziti: Nizkd MCF ukazuje nizkou pevnost koagula. Hodnota MCF se pouziva

k usnadnéni rozhodovéni o substitucni terapii trombocyty nebo fibrinogenem.

7.1.3.4  Maximum lysis (ML)

Definice: ML popisuje stupen fibrinolyzy ve vztahu k maximalni pevnosti koagula.

Popis: 5 % ML znamena, Ze v dobé pozorovani klesla MCF o 5 %. Vzhledem k tomu, ze se
maximalni doba lyzy nevypocitava v pevné stanoveném ¢asovém bodg, ale je definovana jako
% doby lyzy na konci méteni, méla by byt brana v potaz celkova doba lyzy a doba po vytvoreni

maximalni sily koagula.

7.1.3.5 Hodnoty A(x)
Definice: Hodnoty A(x) pfedstavuji pevnost srazeniny. Hodnota A(x) je amplituda po urcité

dobé x po CT (napt. A10 po 10 minutéch), (obr. ¢.3)
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Obrazek ¢. 2: NejdileZzitéjsi parametry a kiivka ROTEM vySeti‘eni
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Obrazek €. 3: Znazornéni reakéni krivky béhem vySetreni ROTEM
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29



Tabulka &. 2: referencni rozmezi béhem vySetfeni ROTEM

INTEM C EXTEM C FIBTEM C HEPTEM C

CT (sekundy) 139-202 48-72 Neni relevantni 141-215
A5 (mm) 37-55 33-51 5-14 33-51
A10 (mm) 47-64 44-61 5-15 44-61
A20 (mm) 54-70 53-68 5-16 52-67
MCF (mm) 55-71 54-70 5-17 54-69
LIBO (%) 93-100 94-100 100 94-100
ML* (%) 0-7 0-6 0 0-6

“Udaje ML byly vypoéteny 60 minut po CT.

Zkratky: A5, 10, 20 amplituda v 5. 10 a 20. minuté; MCF: maximum clot firmness; ML maximalni lyza

& Albumin

8.1 Zakladni informace

V klinické praxi se lidsky sérovy albumin (HSA) pouZivd k obnoveni intravaskularniho
objemu, tekutinové 1é€bé Soku, zvySeni onkotického tlaku krevni plazmy pfiredukei perifernich
edémil, v ramci léCby popalenin a dalSich situacich spojenych s hypovolémii nebo se snizenou

syntetickou funkci jater vedouci k hypoalbuminémii'>~!°.

8.2 Struktura a funkce albuminu

Albumin, neglykosylovany protein o velikosti 66 kDa, méd v plazmé normalni koncentraci v
rozmezi 35 az 50 g/l, tvorici az 60 % celkovych plazmatickych proteinil. Jeho biologicky
polocas je za béznych okolnosti pfiblizné¢ 20 dni. Struktura humanniho sérového albuminu
(HSA) obsahuje jediny polypeptidovy fetézec s 585 aminokyselinami. V nativni form¢ HSA
nalezneme 6 methioninovych a 35 cysteinovych zbytkl, z nichz 17 tvori disulfidové vazby.
Specificky, zbytek Cys-34 predstavuje jediny volny cystein v molekule. Albumin se vyznacuje
klicovymi funkcemi v riznych biologickych procesech. Funguje jako hlavni extracelularni
antioxidant a predstavuje primarni transportni protein v plazmé, odpovédny za zhruba 75 %
onkotického tlaku plazmy. Proto je roztok albuminu ¢asto vyuzivan jako efektivni prostiedek
pro nahrazeni intravaskuldrniho objemu. Dalsi dilezitou funkci albuminu je jeho piinos k
udrZeni funkéni vaskuldrni bariéry tim, Ze podporuje integritu endotelidlniho glykokalyxu, coz
je klicové zejména u pacientli s vyznamnym kapildrnim unikem, jaky se casto vyskytuje béhem
transplantace plic v disledku ischemicko-reperfuzniho poskozeni, nebo v kontextu systémové

zanétlivé reakce (SIRS) zhorSené pouzitim extrakorporalni membranové oxygenace
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(ECMO)!%1%15 " Agkoliv albumin nese celkové negativni naboj, jeho amfoterni charakter
umoznuje pevnou vazbu na glykokalyx. Tato vazba omezuje piestup tekutin ptes vaskularni
bariéru, coz vede ke snizeni kapilarni propustnosti, a nakonec i ke snizeni smykového napéti.
Za normalnich fyziologickych podminek piedstavuje koncentrace intravaskularniho albuminu
hlavni determinantu plazmatického koloidniho osmotického tlaku. Thiolové skupiny na
povrchu albuminové molekuly ptsobi jako zachytdvace reaktivnich kyslikovych radikalt
(ROS), vcetné superoxidovych (O2-), hydroxylovych (*OH) radikali a reaktivnich forem
dusiku. Albumin rovnéz vykazuje vyznamné imunomodulaéni a protizanétlivé t€inky, plisobi
jako modulator funkce bunék prezentujicich antigeny a podili se na snizeni exprese genu pro
hypoxii indukovany faktor 1a (HIF-1-alpha), jehoZ hladina se zvySuje pii nedostatku kysliku.
Ve spolupréci s lipoproteiny hraje albumin klicovou roli pfi dopravée sfingosin-1-fosfatu (S1P)
k endotelialnim buiikdm, coZ pfispiva k udrzeni normalni vaskularni permeability. S1P chrani
endotelialni buniky tim, Ze potlacuje aktivitu metaloproteindz a stabilizuje glykokalyx sniZzenim

jeho degradace a uvolilovanim glykosaminoglykani (GAG)'®.

8.3 Antioxidac¢ni vlastnosti albuminu

Oxidacni stres je stav, kdy dojde k naruseni rovnovahy mezi prooxida¢nimi a antioxidacnimi
mechanismy, coz vede k poSkozeni bunécnych slozek jako jsou lipidy, proteiny a nukleové
kyseliny. Halliwell a Whiteman definuji antioxidant jako latku, ktera pti nizkych koncentracich
oproti koncentracim oxidovatelnych substratd vyrazné zpomaluje nebo zabranuje jejich
oxidaci. HSA na sebe vaze Siroké spektrum molekul, véetné mastnych kyselin, 1é¢iv, hormoni
a kovovych iontl, a hraje klicovou roli v antioxida¢nich procesech. Mezi hlavni ligandy HSA,
které se podileji na jeho antioxida¢nich funkcich, patii ionty kovii, zejména meéd’ (Cu) a zelezo
(Fe). Tyto ionty mohou byt v jejich volné formé vysoce prooxida¢ni a mohou prostfednictvim
Fentonovy reakce interagovat s peroxidem vodiku, coz vede k tvorbé reaktivnich kyslikovych
radikald (ROS). Vazbou téchto kovovych iontll na proteiny, jako je HSA, se sniZuje jejich
reaktivita a omezuje se tak riziko vzniku Fentonovy reakce, diky ¢emuz HSA pomaha chranit
buiiky pied poskozenim zpiisobenym hydroxylovymi radikaly'>. Mezi dal§i antioxidaéni
funkce albuminu patii jeho schopnost vazat bilirubin, homocystein a lipidy, tato funkce je ve

srovnani s antioxidaénimi vlastnostmi kovovych iontl spiSe minoritni '°.

8.4 Vliv albuminu na glykokalyx
Endotelidlni glykokalyx pfedstavuje komplexni gelovitou vrstvu bohatou na sacharidy,
vystylajici luminéalni povrch krevnich cév. Funguje jako bariéra mezi krvi a cévni sténou. Vrstva

glykokalyxu je slozena z proteoglykantl, glykosaminoglykanti, glykoproteinii obsahujicich
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kyselinu sialovou a glykolipidii spojenych s povrchem endotelu'®. U lidi je primérna tloustka
glykokalyxu zhruba 0,5 um. Glykokalyx hraje vyznamnou tlohu v peremabilité cévni stény.
M4 antiadhezivni a antitrombotické G¢inky '®. Regulace transvaskularni permeability byva
vysvétlova Starlingovym modelem, ktery je popisovan zavislosti a rovnovdhou mezi
gradientem hydrostatického a onkotického tlaku v semipermeabilnich kapilarach. Starlingtiv
model vSak nedokaze vysvétlit reakce cévni stény na podani tekutin v ramci objemovych
intravaskularnich nahrad. Revidovany Starlingliv model navrzeny Levickem a Michelem !%!7
zahrnuje do modelu 1 vliv endotelidlniho glykokalyxu, bazalni membrany a extracelularni
matrix. Poskytuje lepsi vysvétleni transvaskuldrniho pfesunu tekutin a reakce organizmu na
objemovou resuscitaci. Revidovany Starlingiiv model navrhuje, Ze endotelidlni glykokalyx je
kli¢ova struktura, ktera je zodpovédna za gradient hydrostatického a onkotického tlaku mezi
intravaskuldrnim a intersticidlnim prostorem. Vyznamnou hnaci silou je transendotelialni
tlakovy rozdil a koloidn€ osmoticky tlakovy rozdil mezi krevni plazmou a subgykokalyxealnim
prostorem. Za fyziologickych podminek puasobi glykokalyx jako bariéra proti piestupu
albuminu a dalgich cirkulujicich slozek plazmy (hlavné jinych proteintl) pies endotel kapilar '°.
Glykokalyx piisobi jako cytoskelet pro endotelidlni buiiky'®. Glykokalyx ptisobi
vaskuloprotektivné tim, ze odpuzuje Cervené krvinky a fyzicky inhibuje interakci adheznich
molekul endotelidlnich bun&k (napf. integrinfl) s cirkulujicimi trombocyty a leukocyty!®.
Glykokalyx mé antikoagulacni a antitromboticky efekt tim, ze dochdzi k vazbé dulezitych
antikoagulacnich mediatorti (antitrobin, trombomodulin) na glykosaminoglykany pfitomné
v glykokalyxu.  Glykokalyx pomoci enzymatickych vazeb napi. extracelularni
superoxiddismutdzy chrani endotelialni bunky pied oxidativnim stresem a pfedchazi tim

dysfunkci endotelu.

8.5 Patologie spojené s porusenim glykokalyxu

Poskozeni glykokalyxu a endotelidlni bariéry je zndmé z nékolika patologickych stavi, které
zahrnuji ischemicko-reperfuzni poSkozeni, hypoxie/reoxygenace, zanét, sepse, hemoragicky
Sok, hypervolémie, hyperglykémie, plisobeni shear stressu na cévni sténu. V klinickém kontextu
muze naruSeni endotelialni glykokalyxové vrstvy vést u nékterych pacienti k rozvoji
intersticialntho edému'®. Tento fenomén miZe byt obzvlast€ vystupfiovan u pacientil
podstupujicich transplantaci plic, kdy mulze dochdzet k progresi reperfuzniho edému

transplantovaného plicniho Stépu.
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Obrazek €. 4 Vliv chronickych a akutnich onemocnéni na strukturalni a funkéni
poskozeni glykokalyxu.'®"

Sepse Naruseny cévni tonus

Diabetes Zvy8ena cévni
permeabilita

/R Degradace endoteliglniho

Endotelialnidysfunkce

Prokoagulacnistav

Ateroskleréza glykokalyxu
Hypertenze
AKI

Narusend mikrocirkulace

Mikrotrombozy

Vajter J. 2024, Zkratky: I/R ischemic/reperfusion, AKI acute kidney injury,

9 Intraoperacni anesteziologicky postup béhem transplantace plic

Tento text je vysledkem kombinace dlouholetych zkuSenosti s anesteziologii b&hem

transplantace plic a nejnovéjsich poznatkii z odborné literatury.

9.1 Koordinace pied indukci anestézie

Zékladnim piedpokladem provedeni transplantace plic, je nalezeni vhodného darcovského
organu. Jako darce je akceptovan clovek, ktery za svého zivota nevyjadiil nesouhlas
s darovanim organt.. RozliSujeme nékolik moznych cest, jak dospét k darcovstvi organi.
Nerozsiten€jsi je donation after brainstem death (DBD), kdy jsou nejprve prokazany klinické
znamky smrti mozku a posléze je nékterou ze zobrazovacich metod prokazana smrt mozku
(Digitalni subtrakéni angiografie, CT angiografie, transkranialni dopplerovskd sonografie,
Evokované potencidly, perfuzni scintigrafie mozku, Elektroencefalografie). Posléze je ¢lovek
prohlaSen za zemtelého a probihd maximalni péce o darce organti. Dalsi skupina darcti organti
se rekrutuje z tzv. donation after circulatory death (DCD), coz znamena darovani organt po
oficidlnim konstatovani smrti zplUsobené zastavou obc¢hu. Béhem této doby je vramci
predtransplntacniho vySetfeni provedena cela fada test k posouzeni kompatibility mezi darcem
a pfipadnym piijemcem. Zakladnim pfedpokladem je shodna krevni skupina, velikostni pomeér,
a kyslikovy test (desetiminutova uméla plicni ventilace s inspirovanou frakci kysliku 100 % a
tlakem na konci vydechu (PEEP) 5cm vodniho sloupce (cmH:0). Dale je provedeno
imunologické vySetfeni (LUMINEX, panel reactive antibody). Pokud jsou tyto parametry
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hodnoceny jako vyhovujici, je pfijemce organu nejprve ptivezen do zdravotnického zafizeni,
kde bude probihat samotny chirurgicky zakrok a po nezbytné piiprave je pfivezen na operacni

sal.

9.2 Indukce anestézie a zajiSténi pacienta

Transplantace plic je velmi naro¢ny operacni zakrok, ktery probiha v celkové anestézii (CA).
Velmi dilezitou roli v uvodu do CA hraje pfitomnost plicni arterialni hypertenze (PAH) a
zachovalé organové rezervy pacienta. Pokud se jedna o pacienta se zachovalymi rezervami, bez
PAH je moZno provést indukci anestézie napiiklad kombinaci Propofol, Sufentanyl a
myorelaxaci Roccuroniem. V ptipadé PAH a nizkych rezerv indukci provadime s maximalnim
ohledem na kardiopulmonalni stabilitu pacienta naptiklad kombinaci Midazolam, Ketamin,
Roccuronium a v piipadé velmi t€zké PAH s rizikem kardidlniho selhani po tvodu do CA je
zpravidla pfistoupeno k implantaci veno — areteridlniho extracorporeal membrane oxygenation
(VA ECMO) pted uvodem do CA v analgosedaci, nejcastéji z periferniho pristupu cestou arteria

a vena femoralis.

Nasledné je pacient zajiStén invazivnimi vstupy, standardné cestou pravostranné vena jugularis
a arteria radialis. Mezi standardni monitoraci pacienta béhem transplantace plic patii invazivni
monitorace krevniho tlaku (ABP) monitrace centralniho venozniho tlaku (CVP), monitorace
tlaku v arteria pulmonalis cestou plicnicového kateru (PAP), saturace krve kyslikem (SpO2),
elektrokardiografie. Dalsi nedilnou soucasti je monitorace hemodynamické situace pomoci
transesofagealni echokardiografie (TEE). Pfed vlastnim chirurgickym zacatkem vykonu je
pacientovi podana profylaktickd antibioticka terapie (Piperacilin/Tazobactam 4,5g) a

imunosupersni indukce (Mycophenolat mofetyl 1000mg, Basiliximab 20mg).

9.3 Mimotélni ECMO podpora pii transplantaci plic

Pted vstupem mimotélnich podpor na medicinskou scénu byla transplantace plic zpravidla
provedena v ramci jednostranné plicni ventilace, kdy je specidlni endotrachealni intubacni
kanylou oddé€len pravy a levy hlavni bronchus a uzavérem téchto lumen je mozno provést
umeélou plicni ventilaci pouze na levé ¢i pravé strané. Predpokladem je ale dostatecné rezerva
nativni plice. V soucasné dobé a na nasem pracoviSti je ve vét§in€ piipadi v rdmci
intraoperacniho postupu vyuzito ECMO. Intraoperaéni ECMO podpora dovoluje provést
chirurgicky zékrok s vEtsi presnosti a efektivitou a zarovenl vyznamné sniZuje reperfuzni

postiZeni plicniho Stépu. Dalsi vyhodou ECMO podpory je moZnost transplantovat pacienty,
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kteti jsou polymorbidni, s nizkymi rezervami a nezvladli by vykon na jednostranné plicni

ventilaci. Pfesto ECMO nese rizika, jako je krvaceni nebo trombotické komplikace.

9.3.1 Pfistup k intraoperacni ECMO antikoagulaci

Urcité mnozstvi antikoagulace je klicové v ramci prevence trombotickych komplikaci pii
ECMO intraopera¢ni podpore 2°2!. Trombotické ptihody mohou zpiisobit vyznamné poskozeni
a mohou negativné ovlivnit cely uspéch transplantace plic. Pouziti antikoagulacni 1é¢by je ale
spojeno s vysSim rizikem krvaceni, které miuize komplikovat chirurgicky vykon. Podle
souCasnych extracorporeal life support organization (ELSO) guidelines je doporucenym
postupem pro ECMO kanylaci podat urcity bolus nefrakcionovaného heparinu (UFH), obvykle
2000 — 5000 international unit (IU), nebo 25 — 100 IU/kg ?! a poté kontrola efektu antikoagulace
pomoci aktivovaného srazeciho ¢asu (ACT) v rozmezi 180 — 220s 2!'. Dal§imi moZnostmi
monitorace antikoagulace je aktivovany parcidlni trombinovy ¢as (APTT) v rozmezi 60 — 90s
nebo monitorace aktivity anti-Xa s cilovymi hodnotami 0,3 — 0,7 IU/ml 2. V literatufe se
setkavame 1 s moznosti monitorace efektu UFH antikoagulace pomoci viskoelastickych metod
ROTEM, respektive poméru jejich parametrt CT INTEM/HEPTEM 22, Dle nasich zkusenosti
je velmi diilezita rovnovaha mezi davkou antikoagulace a krvacivymi komplikacemi. Postupné
se ukazuje, ze monitorace dle ACT pii nizkych davkach UFH neni pfesna a ACT neni vhodné
k posuzovani ,,nizkych* davek UFH. K ECMO antikoagulaci Ize vyuzit 1 jiné druhy 1€¢iv, jako
nizkomolekularni heparin (LMWH), Bivalirudin, Aargatroban.

10 Cil prace a hypotéza

Transplantace plic predstavuje konecnou Ié¢ebnou moznost pro specifické plicni onemocnéni
v jejich termindlni fazi. Dlouhodobé vysledky po transplantaci jsou negativné ovlivnény fadou
komplikaci, mezi které patii chronicka dysfunkce stépu (CLAD) a jeji rizné fenotypy, coz je
hlavni faktor omezujici pétileté preZiti na pfiblizné 55 %. *2°. CLAD se vyviji v disledku
riznych aloimunitnich procest. Mezi dilezity rizikovy faktor rozvoje CLAD byla
identifikovana klinick4 jednotka, kterou zname pod ndzvem primarni dysfunkce §tépu (primary
graft dysfunction — PGD) 2?7, PGD je definovan jako pfitomnost difuzniho zastfeni (opacit)
na rentgenovém snimku plic v kombinaci s poruchou oxygenace rizného stupné, bez jiné

vysvétlujici pficiny (napf. kardialni plicni edém) v prvnich 72 hodinach od transplanta¢niho

v vwr
wewvr

vvvvvv
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PGD neni zcela jasna a jeji pficiny jsou multifaktorialni, bylo identifikovano nékolik rizikovych
faktorti, které 1ze béhem anestézie ovlivnit*. Vyznamnymi rizikovymi faktory jsou podavani
transfuznich ptipravki a velké intraoperacni tekutinové ndhrady, které koreluji se vznikem PGD
3. stupné. Setrnd intraoperaéni volumoterapie a omezena potfeba podavani transfuznich
ptipravkil mize snizit riziko rozvoje PGD a tim zlepsit ¢asnou pooperac¢ni mortalitu a morbiditu
po LUTx *°. Ke sniZeni krevnich ztrat a redukci spotfeby transfuzi béhem intraopera¢ni faze
LUTx Ize dosdhnout cilenou diagnostikou a lécbou poruchy krevniho srazeni. Toho Ilze
dosahnout vyuzitim viskoelastickych metod, jako je ROTEM v kombinaci s analyzou funkce
krevnich desti¢ek na piistroji platelet function analyzer (PFA) *!32. Pouziti téchto metod v ramci
diagnostiky a korekce koagulopatie bylo jiz usp€sn€ popsano v kardiochirurgii, transplantologii

jater ¢&i sponylochirurgii 3373,

Dalsi vyznamny vysledek publikovany ve vyzkumech
souvisejicich s koagulopatii u plicnich transplantaci ukazuje, Ze metody POC pftispivaji k nizsi
spotfebé transfuznich piipravki, konkrétngé RBC a FFP, béhem chirurgickych zakrokii, jako
je LUTx. Tyto operace byvaji spojeny se ztratou cirkulujiciho objemu kviili krvaceni, perspiraci
nebo uniku tekutin do tfetiho prostoru, coz vyzaduje kontinualni intravendzni tekutinovou
substituci pro udrZeni ob&hové stability a euvolémie. Existuje nékolik studii, které popisuji
potencidlni pfinosy pouziti 5% roztoku albuminu v 1écbé pacienti s ARDS a b&hem
kardiochirurgickych zikroka®’8. Nicméné, jasné zavéry o tiloze a dopadu intraoperaéniho
podavani 5% roztoku albuminu na funkci plicniho Stépu stale chybi. Stejné tak neexistuji
dostupné studie vénujici se diagnostice a cilené 1é¢bé koagulopatie pomoci POCT

viskoelastickych metod v oblasti plicni transplantace. Proto je v téchto oblastech potieba

dalsiho vyzkumu.

11 Metodika

11.1 Design studie

Vzhledem k tomu, ze v Ceské republice je pouze jediné centrum zabyvajici se transplantaci
plic, probihala studie v ramci Narodniho programu transplantace plic pro Ceskou a Slovenskou
Republiku ve Fakultni nemocnici v Motole. Jednalo se o prospektivni, randomizovanou studii,
kterd zkoumala pevnost krevniho koagula pomoci POCT metod ve spojeni s vyuzitim 5%
roztoku albuminu k volumoterapii u pacientl postupujicich LUTX a jejich vliv na perioperaéni
poruchu krevniho srdzeni, spotfebu krevnich derivati a rozvoj PGD. Studie byla schvalena
Etickou komisi Fakultni nemocnice v Motole pod referen¢nim cislem EK-1402/17 a byla
registrovana v databazi ClinicalTrials.gov pod identifikdtorem NCT03598907 pied zatatkem

sbéru dat. Kazdy pacient (starsi 18 let) zafazeny do této studie podepsal informovany souhlas
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pred zapocetim LUTx. Vzhledem k tomu, Ze se jednalo o pilotni studii, primarné byl pocet
pacientii nastaven na 120 subjektd (na 4 roky). Pribézna analyza byla naplanovana po
vyhodnoceni pfiblizné¢ 60 pacientd (po 2 letech). Indikaci k LUTx byla konecnd stadia
onemocnéni plic, obzvlaste chronickd obstrukéni choroba bronchopulmonalni (COPD),
intersticialni plicni fibréza (IPF), cysticka fibroza (CF). Ze studie byli vyfazeni pacienti, u
kterych byla ECMO podpora zahéjena jiz pfedoperacné jako bridge-to-transplant, a ti, u kterych
nebyla ECMO podpora planované ukoncena v ramci chirurgického vykonu, dale pacienti
mladSi 18 let, jednostranna transplantace, transplantace srdce a plic dohromady,
retransplantace, transplantace vyzadujici napojeni na konvenven¢ni mimotélni obéh (CPB)
naptiklad z divodu soub&zné operace srdce. Randomizace byla provedena pied zatazenim
prvniho pacienta. Jako metoda randomizace byla vybrdna pocitaCem generovana sada
nahodnych ¢isel. Pacienti podstupujici transplantaci plic byli randomizovéani do dvou skupin:
V prvni skupiné ,,non-POC* byla 1écba periopera¢niho krvaceni, koagulopatie a podéavani
krevnich derivati (RBC, FFP, PLT) na zédklad¢& klinickych zkuSenosti anesteziologa. Pokud
transfuzni ptipravky nestacily k udrzeni normovolémie, byly pouzity krystaloidni (Plasmalyte)
a koloidni (Zelatina) roztoky. V druhé skuping ,,POC* byla 1é&ba perioperaéniho krvaceni a
koagulopatie fizena dle vysledka viskoelastickych metod (ROTEM). Koagula¢ni faktory byly

substituovany dle piedem stanoveného protokolu, zobrazeného na obrazku ¢. 5'.

Obrazek €. S Schéma cilené 1écby koagulopatie pomoci ROTEM

EXTEM CT 2 80s

Therapy: Prothrombin complex concentrate (PCC)
CT: 815 —100s = 7,5 IU/kg {600 IU)

CT: 101s — 120s = 15 1U/kg (1200 1U)

CT:»120s = 22.51U/kg (1800 IU)

POC scheme EXTEM MCF < 50 mm and FIBTEM MCF < 10 mm

Therapy: Fibrinogen, with target MCF FIBTEM 10 mm

Fibrinogen dossage: required MCF minus actual MCF x 6.25 x body weight
For example 10— 4 x (6.25 x 80) = 3000 mg

(approx.: add 0.5 grams of fibrinogen per approx. 1 milimeter MCF)

ROTEM
(EXTEM, FIBTEM, INTEM, NATEM) EXTEM MCF < 50 mm and FIBTEM 2 10 mm
Therapy: Plateles concentrate (2 unites)

EXTEM A10 < 30— 35 mm
Therapy: all of these
PCC, Fibrinogen, Platelets, Tranexamic acid

EXTEM LI 30, LI 60, ML > 15%
Therapy: Tranexamic acid 20 mg/kg

Vajter et al. 2023, Zkratky: A10: Amplitude at 10 min; CT: clotting time; 1U: international unit; L130, LI160: lysis index at 30
and 60 min, MCF': maximum clot frmness; ML: maximum lysis.
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K udrZeni normovolémie byl vyuzit roztok 5 % albuminu. V obou skupinich byly pied i
pooperacné provedeny testy ROTEM a PFA 200 ke zhodnoceni dopadu obou piistupti na tvorbu
koagula v ramci primérni a sekundarni hemostézy. Ve skupiné¢ POC byl ROTEM také proveden
po kazdych 20% krevni ztraity béhem operace (vypocéteno z odhadovaného objemu krve

pacienta).

11.2 Chirurgicka charakteristika:

Oboustranna transplantace plic byla provadéna teamem tfech zkuSenych chirurgt. Chirurgicky
ptistup byl u vSech pacientti konzistentni, clamshell torakotomie (86 % ve skupin¢ non-POC;
n=31 a 74,2 %; n=23 ve skupin¢ POC), oboustranna anterolateralni torakotomie bez
sternotomie (14 % ve skupin€ non-POC; n=5 a 25,8% ve skupin€¢ POC; n=8). Intraoperacni
ECMO podpora byla taktéz provedena konzistentnim zplsobem. Byla pouzita centralni
kanylace, drendzni kanyla byla zavedena cestou ouSka pravé srdecni siné¢ a navratova kanyla
byla zavedena do oblasti vzestupné aorty (86 % pacientl ve skupin€ non-POC; n=31 a 67,7 %
pacientll ve skupiné POC; n=21). Preoperacni a intraoperacni charakteristiky pfijemci jsou

uvedeny v tabulce €. 3.

Tabulka ¢. 3 Predoperacni a intraoperacni charakteristika prijemci transplantace plic

Proménné non POC POC (n=31) hodnota p
(n=36)
muzské pohlavi 25 (69 %) 20 (64.5 %) 0.67
vék (roky; mean + SD) 56.22 £9.05 45.69+16.54 0.002
hmotnost (kg; mean £+ SD) 76.64 +£18.21 67.48 £16.51 0.036
vySka (cm; mean + SD) 173.81 +£9.72 169.55+9.57 0.08
Indikace k transplantaci
CHOPN 15 (41.6%) 12 (38.7%) 0.81
intersticialni plicni fibréza 18 (50%) 9 (29%) 0.08
cysticka fibréza 2 (5.6%) 10 (32.3%) 0.005
Sarkoid6za 1 (2.8%) 0 0.35
intraoperacni charakteristika
Torakotomie
clamshell torakotomie 31 (86%) 23 (74.2%) 0.22
bez sternotomie 5 (14%) 8 (25.8%) 0.22
intraoperaéni ECMO 31 (86%) 21 (67.7%) 0.07
¢as studené ischemie (min; mean %
SD)
prvni plice 242.83 +40.23  243.52+40.96 0.91
druha plice 353.69 +47.21 354.06£58.02 0.24

CHOPN chronicka obstrukéni choroba bronchopulmonalni, ECMO extracorporeal membrane oxygenation, SD smérodatna
odchylka
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11.3 Diagnostika koagulopatie

Zadny ze sledovanych pacientil nemél v anamnéze poruchu krevniho srazeni nebo
antikoagulacni 1é¢bu. Kazdy z pacientd byl vySetfen pfistrojem ROTEM a PFA 200.
Viskoelastické metody, jako je ROTEM, hodnoti mechanické vlastnosti krevni srazeniny jako
celku. Hodnoti kazdou fazi tvorby srazeniny, véetné¢ faze iniciace, propagace, silu koagula i
fibrinolyzu. Ve srovnani se standardnimi koagula¢nimi testy, jako je protrombinovy ¢as nebo
aktivovany parcidlni tromboplastinovy ¢as (ktery analyzuje tvorbu fibrinu z plazmy), tento test
hodnoti tvorbu srazeniny celé krve. V této studii byly analyzovany nésledujici testy ROTEM:
EXTEM (obsahuje aktivator vnéjsi drahy koagulace, tkanovy faktor, ktery je zdsadni pro proces
srazeni in vivo). INTEM (obsahuje aktivator vnitfni drahy koagulace), FIBTEM (obsahuje
blokator krevnich desti¢ek — cytochalasin D; poskytuje informaci o hladin€ fibrinu). V testech

EXTEM a INTEM byly hodnoceny nasledujici parametry: CT — clotting time, jedna se o Cas

.....

......

o amplitudé 20 mm. Uhel alfa — Ghel mezi ¢asovou osou a kiivkou ROTEM spolu s CFT
pfedstavuje fazi propagace tvorby srazeniny a jeji kinetiku. MCF — maximum clot firmnes
predstavuje maximalni pevnost koagula. Pomoci pfistroje PFA 200 hodnotime primarni
hemostazu, métime Cas uzavieni (CT) v testech COL/EPI a COL/ADP. CT v téchto testech
poskytuje informaci o tvorbé krevni srazeniny v podminkach vysokého smykového napéti,
které je ovlivnéno adhezi krevnich desticek, pritomnosti Von Willebrandova faktoru (vWF) a

hematokritem.

11.4 Anesteziologicky postup

Ve skupiné non-POC byl management krvaceni, koagulopatie a volumoterapie fizen podle
klinickych zkuSenosti anesteziologa. Intravaskuldrni objem v non-POC skupiné byl hrazen
balancovanymi krystaloidnimi roztoky, koloidnimi roztoky neobsahujici albumin (6 %
hydroxyethylskrob, 4 % Zelatina a FFP). Stfedni hodnota objemu podanych balancovanych
krystaloidi v kombinaci s ne-albuminovymi koloidy se pohybovala kolem 1000ml na operacni
vykon, respektive (IQR 512.5; 987.5-1500) a 775 ml (IQR 500; 500-1000). Trigr k podani
objemové nahrady byl v obou skupinéch totoZzny. V prvni fadé€ se jednalo o hemodynamickou
stabilitu vyjadfenou davkou noradrenalinu (ng/kg/min), dale vyznamnou roli hral nalez v ramci
jicnové echokardiografie (TEE), kde bylo hodnoceno sniZeni preloadu levé komory (hodnoceni
zmény frakéni plochy v transgastrickém zobrazeni na Urovni papilarnich svalii v kratké ose

prepocitané na 50 % VA ECMO flow). DalSimi hodnoticimi parametry ob¢hov¢ stability byla
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produkce moci, zachovani pulzatilni arterialni kiivky invazivné¢ monitorovaného tlaku krve
v kontextu s monitoraci tlaku v arteria pulmonalis. Ve skupiné POC bylo krvaceni a
koagulopatie feSeno na zéklad¢ vysetieni POC metod od pocatku az po ukonceni opera¢niho
vykonu. K udrZzeni normovolémie byl v této skupiné vyuzit témét vyhradné roztok 5 %
albuminu. Stfedni hodnota objemu podaného 5 % albuminu byla 1750ml (IQR 500; 1500—
2000). V obou skupinach byla hranice 100 g/l hemoglobinu stanovena jako trigr k podani
krevni transfuze. Jeden ze zésadnich parametri hodnocenych v této studii byl reperfuzni edém
plicniho Stépu (primary graft dysfunction — PGD). K jeho rozvoji dochazi zpravidla v prvnich
72 hodinach po transplantaci plic. V ramci PGD je standartné hodnocen Horowitztv index (P/F
ratio), definovaného jako pomér parcidlniho tlaku kysliku v arterialni krvi (PaOz) v jednotkach
mmHg k frakci kysliku ve vdechované smési plyni (FiO2). DalSim zasadnim hodnoticim
kritériem byl rentgenovy nélez na pfedozadnim snimku, vleZe kazdych 24 hodin od ukonceni

opera¢niho vykonu.

11.5 Definice PGD a provedeni

PGD bylo hodnoceno podle poslednich doporuceni spolecnosti International Heart and Lung
Society (ISHLT)* zobrazeno v tabulce &. 4. Rentgenovy snimek hrudniku byl proveden
maximalné do 2 hodin od pfijeti pacienta na oddéleni lizkové péce po LUTX, nasledné byl
proveden 24, 48 a 72 hodin po operaci. Hodnoceni Horowitzova Indexu (HI) bylo provedeno
souCasné s provedenim rentgenového vySetieni plic. Byl odebran vzorek arteridlni krve a na

bedside pfistroji byla provedena analyza krevnich plynt (respektive hodnota parcialniho tlaku

Pa02(mmHg)

kysliku v arterialni krvi — P,O). Nasledné¢ byl HI vypocten podle vzorce HI = 02

hodnoceni v ¢ase 0 bylo provedeno v dob¢ pfijeti na lizko intenzivni péce. Nasledné v Casech

24, 48 a 72 hodin po transplantaci plic.

Tabulka €. 4 Hodnoceni primarni dysfunkce $tépu (PGD) po LUTx podle definice International
Society for Heart and Lung Transplantation (ISHLT) 2016

Stupen Obustrané infiltraty na Pa0,/FiO; pomér
RTG plic

PGD stupeni 0 NE Jakykoli

PGD stupen 1 ANO >300

PGD stupen 2 ANO 200 - 300

PGD stupen 3 ANO <200

PGD je hodnoceno 4x v c¢asovych intervalech od TUTx. Pocinaje reperfuzi plice a posléze kazdych 24 hodin (T0, T1, T2, T3).
FiO: frakce vdechovaného kysliku, PaO: parcidlni tlak kysliku v arterialni krvi PGD primary graft dysfunction
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11.6 Tekutinova strategie

Nahrada intravaskuldrniho objemu byla v obou sledovanych skupinach fizena podle davky
vazopresorické podpory noradrenalinem (pg/kg/min), podle ndlezu na jicnové
echokardiografii, dale podle sledovani diurézy a v neposledni fad¢ podle klinickych zkusenosti
anesteziologa. Ve skupiné¢ non-POC byl intravaskularni objem hrazen balancovanymi
krystaloidnimi roztoky, syntetickymi koloidy neobsahujicimi albumin (Hydroxyetylskrob 6 %,
4 % zelatina) a Cerstvé zmrazenou plazmou. Ve skupiné POC byl k tekutinovym nahradam
vyuzit témet vyhradné roztok 5 % albuminu. Stfedni hodnota objemu podanych balancovanych
krystaloidnich roztokt a koloidnich roztokii neobsahujicich albumin byla ve skupin¢ non-POC
1000ml (IQR 512.5; 987.5-1500) and 775 ml (IQR 500; 500 — 1000). Stfedni hodnota
podaného roztoku 5 % albuminu ve skupiné¢ POC byla 1750 ml (IQR 500; 1500—2000).

11.7 Intraoperacni ECMO

Na nasem pracovisti je intraopera¢ni podpora VA ECMO rutinn€ pouzivana preventivné ve
vetsing pripadi béhem transplantace plic a pouze mensi pocet ptipadii LUTx je provadén bez
jakékoli mimotélni podpory zivota. Rozhodnuti, zda bude ECMO pouzito je na posouzeni
transplantacniho tymu chirurga a anesteziologa. Ve skupiné POC byl intraoperacni ECMO
okruh naplnén roztokem 5 % albuminu. ECMO kanylace je standardné provedena po
chirurgickém otevieni hrudni dutiny clamshell pfistupem. Nasledn¢ je chirurgicky zavedena
navratova ECMO kanyla do tseku vzestupné aorty. Drenazni ECMO kanyla je zavadéna cestou
ouska pravé sin¢ do pravé sin¢ s distalnim koncem v dolni duté zile. Ob¢ kanyly jsou pak
spojeny s piripravenym ECMO okruhem. Po vizudlni inspekci a ujisténi se, Ze v okruhu neni
pritomna vzduchova kontaminace je ECMO pfistroj uveden do chodu. Maximalni hodnota toku
krve ECMO okruhem (flow) je pfimo umeérnd hodnoté vypocteného srdecniho vydej. DalSimi
nastavenymi hodnotami v rdmci ECMO podpory jsou frakce kysliku (FiO2) - zabezpecuje
oxygenaci krve a pritok Cerstvych plynti (FGF) - ktery zabezpecuje odstranéni oxidu uhli¢itého
(CO2). Hodnoty FiO2 a FGF jsou upraveny podle vysSetfeni acidobazické rovnovahy z arterialni
krve.

11.8 Statistické hodnoceni
Statistické hodnoceni bylo provedeno kombinaci dvou statistickych programt. Hlavnim byl

program ,,R* verze 3.4.4. (voln¢ dostupny online na http://www.r-project.org/). Doplitkovym

programem ke statistickému hodnoceni byl zvolen program GraphPad Prism 8. p-hodnota 0,05
byla stanovena jako statisticky vyznamna. VétSina dat prosla testovanim normality D’ Agostino
& Pearson testem. Proto byly ve vétSin€ piipadi pouzity neparové dvou-vybérové t-testy.
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Jelikoz pacienti ve skupiné non-POC byli signifikantn¢ star$i oproti POC skupiné, byla
provedena linearni regresni analyza ke zjisténi vlivu v€ku na perioperacni krevni ztratu a
spotfebu krevnich derivati. PGD prvniho stupné je sporné klinicky relevantni, proto byly
stupn¢ PGD dichotomizovany na dvé skupiny a analyzovany nésledovné: PGD 0-1 vs PGD 2-
3 a pro kazdy z ¢asovych intervalt (0, 24, 48 a 72hod) byl hodnocen exaktni Fischertv test
k analyze asociace dichotomizovanych PGD v obou skupindch. Hladiny albuminu v krevnim
séru v obou skupinach byly hodnoceny pied a pooperacné. Diky technickym obtizim u 15
pacientii nebylo mozno hladiny albuminu piedoperacné zjistit (9 pacientti ve skupiné non-POC
a 6 pacientll ve skupiné¢ POC). Horowitzliv index byl zaznamenan v kazdém ze sledovanych
casovych obdobich (0, 24, 48 a 72 hod) a hodnoty byly analyzovany pomoci Welchovova dvou-
vybéroveého t-testu. Maximalni hodnota davky noradrenalinu (pg/kg/min) v prvnich 24
hodinach po operaci byla porovndna v obou sledovanych skupinach, taktéz pomoci
Welchovova dvou-vybérového t-testu. Pooperacni doba stravend na umélé plicni ventilaci a na
jednotce intenzivni péce byla analyzovana Wilcoxovy testem. V obou skupinach jsme sledovali

a analyzovali jedno-leté a dlouhodobé¢ pieziti, které bylo hodnoceno pomoci log-rank testu.

12 Vysledky

12.1 Vybér a zatazeni pacientl

Jako potenciondlni kandidati studie byli hodnoceni vSichni pacienti, ktefi podstoupili
transplantaci plic ve Fakultni Nemocnici v Motole v ramci narodniho programu pro
transplantace plic mezi lednem 2018 a ¢ervnem 2020. Vyfazujicimi kritérii byly: prolongované
pooperacni ECMO (idiopaticka plicni arteriadlni hypertenze, pfedoperatné zndma tézka plicni
hypertenze s planovanym ponechanim pacienta na ECMO, pacienti mladsi 18 let, jednostranna
plicni transplantace, nutnost pouziti klasického mimoté€lniho ob&hu pii soubéhu s provedenim
kardiochirurgického vykonu). Randomizace byla jiz popsdna vySe. Zafazeni probé&hlo
v souladu s Consolidated Standards of Reporting Trials (CONSORT) zn4dzornéno na obrazku €.
64,
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Obrazek ¢. 6 Proces zafazeni do studie — Consolidated Standards of Reporting Trials

(CONSORT)

[ Enrollment ] Assessed for eligibility (n=100)

Excluded (n=33)
+ Meeting exclusion criteria (n=32)
+ Declined to participate (n=1)

Y

Randomized (n=67)

:

- { Allocation } A
non-POC group (n=36) POC group (n=31)

+ Received allocated intervention (n=36) + Received allocated intervention (n=31)

+ Did not receive allocated intervention (n=0) «+ Did not receive allocated intervention (n=0)
y [ Follow-Up ] v

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued intervention (n=0) Discontinued intervention (n=0)
y [ Analysis ] y

Analysed (n=36) Analysed (n=31)

+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Zkratky: POC point of care; n = pocet subjektii

Celkove bylo vytazeno 33 pacientt ze 100. Do skupiny POC bylo zatazeno 31 pacientt a do
skupiny non-POC 36 pacienti. Dle protokolu bylo v poloviné studie provedeno planované
zhodnoceni. Tato analyza dat vysla vyznamné ve prospéch POC pfistupu, kdy timto postupem
doslo k signifikantnimu sniZeni perioperacniho krvaceni a spotfeby krevnich derivatl. Proto na
zaklad¢ téchto vysledkli byla studie z etickych divodi ptfedcasné lokalni etickou komisi

ukonc¢ena'®.

12.2 Krvaceni a spotieba krevnich derivata
Celkové€ jsme b&hem této studie pozorovali vyznamnou redukci krevnich ztrat (ml) a spotieby
transfuznich ptipravki (jednotky) v perioperacnim obdobi ve skupiné, kde bylo postupovano

podle POC pftistupu. Doslo k vyraznému poklesu perioperacnich krevnich ztrat (hodnocena
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byla krevni ztrata na operacnim sale dohromady s krevnimi ztratami v prvnich 24 hodinach po
vykonu na jednotce intenzivni péce v mililitrech) ve skupiné POC, hodnota p byla 0,013 [rozdil
mezi pruméry 405 s 95 % CI 87-724]. Dale jsme pozorovali signifikantni redukci perioperacni
spotiecby RBC p = 0,009 [rozdil mezi praméry 1,35 s 95 % CI 0,3-2,3] a taktéz doslo
k signifikantnimu snizeni spotieby FFP p <0,0001 [rozdil mezi pruméry 7,9 s 95% CI 6,2-9,6]
ve skupiné POC prakticky FFP podavana nebyla. Celkova perioperacni spotieba PLT se nelisila
v obou skupinach p = 0,384 [rozdil mezi priméry 0,2 s 95 % CI 0,3-0,7]. Pfesnd data jsou
k dispozici na obrazku €.7 a v tabulce €. 5, 6, 7 a 8. Vzhledem k tomu, Ze pacienti v non-POC
skupiné byli statisticky star$i v porovnani s POC (vyplyva z tabulky ¢. 3) byla provedena
linearni regresni analyza ke zhodnoceni, zda mél vék studované populace vliv na krevni ztratu
a spotiebu krevnich derivati. Na zadkladn€ tohoto statistického hodnoceni vék nemél
signifikantni vliv na zkoumané parametry, jako perioperacni krevni ztrata (p = 0,8449), spotteba

RBC (p = 0,2849), spotieba FFP (p = 0,680) a spotiebu PLT (p = 0,575).
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Obrazek ¢. 7 Grafické znazornéni perioperacni Kkrevni ztraty a spotifeby krevnich

derivati
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Zkratky: ml mililitr; POC point of care; RBC transfuze cervenych krvinek; FFP Cerstvé zmrazend plazma; PLT trombocyty
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Tabulka ¢. 5 Rozdily v perioperacni krevni ztraté (pocitana krevni ztrata na opera¢nim

sale dohromady se ztratami 24 hodin po operaci)

Krevni ztrata na oepra¢nim saile

Celkova krevni ztrata non-POC skupina POC skupina p =0.003
(ml) 1043 + 547 682 + 399

non-POC skupina ECMO skupina skupina bez ECMO p =0.042
(ml) 1095 + 554 625 £ 250

POC skupina ECMO skupina skupina bez ECMO p=0.179
(ml) 745 + 439 527 +£ 227

ECMO skupina non-POC skupina POC skupina p=0.016
(ml) 1095 + 554 745 £+ 439

skupina bez ECMO non-POC skupina POC skupina p=0.390
(ml) 625 £ 250 527 +£ 227

Krevni ztrata 24 hodin po operaci

Celkova krevni ztrata non-POC skupina POC skupina p=10.626
(ml) 835 +403 790 + 330

non-POC skupina ECMO skupina skupina bez ECMO p =0.404
(ml) 855 + 404 674 £401

POC skupina ECMO skupina skupina bez ECMO p=0.737
(ml) 777 + 347 823 £ 336

ECMO skupina non-POC skupina POC skupina p=0.462
(ml) 855 + 404 777 £ 347

skupina bez ECMO non-POC skupina POC skupina p=0.414
(ml) 674 £ 401 823 £ 336

Data jsou prezentovana jako priumeérna hodnota = SD (smérodatna odchylka). Zkratky: ml mililitry, ECMO extracorporeal

membrane oxygenation; POC point of care
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Tabulka ¢. 6 Rozdily ve spotiebé RBC (spotifeba RBC na opera¢nim sale dohromady se
spotiebou RBC 24 hodin po operaci)

Spotieba RBC na operacnim sale

Celkova spotieba RBC non-POC skupina POC skupina p =0.506
(jednotky) 1.05 + 1.45 0.83 +1.15

non-POC skupina ECMO skupina skupina bez ECMO p=0.190
(jednotky) 1.18+1.49 0.00 = 0.00

POC skupina ECMO skupina skupina bez ECMO p=10.139
(jednotky) 1.04 +£1.25 0.33 +£0.70

ECMO skupina non-POC skupina POC skupina p=0.715
(jednotky) 1.18+1.49 1.04 £1.25

skupina bez ECMO non-POC skupina POC skupina p=0.538
(jednotky) 0.00 +0.00 0.33 +£0.70

Spotieba RBC 24 hodin po operaci

Celkova spotteba RBC non-POC skupina POC skupina p=0.001
(jednotky) 2.00 £ 1.60 0.87 +£0.92

non-POC skupina ECMO skupina skupina bez ECMO p = 0.045
(jednotky) 2.18 £1.57 0.50 +1.00

POC skupina ECMO skupina skupina bez ECMO p = 0.009
(jednotky) 1.13 £0.88 0.22+0.66

ECMO skupina non-POC skupina POC skupina p=0.006
(jednotky) 2.18 £1.57 1.13+0.88

skupina bez ECMO non-POC skupina POC skupina p=0.561
(jednotky) 0.50 £ 1.00 0.22 £0.66

Data jsou prezentovana jako priimérna hodnota + SD (smérodatnd odchylka). Zkratky: ml mililitr; ECMO extracorporeal

membrane oxygenation; POC point of care; RBC cervené krvinky
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Tabulka ¢ 7 Rozdily ve spotiebé FFP (spotfeba FFP na opera¢nim sile dohromady se
spotiebou FFP 24 hodin po operaci)

Spotieba FFP na opera¢nim sile

Celkova spotieba RBC non-POC skupina POC skupina p <0.0001
(jednotky) 4.08 +2.89 0.00 = 0.00

non-POC skupina ECMO skupina skupina bez ECMO p=0.251
(jednotky) 4.28 +£2.95 2.50 +£1.91

POC skupina ECMO skupina skupina bez ECMO p > 0.999
(jednotky) 0.00 + 0.00 0.00 +0.00

ECMO skupina non-POC skupina POC skupina p <0.0001
(jednotky) 428 +2.95 0.00 £0.00

skupina bez ECMO non-POC skupina POC skupina p=0.014
(jednotky) 2.50 +1.91 0.00 £+ 0.00

Spotieba FFP 24 hodin po operaci

Celkova spotiteba RBC non-POC skupina POC skupina p <0.0001
(jednotky) 3.80 +3.27 0.00 £+ 0.00

non-POC skupina ECMO skupina skupina bez ECMO p=0.051
(jednotky) 4.15+3.25 1.00 £2.00

POC skupina ECMO skupina skupina bez ECMO p > 0.999
(jednotky) 0.00 £0.00 0.00 £0.00

ECMO skupina non-POC skupina POC skupina p <0.0001
(jednotky) 4.15+0.25 0.00 £0.00

skupina bez ECMO non-POC skupina POC skupina p=0.139
(jednotky) 1.00 £2.00 0.00 £0.00

Data jsou prezentovana jako priimérna hodnota + SD (smérodatnd odchylka). Zkratky: ml mililitr; ECMO extracorporeal

membrane oxygenation; POC point of care; FFP Cerstvé zmrazend plazma
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Tabulka ¢. 8 Rozdily ve spotiebé PLT (spotfeba PLT na opera¢nim siale dohromady se
spotiebou PLT 24 hodin po operaci)

Spotieba PLT na opera¢nim sale

Celkova spotieba PLT non-POC skupina POC skupina p=0.316
(jednotky) 0.30 +1.09 0.09 +0.39

non-POC skupina ECMO skupina skupina bez ECMO p > 0.999
(jednotky) 0.06 +0.35 0.00 = 0.00

POC skupina ECMO skupina skupina bez ECMO p > 0.531
(jednotky) 0.09 +0.42 0.00 = 0.00

ECMO skupina non-POC skupina POC skupina p=0.790
(jednotky) 0.06 +£0.35 0.09 +£0.42

skupina bez ECMO non-POC skupina POC skupina p>0.999
(jednotky) 0.00 = 0.00 0.00 £+ 0.00

Spotieba PLT 24 hodin po operaci

Celkova spotieba PLT non-POC skupina POC skupina p=0.316
(jednotky) 0.30 +£1.09 0.09 +0.39

non-POC skupina ECMO skupina skupina bez ECMO p = 0.305
(jednotky) 0.28+1.14 0.50 £ 1.00

POC skupina ECMO skupina skupina bez ECMO p=0.393
(jednotky) 0.13+£0.46 0.00 £0.00

ECMO skupina non-POC skupina POC skupina p=0.567
(jednotky) 028 +1.14 0.13 £0.46

skupina bez ECMO non-POC skupina POC skupina p=0.139
(jednotky) 0.50 £1.00 0.00 £0.00

Data jsou prezentovana jako primerna hodnota + SD (smérodatna odchylka). Zkratky: ml mililitr; ECMO extracorporeal
membrane oxygenation; POC point of care; PLT krevni desticky

Hodnoceni primarni hemostazy a sekundarni tvorby krevni srazeniny mezi obéma skupinami
jsou k dispozici na obrazcich €. 8, 9 a 10. Porovnanim vysledkit EXTEM, INTEM a PFA pied
a pooperacn¢ jsme nenalezli signifikantni rozdil mezi obéma skupinami. Ukazuje to, zZe
CT, CFT a uhlem alfa nemély negativni dopad na postup v POC skupiné. Sila koagula
reprezentovand hodnotou MCF nebyla snizena ve skupiné POC. I ptes pokles hladiny
fibrinogenu detekovany pii ROTEM vySetfeni hodnotou FIBTEM MCF v ramci
perioperaéniho obdobi ve skupiné POC ve srovnani s non-POC skupinou (p = 0,008),
laboratorni hladina fibrinogenu byla stdle v mezich normy. U Zadného z pacienti v obou
sledovanych skupinach nebyla prok4zana tromboticka komplikace, jako infarkt myokardu ¢i

plicni embolizace.
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Obrazek ¢. 8. Hodnoceni primarni hemostizy a sekundarni tvorby Krevni sraZeniny
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Zkratky: ROTEM — EXTEM a FIBTEM rozdil mezi skupinami, CFT 1 clot formation time predoperacné, CFT 2 clot formation
time pooperacné, CFT difference: rozdil mezi CFT 1 a CFT 2; EXTEM vyjadreni vnéjsi koagulacni cesty, FIBTEM test
k vySetreni funkcni hladiny fibrinogenu; MCF difference: rozdil mezi MCF 1 a MCF 2; non-POC non point of care group;
MCF 1 maximum clot firmnes before surgery;, MCF 2 maximum clot firmnes after surgery;, ROTEM rotational

tromboelastometry; uhel a 1: pred operaci, uhel a. po operaci; a-Angle difference rozdil mezi o 1 a a. 2. * p < 0.05; ** p <
0.01; **** p < 0.0001
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Obrazek ¢. 9. Hodnoceni primarni hemostazy a sekundarni tvorby krevni sraZeniny mezi

obéma skupinami
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Zkratky: ROTEM — EXTEM a FIBTEM rozdil mezi skupinami, CFT 1 clot formation time predoperacné, CFT 2 clot formation
time pooperacné, CFT difference: rozdil mezi CFT 1 a CFT 2; EXTEM vyjadieni vnéjsi koagulacni cesty, FIBTEM test
k vySetreni funkcni hladiny fibrinogenu; MCF difference: rozdil mezi MCF 1 a MCF 2; non-POC non point of care group;
MCF 1 maximum clot firmnes before surgery;, MCF 2 maximum clot firmnes after surgery;, ROTEM rotational
tromboelastometry; uihel o 1: pred operaci, iihel a po operaci,; a-Angle difference rozdil mezi a1 a a 2. **p < 0.01
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12.3 Rozvoj primarni dysfunkce Stépu (PGD)

Vyskyt PGD na zaklad¢ kritérii ISHLT v kazdém ¢asovém bod¢ ve skupinach non-POC a POC
je zobrazena v tabulce ¢. 8 a obrazku 10. PGD nultého stupné jsme ve skupiné POC
nezaznamenali signifikantné ¢astéji v zaddném ze sledovanych ¢asovych usekt, celkovy rozdil
v PGD (bez ohledu na stupeit) byl ale statisticky vyznamny v ¢asovém bodé 72 hodin. Stupné
PGD 0 a 1 jsou vsak klinicky sporné relevantni, proto byly stupné PGD déle dichotomizovany
a analyzovany do dvou kategorii podle klinické relevance (PGD stupeii 0—1 vs. PGD stupen 2—

3) a vysledky jsou uvedeny v tabulce €. 9.

Tabulka ¢. 8 Rozvoj primarni dysfunkce $tépu u obou skupin ve ¢tyrech sledovanych

¢asovych obdobich. Udaje jsou prezentovany jako n (%)

Cas 0
stupein PGD 0 1 2 3 p — hodnota
non-POC 16 (44.4) 6(16.7) 6(16.7) 8(22.2) 0.048
POC 22 (70.9) 2 (6.5) 6(19.4) 1(3.2)

Cas 24
stupein PGD 0 1 2 3 p — hodnota
non-POC 13 (36.1) 15(41.7) 4(11.1) 4 (11.1) 0.08
POC 21(67.7) 7(22.6) 2(6.5 1(3.2)

Cas 48
stupein PGD 0 1 2 3 p — hodnota
non-POC 13(36.1) 14(38.9) 925 O 0.052
POC 20 (64.5) 6(194) 4129 1@3.2)

Cas 72
stupein PGD 0 1 2 3 p — hodnota
non-POC 16 (44.4) 11(30.6) 8(22.2) 1(2.8) 0.003
POC 25(80.7) 5(16.1) O 1(3.2)

Data jsou prezentovana jako n (%).

Zkratky: PGD primary graft dysfunction; POC point of care
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Obrazek ¢. 10 Rozvoj primarni dysfunkce Stépu po transplantaci plic 0, 24, 48 a 72 hodin
po operaci.
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Zkratky: PGD primary graft dysfunction; POC point of care

Tabulka ¢. 9 V obou skupinach pacienti byly stupné PGD dichotomizovany a analyzovany
do dvou kategorii podle jejich klinického relevance (PGD stupen 0—1 vs PGD stupen 2-3).

Cas 0
stupein PGD non-POC POC p-hodnota
0-1 22 (61.1) 24 (77.4) 0.19
2-3 14 (38.9) 7 (22.6)

Cas 1
stupeni PGD non-POC POC p-hodnota
0-1 28 (77.8) 28 (90.3) 0.2
2-3 8 (22.2) 3(9.7)

Cas 2
stupeni PGD non-POC POC p-hodnota
0-1 27 (75) 26 (83.9) 0.55
2-3 9 (25) 5(16.1)

Cas 3

stupeit PGD non-POC POC p-hodnota
0-1 27 (75) 30 (96.8) 0.016
2-3 9 (25) 1(3.2)

Data jsou prezentovany jako n (%), Zkratky: PGD primary graft dysfunction; POC point of care
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Vyznamny rozdil mezi non-POC a POC skupinami jsme nalezli v ¢asovém bod¢ 72 hodin, kdy
stupent PGD 0-1 byl pozorovan u 75 % (n=27) a 96,8 % (n=30). Soucasn¢ v 72. hodin¢ se PGD
2-3 stupné vyvinul u 25 % (n=9), respektive 3,2 % (n=1) (p=0,016). Z téchto 9 pacientti s PGD
2-3 stupné ve skupin¢ non-POC v ¢asovém bod¢ 72 mélo 8 pacientli PGD stupné 2 a 1 pacient
m¢él PGD stupeni 3. Nebyl nalezen statisticky vyznamny rozdil ve vyskytu PGD stupné 3 mezi
non-POC a POC skupinou ve vsech sledovanych ¢asovych bodech.

12.4 Hodnoceni Horowitzova indexu

Tabulka ¢. 10. a Obrazek ¢. 11. ukazuji primérné hodnoty Horowitzova indexu v kazdém
casovém bodé (0, 24, 48, 72 h) ve skupinach non-POC a POC. Funkce plicniho S§tépu byla
vyznamné vyssi ve skupiné POC ve vsech sledovanych ¢asovych bodech. Je zv1asté zajimave,
ze nejvyznamnéjsi rozdil mezi skupinami nastal v ¢asovém bodé 72, kdy byl Horowitzlv index
308,03 ve skupin¢ bez POC oproti 402,87 ve skupiné¢ POC (p <0,001, rozdil mezi praméry:
94,84, 95 % CI: 60,18-129,51).

Tabulka ¢. 10 Horowitziv index a jeho rozdily mezi non-POC a POC skupinou v kazdém
sledovaném c¢ase obdobi. Horowitziiv index je definovan jako parcialni arteridlni tlak
kysliku (PaO2) v mmHg déleny frakci vdechovaného Kkysliku (FiO2). Hodnoty jsou

zobrazeny spolecné s intervaly spolehlivosti (CI), aby ilustrovaly rozdil v primérnych
hodnotach Horowitzova indexu mezi skupinami.

Cas non-POC POC t test

rozdil 95 % CI p — hodnota
0 292.83 346.19 53.36 (5.91,100.82) 0.028
24 350 395.61 45.61 (8.29, 82.93) 0.017

48  326.72 385.26 58.54 (16.06,101.01) 0.008

72 308.03 402.87 94.84 (60.18,129.51) <0.001
Zkratky: POC point of care; CI confidence interval
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Obrazek €. 11 Horowitziiv index ve vSech c¢asovych bodech (0, 24, 48, 72 h) po
transplantaci plic.
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Hodnoty jsou uvedeny jako primér a 95 % CI. Zkratky: HI: Horowitzivv index; CI: interval spolehlivosti; POC: point of care
12.5 Déavka noradrenalinu

Byla zkoumana maximalni ddvka vazopresorické podpory noradrenalinem (pg/kg/min) u obou
sledovanych skupin non-POC a POC béhem prvnich 24 hodin po operaci. Ve skupiné non-POC
byla maximalni ddvka noradrenalinu signifikantné vyssi 0,379 oproti POC skupiné 0,193 (p
<0,001, rozdil mezi priméry: 0,186, 95 % CI: 0,105-0,267).

12.6 Sérova hladina albuminu

Sérové hladiny albuminu (g/1) byly méfeny pied a po transplantaci plic. Statisticky vyznamny
rozdil nebyl nalezen piedoperacné, kde byla primérna hladina sérového albuminu ve skupiné
POC a non-POC (44,43 vs 44,19); p=0,84, rozdil mezi priméry: 0,24, 95% CI: (-2,11) -2,58.
Nicméné vyznamny statisticky rozdil jsme nalezli v obou skupindch pooperacné, kdy byly
hladiny sérového albuminu signifikantné vyssi ve skupiné POC oproti non-POC (41,55 vs

29,37), s p <0,001, rozdil mezi praméry 12,18 a 95% CI: (9,81) -14,55.
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12.7 Doba strdvena na umélé plicni ventilaci, délka hospitalizace a jednoleté preziti

Doba stravena na umeélé plicni ventilaci a délka pobytu na jednotce intenzivni péce po
transplantaci plic byla ve skupiné¢ POC niz$i nez ve skupiné¢ non-POC, nicméné tento rozdil
nepiekrocil hranici statistické vyznamnosti. Pfesnd data jsou uvedena v tabulce ¢. 11. Béhem
prvniho roku po transplantaci zemtelo vice pacientl ve skupiné non-POC, tento rozdil oproti
POC skupiné nebyl shledan statisticky vyznamnym (10 pacientli zemielo ve skupiné¢ non-POC
vs. 4 pacienti ve skupiné¢ POC; p=0,17). V obou skupinach byla 30denni mortalita 0 %. Ve
skupiné¢ POC byla 90denni mortalita 3,2 % (n=1, pacient s cystickou fibrozou zemiel 64. den
kvili fulminantni infekci Burkholderia cenocepacea). Ve skupiné non-POC byla 90denni
mortalita 2,8 % (n=1, pacient s plicni fibrézou zemftel 53. den kvili bronchopneumonii
zpusobené Pseudomonas aeruginosa). Pri¢iny amrti po 90. dni po LUTx byly: infekce (8
pacientll) a kardiorenalni selhani (1 pacient) ve skupin€ non-POC; infekce (1 pacient), karcinom
pankreatu (1 pacient), mozkova mrtvice (1 pacient) ve skupiné¢ POC. Jedno-leté pieziti je

znazornéno v Kaplan-Meierové kiivce, na obrazku €. 12.

Tabulka ¢. 11 Délka umélé plicni ventilace ventilace a délka pobytu na jednotce intenzivni
péce po transplantaci plic ve skupiné€ non-POC vs POC

non-POC POC Wilckosoniv
skupina skupina test
Primér median IQR primér median IQR p-hodnota
UPYV (hodiny) 147.8 35.5 50.5 90.3 25 36  0.17
Doba stravena -, 6 3395 5 4 027

v intenzivni péci
Zkratky: POC point of care; UPV umeéla plicni ventilace; IQR interquartile range
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Obrazek ¢. 12 Kaplan-Meierova krivka prezZiti pro pacienty ve skupiné non-POC (zelena
¢ara) vs. skupina POC (Cervena ¢ara)
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13 Diskuse

13.1 Krvaceni a management koagulopatie

Jednalo se o pilotni studii provedenou na vzorku pacientd podstupujicich oboustrannou
transplantaci plic, coz je obecné operacni vykon doprovazeny vyznamnéjsi krevni ztratou
a nutnosti substituce krevnimi derivaty. V ramci prevence plicniho reperfuzniho edému (PGD)
byla vétsina transplantaci provedena s intraoperacni VA ECMO podporou. Smith a kol. provedli
podobnou studii u pacientii podstupujicich transplantaci plic; nicméné pouzili konvencéni
kardiopulmonalni bypass misto ECMO. Ptesto také popisuji snizené perioperacni krevni ztraty
a spotiebu krevnich derivati®!. Ve srovnani s touto studii jsme byli schopni provést operaci
v POC skupiné bez podéani Cerstvé zmrazené plazmy (FFP). Tento fakt mlizeme vysvétlit
charakterem nasi studie. Byla prospektivni, randomizovand a kvili skutecnosti, Ze misto
konvencniho kardiopulmondlniho bypassu byla pouzita intraoperaéni ECMO podpora.
Vzhledem k tomu, Ze n¢které operacni vykony byly provedeny bez ECMO, porovnali jsme
vysledky mezi skupinami ECMO oddélené€ od non-ECMO k odstranéni zkresleni. Zjistili jsme
signifikantné snizenou celkovou perioperacni krevni ztratu a snizenou spotiebu krevnich
derivatl ve skupindch ECMO pacientll meneZovanych ptistupem POC vs on-POC (tabulky ¢.
5-9). Je zajimavé, ze vyssi vyskyt pacientli s CF ve skupiné POC v nasi studii nevedl ke zvySené

perioperacni spotfebé RBC a FFP. Nicméné recentné¢ publikovand studie Fesslera et al.
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prokazala vyssi perioperacni vyuziti RBC a FFP ve srovnani s pacienty s CHOPN a plicni
fibrozou, ktefi pievladali v nasi skuping non-POC *°. Protoze v nasich skupinach POC nebyla
FFP vyuzita, bylo by mozné pochybovat o tom, jak vypadal koagula¢ni profil u téchto pacientt.
Jak ukazuji obrazky ¢. 8 a 9, tvorba srazeniny u téchto pacientli nevykazuje zadné zhorseni ve
srovnani se skupinami non-POC. Testy ROTEM jako EXTEM a INTEM ukazuji, Ze neexistuje
zadny vyznamny nedostatek koagulac¢nich faktorti vnéjsi a vnitini koagulacni cesty ve skupiné
POC. Nebyl ani problém s tvorbou srazeniny primarni hemostdzy, jak ukazuji hodnoty PFA
200, coz znamena, ze 1ze vyloucit vyznamny nedostatek Von Willebrandova faktoru. Ve skupiné
s POC bylo pozorovano pouze malé snizeni hladiny fibrinogenu v testu FIBTEM, coz vSak
nebylo klinicky relevantni, protoze zdkladni globalni testy, jako EXTEM a INTEM, byly
fyziologické a ztrata krve byla v této skupin€ sniZena. Autofi zabyvajici se transplantologii jater,
také publikovali udaje podporujici piistup POC ROTEM k perioperacni diagnostice a 1écbé
krvaceni béhem transplantaci jater. Popisuji také snizeni perioperacnich krevnich ztrat, spotieby
krevnich derivatl a také zlepSeny outcome pacientii **. Dalsi autofi uvadgji, ze piistup POC
ROTEM nema negativni vliv na mortalitu pacientll po transplantacich jater, coz je taktéz v
souladu s naSimi zjisténimi *!. Autofi Ichikawa et al. prezentuji data z kardiochirurgickych
operaci, které taktéz podporuji pfistup a management perioperacniho krvaceni pomoci POC
ROTEM, poukazuji na snizeni krevni ztraty, spotitebu transfuznich piipravkl a zkracenou dobu
stravenou na ltizku po operaci*?. Pouziti POC ptistupu pomoci ROTEM pfi fedeni vyznamného
krvéaceni, které ve finadle pfinasi i redukci krevnich ztrat a sniZovani spotfeby transfuznich
piipravki, se také ukazalo jako uzite¢né a opodstatnéné u pacientli po traumatu a v porodnictvi
4344 Vysledky nasi studie spolu s vyse uvedou literaturou poukazuji na to, ze ROTEM a jeho
pouziti v pristupu POC k perioperacni 1€cb¢ krvaceni se jevi jako slibné pro usporu transfuznich
piipravkl. Zavérem lze fici, ze management perioperacniho krvaceni a koagulopatie na zakladé
vysledkit ROTEM se zda byt slibnym zplisobem, jak snizit perioperacni krevni ztraty, spotiebu
RBC a PLT a zabranit spotiebé FFP bez rizika tvorby sraZenin pii sekunddrni a primarni
hemostdze. Tento pfistup lze snadno pouzit v mnoha Iékarskych oborech po celém svété.

Poma4ha 1¢kaiim Setfit krevni derivaty.

13.2 Priméarni dysfunkce stépu (PGD)

PGD negativné pfispiva ke zvySeni kratkodobé i dlouhodobé morbidity a mortality po
LUTx*46 1 kdyz piesna patogeneze neni zcela objasnéna, s rozvojem PGD je spojeno mnoho
rizikovych faktordl, véetn& proménnych specifickych pro darce a pifjemce *. Je evidentni, Ze k

PGD pfispiva i cela fada rizikovych faktorti, jako je hypotenze, ptetiZzeni tekutinami, vaskularni
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komplikace spojené s cévnimi anastomoézami, neadekvatni uméla plicni ventilace a pneumonie
39V neposledni fadé se ukazuje, Ze i intraopera¢ni anesteziologicka péée ma vyznamny vliv na
celkovy outcome pacienta po LUTx%. Bylo prokézano, Ze ischemicko-reperfuzni poskozeni po
implantaci plicniho alo§tépu vede k rozvoji PGD *°. Je zajimavé, Ze plicni endotelidlni
glykokalyx je zvlasté¢ nachylny k ischemicko-reperfuznimu poskozeni a zhorSend funkce
glykokalyxu je spojovdna s respiraénim selhanim a rozvoj ARDS u mysi 8. Reperfuzni
poskozeni plicniho $tépu pfi transplantaci plic mizeme do jisté miry redukovat pouzitim VA
ECMO intraopera¢ni podpory. Tato podpora umoziuje fizeny prutok krve pres plicni
parenchym a muZe slouZzit jako optimalni kontrola zatizeni plicniho St€pu proudici krvi (flow
control). Na tento fakt upozoriiuji ve své praci autofi Hoetzenecker et al. Prokdzali, Ze
intraoperacni podpora VA ECMO poskytuje optimalni reperfuzni podminky, které se promita;ji
do vynikajici funkce $tépu®’. PfestoZe je obecné doporucovano rutinni pouziti intraopera¢ni
ECMO, stale existuje nezanedbatelné riziko nezddouciho krvaceni spojeného s touto metodou.
Tomas et al. uvadi, ze dosaZeni optimalni antikoagula¢ni rovnovahy v rdmci prevence krvaceni
a trombdzy u pacientti s ECMO podporou je extrémné slozité a odbornici na hemostazu by méli
byt soucasti ECMO tymu . Transfuze velkého mnoZstvi krevnich derivatii, zejména FFP ke
zvladnuti intraoperacniho krvaceni béhem LUTX je nezavislym rizikovym faktorem pro rozvoj
PGD, asociovanym s transfusion-related acute lung injury (TRALI) >'->3. Diamond et al. uvedli,
ze podani objemu vice nez 1000ml RBC béhem intraoperacni faze, predstavuje az dvojnasobné

zvyseni rizika rozvoje PGD tietiho stupné>*

. Kromé vySe uvedeného TRALI, muze byt samotna
transfuze krevnich derivati spojena s ob&hovym pietizenim asociovanym s transfusion-
associeted circulatory overload (TACO), plicnimi infekcemi a prodlouZzenym pobytem
v intenzivni pé¢i *. Incidence TACO se uvadi jako nejvyssi po transfuzi FFP, nasledované

transfuzi erytrocytd a krevnimi desti¢kami

. Dle dostupné literatury je evidentni, Ze
perioperacni cileny POCT management koagulopatie tyto mozné pfiCiny eliminuje tim, ze
snizuje spotiebu krevnich derivati®’. Jiz diive jsme prokézali, Ze tento perioperaéni pristup
prakticky eliminoval potfebu FFP ve skupiné POC b&hem LUTx . To je zv1asté zajimaveé,
pokud zvazime i mozny negativni efekt objemové expanze spojené s podavanim FFP, ktery

muZze negativné piispivat k rozvoji PGD.

13.3 Intravaskuldrni objemové nahrada 5 % albuminem
I pfes vySe uvedend negativa podavani transfuznich ptipravki, je pro udrZzeni normovolémie
béhem operace nutné urcité mnozstvi tekutin. Nadmérné peroperacni podavani krystaloida a

koloidli vS§ak miiZe byt spojeno s pietizenim tekutinami, coz taktéZ zvysuje riziko rozvoje PGD.
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V nasi studii byl 5% roztok albuminu pouzit jako objemova substitu¢ni terapie ve skupiné POC.
Albumin je stfedné velkd molekula s molekulovou hmotnosti 66—69 kDa a je nejhojnéjSim
proteinem v lidské plazmé (40 g/l z celkovych 70 g/l). Albumin je syntetizovan vyhradné v
jatrech a hraje dilezitou roli v mnoha procesech. Slouzi naptiklad jako hlavni extracelularni
antioxidant a hlavni transportér v plazmé, zodpovédny za 75 % onkotického plazmatického
tlaku. Proto je roztok albuminu povazovan za ideélni télu vlastni koloidni roztok k objemovym
néhradam 8. Dal3i klicovou roli albuminu se jevi jeho pozitivni vliv na endotelialni glykokalyx,
kde udrzuje funkéni cévni bariéru, zejména u pacientl, kde je pfitomen zvySeny kapildrni Gnik
5960 K tomu obvykle dochazi béhem LUTx jako soucast ischemicko-reperfuzniho poskozeni
plicniho $tépu nebo jako soucast syndromu systémové zanétlivé odpovédi (SIRS) zhorSeného
okruhem ECMO. Tekutinova strategie béhem vSech typt chirurgickych vykonl ovliviiuje
poopera¢ni vysledky ¢'. Neadekvatni volumoterapie miize byt spojena s mitochondrialni
dysfunkci a potenciaci zanétlivych zmén, coz miZe vést ke sniZzeni funkce plicniho §tépu 34,
Pfedmétem diskuse zlistdva pouziti koloida v objemové substitucni terapii. Uhlig et al. Provedl
metaanalyzu tfech randomizovanych kontrolovanych studii porovnavajicich albumin
s krystaloidnimi roztoky pro expanzi intravaskularniho objemu u kriticky nemocnych pacientl
s ARDS. Na zéklad¢ zjisténi z jejich piehledu, volumoterapie albuminem zlepSila oxygenaci,
ale neovlivnila mortalitu *’. Torres et al. studovali vliv riznych druh poddvanych tekutin na
vaskularni endotel a mikrocirkulaci. Zjistili, ze podavani roztoka bohatych na proteiny, jako je
albumin, piispivalo k obnové endotelidlniho glykokalyxu 2. Mendes et al. provedli podobné
vyzkumy na potkanim modelu s akutnim poskozenim plic (ALI) a jejich vysledky odhalily, ze
jak izo-onkotické, tak hyperonkotické roztoky albuminu byly spojeny se snizenym poskozenim
plic ve srovnani s roztokem Ringer laktatu . Moreno Garijo et al. popsal diileZitost albuminu

jako primarni substitucni tekutiny pfi transplantaci plic v Torontském plicnim transplantacnim

programu *. Udaje podporujici intraoperaéni vyuziti albuminu v jejich prehledu viak chybély.

13.4 Funkce plicniho Stépu

V nasi studii cilend lécba koagulopatie v kombinaci s vyuzitim 5% roztoku albuminu
podavaného vyhradné jako objemova substitucni terapie béhem LUTx vedly k vyznamnému
zlepSeni funkce plicniho St€pu v prvnich pooperacnich 72 h ve skupiné POC ve srovnani se
skupinou non-POC méfenou pomoci Horowitzova indexu. Tato strategie také vedla k
vyraznému poklesu PGD 2. a 3. stupné v ¢ase 72 h ve skupin€ POC. To je obzvlasté zajimavé,
protoze vétSina studii zkouma vyskyt pouze 3. stupné PGD po 72 hodinach. V nasi studii vSak

nebyl Zadny statisticky vyznamny rozdil ve vyskytu PGD ttetiho stupné mezi skupinami non-
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POC a POC ve vsech sledovanych casovych bodech. Navic primérnd maximalni davka
noradrenalinu béhem prvnich 24 h byla ve skupiné POC vyznamné nizsi nez ve skupiné non-
POC, kde albumin vyuzit nebyl. Toto zjisténi podporuje teorii, ze albumin jako objemova
substituéni terapie béhem LUTx zajistil vétsi hemodynamickou stabilitu ve skupiné¢ POC
béhem prvnich 24 hodin po operaci, a to jak prostfednictvim objemové nahrady, tak jeho
% albuminu béhem LUTx mize mit protektivni vliv na funkci glykokalyxu, ¢imz miize ovlivnit
pritomnost vasoplegie a systémové zanétlivé odpovédi. Navic vyrazné vyssi pooperacni hladiny
sérového albuminu ve skupiné POC mohou dale vySe zminénymi mechanismy piispivat k lepsi

pooperacni funkei §t€pu a obéhové stabilite.

14 Limity studie

Nase studie ma nékolik omezeni, kterd vyzaduji peclivou a transparentni diskusi. Hlavnim
omezenim je, Ze navrh nasi studie obsahoval dv¢ intervence v jednom protokolu studie (cilena
1é¢ba koagulopatie a volumoterapie 5 % albuminem ve skupiné studie POC). Vzhledem k tomu,
ze cilend lécba koagulopatie vedla ke sniZeni krevnich ztrat a spotfebé krevnich derivatd,
z etickych divodu byla studie predCasné ukoncena z ditvodu pozitivnich vysledkii ve prospéch
piistupu POC. Toto ¢asné ukonceni vedlo k relativné malé velikosti kohorty v obou skupinach.
Dvé¢ intervence v jednom protokolu studie se zdaji rovnéz limitem studie, nicméné lze
piedpokladat, ze POC pftistup vedl ke snizeni krvéaceni a spotiebé transfuznich ptipravki a ne
pouziti 5 % albuminu. Jeho role je diskutabilni v otazce vlivu POC pfistupu na rozvoj PGD. Je
ale dulezité zdiraznit, ze tento kombinovany pfistup byl pro pacienta prospésny. DalSim
omezenim byla heterogenita ve vékové distribuci pacientii mezi skupinou non-POC, kde byli
pacienti starsi, oproti skupiné POC, ktera obsahovala vyssi podil mladsich pacientt s cystickou
fibrozou. Je dulezité zdiiraznit tento populacni rozdil, protoze riiznd onemocnéni mohou
ovlivnit intraopera¢ni 1é¢bu a vysledky ®. Zejména se obecné uznava, ze vysledky LUTX jsou
lepsi u mladsich pacientl s cystickou fibrozou. Nicméné, studie publikovana Fesslerem et al.
prokazala vyssi peroperacni vyuziti RBC a FFP u pacientt s cystickou fibrozou ve srovnéni s
pacienty s chronickou obstrukéni plicni nemoci nebo plicni fibrozou #°. Posledni omezeni je
zamé&feno na Uplnost naSeho predoperacniho laboratorniho hodnoceni. Podle naseho nejlepsiho
védomi, navzdory vySe uvedenym omezenim, pfedstavuje zde prezentovany vyzkum prvni
klinickou studii, kterd se pokousi prozkoumat vliv periopera¢ni cilené 1écby krvaceni a
koagulopatie v kombinaci s podanim 5 % albuminu na funkci plicniho alo$tépu po LUTx. NaSe

data navic poskytuji uroven dikazii naznaujicich, Ze albumin je optimdlni volbou pro
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intraoperacni tekutinovou resuscitaci pfi transplantaci plic, ktera se dosud opirala pouze o
odborny ndzor v literatufe. Je vSak velmi potifebné dalsi zkoumani v této oblasti, aby bylo
mozné ziskat hlubsi pohled na potencialni pfiznivy u€inek perioperac¢niho pouziti 5 % albuminu

pouze jako objemové substitucni terapie béhem LUTx na incidenci PGD.

15 Klinické vyuziti

Samotna studie méa kromé védeckého vyznamu, kde vysledky mluvi jednoznaéné€ ve prospech
vyuziti POC viskoelastickych metod v hodnoceni hemostazy, tak 1 vyznamny klinicky dopad.
Na zaklad¢ dat, které vzesly z této studie bylo moZzno vytvofit v§eobecné piijaty ,,Manudl
anestézie béhem transplantace plic* ktery standardizuje zakladni aspekty anesteziologické
perioperacni péce a klade diiraz na POC management koagulopatie a strategii volémie béhem

LUTx. Kompletni manual je v ptiloze ¢. 3

16 Zavér

V ramci této disertatni prace byl proveden dikladny prizkum a analyza vyznamu
viskoelastickych metod ve vztahu k diagnostice a 1écbé krevniho srazeni s konkrétnim
zaméefenim na perioperacni management pacientl podstupujicich transplantaci plic. Vysledky
nasi studie jasn¢ ukazuji, ze POC viskoelastické metody predstavuji nepostradatelny nastroj v
moderni medicin€, zejména pii hodnoceni a 1écbeé koagulopatie. NaSe prace zdlraziuje, ze
viskoelastické metody hraji klicovou roli v piesné a v€asné diagnostice poruch krevniho
srazeni. Vyuzitim téchto metod muze Iékaisky personal ziskat cenné informace o
hemostatickém profilu pacienta v redlném cCase, cozZ umoznuje rychlou a cilenou intervenci.
Tento ptistup je zvlasté dalezity v perioperacni péci, kde mohou byt vysledky rozhodujici pro
uspesny vysledek chirurgického zakroku, jako je transplantace plic. Dalsim klicovym zjisténim
je schopnost viskoelastickych metod vyznamné snizit spotiebu transfuznich ptipravki. To je
obzvlasté relevantni v perioperacnim obdobi, kde je optimalizace transfuznich protokold
zasadni pro minimalizaci rizik a zlepSeni postoperacnich vysledkil. V praxi to znamena lepsi
alokaci zdrojii, snizeni nakladl na péci a minimalizaci potencidlnich komplikaci spojenych s
transfuzemi. Studie déale prokéazala pozitivni efekt vyuziti 5 % albuminu jako tekutinové
nahrady. Pouziti tohoto roztoku miZe zlepSit hemodynamickou stabilitu pacientii béhem a po
operaci, coz je zasadni pro uspéSnou transplantaci plic. Tyto vysledky podporuji integraci 5 %
albuminu do protokoll tekutinové terapie, zejména u pacientl s vysokym rizikem komplikaci.
V celkovém kontextu naSe studie jasné€ ukazala, Ze integrace viskoelastickych metod a pouziti

5 % albuminu jako tekutinové nahrady mohou mit vyznamny pozitivni védecky i klinicky
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dopad v perioperacnim piistupu k pacientim podstupujicich transplantaci plic. Tato zjisténi
predstavuji dilezity krok vpied v oblasti chirurgie a intenzivni péce, nabizeji nové moznosti
pro zlepSeni vysledkil pacientll a naznacuji smér budouciho vyzkumu a praxe. NaSe prace
potvrzuje, ze pokrocilé diagnostické a terapeutické ptistupy, jako jsou viskoelastické metody a
tekutinové nahrady, hraji zdsadni roli ve zlepSeni perioperacni péce a vysledkii u pacientl
podstupujicich transplantaci plic. Tyto inovativni metody pfindseji nové nadéje a moznosti pro
pacienty, lékaie a zaroven vyzyvaji k dalSimu vyzkumu a vyvoji v této dulezité oblasti

mediciny.
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Abstract

Background Primary graft dysfunction (PGD) after lung transplantation (LuTx) contributes substantially to early
postoperative morbidity. Both intraoperative transfusion of a large amount of blood products during the surgery and
ischemia-reperfusion injury after allograft implantation play an important role in subsequent PGD development.

Methods We have previously reported a randomized clinical trial of 67 patients where point of care (POC) targeted
coagulopathy management and intraoperative administration of 5% albumin led to significant reduction of blood
loss and blood preduct consumption during the lung transplantation surgery. A secondary analysis of the rand-
omized clinical trial evaluating the effect of targeted coagulopathy management and intraoperative administration of
5% albumin on early lung allograft function after LuTx and 1-year survival was performed.

Results Compared to the patients in the control (non-POC) group, those in study (POC) group showed signifi-

cantly superior graft function, represented by the Horowitz index (at 72 h after transplantation 402.87 vs 308.03 with
p<0.001, difference between means: 94.84, 95% Cl: 60.18-129.51). Furthermore, the maximum doses of norepineph-
rine administered during first 24 h were significantly lower in the POC group (0.193 vs 0.379 with p<0.001, difference
between the means: 0186, 95% Cl: 0.105-0.267). After dichotomization of PGD (0-1 vs 2-3), significant difference
between the non-POC and POC group occurred only at time paint 72, when PGD grade 2-3 developed in 25% (n=9)
and 3.2% (n=1), respectively (p=0.003). The difference in 1-year survival was not statistically significant (10 patients
died in non-POC group vs. 4 patients died in POC group; p=0.17).

Jaromir Vajter and Jiri Vachtenheim Jr contributed equally to this waork.

*Correspondence:

Jir Vachtenheim Jr

Jirivachtenheim@fnmotol cz

Full list of author information is availzble at the end of the article

h BMC

@ \he Auth or(> y 2023, Open A\:cess Ihis &rii Me s licensed ur der al redtlue Commeons f-\tmtum n4.0| wtemamo 1al Ll_eme which
4 s o /

n © and your \monriﬂd useis Nat
r‘eed C obtain perm\s ion directly from the capyright helder. To
w04, The Creative Cormmans Fublic Dormain Dedication wa WL fcreativeco
rJaTa rmade available inthis articls, unless atherwise stated in a credit line to the datz.

lEdl VECOMIMOT surg’h( er
Jomain/zero/1.00 applies To

Content courtesy of Springer Nature, terms of use apply. Rights reserved.

71



Vaijter et al. BMC Pulmonary Medicine (2023) 23:80

Page 20f 13

Conclusions Utilization of a POC targeted coagulopathy management combined with Albumin 5% as primary
resuscitative fluid may improve early lung allograft function, provide better circulatory stability during the early post-
operative period, and have potential to decrease the incidence of PGD without negative effect on 1-year survival.

Trial registration This clinical trial was registered at ClinicalTrials.gov (NCT03598907).
Keywords Lung transplantation, Anesthetic management, Rotational thromboelastometry, Yolume replacement

therapy, 5% albumin

Background

Lung transplantation (LuTx) remains the ultimate treat-
ment for end-stage lung disease refractory to optimized
medical therapy. Post-implantation, long-term out-
comes are impaired by ongoeing medical factors including
chronic lung allograft dysfunction (CLAD). CLAD (and
its phenotypes) represents a major complication that lim-
its the 5-year survival to approximately 55% [1-3]. CLAD
develops as a result of various alloimmune-dependent
and alloimmune-independent graft injuries and dysregu-
lated repair processes. Primary graft dysfunction (PGD})
has been identified as an important risk factor for CLAD
development [4, 5].

PGD is defined by the presence of diffuse pulmo-
nary opacities on thoracic imaging and various levels of
hypoxemia without other identifiable causes develop-
ing in the first 72 h after lung allograft reperfusion [6].
Its clinical course in the most severe form resembles
acute respiratory distress syndrome (ARDS) and is con-
sidered to be one of the most important causes of early
death after transplantation, with an incidence of PGD
reported between 10 and 25% [7]. Furthermore, patients
who develop PGD also show significantly worse long-
term outcomes [8, 9]. Although the pathophysiology of
PGD is not completely understood and multifactorial,
several intraoperative anesthetic risk factors have been
described within the literature [10]. For instance, intra-
operative administration of blood products is associated
with a strong negative influence on PGD development
and outcome in lung transplant recipients [11]. Moreo-
vet, a large volume of intraoperative fluids and red blood
cells (RBCs) significantly correlates with the development
of PGD grade 3. Therefore, the limitation of intraopera-
tive fluid and bleod product administration may reduce
the risk for the development of PGD grade 3 and thus
improve early postoperative morbidity and mortality
after LuTx [12].

A reduction in blood loss during surgery and corre-
sponding decrease in intraoperative transfusion of blood
products can be achieved by utilizing intraoperative point
of care (POC) targeted bleeding/coagulopathy manage-
ment strategies such as rotational thromboelastometry
(ROTEM), platelet function analyzer (PFA) or multiple
electrode platelet aggregometry [13, 14]. The use of these

approaches has been reported in studies on cardiac sur-
gery and liver transplantation [15-17]. Previously, we
reported that POC-targeted coagulopathy management
decreases perioperative blood loss and consumption of
RBCs and fresh frozen plasma (FFP) during LuTx [18].

Despite the abovementioned reduction in blood prod-
uct transfusion, ongoing fluid resuscitation is necessary
to maintain normovolemia during LuTx surgery. A few
studies have described the potential benefits of 5% albu-
min solution administration for the treatment of patients
with ARDS and during cardiac surgery [19, 20]. However,
data on the role of perioperative 5% albumin administra-
tion and its effect on lung allograft function are lacking,
and further investigation is highly needed.

We present a secondary analysis of our randomized
clinical trial evaluating the effect of POC coagulopathy
management and intraoperative administration of 5%
albumin as primary resuscitative fluid during LuTx sur-
gery on early lung allograft function, incidence of PGD,
and 1-year survival.

Methods

Study design overview, surgical strategy and outcomes

A secondary analysis of the Point of Care Manage-
ment of Coagulopathy in Lung Transplantation trial
(NCT03598907) was performed. This study was a sin-
gle-site, prospective randomized controlled trial that
examined the utilization of perioperative POC-targeted
coagulopathy management in conjunction with 5% albu-
min solution and their effect on perioperative blood loss
and consumption of blood products during LuTx. This
study was approved by the institutional ethics commit-
tee (reference number EK-1402/17) and was registered in
the clinical trial database at ClinicalTrials.gov (identifier
number NCT03598907) prior to patient enrollment. All
patients provided written informed consent for participa-
tion in the study before the LuTx procedure.

As this was a pilot study, the projected number of
patients to be recruited was estimated at 120 (planned
for 4 years), and an a priori power analysis was not per-
formed in this case. An interim analysis was planned
after evaluation of approximately 60 patients (after
2 vyears). Patients were primarily randomized to two
study groups — POC group and non-POC group. The
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perioperative anesthesia management strategy used
for both the non-POC group and POC group has been
described previously [18]. Importantly, in the non-POC
group, perioperative bleeding, coagulopathy manage-
ment and volume replacement therapy was managed
according to the clinical experience of the anesthesiolo-
gist consisting of blood loss monitoring and subjective
optical inspection of the surgical field hemostasis without
using POC targeted coagulopathy management or labo-
ratory analysis.

Intravascular volume in this group was replaced with
balanced crystalloid, non-albumin colloidal solutions
such as 6% hydroxyethyl starch or 4% succinylated gela-
tin, and FFP. Median volume of balanced crystalloid solu-
tion and non-albumin colloidal solutions was 1000 ml
(IQR 512.5; 987.5 — 1500) and 775 ml (IQR 500; 500 —
1000), respectively, Triggers to volume replacement in
both POC and non-POC groups included circulatory sta-
bility expressed by dose of norepinephrine (pg/kg/min)
and transesophageal echocardiography (TEE) assessment
of decreased cardiac preload by left ventricular fractional
area change in transgastric mid-papillary short axis view
at 50% calculated veno-arterial extracorporeal membrane
oxygenation (VA ECMO) flow. However, due to the limi-
tations described of TEE as a sole intraoperative monitor
of systemic volume during VA ECMO, monitors aiding
in the assessment of ongoing resuscitation also included
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urine output and maintenance of pulsatility within sys-
temic and pulmonary arterial waveforms [21].

In the POC group, perioperative bleeding and coagu-
lopathy were managed according to the POC methods
performed at the beginning of the surgery, after reper-
fusion of the first implanted lung and at the end of the
surgical procedure (Fig. 1). In this group, a 5% albu-
min solution was exclusively used for intravascular vol-
ume replacement therapy to maintain normovolemia.
Median volume of 5% albumin administered was 1750 ml
(IQR 500; 1500—2000). The laboratory trigger for RBCs
administration in both patient groups was haemoglobin
level of 100 g/l. The surgical strategy, lung procurement
and ECMO support handling adhered to the methods
previously described by the Vienna Lung Transplant
Group [22]. At our institution, intraoperative ECMO
support is routinely used pre-emptively in the majority
of cases during LuTx and only a smaller number of cases
LuTx are performed without any extracorporeal life sup-
port, as this is purely at the discretion of the transplant-
ing surgeon. In the POC group, the intraoperative ECMO
circuit was primed with albumin. The surgical procedural
aspects remained consistent throughout the study period
and did not differ in either group.

Primary outcome for this secondary analysis was PGD
development and grading during the first 72 h after lung
transplantation. Measures of Horowitz index (P/F ratio;

EXTEM CT 2 80s

Therapy: Prothrombin complex concentrate (PCC)
CT: 815 —-100s = 7,5 IU/kg (600 I1U)

CT: 1015 —120s = 15 1U/kg (1200 IU)

CT:>120s = 22.5IU/kg (1800 IU)

| POC scheme |

EXTEM MCF < 50 mm and FIBTEM MCF < 10 mm

Therapy: Fibrinogen, with target MCF FIBTEM 10 mm

Fibrinogen dossage: required MCF minus actual MCF x 6.25 x body weight
For example 10 - 4 x (6.25 x 80) = 3000 mg

(approx.: add 0.5 grams of fibrinogen per approx. 1 milimeter MCF)

ROTEM

(EXTEM, FIBTEM, INTEM, NATEM)

EXTEM MCF < 50 mm and FIBTEM 2 10 mm
Therapy: Plateles concentrate (2 unites)

EXTEM A10 < 30-35mm
Therapy: all of these
PCC, Fibrinogen, Platelets, Tranexamic acid

EXTEM LI 30, LI 60, ML > 15%
Therapy: Tranexamic acid 20 mg/kg

Fig. 1 ROTEM protacal for the diagnosis of coagulopathy and goal-directed therapy using EXTEM, FIBTEM, and APTER. Abbreviations: A10:
Amplitude aL 10 min; CT: clotting time; IU: international unit; LI30, LIGO: lysis index aL 30 and 60 min, MCF: maximum clot firmness; ML maxirmum
lysis. Previously published in Durila M, Vajter J, Garaj M, Pollert L, Berousek J, Vachtenheim J, Jr, et al. Rotational thremboelastormetry reduces blood
loss and blood product usage after lung transplantation. J Heart Lung Transplant. 2021:40(7:631-41.'%
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defined as arterial oxygen pressure (P,0,) in mmHg
divided by fraction of inspired oxygen (F,0,) in %) and
serum albumin levels in both groups before and after
lung transplantation were analyzed. Circulatory stabil-
ity status characterized by the maximum level of norep-
inephrine administered during the first 24 h after LuTx
was analyzed, with norepinephrine administration based
on mean arterial pressure. Postoperative duration of
mechanical ventilation and length of intensive care unit
(ICU) stay were recorded. Secondary outcome for this
analysis was 1-year survival in both groups.

Patient selection and enroliment

Patient selection and eligibility criteria for the current
secondary analysis mirrored that of the Point of Care
Management of Coagulopathy in Lung Transplantation
trial and included patients who underwent LuTx at the
University Hospital Motol between January 2018 and
June 2020 [18]. The exclusion criteria were electively pro-
longed postoperative ECMO (patients with idiopathic
pulmonary hypertension or preoperatively known severe
secondary pulmonary hypertension on basis of underly-
ing disease that were preoperatively identified to require
intended ECMO prolongation leading automatically
to classification as PGD grade 3, as this would result in
negative impact on interpretation of the study), pediatric
recipients, single-lung transplantations, retransplanta-
tions, heart-lung transplantations, and transplantations
requiring cardiopulmonary bypass for technical reasons
(concomitant cardiac surgery).

Randomization and detailed description of two ran-
domized groups were described previously [18]. In the
first group (POC group), 31 patients were analyzed, and
in the second group (non-POC group), 36 patients were
analyzed. A flow diagram based on the Consolidated
Standards of Reporting Trials (CONSORT) is displayed
in Fig. 2.

PGD definition

The definition of PGD was based on the latest Inter-
national Society for Heart and Lung Transplantation
(ISHLT) recommendation and was recorded 2 h after
ICU admission (time 0) and then 24 h (time 24), 48 h
(time 48) and 72 h (time 72) after LuTx [6]. Chest radio-
graphs assessment was consistent with the methods pre-
viously described by the Vienna Lung Transplant Group
[22].

Statistical analysis

Statistical analyses were performed with R statistical
software, version 3.4.4 (available online at http://www.r-
project.org/). A p-value of 0.05 was considered statisti-
cally significant. PGD grade 1 is questionably relevant
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clinically, therefore PGD grades were dichotomized into
two groups and analyzed as follows: PGD 0—1 vs PGD
2—3. The Fischer exact test was performed with the data
from each time point (0, 24, 48, 72 h) to analyze the asso-
ciation of dichotomized PGD in both groups. Serum
albumin levels in both groups were measured before and
after LuTx. Due to technical reasons, the preoperative
serum albumin levels in 15 patients were not measured
(9 patients in the non-POC group and 6 patients in the
POC group). Postoperative serum albumin levels were
completed for all patients in the study cohort.

The Horowitz index was calculated at each tracked
time point (0, 24, 48, 72 h), and the measured values were
evaluated with Welch’s two-sample t-test. The maximum
level of norepinephrine (ug/kg/min) during the first 24 h
after LuTx was compared in both groups using Welch’s
two-sample t-test. Postoperative ICU stay and mechani-
cal ventilation duration was recorded and analyzed by
Wilcoxon tests. Moreover, 1-year survival in both study
groups was followed and survival rates were compared
using log-rank tests.

Results
Study patients and study flow
Patients were recruited during the period from January
2018 to June 2020, and based on the exclusion criteria,
a total of 33/100 patients were excluded from the study.
The non-POC group and POC group ultimately con-
sisted of 36 and 31 patients, respectively. At this point,
interim statistical analysis was performed, and the study
was preliminarily terminated by the institutional review
board because the results were significantly in favor of
the POC approach, as significant decrease in periopera-
tive blood loss and related decrease in blood products
consumption was observed among the POC study group
[18]. In the POC group and non-POC group, the mean
blood loss in the operating room was 682 ml+399 and
1043 ml+547, respectively (p=0.003). Mean value of
RBCs units administered in the operating room was
0.83£1.15 in the POC group and 1.05+£1.45 in the non-
POC group (p=0.506). Mean value of FFP units admin-
istered in the operating room was 0.00 in the POC group
and 4.08 £+ 2.89 in the non-POC group (p<0.001) [18].
Patients in the non-POC group were significantly
older than patients in POC group (56.22+9.05 vs
45.691+16.54 years, p=0.002), as the proportion of
younger patients with cystic fibrosis was significantly
higher in the POC group (32.3%, n=10 vs 5,6%, n=2;
p=0.005). The use of intraoperative ECMO support
compared to off pump approach was higher in non-POC
group, although the difference was not statistically sig-
nificant (86%, n =31 vs 67.7%, n=21; p=0.07). However,
mean pulmonary arterial pressure, that would signalize
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Enroliment

Assessed for eligibility (n=100)
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+ Meeting exclusion criteria (n=32)
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}

L
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v

J

non-POC group (n=36)
+ Received allocated intervention (n=36)
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S
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|
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Analysis |

J
Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysed (n=36)
+ Excluded from analysis (n=0)

Fig. 2 Flow chart of the study population

higher degree of disease severity and complexity did
not differ significantly between recipients in non-POC
and POC group. Detailed preoperative and intraopera-
tive characteristics of the recipients have been reported
previously and are presented with permission in Table 1
together with donor characteristics [18]. There were no
statistically significant differences in the donor variables
between the non-POC and POC group. In POC group,
only 1 out of 31 patients received organ from donation
after circulatory death (DCD) donor and no organ from
DCD donor was utilized in non-POC group. No organ
from expanded criteria donor was utilized (not shown in
Table 1). Importantly, no case of graft dysfunction at the
end of the surgery that would require ECMO prolonga-
tion occurred in either study group.

Analysed (n=31)
+ Excluded from analysis (n=0)

Primary graft dysfunction evaluation

The incidence of PGD development based on ISHLT cri-
teria at each time point in the non-POC and POC groups
is displayed in Table 2 and Fig. 3 [6]. No PGD (grade 0)
was found significantly more frequently in the POC
group at every tracked time point, although the overall
difference in PGD (regardless of grade) was statistically
significant only at time point 72. However, PGD grade 0
and even 1 are questionably relevant clinically, therefore
PGD grades were further dichotomized and analyzed
into two categories according to clinical relevance (PGD
grade 0 — 1 vs PGD grade 2 - 3) and results are shown
in Table 3. Significant difference between the non-POC
and POC group occurred only at time point 72, when
PGD grade 0 — 1 was observed in 75% (n=27) and 96.8%
(r=30), respectively. At the same time point 72, PGD
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Table 1 Recipient and donor characteristics
Recipient characteristics variable non-POC group (n=36) POC group (n=31) p-value
Male sex 25 (69%) 20 (64.5%) 0.67
Age (ycars; mean =£ 50) 56.22 £9.05 4569+ 1654 0.002
Weight (kg; mean450) 76.64£1821 6748+£16.51 0.036
Height (cm; mean = 513) 173814972 169.55£9.57 0.08
Body mass index (mean £ 50) 25.03+£404 232541433 0.00
MPAP (mmHg: mean 45D} 23.97 £6.05 2558+963 043
Transplant indication
COPD 12(38.7%) 081
Pulmonary fibrosis 9 (29%) 0.08
Cystic fibrosis 10 (32.3%) 0.005
Sarcoidosis 0 0.35
Intra-Operalive recipient characleristics
Thoracotomy
Sternum sparing 5 (14%) 81(25.8%) 022
Clamshell 31 (B6Y%) 23 (74.2%) 0.22
Intracperative ECMO 31 (86%) 21 (67.7%) 0.07
Ischemic time {min; mean 4 50)
First lung 24283+40.23 243.52 +40.95 0.91
econd lung 353691+47.21 354.06+58.02 0.24
Doner characteristics variable non-POC group (n=36) POC group (n=31) p-value
Male sex 23 (63.9%) 17 (54.8%) 045
Age (years; mean £ SD) 43561884 4381+£15.14 0.95
Weight (kg; mean = 50) 71671632 73771812 062
Height (cm; mean +50) 1709241298 17381+£955 0.32
Body mass index {mean £ 50} 25134671 24284526 0.57
Horowitz index (mmHg; mean £50) ABBSE 6458 47532+£6383 067
Smaking histary, fi (%) 8 (22.2%) 5{16.1%) 053
Cause of death, n (%)
subarachnoid hemorrhage 5(13.9%) 71226%) 035
intracerebral bleeding G (25%) G (25%) 0.71
traurna capitis 13 {36.1%) 3 0.96
anoxic brain damage 7 (19.4%) 0.06
other 7 (56%) 3(9.7%) 066

Abbreviations: COPD chronic obstructive pulmonary disease, ECMO extracorporeal membrane oxygenation, MPAP mean pulmonary arterial pressure, POC point of
care, 5D standard deviation. Previously published in Durila M, Vajter J, Garaj M, Pollert L, Berousek J, Vachtenheim J, Ir, et al. Rotational thromboelastometry reduces
blood loss and blood product usage after lung transplantation. J Heart Lung Transplant. 2021:40(7):631-41."%

grade 2 — 3 developed in 25% (n=9) and 3.2% (n=1),
respectively (p=0.016). Of those 9 patients with PGD
grade 2 — 3 in the non-POC group at time point 72, 8
patients had PGD grade 2 and 1 patient had PGD grade 3.
There was no statistically significant difference in occur-
rence of PGD grade 3 between the non-POC and POC
group at all tracked time points.

Horowitz index evaluation

Table 4 and Fig. 4 show the mean values of the Horowitz
index at each time point (0, 24, 48, 72) in the non-POC
group and the POC group. At all tracked time points,

pulmonary graft function was significantly higher in
the POC group, as indicated by the Horowitz index. It
is of particular interest, that most significant difference
between the groups occurred at time point 72, when the
Horowitz index was 308.03 in the non-POC group vs
402.87 in the POC group (p<0.001, difference between
means: 94.84, 95% CI: 60.18-129.51).

Norepinephrine dosage and albumin serum levels
evaluation

The maximum single dose of norepinephrine (ng/kg/
min) administered to every patient in both groups dur-
ing the first 24 h was recorded. In the non-POC group
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Table 2 Primary graft dysfunction development in both groups

in four tracked time periods. Dala are presented as n (%)

lime 0

PGD grade 0 l 2 3 p-value
non-POC 16444)  6(167) 6(167)  8{222) 0048
POC 22(709)  Z2{65) 6{1%4)  1{3.2)

Time 24
PGD grade 0 1 2 3 pvalue
non-POC 13(36.1) 15{41.7) 4{11.1) 4110} .08
PQC 216770 T(226) 2{65) 1(3.2)

Time 48
PGD grade 0 1 2 3 p-value
non-POC 13(30.1) 14389 5129 0 0.052
POC 201(645)  6{(194) 4{12.9) (32)

lime 72
PGD grade 0 1 2 3 p-value
non-POC 16(444) 1130860 8222 1028 0.003
FQC 25(80.7)  5{(161] 0 13.2)

Abbreviations: PGD primary graft dysfunction, POC point of care

PGD=0
[=]
S
-
7 8- .
g |
o 3 -
v
E . L]
g € 1 B -
-
& & 7| — POC
--- nonPOC
o -
T T T T T T T T
0 10 20 30 40 50 60 70
time (hours)
PGD=2
g8 g
-
— POC
o 2 - --- nonPOC
[a]
e 5
)
g
P
@ 8 _'\-\\ S *
o -

0 10 20 30 40 50 60 70

time (hours)

Page 7 of 13

and POC group, the maximum doses of norepinephrine
were 0.379 and 0.193, respectively (p<0.001, difference
between the means: 0.186, 95% CI: 0.105-0.267). Serum
albumin levels (g/1) in both groups were measured before
and after LuTx. There was no significant difference in
preoperative mean serum albumin levels between POC
group and non-POC group (44.43 vs 44.19; p=0.84, dif-
ference between means: 0.24, 95% CIL: (-2.11)-2.58). The
mean serum albumin levels after LuTx surgery were sig-
nificantly higher in the POC group than in the non-POC
group (41.55 vs 29.37), with p<0.001, difference between
means 12.18 and 95% CI: 9.81-14.55.

Postoperative mechanical ventilation duration and length
of ICU stay and 1-year survival

Duration of mechanical ventilation and length of ICU
stay after LuTx surgery were decreased in POC group.
However, this difference did not cross the boundary
for statistical significance as shown in Table 5. Dur-
ing the 1-year follow-up study period after LuTx, more
patients died in the non-POC group than in the POC
group, although the difference in 1-year survival was not
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Fig. 3 Incidence of primary graft dysfunction after lung transplantation at 0, 24, 48 and 72 h after surgery, Abbreviations: PGD: primary graft

dysfunction; POC: point of care
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Table 3 In both patient groups, PGD grades were dichotomized
and analyzed inlo two calegories according Lo their clinical

relevance (PGD grade 0 — 1 vs PGD grade 2 - 3). Data are
presented as n (%)

Time 0
PGD grade non-POC POC pvalue
01 22(61.1) 24 (/7.4) .19
2—3 14 [38.9) 7{226)

Time 24
PGD grade non-POC POC pvalue
0—1 28(778) 28 (30.3) 0.2
2—3 8(22.2) 3.7

Time 48
PGD grade non-POC FOC pvalue
0—1 27 (75) 26 (83.9) 0.55
2—3 0(25) 5(161)

Time 72
PGD grade non-POC FOC pvalue
0—1 27(75) 30 (96.8) 0016
2—3 9(25) 132

Abbreviations: PGD primary graft dysfunction, POC point of care

Table 4 Horowitz index and its differences between the non-
POC and POC group at each tracked time. The Horowitz index is
defined as arterial oxygen pressure (P,0.) in mmHg divided by
the fraction of inspired oxygen (F,0,) in %. Values are displayed
together with the difference estimate and confidence intervals
() to illustrate the difference in mean Horowitz index values
between the groups

time non-POC POCgroup ttest
group
difference 95% Cl p-value
0 292.83 346,19 5336 (551,100.82) 0.028
24350 39561 4561 (8.29,8293)  0.017
48 32672 38526 5854 {16.06, 0.008
101.01)
72 30803 402.87 9484 (50.18, <0001
128.51)

Abbreviations: POC point of care, i confidence interval

statistically significant (10 patients in non-POC group
vs. 4 patients in POC group; p=0.17). In both groups,
30-day mortality was 0%. In POC group, 90-day mortal-
ity was 3.2% (n=1, patient with cystic fibrosis that died
at day 64 because of fulminant Burkholderia cenocepa-
cea infection). In non-POC group 90-day mortality was
2,8% (n=1, patient with pulmonary fibrosis died at day
53 because of bronchopneumonia due to Pseudomonas
aeruginosa). After 90-postoperative day, other causes of
death during first year were infection (8 patients) and
cardio-renal failure (1 patient) in non-POC group and
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infection (1 patient), pancreatic cancer (1 patient) and
brain stroke (1 patient) in POC group. A Kaplan—-Meier
1-year survival curve is shown in Fig. 5.

Discussion

PGD negatively contributes to increased short-term
and long-term morbidity and mortality after LuTx
[8, 9]. While the exact pathogenesis is not completely
understood, multiple risk factors are associated with
the development of PGD including donor-specific and
recipient-specific variables [23]. Additionally, postop-
erative risk or complicating factors such as hypotension,
fluid overload, vascular anastomotic complications, inad-
equate mechanical ventilation, and pneumonia have been
reported to contribute to PGD [6]. Finally, intraopera-
tive anesthetic management has been reported to have a
potentially significant influence on the development of
PGD [10].

Ischemia-reperfusion injury after lung allograft
implantation has been shown to lead to PGD develop-
ment [24]. Interestingly, the pulmonary endothelial gly-
cocalyx is particularly prone to ischemia—reperfusion
injury and shedding of the glycocalyx has been linked to
respiratory failure and the development of ARDS in mice
[25]. The control of this reperfusion has been theorized
as a method of attenuating the development of PGD in
lung transplantation, and the utilization of VA ECMO for
intraoperative support has been described as a method
to accomplish this control. Hoetzenecker et al. demon-
strated that intracperative VA ECMO support provides
optimal reperfusion conditions that translate into supe-
rior graft function [22]. Although routine use of intra-
operative ECMO is generally advocated, there is still a
non-negligible risk of undesirable bleeding associated
with this method. Thomas et al. noted that achieving the
optimal anticoagulation balance to prevent bleeding and
thrombasis in ECMO patients is extremely complex, and
experts in hemostasis should be a part of an institutional
ECMO team and continuously available for immediate
management [26].

Transfusion of a large amount of blood products,
especially FFP, to manage intraoperative blood loss dur-
ing LuTx is an independent risk factor for PGD through
transfusion-related acute lung injury (TRALI) [27-29].
Diamond et al. reported that the prevalence of greater
than 1 L RBC intraoperative transfusion was 34%, and in
the adjusted analysis, this was associated with a nearly
twofold increased risk for the development of PGD
grade 3 [30]. In addition, apart from the abovemen-
tioned TRALI blood product transfusion alone is asso-
ciated with transfusion-associated circulatory overload
(TACQ), pulmonary infections and prolonged ICU stays
[31]. The incidence of TACO is reported to be highest
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Fig. 4 Horowitz index at each lime point (0, 24, 48, 72 h) after lung transplant surgery, Values are presented as the mean and 95% Cl. Abbreviations:

HI: Horowitz index; Cl: confidence interval; POC: point of care

Table 5 Curation of mechanical ventilation and length of intensive care unit stay after LuTx surgery in non-POC vs POC group

nhon-POC group POC group Wilcoxon test
mean median IQR mean median IQR p-value

MY {hours) 1478 355 50.5 90.3 25 36 017

ICL) sray (days) 13 & 33 95 5 4 0.27

Abbreviations: ICU intensive care unit, IQR interquartile range, LuTx lung transplantation, MV mechanical ventilation, POC peint of care
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after the transfusion of FFP, followed by RBCs and plate-
lets [32]. Perioperative POC-targeted coagulopathy
management reduces the amount of blood transfusion
products needed [33]. We have previously demonstrated
that this perioperative approach practically eliminated
the need for FFP transfusion in the POC study group
during LuTx surgery [18]. This is of particular interest
regarding avoidance of the FFP-associated volume expan-
sion effect, which may negatively contribute to PGD
development. Despite the abovementioned reduction
in blood product transfusion, a certain amount of fluid
is necessary to maintain normovolemia during surgery.
However, excessive perioperative crystalloid and colloid
administration might be associated with fluid overload
and therefore increase the risk of PGD development.

In our study, 5% albumin solution was used solely as
volume replacement therapy in the POC group. Albumin
is a medium-sized molecule with a molecular weight of
66—69 kDa and is the most abundant protein in human
plasma (40 g/l out of a total of 70 g/l). Albumin is syn-
thesized exclusively in the liver and plays an important
role in numerous processes. For example, it serves as a
major extracellular antioxidant and a major transporter
in plasma, responsible for 75% of oncotic plasma pres-
sure. Therefore, albumin solution is considered to be the
standard colloidal resuscitation fluid [34]. Another cru-
cial role of albumin appears to be its positive effect on
the physiological part of the endothelial glycocalyx where
it maintains a functioning vascular barrier, especially
in patients where increased capillary leakage is present
[35, 36]. This typically occurs during LuTx as a part of
ischemia—reperfusion-induced lung graft injury or as a
part of systemic inflammatory response syndrome (SIRS)
aggravated by the ECMO circuit.

Fluid management during all types of surgical proce-
dures affects postoperative outcomes [37]. Inadequate fluid
management may be associated with mitochondrial dys-
function and the promotion of inflammation, which can
lead to decreased lung allograft function [12, 25]. However,
the use of colloids in volume replacement therapy remains
a subject of debate. Uhlig et al. reviewed and performed a
meta-analysis of 3 randomized controlled trials compar-
ing albumin versus crystalloid solutions for intravascular
volume expansion in critically ill patients with ARDS and
based on the findings of their review, colloid therapy with
albumin improved oxygenation but did not affect mortal-
ity [19]. Torres et al. studied the effect of different kinds
of fluid administration on the vascular endothelium and
microcirculation and found that the administration of
protein-rich solutions such as albumin helped to rebuild
the endothelial glycocalyx [38]. Mendes et al. conducted
similar investigations in a rat model of acute lung injury
(ALI), and their results revealed that both iso-oncotic and
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hyper-oncotic albumin solutions were associated with
decreased lung injury as compared to Ringer’s lactate [39].
Moreover, Moreno Garijo et al. described the importance
of albumin as a primary fluid at Toronto Lung Transplant
Program [40]. However, the data supporting the intraop-
erative albumin utilization in their review were lacking.

In our study, targeted coagulopathy management and
5% albumin solution administered exclusively as volume
replacement therapy during LuTx surgery resulted in sig-
nificant improvement in lung allograft function in the first
postoperative 72 h in the POC study group compared to
the non-POC study group measured by Horowitz index.
This intervention also resulted in significant decrease of
PGD grade 2-3 at time point 72 in POC group. This is of
particular interest, as most studies examine the incidence
of PGD grade 3 at 72 h. However, in our study there was
no statistically significant difference in occurrence of
PGD grade 3 between the non-POC and POC group at all
tracked time points. Additionally, the mean value of the
maximum norepinephrine level during the first 24 h after
LuTx was found to be significantly decreased in the POC
group. This finding supports the theory that albumin as
volume replacement therapy during LuTx surgery may pro-
vide greater hemodynamic circulatory stability in the POC
group during the first 24 h after surgery through both vol-
ume replacement and its hypothesized anti-inflammatory
effect on the reduction in SIRS [34]. Our data from sec-
ondary analysis suggest that administration of 5% albumin
during LuTx surgery may have a more protective effect on
shedding of the glycocalyx and therefore reduce vasople-
gia and SIRS. Moreover, significantly higher postoperative
levels of serum albumin in the POC group may further
contribute to postoperative better graft function and circu-
latory stability through the abovementioned mechanisms.

Our study has several limitations that require rigorous
and transparent discussion. First, a major limitation is
that our study design contained two interventions in one
study protocol (targeted coagulopathy management and
5% albumin in POC study group). As targeted coagulopa-
thy management led to decrease of blood loss and blood
products transfusion, the study was preliminarily termi-
nated by the institutional review board due to positive
results in favor of the POC approach. This preliminary
termination resulted in a relatively small cohort size in
each group, precluding further evaluation of effect of the
second intervention in the study (5% albumin adminis-
tration). Moreover, two interventions in one study proto-
col limits our ability to identify the precise extent of how
either the first or second intervention contributed to the
study results.

Heterogeneity in the patient age distribution between
the non-POC group, where patients were older, versus the
POC group that contained a greater proportion of younger
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patients with cystic fibrosis was another limitation. This
population difference is important to highlight, as a variety
of etiology-based comorbidities can impact intraoperative
management and outcomes [41]. In particular, it is generally
accepted that LuTx outcomes are better in younger patients
with cystic fibrosis. However, a recently reported study by
Fessler et al. demonstrated a higher perioperative utiliza-
tion of RBCs and FFP in patients with cystic fibrosis com-
pared to those with chronic obstructive pulmonary disease
or pulmonary fibrosis [42]. Therefore, despite an imbalance
between population age and etiology of end-stage lung dis-
ease, intraoperative targeted coagulopathy management
together with 5% albumin administration significantly
reduced blood loss and blood product transtusion in the
POC group [18]. A final limitation is focused on the com-
pleteness of our preoperative laboratory evaluation. Preop-
erative serum albumin levels in 15 patients (9 patients in the
non-POC group and 6 patients in the POC group) were not
measured for technical reasons; however, the postoperative
serum albumin levels records were complete for all patients
in the study cohort.

To the best of our knowledge, despite abovementioned
limitations, the research presented herein represents the
first clinical trial attempting to investigate the effect of
the perioperative use of targeted bleeding and coagulopa-
thy management combined with 5% albumin administra-
tion on lung allograft function after LuTx. Furthermore,
our data provide a level of evidence suggesting albumin
as an optimal choice for intraoperative resuscitation
in lung transplantation that to date has been based on
expert opinion in the literature. However, further inves-
tigation in this area is highly needed to provide deeper
insight into potential beneficial effect of perioperative use
of 5% albumin solely as volume replacement therapy dur-
ing LuTx on PGD incidence. The authors suggest design
future trial with 5% albumin solution administrated
intraoperatively as the only intervention in study group.

Conclusions

The results of this study indicate that targeted coagu-
lopathy management and 5% albumin solution solely
used as volume replacement therapy during LuTx sur-
gery may improve early lung allograft function, provide
better circulatory stability during the early post-oper-
ative period, and have potential to decrease the
incidence of PGD without negative effect on 1-year sur-
vival. However, further investigation is highly needed
to provide deeper insight into mechanisms of poten-
tial beneficial effect of perioperative use of 5% albumin
solely as volume replacement therapy during LuTx on
PGD incidence, CLAD development, and long-term
outcomes.
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AL Acule lung injury
AMR Antibody mediated rejection
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point of care; transplantation.

ROTEM: METHODS: Patients undergoing bilateral lung transplantation were randomized into two groups: Tn the
transplantation first group, designated the “non POC” group, the management of perioperative bleeding and coagulop-

athy was based on the clinical experience of the anesthesiologist; in the second group, designated the
“POC” group, the management of perioperative bleeding, and coagulopathy was based on the ROTEM
results.

RESULTS: After performing an interim statistical analysis, the project was prematurely terminated as the
results were significantly in favor of the POC approach. Data were analyzed for the period January
2018 until June 2020 when 67 patients were recruited into the study. There was significantly decreased
perioperative blood loss in the POC group (» =31 patients) with p=0.013, decreased perioperative
consumption of RBC with p=0.009, and decreased perioperative consumption of fresh frozen plasma
with p < 0.0001 (practically no fresh frozen plasma was used in the POC group) without deteriorating
clot formation in secondary and primary hemostasis as compared to the non POC group (n=36).
CONCLUSION: POC management of perioperative bleeding and coagulopathy based on ROTEM results
is a promising strategy to decrease perioperative blood loss and the consumption of blood products in
lung transplantation.
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Introduction

The COVID-19 pandemic has amplified the shortage of
blood supplies, and blood donors have become a worldwide
problem.® Surgical procedures such as lung transplanta-
tion are inevitably accompanied by significant perioperative
blood loss and the consumption of blood products: Red
blood cells (RBC), fresh frozen plasma (FFP), and platelets
(PLT). The worldwide shortage of blood products might
limit the ongoing uncomplicated “lung transplant pro-
grams” in many countries. Therefore, it is extremely impor-
tant to find ways to decrease perioperative blood loss and
the consumption blood products. Contrarily, the amount of
perioperative blood loss and blood product transfusions
belong among the factors which may cause primary graft
dysfunction (PGD) and multiorgan dysfunction syndrome
(MODS) in patients after lung transplantation surgery and
increase the morbidity and mortality of those patients.””
An association also exists between blood product consump-
tion and the development of infection, dialysis requirement,
worse early outcomes, longer hospital stays, and higher
mortality in paticnts after liver transplantations.'™'" Similar
results are reported in patients after cardiac surgery in both
adults and children.'”'" On the other hand, people who did
not receive any blood products after cardiac surgery, such
as Jehovah’s Witnesses, had a reduced incidence of acute
kidney injuries, shorter hospital stays, and reduced postop-
erative blood loss, although mortality was not influenced.'*

All of these studies encourage researchers to improve the
perioperative management of bleeding and coagulopathy
with the aim of minimizing perioperative blood loss and the
consumption of blood products. One possible way to
achieve this goal could be to use the point of carc test
(POC) rotational thrombelastometry (ROTEM) to diagnose
perioperative coagulopathy early and begin subsequent
goal directed therapy. According to a relatively new para-
digm of hemostasis termed the *“cell-based model” of hemo-
stasis, whole blood seems to be more suitable for assessing
coagulation in vivo as cells, including platelets, RBC, white
blood cells, among others, that play a role in coagulation.'”
This approach using POC ROTEM testing perioperatively
was successfully used during scoliosis surgery, which we
have recently published. Perioperative management of
bleeding and coagulopathy based on ROTEM results signif-
icantly reduced perioperative blood loss, the consumption
of RBC units, and prevented the administration of FFP in
those patients.'"We performed a study in which this
approach to the perioperative management of bleeding and
coagulopathy was assessed during the perioperative period
of lung transplantation. The aim of the study was to evalu-
ate whether this approach is efficient in decreasing periop-
erative blood loss and the consumption of RBC, FFP, and
PLT without impairing the clot formation of secondary
hemostasis as assessed by ROTEM (ROTEM delta
machine, Tem International GmbH) or the clot formation of
primary hemostasis as assessed by a PFA 200 (platelet
function analyzer, Siemens Healthcare Diagnostics Prod-
ucts GmbH, Germany).

86

Methods

This study was approved by the Local Ethics Committee with the
reference number EK-1402/17 and was registered in the clinical
trial database at ClinicalTrials.gov with the identifier number
NCT03598907 before the enrollment of patients. Informed con-
sent was obtained from all the patients undergoing lung transplan-
tation surgery, all of whom were older than 18 years of age. This
study was a pilot, single site, prospective, and a randomized con-
trolled trial designed to investigate the role of POC ROTEM test-
ing in decreasing primary graft dysfunction (PGD), perioperative
blood loss, and the consumption of blood products during lung
transplantation surgery. The indication for lung transplantation
was the end stage of chronic obstructive disease (COPD), pulmo-
nary fibrosis, and cystic fibrosis. Patients who were put on extra-
corporeal membrane oxygenation (ECMO) before surgery (as a
“bridge” 1o transplantation) were not included in the study. The
only patients who were recruited inte the study were those in
whom ECMO was implanted at the beginning of surgery and
explanted at the end of surgery or those cases where ECMO was
not used at all. Patients who stayed on ECMO postoperatively
were excluded from the study. Other exclusion criteria were pedi-
atric recipients, single-lung (ransplantations, retransplantations,
heart-lung transplantations, and transplantations requiring cardio-
pulmonary bypass for technical reasons (concomitant cardiac sur-
gery). As this was a pilot study, the projected number of patients
to be recruited was estimated at 120 (planned for 4 years’). The a
priori power analysis was not performed in this case. An interim
analysis was planned to be performed after approximately 60
patients (after 2ycars’). Due to this study being relatively small
and short and the fact that planned intervention in both groups was
very safe (the main aim of the study was to compare two routinely
used approaches to bleeding management), a local safety monitor
board consisting of an experienced surgeon, an intensivist, and a
statistician was set up instead of a data safety and monitoring
board (DSMB). Randomization was performed before the first
patient was recruited into the trial. A computerized random num-
ber generator was used as the method of sequence generation dur-
ing the randomization. Patients undergoing lung transplantations
were randomized into two groups: A. In the first group, the “non
POC” group, the management of perioperative bleeding and coa-
gulopathy and the administration of RBC, FFP, and PLT was
based on the clinical experience of the anesthesiologist. Tf transfu-
sion products were not sufficient to maintain normovolemia, erys-
talloids (plasmalyte), and colloids (Gelatin) were used. B. In the
second group, the “POC™ group, the management of perioperative
bleeding and coagulopathy was based on ROTEM results. Coagu-
lation factors were administered according to the ROTEM results
using the protocol shown in Figure 1, and 5% albumin solution
was used to maintain normovolemia. In both groups, the ROTEM,
and PEA 200 tests were performed before and after surgery to
evaluate the impact of both approaches on clot formation in sec-
ondary and primary hemostasis. In the POC group, ROTEM was
also performed after every 20% blood loss during surgery (calcu-
lated from the estimated blood volume).

Patients and surgical characteristics: Double lung transplanta-
tions were performed by three experienced transplant surgeons
following a standardized strategy of extracorporeal support. The
surgical technique and handling of ECMO was also consistent
throughout the study period among all the transplant surgeons. At
our institution, intracperative ECMO support is routinely used pre-
emptively in the majority of cases during lung transplantations.
The surgical approach comprised clamshell thoracotomies (86%
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/ (Calculated dose of fibrinogen = required MCF — current MCF x 6.25 mg'kg,

FIBTEM Lo# 10— 4 x [6.25 x 80 kg] = 3000 mg)

EXTEM MCF < 50 mm with FIBTEM MCF = 10 mm
Therapy: platelets — aiming for PLT > 100 000/l

EXTEM MCF < 30 - 35 mm

Therapy: ic acid, fibrinogen, platelets, PCC
\

In case of normal EXTEM in a bleeding patient, perform INTEM (shows deficiency of intrinsic pathway coagulation factors
such as hemophilia or the presence of heparin effect; in case of heparin - compare the results with HEPTEM)

Figure 1 ROTEM protocol for the diagnosis of coagulopathy and goal directed therapy using EXTEM and FIBTEM. APTEM, a test
containing aprotinin to confirm fibrinolysis; CT, clotting time; EXTEM, extrinsic pathway ol coagulation; FIBTEM, a test investigating
functional level of fibrinogen; MCF, maximum clot firmness; ML — maximum lysis, PCC, prothrombin complex concentrate; PLT, platelet
count; ROTEM, rotational thromboelastometry.

in the non POC group; #n=31 vs 74.2% in the POC group; n=23) The preoperative and intraoperative recipient characteristics
and sternum sparing bilateral anterolateral thoracotomies (14% in are reported in Table 1. No patient in any group had a history of
the non POC group; n=35 vs 25.8% in the POC group: #=38). coagulopathy or had received any anticoagulation drugs. The
Intraoperative ECMO support was introduced in 86% of patients ROTEM test is a viscoelastic method which evaluates the mechan-
in the non POC group (n=31) and in 67.7% of patients in the ical properties of a whole blood clot. It evaluates every phase of
POC group (n =21). clot formation, including the initiation phase, the propagation

Table 1  Preoperative and Intraoperative Patients Data Characteristics

Variable Non POC group (1 =36) POC group {n=31) p-value
Pre Operative recipient characteristics

Male sex 25 (69%) 20 (64.5%) 0.67
Age (years’; mean + 5D} 56.22 + 9.05 45.69 + 16.54 0.002
Weight (kg; mean & SD) 76.64 + 18.21 67.48 & 16.51 0.036
Height (cm; mean £ SD) 173.81 +£9.72 169.55 + 9.57 0.08
Transplant indication

COPD 15 (41.6%) 12 (38.7%) 0.81
Pulmonary fibrosis 18 (50%) 9 (29%) 0.08
Cystic fibrosis 2 (5.6%) 10 {32.3%) 0.005
Sarcoidosis 1(2.8%) 0 0.35
Intra Operative recipient characteristics

Thoracotomy

Sternum sparing 5 (14%) 8 (25.8%) 0.22
Clamshell 31 (86%) 23 (74.2%) 0.22
Intraoperative ECMO 31 (86%) 21 (67.7%) 0.07
Ischemic time (min; mean + SD}

First lung 242.83 & 40.23 243.52 & 40.96 0.91
Second lung 353.69 + 47.21 354.06 + 58.02 0.24

COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation
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phase, the strength of coagulum, and fibrinolysis. Compared to
standard coagulation tests such as prothrombin time or activated
partial thromboplastin time (which analyze fibrin formation from
plasma), this test evaluates the clot formation of whole blood. Tn
this study, the following ROTEM tests were analyzed: EXTEM
(contains an activator of the extrinsic pathway of coagulation-
recombinant tissue factor; gives information about the coagulation
of the extrinsic pathway, which is crucial for clotting in vivo),
INTEM (contains an activator of the intrinsic pathway of coagula-
tion-recombinant tissue factor; gives information about the coagu-
lation of the intrinsic pathway, which is crucial for thrombosis in
vivo), and FIBTEM (contains platelet blocker-cytochalasin D;
gives information about the fibrinogen level). The following
parameters were evaluated in the EXTEM and INTEM tests: CT-
clotting time, the time from the initiation of measurement until the
first fibrin formation, representing the initiation phase of clotting:
CFT- clot formation time, the time from CT until there is clot firm-
ness of an amplitude of 20 mm; alfa angle, the angle between the
time axis and the ROTEM curve, together with CFT it represents
the propagation phase of clot formation and its kinetics; MCF-
maximum clot firmness, which represents the maximal strength of
clots.

Concerning the PFA 200 tests, COL/EPI, and COL/ADP were
carried out and the closure time (CT) was assessed. Closure time
provides information about platelet clot formation under high
shear stress conditions, which is influenced by platelet adhesion,
aggregation, von Willebrand factor (vWF), and hematocrit. The

PFA 200 test is the gold standard test for the assessment of pri-
mary hemostasis.

Statistics

The GraphPad Prism 8 statistical program was used for the statis-
tical analysis of the data. Most of the data passed normality tests
using the D’Agostino & Pearson test. Therefore. a parametric
unpaired two-tailed t-test was selected for use in this study. The
data are displayed in the figures and tables as the mean £=SD (stan-
dard deviation) except Figure 3, where data are displayed as mean
with 95% CI (confidence intervals). CI values for differences of
mean between groups for parameters of blood loss and blood
transtusion units” consumption was also calculated. The differen-
ces in data were considered statistically significant with p < 0.05.
Because the patients in the non POC group were significantly
older compared to the POC group, a linear regression was per-
formed to evaluate the impact of age on the perioperative blood
loss and consumption of blood products.

Results

After performing an interim statistical analysis of the results
in approximately the middle of the study, the project was
prematurely terminated as it would have been unethical to

Assessed for eligibility (n=100)

Excluded (n=33)
+ Not meeting inclusion criteria (n=32)
+ Declined to participate (n=1)

| Randomized (n=67) ‘

!

A 4

L

I Allocation ) L4

non-POC group (n=36)
+ Received allocated intervention (n=36)
+ Did not receive allocated intervention (n=0)

Follow-Up +

POC group (n=31)
+ Received allocated intervention (n=0)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysed (n=36)
« Excluded from analysis (n=0)

Figure 2
care group: POC, point of care group.

y Analysis

88

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysed (n=31)
+ Excluded from analysis (n=0)

CONSORT flow diagram CONSORT - consolidated standards of reporting trials flow diagram; Non-POC means non point of
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point of care group; PLT, platelets: RBC, red blood cells; * p < 0.05; *# p < 0.01; #*** p < (.0001.

continue. The main objective of the study was to compare
the incidence of primary graft dysfunction (PGD) between
non POC and POC groups of patients. The secondary aim
was to compare the blood loss and consumption of blood
products in both groups. The results were significantly in
favor of the POC approach to the management of bleeding
and coagulopathy (p < 0.05). Data were analyzed for the
period January 2018 to June 2020, and 67 patients took part
in the study. In the first non POC group 36 patients were
analyzed, and in the second POC group 31 patients were
analyzed. A CONSORT (Consolidated Standards of
Reporting Trials) Flow Diagram is displayed in Figure 2.
There was a significant decrease in the overall perioperative
blood loss (blood loss in the operating room in addition to
blood loss in the next 24 hours postoperatively in the inten-
sive care unit in ml) in the POC group with p =0.013 [dif-
ference between means of 405 with 95% CI 87-724],
decreased overall perioperative consumption of RBC (in
units) with p=0.009 [difference between means of 1,33
with 95% CT (1.3-2.3], and decreased overall perioperative
consumption of FFP (in units) with p < 0.0001 [difference
between means of 7.9 with 95% CI 6.2-9.6] (practically no
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FFP was used in the POC group). Overall, the perioperative
consumption of PLT (in units) was not different between
both groups (p=0.384) [difference between means of 0.2
with 95% C1 -0.3-0.7]. Data are displayed in Figure 3, The
differences in blood loss and the consumption of blood
products between both groups during surgery itself and dur-
ing the following 24-hour postoperative period is shown in
Tables 2,34, and 5. As patients in the non POC group were
statistically older compared to the POC group (Table 1), a
linear regression was performed to evaluate the impact of
age on blood loss and the consumption of blood products.
According to the analysis, age did not affect any of the
investigated parameters such as perioperative blood loss
(p=0.8449), the consumption of RBC (p=0.2849), the
consumption of FFP (p =0.6800), and the consumption of
PLT (p=0.575). Regarding clot formation in secondary
and primary hemostasis and the differences between both
groups, data are shown in Figures 4,5, and 6. There were no
significant differences between both groups (comparing the
differences between the tests performed before and after
surgery) when analyzing the EXTEM, INTEM, and the
PFA tests (p > 0.05). This indicates that the initiation and
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Table 2

Differences in blood loss in the operating room and the next 24 hours postoperatively

BLOOD LOSS IN THE OPERATING ROOM

Total blood loss Non POC group

(ml) 1043 + 547
Non POC group ECMO group
(ml) 1095 + 554
POC group ECMO group
(ml) 745 + 439
ECMO group Non POC group
(ml) 1095 + 554
Non ECMO group Non POC group
(ml) 625 £ 250

POSTOPERATIVE BLOOD LOSS IN THE NEXT 24 HOURS
Total blood loss Non POC group

(ml) 835 £ 403
Non POC group ECMO group
(ml) 855 + 404
POC group ECMO group
(ml) 777 £ 347
ECMO group Non POC group
(ml} 855 + 404
Non ECMO group Non POC group
(ml) 674 % 401

POC group p=0.003
682 £ 399

Non ECMO group p=0.042
625 £ 250

Non ECMO group p=0.179
527 x 227

POC group p=0.016
745 £ 439

POC group p=0.390
527 £ 227

POC group p=0.626
790 £ 339

Non ECMO group p=0.404
674 £ 401

Non ECMO group p=0.737
823 £ 336

POC group p=0.462
777 £ 347

POC group p=0.414
823 £ 336

data represented as mean = SD (standard deviation); ECMO group, procedure performed with the use of extracorporeal membrane oxygenation; non
ECMO group, procedure performed without the use of extracorporeal membrane oxygenation; non-POC, non point of care group; POC, point of care group

propagation phases of clot formation represented by
ROTEM CT, CFT, and alfa angle parameters were not neg-
atively influenced in the POC group, and the strength of
clots represented by MCF parameter was not decreased in
the POC group. Despite a statistically significant drop in
fibrinogen which was detected by FIBTEM MCF during
the surgery period in the POC group compared to the non
POC group (p=0.008), the level was still within the normal
range and this decrease did not negatively affect the global
EXTEM or INTEM tests or blood loss in the group.
No patient in either group suffered any thrombotic compli-
cations such as a myocardial infarction or a pulmonary
embolism.

Discussion

The worldwide shortage of blood products is a serious prob-
lem and, according to the results of our study, a POC
ROTEM testing approach to the management of periopera-
tive bleeding and coagulopathy seems to be promising in
helping solve this problem. This was a pilot study and was
performed during double lung transplantation surgeries, a
procedure generally accompanied by significant periopera-
tive blood loss and consumption of blood products. Most
transplantations were performed using perioperative central
V-A ECMO (venoarterial extracorporeal membrane oxy-
genation) support to prevent lung reperfusion edema and
subsequent primary graft dysfunction, A similar study was
carried out by Smith et al. in patients undergoing lung trans-
plantations, however, they used cardiopulmonary bypass
instead of ECMO. Nevertheless, they also describe reduced
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perioperative blood loss and consumption of blood prod-
uets.”” Compared to that study, we were able to perform
surgery without the administration of FFP at all. This might
be explained by the character of our study, as it was pro-
spective and randomized and due to the fact that ECMO
was used perioperatively instead of cardiopulmonary
bypass. Because certain procedures were done without
using ECMO support, to eliminate bias we compared the
results between the ECMO and non ECMO groups. Again,
we found a significantly decreased total of perioperative
blood loss as well as a decreased consumption of blood
products in the POC groups (Tables 2,5). Interestingly, a
higher occurrence of patients with CF in the POC group in
our study (Table 1) did not result in increased perioperative
consumption of RBC and FFP. However, a recently
reported study by Fessler at al. demonstrated a higher peri-
operative utilization of RBC and FFP compared to those
with COPD and pulmonary fibrosis, who prevailed in our
non POC group.’® Because there was no FFP used in our
POC groups, one would question what happened to the
coagulation profile. As Figures 4 and 5 demonstrate, the
clot formation in those patients does not show any deterio-
ration compared to the non POC groups. ROTEM tests such
as EXTEM and INTEM show that there is no significant
deficiency of coagulation factors of extrinsic and intrinsic
pathways of coagulation. Nor was there a problem in the
clot formation of primary hemostasis as measured by a PFA
200, meaning a significant deficiency of von Willebrand
factor can be ruled out. Only a small decrease in fibrinogen
level was observed in the POC group, but this was not clini-
cally relevant as the basic tests such as EXTEM and
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Table 3  Differences in RBC consumption in the operating room and the next 24 hours postoperatively

RBC CONSUMPTION IN THE OPERATING ROOM

Total RBC con- Non POC group POC group
sumption 1.05 + 1.45 0.83 + 1.15 p=0.506
(units)

Non POC group ECMO group Non ECMO group p=0.190
(units) 1.18 £ 1.49 0.00 + 0.00

POC group ECMO group Non ECMO group p=0.139
(units) 1.04 = 1.25 0.33 +£0.70

ECMO group Non POC group POC group p=0.715
(units) 1.18 + 1.49 1.04 + 1.25

Non ECMO group Non POC group POC group p=0.538
(units) 0.00 & 0.00 0.33£0.70

POSTOPERATIVE RBC CONSUMPTION IN THE NEXT 24 HOURS

Total RBC con- Non POC group POC group p=0.001
sumption 2.00 + 1.60 0.87 + 0.92
(units)

Non POC group ECMO group Non ECMO group p=0.045
(units) 2.18 £ 1.57 0.50 £ 1.00

POC group ECMO group Non ECMO group p=0.009
(units) 1.13 = 0.88 0.22 & 0.66

ECMO group Non POC group POC group p=0.006
(units) 2.18 £ 1.57 1.13 £ 0.88

Non ECMO group Non POC group POC group p=0.561
(units) 0.50 & 1.00 0.22 £ 0.66

data represented as mean + SD (standard deviation); ECMO group, procedure performed with the use of extracorporeal membrane oxygenation; non
ECMO group, procedure performed without the use of extracorporeal membrane oxygenation; non-POC, non point of care group; POC, point of care group;
RBC, red blood cells

Table 4 Differences in FFP (consumption in the operating room and the next 24 hours postoperatively

FFP CONSUMPTION IN THE OPERATING ROOM

Total FFP consumption Non POC group POC group p < 0.0001
(units) 4.08 + 2.89 0.00 &+ 0.00

Non POC group ECMO group Non ECMO group p=0.251
(units) 4.28 £2.95 2.50 + 1.91

POC group ECMO group Non ECMO group p > 0.999
(units) 0.00 £+ 0.00 0.00 £ 0.00

ECMO group Non POC group POC group p < 0.0001
(units) 4,28 £ 2.95 0.00 = 0.00

Non ECMO group Non POC group POC group p=0.014
(units) 2.50 +1.91 0.00 £ 0.00

POSTOPERATIVE FFP CONSUMPTION IN THE NEXT 24 HOURS

Total FFP consumption Non POC group POC group p < 0.0001
(units) 3.80 + 3.27 0.00 &+ 0.00

Non POC group ECMO group Non ECMO group p=0.051
(units) 4.15 £ 3.25 1.00 =+ 2.00

POC group ECMO group Nen ECMO group p > 0.999
(units) 0.00 = 0.00 0.00 £ 0.00

ECMO group Non POC group POC group p < 0.0001
(units) 415 + 0.25 0.00 + 0.00

Non ECMO group Non POC group POC group p=0.139
(units) 1.00 £ 2.00 0.00 & 0.00

data represented as mean =+ SD (standard deviation); ECMO group, procedure performed with the use of extracorporeal membrane oxygenation; FFP,
fresh frozen plasma; non ECMO group, procedure performed without the use of extracorporeal membrane oxygenation; non-PQC, non point of care group;
POC, point of care group
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Table 5

Differences in PLT consumption in the operating room and the next 24 hours postoperatively

PLT CONSUMPTION IN THE OPERATING ROOM

Total PLT consumption Non POC group

(units) 0.30 & 1.09
Non POC group ECMO group
{units) 0.06 £ 0.35
POC group ECMO group
(units) 0.09 + 0.42
ECMO group Non POC group
(units) 0.06 =+ 0.35
Non ECMQ group Non POC group
{units) 0.00 + 0.00

POSTOPERATIVE PLT CONSUMPTION IN THE NEXT 24 HOURS
Total PLT consumption Non POC group

(units) 0.30 £ 1.09
Non POC group ECMO group
(units) 0.28 + 1,14
POC group ECMO group
(units) 0.13 £ 0.46
ECMO group Non POC group
(units) 0.28 + 1.14
Non ECMO group Non POC group
(units) 0.50 &+ 1.00

POC group p=0.316
0.09 +0.39

Non ECMO group p>0.999
0.00 £ 0.00

Non ECMO group p > 0.531
0.00 = 0.00

POC group p=0.790
0.09 + 0.42

POC group p>0.999
0.00 £+ 0.00

POC group p=0.316
0.09 £0.39

Non ECMO group p=0.305
0.50 £+ 1.00

Non ECMO group p=0.393
0.00 £0.00

POC group p=0.567
0.13 = 0.46

POC group p=0.139
0.00 £0.00

data represented as mean = SD (standard deviation); ECMO group, procedure performed with the use of extracorporeal membrane oxygenation; non
ECMO group, procedure performed without the use of extracorporeal membrane oxygenation; Non POC, non point of care group; POC, point of care group;

PLT, platelets

INTEM were normal and blood loss was decreased in this
group. Authors working in other medical fields, such as
with hepatic transplantations, have also published data sup-
porting a POC ROTEM testing approach te perioperative
bleeding management during liver transplantations. They
also describe decreased perioperative blood loss and con-
sumption of blood products as well as improved patient out-
come.'’Other authors working in the same profession
proclaim that a POC ROTEM testing approach has no nega-
tive effect on the mortality of patients after liver transplan-
tations, which is in accordance with our findings.”"The
authors Ichikawa et al. show data from cardiac surgeries
that also support a POC ROTEM testing approach to the
management of perioperative bleeding as a method that
reduces blood loss and the consumption of blood products
and decreases the duration of postoperative hospitaliza-
tion.” Using a POC ROTEM testing approach in the man-
agement of significant bleeding, in decreasing blood loss,
and lowering the consumption of blood products also
proved (o be helpful and justified in trauma patients and
obstetrics.””" The results of our study, together with the
findings of the above-mentioned literature, point out that
ROTEM and its use in a POC ROTEM testing approach to
perioperative bleeding management seems 1o be a promis-
ing way to save blood products, especially during this com-
plicated situation caused by the COVID-19 pandemic.

In conclusion, the point of care management of perioper-
ative bleeding and coagulopathy based on ROTEM results
seems to be a promising way to decrcase perioperative
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blood loss, the consumption of RBC and PLT, and to pre-
vent FFP consumption without deteriorating clot formation
in secondary and primary hemostasis. This approach can
easily be used in many different medical fields worldwide
and can help clinicians save blood products.
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Figure 4 ROTEM- EXTEM and FIBTEM differences between both groups. CFT I, clot formation time before surgery; CFT 2, clot for-
mation time after surgery; CFT difterence, difterence between CFT 1 and CFT 2; CT 1, clotting time before surgery; CT 2, clotting time
after surgery; CT difference, dilTerence between CT 1 and CT 2; EXTEM), extrinsic pathway ol coagulation; FIBTEM, a test investigating
functional level of fibrinogen; MCF difference, difference between MCF 1 and MCT 2; Non POC, non point of care group; ns- non signifi-
cant; MCF 1, maximum clot firmness before surgery; MCF 2, maximum clot firmness after surgery; POC, point of care group; ROTEM,
rotational thromboelastometry; w-Angle 1, before surgery; e-Angle 2, after surgery; o-Angle difference, difference between « angle 1 and
o angle 2; * p < 0.05; ** p < 0.01; ##%% p < 0.0001.
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ROTEM- INTEM differences between both groups. Non POC, non point of care group: POC, point of care group; ROTEM,

rotational thromboclastometry; INTEM, intrinsic pathway ol coagulation; CT 1, Clotting time before surgery; CT 2, clotting time after sur-
gery; CT difference, difference between CT 1 and CT 2; CFT 1, clot formation time before surgery: CFT 2, clot formation time after sur-
gery; CFT difference, difference between CFT 1 and CFT 2; a-Angle 1, before surgery; a-Angle 2, after surgery; a-Angle difference,
difference between « angle 1 and « angle 2; MCF 1, maximum clot firmness before surgery; MCF 2, maximum clot firmness after surgery;
MCEF difference, difference between MCF | and MCF Z; ns, non significant; ** p < 0.01.
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PFA COL/EPI and COL/ADP differences between groups. CT 1, closure time before surgery; CT 2, Closure time after sur-

gery; CT difference, difference between CT 1 and CT 2; Non POC, non point of care group; POC, point of care group; PEA COL/EPL, plate-
let function analyzer test containing collagen and epinephrine; ns, non significant; PFA COL/ADP, platelet function analyzer test containing

collagen and adenosine diphosphate; * p < 0.05.
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Ptiloha ¢.3

Manual anestezie béhem transplantace plic

Volémie:

o K udrzeni volémie v periopera¢nim obdobi vyuzivame:
o Primarné Albumin 5%
Pii potiebé vétsSiho objemu tekutin> 2000-2500 ml nebo ptfi krevni ztraté > 50%
odhadovaného objemu krve (cca 2000-2500 ml) kombinujeme s krystaloidnimi roztoky
a dle klinicke situace i s transfuznimi pfipravky (albumin za¢iname podavat co nejdiive
tj. po tvodu do anestezie, pied rozvojem SIRS a vyuzivame jeho antiinflamatorniho
tginku)
o Syntetické koloidni roztoky, pokud mozno nepouzivame
e Snaha o normovolémii

Pristrojova technika a monitorace:

o TEE je standardni soucasti anestézie
e Plicnicovy katetr je standardni soucasti anestézie

Perioperaé¢ni ECMO:

e ECMO priming: 750ml 5% albumin, bez ptidani heparinu

e Snaha o co nejniz§i ECMO flow, pokud to klinicka situace dovoli — udrzet otacky na ECMO <
2000-2500/min (kvili primarni hemostaze)

e Snaha o zachovani pulzatilni arterialni kiivky (pfes srdce a plice by krev méla proudit, srdce
nema byt ,,vyprazdnéné*)

e Preferovana je centralni V-A ECMO kanylace

e 'V pfipad¢ zavazné plicni arterialni hypertenze je zvaZzovana periferni V-A ECMO kanylace

Antikoagulace a monitorace hemostazy béhem perioperacni ECMO
podpory:

1. Odbér — po zajisténi pacienta vySetrit (baseline)
e ROTEM - EXTEM, FIBTEM, INTEM, HEPTEM
e PFA 200 - COL/EPI

2. Odbér — pred zahidjenim ECMO po podani iivodni davky heparinu v davce 2000-2500 j
(30-40 j/kg) .
e Vysetrit t€innost heparinu INTEM versus HEPTEM (CT HEp ratio) - €1l j& CT ivHEP ratio
1,2-1,5. Provést dalsi testy (ACT, APTT, PT, TT, Anti Xa)
e pokracovat v kontinudlnim i.v. podavani heparinu v davce 1ml/hod/10 kg (fedéni 10000
j/50ml, davka 20j/kg/hod, davku heparinu upravit dle ROTEM) ¢
e Moznosti je i kontinualni podani heparinu bez tvodniho bolusu

3. Odbér — kontrola ¢innosti heparinu 4 60 minut

o Kontrola CT mvmuEp raio @ dalsi testy ACT, APTT, PT, TT, Anti Xa. Ostatni testy ROTEM
¢i PFA dle potieby a klinického stavu
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e  Pii krevni ztrat€ > 500 ml a dle klinického stavu zvazit podani nizké davky Novoseven
1-2 mg (15-30 ug/kg, k podpote lokdlni hemostazy v misté poranénych cév a k,
»bypass® primarni hemostazy; tyto davky se ukazuji bezpecné a ucinné ke snizeni
krvaceni) !

e Pokud se krvaceni nezlepsi, podat Haemate P 1000-1500 j (k podpofe primarni
hemostazy)

e Pokud se krvaceni nezlepsi opakovat nizkou davku Novoseven jako ,,ultimum
refugium* do max. davky 1mg/10kg (100ug/kg) (i primémé davky 82ug/kg byly
pouzité bez vlivu na funkénost ECMO) 34!

e Pii krevni ztraté >50 % objemu krve, tj. cca 2,5 litry — podat FXIII — Fibrogammin
1000j a Exacyl 1-2 g

4. V ptipadé ocekavaného krvaceni (srusty, obtizna preparace, recidivujici PNO, st.p.
torakochirurgickych vykonech...) je dle dostupné literatury doporu¢ena minimalni davka
antikoagulace, popiipadé heparin free ECMO "),

Dalsi poznamky:

e Krevni ztratu pocitdme jako objem v odsavaéce + odhadnuty objem v rouskach (objem
v odstranénych plicich nepocitame)

e Zaanesteziologicky postup béhem transplantace plic je zodpovédny starsi 1ékar majici piisluzbu

e Zaprovedeni a cely management ROTEM, PFA je zodpovédny mladsi anesteziolog
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