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l. Partea generala

Tulburarile de coagulare sunt frecvent intalnite in cazul pacientilor septici, variind de
la alterari usoare ale testelor standard de coagulare pana la manifestari ale DIC (coagularea
intravasculara diseminata) si contribuind la aparitia disfunctiilor de organ din cadrul
sepsisului[1]. Intre inflamatie si coagulare existd o relatie bidirectionala, inflamatia
contribuind la activarea coagularii, iar coagularea la randul sdau moduldnd raspunsul
inflamator[2, 3]. Tn cazul in care mecanismele de control sunt depisite, aceastd stimulare
reciprocd intre coagulare si inflamatie va conduce la amplificarea inflamatiei si la activarea
necontrolatd a coaguldrii insotita de diminuarea procesului de fibrinoliza, avand ca rezultat
disfunctia endoteliala, aparitia de tromboze la nivelul microcirculatiei si disfunctii multiple

de organ|[3].

In cazul pacientilor cu sepsis, nivelul plasmatic al factorilor de coagulare si al
inhibitorilor coagularii este redus, Insa in mod uzual concentratiile plasmatice ale factorilor
de coagulare nu sunt atat de scazute incat sa compromita hemostaza[4]. Totusi, reducerea
globala a factorilor coagularii determina prelungirea testelor standard de coagulare care
reflecta doar deficitul factorilor procoagulanti si nu sunt sensibile la reducerea simultana a
factorilor anticoagulanti. De aceea, testele uzual folosite pentru evaluarea sistemului
hemostatic (INR, aPTT, PT) sunt frecvent prelungite la pacientii din terapie intensiva cu
sepsis, sugerand tendinta spre hipocoagulabilitate. Testele standard de coagulare nu reflecta
contributia componentelor celulare la realizarea hemostazei, fiind efectuate folosind plasma
si nu pot detecta activitatea fibrinolitica. Aceste teste reflecta timpul necesar pentru formarea
fibrinei solubile din momentul adaugarii activatorilor in plasma testata. Astfel, testele
standard de coagulare se opresc odatd cu formarea fibrinei solubile, moment in care doar
aproximativ 5% din cantitatea totala de trombina este generata. Din aceste considerente,
testele standard de coagulare nu pot oferi o imagine de ansamblu asupra modificarilor
hemostatice complexe din sepsis, nici asupra riscurilor de sangerare sau de tromboza in cazul
acestor pacienti critici, de aceea corectarea rezultatelor frecvent anormale prin administrarea
de plasma sau concentrate de factori de coagulare la pacientii septici inaintea unor manevre
invazive sau in absenta sangerdrii nu este indicatd si chiar poate avea consecinte

nefavorabile[5].

Testele vascoelastice (tromboelastometria rotationald, tromboelastografia) sunt teste

globale ale hemostazei care folosesc pentru analiza sange integral, incluzand astfel atat



componenta celulard cat si cea plasmatica in evaluarea coaguldrii. Prin addugarea de
activatori si/sau aditivi specifici, testele vascoelastice investigheaza componente specifice
ale hemostazei[6]. Activitatea fibrinolitica este, de asemenea, evidentiata si diagnosticata in
practica clinica cu ajutorul testelor vascoelastice. Avand in vedere tulburarile complexe ale
hemostazei in cazul pacientilor septici, utilizarea testelor vascoelastice pentru o evaluare
globald a coagularii cat mai apropiata de situatia in vivo reprezintd o abordare descrisa deja
in studii publicate care au subliniat avantajele utilizarii acestor teste de tip point-of-care
pentru pacientii de terapie intensivd[4]. Disfunctiile de organ din sepsis sunt consecinta
raspunsului inflamator, si a interactiunii bidirectionale dintre inflamatie si coagulare,
conducand la activarea necontrolatd a coagularii insotitd de diminuarea mecanismelor
anticoagulante si a procesului de fibrinoliza[1l]. De aceea, tratamentele adjuvante care
vizeaza modificarea raspunsului hemostatic in sepsis pot reprezenta o solutie terapeutica in
anumite cazuri selectionate. In afard de selectia corect a pacientilor si alegerea tratamentului
adecvat, este insa importanta identificarea exactd a momentului cand activarea coagularii
devine un proces nefavorabil pentru organism, aceasta fiind fereastra terapeutica pentru
administrarea tratamentelor cu efect anticoagulant Tn sepsis, [7, 8]. Astfel, studiul
tulburarilor hemostazei la pacientii cu sepsis, in special in stadiile incipiente, reprezintd o

preocupare stiintifica de actualitate cu implicatii importante pentru practica clinica.

Il.  Contributii personale

Ipoteza de lucru si obiective generale ale cercetarii

In aceasta lucrare am urmarit elucidarea unor aspecte legate de profilul hemostatic al
pacientilor cu sepsis si/sau sepsis asociat patologiei maligne. Obiectivele prezentului studiu
au inclus caracterizarea tulburarilor de coagulare intalnite la pacientii de terapie intensiva cu
sepsis si la pacientii care asociazd sepsis si patologie malignad, studierea diferentelor intre
aceste categorii de pacienti frecvent Intalniti in practica de zi cu zi si realizarea unui profil
hemostatic al pacientului cu sepsis in stadiu incipient prin coroborarea informatiilor obtinute
prin metode diagnostice diferite. Un alt obiectiv al lucrarii a fost studiul fibrinolizei in cazul
pacientilor septici, folosind atat parametrii clasici tromboelastometrici, dar si parametrii
obtinuti pe baza curbei velocitatii de formare a cheagului. Avand in vedere aplicabilitatea
practica a rezultatelor obtinute, studiul de fata a urmarit de asemenea evaluarea utilitatii unor
parametrii hemostatici pentru predictia prognosticului pe termen scurt in cazul pacientilor

cu sepsis sau soc septic, ca si utilitatea parametrilor furnizati de tromboelastometria



rotationald pentru predictia diagnosticului de coagulare intravasculara diseminata. Un alt
obiectiv cu implicatii practice al studiului a fost evaluarea utilitatii unor parametrii
tromboelastometrici calculati in predictia prognosticului pe termen scurt pentru anumite
subgrupuri de pacienti aparent similari conform rezultatelor testelor standard de coagulare

si conform parametrilor tromboelastometrici standard.
Metodologie generali a cercetirii

In aceasta lucrare am alcatuit trei loturi de studiu: un lot de studiu care a inclus pacientii
cu sepsis si tumori maligne solide abdomino-pelvine, al doilea lot de studiu format din
pacienti diagnosticati cu sepsis sau soc septic fara patologie maligna si un al treilea lot de
studiu ce a inclus pacienti cu tumori solide maligne abdomino-pelvine fara semne clinice
sau paraclinice de infectie. Au fost exclusi din studiu pacientii cu varsta sub 18 ani, femeile
insarcinate, pacientii diagnosticati cu afectiuni hematologice, boala renala cronica, ciroza
hepatica, pacientii cu tratament antiagregant plachetar sau anticoagulant sau tratament cu

viza hemostatica in ultimele 7 zile preincludere in studiu.

Pe langa datele demografice, microbiologice si markerii folositi pentru monitorizarea
sindromului inflamator-infectios, au fost inregistrate Tn studiu scorurile calculate pentru
evaluarea disfunctiilor de organ si pentru diagnosticul coagularii intravasculare diseminate.
Pentru investigarea hemostazei, fiecarui pacient inclus in studiu i s-au recoltat probe de
sange pentru efectuarea hemoleucogramei si testelor standard de coagulare si pentru
determinarea nivelurilor plasmatice ale factorilor de coagulare, inhibitorilor si D-dimerilor,
precum si pentru efectuarea tromboelastometriei rotationale. Recoltarea probelor a fost
realizatd in primele 24-36 de ore de la diagnosticul de soc septic sau sepsis pentru pacientii
inclusi in primele doua loturi de studiu. S-a urmarit in acest fel o standardizare a momentului
recoltarii probelor pentru evaluarea hemostazei si includerea unor pacienti aflati in stadii
precoce de sepsis.Tromboelastometria rotationala a inclus 4 teste efectuate simultan pentru
fiecare pacient: EXTEM (pentru analiza cdii extrinseci a coagularii, avand ca activator
specific factorul tisular), INTEM (pentru analiza cdii intrinseci a coaguldrii, avind ca
activator specific acidul elagic), FIBTEM (pentru analiza capacitatii polimerizarii fibrinei,
avand ca activator factorul tisular si aditiv cytochalazina D care blocheaza interactiunea
dintre fibrin/fibrinogen si plachete, eliminand astfel componenta plachetara din cheagul
rezultat), APTEM (pentru analiza si diagnosticul diferential al fibrinolizei, avand ca activator

factorul tisular si aditiv acidul tranexamic pentru inhibarea activitatii fibrinolitice din proba).



Un nou parametru (t-AUCi) reprezentand durata partii descendente a curbei velocitatii de
formare a cheagului in EXTEM a fost calculat folosind formula t-AUCi= CT+(t-MCF)- (t-
MaxVel). De asemenea, pentru fiecare pacient a fost calculatd velocitatea de formare a
cheagului folosind amplitudinea sau elasticitatea in diferite momente ale masuratorii in
scopul evaludrii complexe a kineticii formarii cheagului, dupa metode descrise Tn alte studii

anterior publicate[9, 10].
Rezultate si discutii

Analiza caracteristicilor pacientilor din cele trei loturi de studiu

In lotul 1 de studiu au fost inclusi 57 de pacienti cu diagnosticul de sepsis cu minim
doua disfunctii de organ sau soc septic aflati in primele 30 de zile dupd interventie
chirurgicala pentru tumora maligna solida abdominala sau pelvina. Analiznd caracteristicile
generale ale lotului 1 se observa usoara predominanta a pacientilor de sex masculin si a
localizarii colo-rectale a tumorii maligne; valoarea medie a scorului SOFA a fost de 10.18
puncte, o valoare apropiata de limita de 11 puncte asociatd unei mortalitdti ridicate. Pacientii
din lotul 1 prezinta anemie, trombocitopenie si valori crescute ale timpului de protrombina,
INR si aPTT. Nivelurile plasmatice ale factorilor coagularii I, V, VII, X si inhibitorilor
(proteina C, S, antitrombina) sunt reduse, aceste rezultat fiind de asemenea in concordanta
cu date din literatura[4]. Rezultatele tromboelastometriei rotationale arata o prelungire a
clotting time (CT) semnificand o alterare a initierii coagularii doar in 25% din cazuri. Prin
comparatie, testele standard de coagulare care de asemenea reflecta etapa de initiere a

coagularii sunt prelungite in 85% din cazuri pentru pacientii din lotul 1.

In lotul 2 de studiu au fost inclusi 40 de pacienti cu sepsis cu minim doua disfunctii
de organ sau soc septic fara patologie maligna asociata. Ca si in lotul 1, se poate observa o
predominantd a pacientilor de sex masculin, insd varsta medie este mai mare decét pentru
pacientii din lotul 1 de studiu. Valoarea medie a scorului SOFA pentru pacientii din lotul 2
este, de asemenea ridicatd- 10.57 puncte, corespunzand unei mortalitati ridicate. Ca si
pacientii din lotul 1, pacientii din lotul 2 prezintd de asemenea modificéari ale hemostazei
intalnite frecvent in sepsis- trombocitopenie, prelungirea timpilor de coagulare si niveluri
plasmatice scazute ale factorilor de coagulare si inhibitorilor. Rezultatele
tromboelastometriei rotationale indicd o afectare a fazei de initiere a coagularii doar in

37.5% dintre pacientii lotului 2.



In lotul 3 de studiu au fost inclusi 43 de pacienti neinfectati diagnosticati cu tumori
maligne solide abdominale sau pelvine, programati pentru interventie chirurgicala electiva.
Includerea lotului 3 in studiu a fost facuta cu scopul de a avea un lot control pentru studiul
modificarilor hemostazei care apar la pacientii cu cancer si sepsis. Pacientii din lotul 3
prezintda anemie, insd nu si trombocitopenie. Majoritatea pacientilor au prezentat rezultate

normale ale testelor standard de coagulare si tromboelastometriei rotationale.
Compararea testelor standard de coagulare cu parametrii tromboelastometrici

Analiza comparativa a testelor standard de coagulare si a parametrilor corespunzatori
tromboelastometrici a fost efectuatd folosind datele de la toti pacientii inclusi in studiu
(n=140). Rezultatele au aratat o corelatie semnificativa intre fibrinogenul plasmatic masurat
folosind metoda Clauss si amplitudinea cheagului in FIBTEM. De asemenea, amplitudinea
cheagului masuratd in INTEM si EXTEM a fost corelatd semnificativ statistic cu numarul
de trombocite si cu nivelul fibrinogenului plasmatic in populatia studiata. Rezultatele
studiului nostru au aratat ca, desi existd corelatii semnificative intre PT/INR si CT in
EXTEM si de asemenea intre aPTT si CT in INTEM, totusi valorile prelungite peste limita
normalului ale testelor standard de coagulare sunt identificate Tntr-un numar mare de pacienti
in special din loturile de pacienti septici in timp ce valori anormale ale CT in EXTEM sau
INTEM sunt depistate Tntr-un numar mult mai redus de pacienti. Comparatia dintre testele
standard de coagulare si parametrii derivati tromboelastometrici calculati pe baza primei
derivate a curbei de formare a cheagului in EXTEM arata o buna corelatie intre velocitatea
maxima, AUC (care reflectd fermitatea totala a cheagului) si fibrinogenul plasmatic, dar si
cu numarul de trombocite. Timpul necesar pana la atingerea velocitatii maxime (t-MaxVel)
a demonstrat 1n studiul nostru o corelatie semnificativa statistic cu timpul de protrombina si

valoarea INR, dar nu si cu numarul de trombocite si valoarea fibrinogenului plasmatic.
Studiul parametrului calculat t-AUCI

Noul parametru calculat in acest studiu, t-AUCI, reprezintd durata portiunii
descendente a curbei velocitatii. Parametrul calculat a dovedit o corelatie semnificativa
statistic cu indicii tromboelastometrici de lizd a cheagului, insa nu si cu nivelul plasmatic al
D-dimerilor. Valorile t-AUCi prezinta o corelatie directa cu indicele de liza (LI) masurat la
30,45 sau 60 de minute si inversa cu ML. Astfel, valorile crescute ale t-AUCI sunt asociate
unei fibrinolize reduse a cheagului. Pacientii fard liza cheagului la 30,45 sau 60 minute

(LI=100%) prezinta valori semnificativ mai mari ale t-AUCi comparativ cu pacientii la care



exista un grad de liza (LI <100%). Acest parametru calculat este o variabilda numerica
continud, in timp ce indicii de lizd a cheagului sunt non-parametrici si prezintd o paleta
redusa de valori posibile in general si cu atat mai mult n cazul pacientilor cu un grad redus

de fibrinoliza.

Studiul modificarilor hemostazei la pacientii cu sepsis si cancer comparativ cu

pacientii cu cancer

Pacientii cu sepsis si cancer (lotul 1) au prezentat trombocitopenie, teste standard de
coagulare prelungite si niveluri plasmatice ale factorilor de coagulare si inhibitorilor reduse
comparativ cu pacientii neinfectati cu cancer (lotul 3). Aceste diferente sunt similare cu
rezultatele descrise in literatura pentru pacientii septici[11]. Parametrii tromoboelastometrici
standard si derivati au aratat o Intarzaiere a initierii coagularii pentru lotul de pacienti septici
comparativ cu pacientii neinfectati din lotul 3, insd fazele ulterioare ale coaguldrii-
propagarea si stabilizarea cheagului- nu prezintd diferente semnificative intre cele doua
grupuri. Rezultatele studiului nostru au aratat ca liza cheagului este redusa la 45 si 60 minute
in lotul de pacienti cu sepsis comparativ cu lotul control. Un nivel redus al fibrinolizei la

pacientii septici a fost demonstrat si in alte studii publicate anterior[12].

Parametrul calculat t-AUCI a avut o valoare semnificativ mai prelungita la pacientii
cu sepsis (lotul 1) comparativ cu grupul control (lotul 3), in concordantd cu nivelul redus al
fibrinolizei demonstrat la pacientii cu sepsis. Velocitatile calculate pe baza amplitudinii si
elasticitatii aratd diferente semnificative intre loturi dupd un interval de 30 minute de la
inceperea rectiei. Pacientii din lotul 1 prezinta velocitdti mai crescute de formare a cheagului
dupa acest interval de timp comparativ cu pacientii din lotul 3. Cu toate acestea, velocitatile
calculate nu depisteaza atingerea intirzaiata a velocitatii maxime depistatd prin parametrii
calculati de software datorita faptului ca velocitatea a fost calculatd pentru anumite puncte
in timp pentru care valoarea amplitudinii cheagului a fost disponibild. Astfel prin utilizarea
velocitdtilor calculate pe baza amplitudinii si elasticitatii prin metoda descrisad anterior nu se
poate preciza exact momentul atingerii velocitdtii maxime, in schimb aceasta din urma este
calculata de software-ul aparatului ROTEM Delta, ceea ce justifica utilizarea ambelor
metode. Faptul ca dupa 30 de minute velocitatea de formare a cheagului devine mai scizuta
pentru pacientii din lotul 3 poate semnifica fibrinoliza deja initiata care va limita cresterea
amplitudinii pentru pacientii din lotul 3. Faptul ca pacientii din lotul 3 prezinta mai devreme

negativarea velocitdtilor comparativ cu pacientii din lotul 1 semnificd de asemenea liza



cheagului care determind scaderea amplitudinii. Explicarea acestor diferente intre curbele
velocitatilor prin diferentele legate de fibrinoliza intre cele doud grupuri este confirmata de
faptul cd aceste diferente nu se mentin cand efectul fibrinolizei este inlaturat, prin studiul
canalului APTEM. Folosind curbele velocitétilor, fibrinoliza mai redusad a pacientilor din
lotul 1 este evidentiatd dupa doar 30 minute de la inceperea reactiei, in timp ce folosind
parametrii standard de liza acest lucru a fost posibil doar dupa 45 minute de la inceperea

reactiei.

Studiul modificarilor hemostazei la pacientii cu sepsis si cancer comparativ cu

pacientii cu sepsis

Testele standard de coagulare sunt prelungite pentru ambele loturi de pacienti. Din
rezultatele nostre, prelungirea PT si aPTT este mai marcatd in cazul pacientior din lotul 1,
iar nivelul fibrinogenului este mai redus insa doar modificarea aPTT este semnificativa
statistic. Nivelurile plasmatice ale factorilor de coagulare, inhibitorilor si D-dimerilor si
parametrii standard ai tromboelastometriei rotationale nu prezintd diferente semnificative
intre cele doua loturi. De asemenea, analiza parametrilor calculati pe baza primei derivate a
curbei de formare a cheagului din EXTEM nu arata diferente semnificative intre cele doua

grupuri.
Comparatia velocitatilor calculate folosind amplitudinea si elasticitatea

Rezultatele comparatiei dintre velocitatea pe baza amplitudinii si cea pe baza
elasticitatii in EXTEM arata pentru loturile 1 si 3 momente diferite in care este atins punctul
de velocitate maxima, acesta aparand mai devreme pentru amplitudine si ulterior pentru
elasticitate. O explicatie plauzibila este data de relatia non liniard dintre amplitudine si
elasticitate si de posibila crestere marcata a elasticitatii doar dupa ce amplitudinea a atins o
anumita valoare. Pentru lotul 2 atingerea unui punct maxim al velocitdtii este simultana
pentru curbele pe baza amplitudinii si elasticitatii. O posibila explicatie poate fi datd de
potentialul hemostatic mai crescut al pacientilor din acest lot conducand mai repede la
atingerea unor amplitudini pentru care elasticitatea sa prezinte valori ridicate. Dinamica
formarii cheagului si efectul lizei sau retractiei plachetare au fost studiate folosind
velocitatile de formare a cheagului calculate pe baza amplitudinii si elasticitatii in canalele
EXTEM, APTEM si FIBTEM. Pentru loturile de pacienti cu sepsis (lotul 1 si lotul 2), curba
velocitatilor nu este diferitd in EXTEM comparativ cu APTEM, acest rezultat confirmand o

liza redusd sau absentd a cheagului pentru aceastd populatie. Negativarea velocitatilor



semnificd reducerea amplitudinii sau a elasticitatii si este simultana si egala in EXTEM si
APTEM, datorandu-se retractiei cheagului mediata de plachete. Velocitatea constanta cu
valoarea 0 din FIBTEM confirma aceasta posibilitate. Spre deosebire de pacientii cu sepsis,
n lotul de pacienti neinfectati (lotul 3), kinetica formarii cheagului este diferitd in canalele
EXTEM si APTEM. De observa astfel o reducere a velocitatilor calculate in EXTEM si
FIBTEM comparativ cu APTEM dupa 45 minute de reactie pentru velocititile calculate
folosind amplitudinea si mai devreme pentru cele calculate folosind elasticitatea. Acest
rezultat este explicat prin liza cheagului care nu se produce in APTEM datorita inhibarii

fibrinolizei Tn acest canal.

Utilitatea parametrilor hemostazei in evaluarea severitatii bolii si a

prognosticului pe termen scurt in cazul pacientilor cu sepsis sau soc septic

In studiul nostru am analizat valoarea parametrilor inregistrati pentru predictia
mortalitatii pe parcursul internarii in Terapie Intensiva pentru pacientii cu sepsis. Scorul
SOFA si scorul JAAM DIC au dovedit o corelatie semnificativa cu prognosticul pacientilor.
Dintre testele standard de coagulare doar pentru valoarea aPTT au existat diferente
semnificative statistic intre pacientii care au decedat si cei care au supravietuit pe parcursul
internarii in Terapie Intensiva. Dintre parametrii trombelastometrici standard, amplitudinea
redusa a cheagului in EXTEM si INTEM si prelungirea clotting time si clot formation time
pentru canalul INTEM au fost asociate cu un prognostic nefavorabil. Acest rezultat este
concordanta cu valoarea aPTT prelungitd la pacientii care au decedat. Parametrii calculati de
software-ul aparatului pe baza primei derivate de formare a cheagului in EXTEM nu releva
diferente semnificative Intre pacientii decedati si cei supravietuitori la externarea din Terapie
Intensiva. Compararea parametrilor de lizd a cheagului releva tendinta de inhibare a lizei in
grupul de pacienti care nu au supravietuit, insa singurul dintre indicii tromboelastometrici
de liza care prezinta diferente semnificative statistic este maximum lysis. Parametrul calculat
t-AUCi demonstreazd o bund corelatie cu prognosticul pacientilor, prezentand valori
semnificativ mai crescute pentru pacientii cu evolutie nefavorabilad. O observatie interesantd
a studiului nostru este ca parametrul calculat t-AUCi are cea mai buna capacitate de predictie
a evolutiei pacientului pe parcursul interndrii in Terapie Intensivd comparativ cu ceilalti

parametrii testati, conform rezultatelor analizei ROC.

Parametrii calculati din prima derivatd a curbei ROTEM prezinta diferente

semnificative in functie de diagnosticul de coagulare intravasculara diseminata (DIC),



pacientii cu DIC avand velocitatea maxima de formare a cheagului mai redusa si un timp
mai indelungat necesar pentru atingerea velocititii maxime comparativ cu pacientii fara
DIC. De asemenea, aria de sub curba velocitatii de formare a cheagului (AUC), care
reprezintd un parametru global al formadrii si rezistentei cheagului (numit in literatura total
thrombus formation) este semnificativ redusa la pacientii cu DIC. Parametrii de lizd a
cheagului si parametrul calculat t-AUCi nu prezintd diferente semnificative statistic intre
pacientii cu DIC si cei fara DIC. Cei mai buni parametrii pentru identificarea pacientilor
septici cu coagulare intravasculara diseminata sunt elasticitatea maxima a cheagului, AUC
si amplitudinea maxima a cheagului in INTEM sau EXTEM, conform rezultatelor analizei
ROC efectuate. Rezultatele studiului nostru arata ca valori ale MCF sub 63 mm, ale AUC
sub 6173 sau a elasticitatii maxime sub 158 identificd cu sensibilitate si specificitate de peste
70% pacientii cu DIC. Folosirea acestor parametrii obtinuti din analiza ROTEM la
includerea pacientilor in studiu permite identificarea rapida a pacientilor cu o probabilitate

mare de a avea coagulare intravasculara diseminata.

Pentru pacientii septici diagnosticati cu coagulare intravasculara diseminatd folosind
scorul JAAM DIC, parametrul t-AUCi si valoarea scorului SOFA sunt corelate cu un
prognostic nefavorabil. Pacientii care au decedat in cursul interndrii in Terapie Intensiva au
prezentat valori ale scorului SOFA si ale t-AUCI semnificativ mai mari comparative cu cei
care au supravietuit. Conform analizei ROC, parametrul t-AUCi are o valoare superioarad
comparativ cu scorul SOFA pentru predictia evolutiei pacientilor septici cu DIC. Folosind
aceste rezultate, folosirea datelor din tromboelastometria efectuata la includerea in studiu a
permis identificarea pacientilor cu probabilitate crescutd de evolutie nefavorabild in doua
etape- identificarea pacientilor cu probabilitate ridicatd de DIC folosind MCE, AUC sau
MCF si ulterior pentru acestia diferentierea celor cu risc mare de deces pe parcursul internarii

in Terapie Intensiva folosind parametrul calculat t-AUCI.

Pornind de la premiza ca indicii trombelastometrici de liza a cheagului sunt o masura
non-parametrica care poate avea un numadr limitat de valori, am cautat alti parametrii pentru
caracterizarea suplimentara a pacientilor identici din punct de vedere al lizei cheagului. Tn
studiul nostru am analizat pacientii care prezintd absenta lizei cheagului la 45 si 60 minute
pentru a gasi alti parametrii care sa permitad diferentierea acestor pacienti. Avand in vedere
ca absenta lizei cheagului este in general sociatd unui prognostic negativ, este extrem de
importantd identificarea pacientilor cu cel mai mare risc pentru o evolutie nefavorabila.

Rezultatele noastre au aratat ca parametrul t-AUCi a fost singurul corelat cu evolutia

10



pacientilor pe parcursul interndrii in Terapie Intensiva atat pentru grupul de pacienti cu
absenta lizei la 45 de minute, cét si pentru cei cu absenta lizei la 60 de minute. In concluzie,
acest parametru poate servi la diferentierea pacientilor care prezintd absenta lizei cheagului,
fiind identici din punct de vedere al indicilor de liza tromboelastometrici. Analiza curbelor
ROC pentru acest parametru a aratat ca valori mai mari decat 1928 secunde prezinta
sensibilitate si specificitate 78% si 67% si respectiv 97% si 67 % pentru pacientii cu absenta

lizei cheagului la 45 si respectiv 60 de minute.
Concluzii si contributii personale

Lucrarea de fata este prima lucrare existenta in literatura de specialitate care a realizat
o evaluare complexa a hemostazei in cazul pacientilor cu sepsis si a celor care asociaza sepsis
si patologie malignd cu ajutorul testelor standard de coagulare, a parametrilor standard si a

parametrilor derivati tromboelastometrici.
Elemente inovative aduse de lucrarea de fata:

e Demonstrarea existentei unor corelatii semnificative intre testele standard de coagulare
si parametrii derivati tromboelastometrici calculati pe baza primei derivate a curbei de
formare a cheagului.

e Elaborarea unui nou parametru numit t-AUCi care reprezintd durata portiunii
descendente a curbei velocitatii de formare a cheagului si este corelat cu parametrii
tromboelastometrici standard utilizati pentru diagnosticul si cuantificarea fibrinolizei.

e Caracterizarea complexa a procesului dinamic al coagularii folosind velocitatile de

formare a cheagului calculate pe baza amplitudinii si elasticitatii

e Utilitatea noului parametru calculat t-AUCi pentru identificarea pacientilor cu risc ridicat
pentru evolutie nefavorabild din lotul de pacienti septici dar si din anumite subgrupuri
de pacienti septici cum sunt cei diagnosticati cu coagulare intravasculara diseminata sau

cei care nu prezinta la evaluarea tromboelastometrica liza cheagului la 45 sau 60 minute.
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l. Current state of knowledge

Coagulation disturbances are frequent in septic patients, ranging from mild
abnormalities of standard coagulation tests to the whole-spectrum of disseminated
intravascular coagulation (DIC), contributing to the pathogenesis of organ dysfunctions in
sepsis [1]. The relationship between inflammation and coagulation is bidirectional, as the
inflammation contributes to the coagulation activation and the coagulation, once activated,
modulates and enhances the inflammatory response[2, 3]. When the control mechanisms are
overwhelmed, this vicious circle of inflammation and coagulation will lead to the
uncontrolled activation of coagulation and decreased fibrinolysis, having as a result

endothelial dysfunction, microvascular thrombosis and end-organ dysfunction[3].

In septic patients, the plasmatic levels of pro and anticoagulant factors are both
decreased, though the levels are not so decreased to compromise hemostasis[4]. However,
the global decrease of procoagulant factors leads to the prolongation of standard coagulation
tests that only reflect the deficit of procoagulants and are not sensitive to the simultaneous
decrease of anticoagulant factors. The standard coagulation tests (INR, PT, aPTT) are
usually prolonged in critically-ill patients, suggesting hypocoagulability. Standard
coagulation tests use plasma, thus they don’t take into account the cellular component
contribution to hemostasis and they cannot measure fibrinolytic activation. Standard
coagulation tests measurement begins when activators are added to the plasma sample and
end with the formation of soluble fibrin when only around 5% of the total amount of
thrombin is generated. For all those reasons, the standard coagulation tests are not useful to
reflect the complex hemostatic disturbances of septic patients, nor the bleeding or thrombotic
risks in this patient population and the administration of plasma or factor concentrates with
the purpose of correcting prolonged standard coagulation tests in septic patients before
invasive procedures is not recommended and can be harmful[5].Viscoelastic tests (rotational
thromboelastometry, thromboelastography) are whole- blood global hemostatic assays,
reflecting both the cellular and the plasmatic components of hemostasis. The use of different
activators or additives to the samples allows the specific investigation of different parts of
the hemostatic system[6]. Viscoelastic tests are also useful for the diagnosis of
hyperfibrinolysis in clinical practice. The use of viscoelastic tests in septic patients allows a
global evaluation of the hemostatic system closer to the in vivo situation, advantages already

described in previously published research [4].

16



Organ dysfunctions in sepsis result from the interaction between inflammation and
coagulation resulting in uncontrolled and disseminated coagulation activation accompanied
by the inhibition of the anticoagulant and fibrinolytic mechanisms[1]. Anticoagulant
therapies might represent a valuable option in selected septic patients. However, the correct
choice of the drug and the identification of the therapeutic window which is the moment
when the coagulation activation becomes a detrimental process are crucial [7, 8]. As a
consequence, research on the hemostatic disturbances of septic patients is a very actual topic

with important practical implications for the clinicians.

1. Personal contribution

Working hypothesis/ objectives

The purpose of this research was to describe the hemostatic profile of patients with
sepsis and the effect of malignancy on the coagulation disturbances in sepsis. The objectives
of the study were to compare the coagulopathy between septic patients and septic patients
with solid malignancy and to summarize the findings obtained from different methods for
the investigation of hemostasis in the early stages of sepsis. Another aim of the study was to
assess the fibrinolytic activity of septic patients using the standard thromboelastometric
parameters and the velocity curves of clot formation. In this study, the usefulness of different
hemostatic parameters for the DIC diagnosis and for the outcome prediction at ICU
discharge in the entire group of septic patients and in different subgroups of similar patients

was also assessed.
General methodology

The patients included in the study formed three groups: the first group included septic
patients with solid malignant tumors in the pelvis or abdomen, the second group included
septic patients without cancer diagnosis and the third group included non-infected cancer
patients. Patients under 18 years, pregnant women, patients with hematologic, renal or liver
diseases were excluded from the study. The exclusion criteria also included the
administration of anticoagulant or antiplatelet treatment or any procoagulant therapy in the
last 7 days before study inclusion. Demographic data, the results of microbiologic tests and
inflammatory markers, severity scores and DIC scores were recorded in the study.
Hemostasis assessment included the results of the complete blood count, standard
coagulation tests, the plasmatic concentration of procoagulant, anticoagulant factors and D-
dimers and rotational thromboelastometry. The blood samples were drawn in the first 24 to
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36 hours from the diagnosis of septic shock or sepsis with organ dysfunctions in order to
study the early hemostatic disturbances of sepsis patients. Rotational thromboelastometry
included 4 tests: EXTEM (for the study of the extrinsic pathway, activated with tissue
factor), INTEM (for the study of the intrinsic pathway, activated by elagic acid), FIBTEM
(for the study of fibrinogen/ fibrin polimerisation capacity), APTEM (for the assessment of
fibrinolysis, activated by tissue factor, with an antifibrinolytic agent added in the sample). A
new parameter (t-AUCi) reflecting the duration of the descending part of the velocity curve
of clot formation was calculated by the formula: t-AUCi= CT+ (t-MCF)- (t-MaxVel). For a
dynamic assessment of the clot formation in septic patients, the velocity of clot formation
using amplitude or elasticity was calculated in different time points of the measurement, as

described in previously published studies[9, 10].
Results and discussions

Characteristics of patients included in the study

In the first group were included 57 patients diagnosed with sepsis with organ
dysfunctions or septic shock in the first 30 days after surgery for solid cancer in the abdomen
or pelvis. This patient group included more males than females and the majority of patients
had colo-rectal cancer. SOFA score had a mean value of 10.18 points, close to the value of
11 points considered to be associated with increased mortality. Patients included in study
group 1 had anemia, thrombocytopenia and prolonged INR, PT and aPTT. Plasmatic levels
of coagulation factors and inhibitors were decreased, similar to other published research [4].
Rotational thromboelastometry reveaeds a prolonged clotting time in 25% of the patients
included in the first group, while standard coagulation tests were prolonged in 85% of the
cases. The second group included 40 patients diagnosed with sepsis with organ dysfunctions;
similar to the first group, this group included also more males than females with a mean age
higher than patients in the first group. SOFA score had a mean value of 10.57 points in this
group, a value correlated with increased mortality. Similar to group 1, patients in group 2
also had hemostatic disturbances frequently found in critically ill patients- anemia,
thrombocytopenia, prolonged standard coagulation tests and decreased plasmatic levels of
coagulation factors and inhibitors. Rotational thromboelastometry revealed prolonged
initiation of coagulation in 37.5% of the cases included in group 2. Study group 3 included
43 non-infected patients diagnosed with solid malign tumors in the abdomen or pelvis

scheduled for elective surgery. This study group served as control for the assessment of
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hemostatic disturbances found in septic patients with cancer. The majority of patients
included in group 3 had anemia, normal platelet count and normal results of standard

coagulation tests and rotational thromboelastometry.

Comparison of standard coagulation tests and corresponding
thromboelastometry parameters

The results of standard coagulation tests and tromboelastometry parameters were
compared for all the patients included in the study (n=140). The results revealed significant
correlations between plasmatic fibrinogen assessed by Clauss assay and clot firmness in
FIBTEM and between clot amplitude in EXTEM, INTEM with both platelet number and
plasmatic fibrinogen. The results of PT/INR were correlated with CT in EXTEM and aPTT
correlated with CT in INTEM, however prolonged standard coagulation tests were found in
a larger number of patients than abnormal clotting times revealed by thromboelastometry.
The comparison of standard coagulation tests and derived parameters from clot velocity
curve in EXTEM revealed that the maximum velocity and AUC (reflecting total thrombus
generation) correlated with plasmatic fibrinogen and with platelet number. Time to
maximum clot velocity (t-MaxVel) was statistically significant correlated with prothrombin

time and INR, but not with the plasmatic fibrinogen concentration or the platelet number.
Study of the calculated parameter t-AUCI

The newly calculated parameter t-AUCi equals the length of the descending part of the
velocity curve of clot formation and it is a continuous numerical parameter as opposite to
the clot lysis indices which are non-parametric variables with a limited range of values. The
calculated parameter is correlated with the clot lysis indices, however the correlation with
D-dimers is not statistically significant. The parameter t-AUCI values are increased in
patients with decreased clot lysis revealed by thromboelastometric lysis indices. Patients
without clot lysis at 30, 45 and 60 minutes have significantly higher t-AUCi values compared

to patients with lysis.

The comparison of hemostasis between patients with sepsis and malignancy and

non-infected cancer patients

Cancer patients with sepsis (group 1) had thrombocytopenia, prolonged standard
coagulation tests and lower plasmatic levels of coagulation factors and inhibitors compared

to non-infected patients with cancer (group 3). These results are similar to previously
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published research in sepsis patients [11]. Standard and derived thromboelastometric
parameters revealed a delayed initiation of coagulation in septic patients, however the latter
phases- the propagation and stabilisation of the clot- are not significantly different between
groups. The lysis at 45 and 60 minutes is reduced in group 1 patients compared to group 3.
Lower fibrinolysis in sepsis was demonstrated in other studies[12]. The newly calculated
parameter t-AUCI was statistically significant prolonged in sepsis patients with cancer
(group 1) compared to no-infected cancer patient (group 3), in agreement with the decreased
lysis demonstrated in sepsis. The velocities calculated using amplitude and elasticity reveal
significant differences between the groups after 30 minutes of reaction, with patients in
group 1 having increased velocities of clot formation compared to group 3 patients.
However, the calculated velocities are not sensitive to detect the prolongation of the time
necessary to reach the maximum velocity of clot formation, due to the methodology for
assessing the velocities which are determined only for fixed time points. By using the
velocities calculated based on amplitude or elasticity, the time to maximum velocity of clot
formation cannot be determined, however, it is provided by the machine’s software. The
decrease of velocities after 30 minutes of reaction in group 3 patients might reveal the
fibrinolytic process limiting the process of clot growth. The negative velocities found earlier
in group 3 patients compared to group 1 patients also mean a decrease in clot amplitude
probably due to clot lysis. This is confirmed by the lack of differences in the velocities curves
between the groups in the APTEM assay, where fibrinolysis is inhibited. Interestingly, using
the calculated velocities, lower fibrinolysis in septic patients is revealed after 30 minutes of
reaction, while using standard clot lysis parameters it is revealed only after 45 minutes from
the start of the test.

The comparison of hemostasis between patients with sepsis and patients with

sepsis and malignancy

Standard coagulation tests are prolonged in both groups of patients. Our results reveal
increased values for PT and aPTT and lower fibrinogen levels in patients from group 1
compared to patients from group 2, however only the aPTT value is statistically significant
prolonged. Plasmatic levels of coagulation factors, inhibitors and D-dimers and standardand

derived rotational thromoelastometry parameters are similar between groups.
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The comparison of velocities calculated using amplitude and elasticity

The comparison of the velocities calculated using amplitude and elasticity in patients
included in group 1 and 3 reveal that maximal velocity was attained earlier for the amplitude
curves compared to the elasticity curves. This finding could be explained by the non-linear
relation between amplitude and elasticity and the possibility that elasticity grows faster after
the amplitude reaches a certain value. For the patients in group 2 the maximal value is
attained simultaneously for velocities calculated using amplitude and elasticity, explained
by the increased hemostatic potential of patients in this group, reaching earlier increased
amplitude values correlated with increased clot elasticity. The kinetics of clot formation, the
lysis and platelet mediated clot retraction were studied using the velocities of clot formation
calculated using amplitude and elasticity in EXTEM, APTEM and FIBTEM. In septic
patients (groups 1 and 2), the velocity curve is similar in EXTEM and APTEM due to the
decreased fibrinolytic activity. The negative values for velocities is attained simultaneously
in EXTEM and APTEM and is explained by platelet mediated clot retraction. Patients
included in group 3 had a different kinetics of clot formation in EXTEM and APTEM. In
this group, the velocities calculated in EXTEM and FIBTEM are decreased compared to
those calculated in APTEM after 45 minutes of reaction for amplitude and earlier for
elasticity. This result is explained by clot fibrinolysis which is inhibited in APTEM due to

antifibrinolytic additives.

The usefulness of thromboelastometric parameters for the severity assessment

of the disease and for the outcome prediction in patients with sepsis

The usefulness of hemostatic parameters for the prediction of outcome at ICU
discharge was analysed. SOFA score and JAAM DIC score were significantly correlated
with patients’ outcome. From the standard coagulation tests, only the aPTT was significantly
prolonged in non-survivors compared to survivors. Non-survivors also demonstrated a
decreased clot amplitude in EXTEM and INTEM and prolonged clotting time and clot
formation time in INTEM. The derived parameters calculated by the machine’s software
were similar between survivors and non-survivors. Clot lysis indices reveal decreased lysis
in non-survivors, but the results were statistically significant only for the maximum lysis,
which was decreased in non-survivors. The calculated parameter t-AUCi had a statistically
significant correlation with the patients’ outcome, non-survivors having increased t-AUCI

values compared to survivors. Interestingly, the parameter t-AUCI had the best prediction
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capacity compared to other thromboelastometry parameters revealed by the use of ROC

curves.

Parameters derived from the first derivative of the clot velocity curve are significantly
different in patients with DIC, which have a lower value for the maximum velocity of clot
formation and a longer time necessary to reach that maximum velocity compared to patients
without DIC. The area under the clot formation velocity curve (AUC) which is a global
parameter of clot formation and stabilization (total thrombus formation) is reduced in DIC
patients. According to the ROC analysis, the best parameters for the prediction of DIC in
septic patients are maximum clot elasticity, AUC and maximum clot firmness in EXTEM or
INTEM. Our results reveal that clot firmness under 63 mm, AUC less than 6173 or clot
elasticity lower than 158 identify DIC patients with sensitivity and specificity higher than
70%. Using the thromboelastometry parameters obtained at study inclusion allows the rapid
identification of patients with high probability of developing DIC. For septic patients
diagnosed with DIC according to the JAAM DIC score, the parameter t-AUCi and SOFA
score correlate with mortality at ICU discharge. Non-survivors had increased t-AUCi value
and SOFA score compared to survivors. According to ROC analysis, t-AUCiI is better than
SOFA score for outcome prediction in septic DIC patients. The use of the data from
rotational thromboelastometry at study inclusion allowed the early identification of high-risk
patients using a two-steps approach: the identification of patients with DIC using AUC,
MCE or MCF and for this subgroup of DIC patients the identification of high-risk patients
using the parameter t-AUCI.

As the clot lysis indices have a limited range of values, we studied other variables
useful for a better characterization of patients with similar clot lysis indices. As lower clot
fibrinolysis is associated with worse prognosis, the identification of parameters useful for
outcome prediction is extremely important. Our results revealed that t-AUCi was the only
parameter correlated with the patients’ outcome at ICU discharge in the subgroups of
patients without clot lysis at 45 and 60 minutes. This parameter proved useful to differentiate
patients without clot lysis with similar results of the rotational thromboelastometry at study
inclusion. ROC analysis revealed that t-AUC value higher than 1928 had sensitivity and
specificity of 78% and 67% and respectively of 97% and 67% in patients without clot lysis
at 45 and respectively 60 minutes.
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Conclusions and innovative contributions of the thesis

The present study is the first to describe a complex assessment of hemostasis in
patients with sepsis and in patients with sepsis and solid malign tumors using standard

coagulation tests, standard and derived rotational thromboelastometry parameters.
Innovative contributions in the study:

e We demonstrated relevant correlations between the standard coagulation tests and
calculated parameters frm the first derivative of the clot formation curve on rotation
thromboelastometry.

e We constructed a new parameter t-AUCi equal to the descending part of the clot velocity
curve which correlates with standard clot lysis parameters evaluated by rotation
thromboelastometry.

e The complex assessment of clot kinetics using the clot velocities calculated using
amplitude and elasticity from thromboelastometry.

e The usefulness of the new parameter t-AUCI for outcome prediction in septic patients
and in special patient subpopulations as the group of patients with DIC or the patients

without clot lysis at 45 or 60 minutes on thromboelastometry.
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