A hemosztazis...

- korélettana es diagnosztikgja

- Dr. Tanczos Krisztian

Aneszteziologiai és Intenziv Terapias Intézet

XVI. Magyar Siirgosségi Orvostani Kongresszus [

V
MSOTKE MSOTKE - MOT ké6z6s tudomanyos rendezvénye
Siéfok, 2017. november 16-18.




Dinamikus szemlélet

- kritikus allapot -




Sulyos vérzés = oxigénadossag

Vincent JL et al. Int. Care Med 1990; 16:145-148
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ORIGINAL ARTICLE

Lactate clearance as a predictor of mortality in trauma patients

Stephen R. Odom, MD, Michael D. Howell, MD, MPH, George S. Silva, BA, Victoria M. Nielsen,
Alok Gupta, MD, Nathan 1. Shapiro, MD, MPH, and Daniel Talmor, MD, MPH, Boston, Massachusetts

J Trauma Acute Care Surg. 2013;74:999-1004
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Hemorrhagic blood failure: Oxygen debt, coagulopathy,

and endothelial damage
J Trauma Acute Care Surg. 2017,82:6,541-49
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Traumatic Endotheliopathy: A Prospective Observational
Study of 424 Severely Injured Patients
Fir 1. Johansson, MD, DMSc, MPA,"t Hanne H. Henriksen, BSc,” Jakob Stensballe, MD, PhD," |

Mikkel Gybel-Brask, MD,” Jessica C. Cardenas, PhD,7 Lisa A. Baer, BSc,7 Bryan A. Cotton, MD, MPH, {
John B. Holcomb, MD,{ Charles E. Wade, PhD, and Sisse R. Ostrowski, MD, PhD, DMSc*
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REVIEW

Open Access

Shock induced endotheliopathy (SHINE) &~

in acute critical illness - a unifying
pathophysiologic mechanism

Paringemar Johansson'#*", Jakob Stensballe'* and SisseRye Ostrowski'

Critical Care (2017) 21:25 DOI 10.1186/513054-017-1605-5
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Hemorrhagic blood failure: Oxygen debt, coagulopathy,

and endothelial damage
J Trauma Acute Care Surg. 2017;82:6,541-49

Nathan J. White, MD, MS, Kevin R. Ward, MD, Shibani Pati, MD, PhD,
Geir Strandenes, MD, and Andrew P. Cap, MD, PhD
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Hemorrhagic blood failure: Oxygen debt, coagulopathy,

and endothelial damage
J Trauma Acute Care Surg. 2017;82:6,541-49
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Thrombocitafunkcio

Zhang et all Neurotraum&012; 29:2597-2605
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Early Platelet Dysfunction: An Unrecognized Role in the Acute
Coagulopathy of Trauma

Wohlauer et al. J Am Coll Surg. 2012; 214(5): 739—
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ORIGINAL ARTICLE

Sirajuddin et al. J Trauma Acute Care Surg. 2016,81: 328-332.

Inhibition of platelet function is common
following even minor injury

Sarah Sirajuddin, MD, Carrie Valdez, MD, Louis DePalma, MD, Patrick Maluso, MD, Rishi Singhal,

METHODS:

RESULTS:

CONCLUSION:

Mary Schroeder, MD, and Babak Sarani, MD, Washington, District of Columbia

A retrospective study of adult trauma patients evaluated at a Level I trauma center from August 2013 to September 2014 was con-
ducted. Platelet function was assessed using TEG-PM. Patients on any anticoagulant or antiplatelet medication were excluded. Pa-
tients were divided into those with and without radiographically evident traumatic brain injury (TBI). Demographic variables,
Injury Severity Score (ISS), injury pattern, laboratory test results, and mortality were abstracted. Statistical comparisons were made
using the Student's  test or Mann-Whitney U-test.

The study includes 459 patients, 92% following blunt injury. Median ISS was 5. Patients with TBI (n = 102) were significantly
older (median age, 54 years vs. 35 years), were more severely injured (median ISS, 10 vs. 4), had a longer stay and higher mortality
(9% vs. 0.3%). Maximal potential clot strength was normal in all cohorts, but the arachidonic acid and adenosine diphosphate path-
ways were significantly inhibited (30% =+ 26% and 58% + 27%, respectively). There was no correlation between TEG-PM values
and ISS, length of stay, or mortality. There was no difference in the TBI cohort. There were no significant differences in TEG-PM
parameters in those with an ISS greater than 14. There was no significant change in TEG-PM following platelet transfusion.
Marked platelet inhibition is common following minor injury. Whereas the clinical significance of this finding remains unknown,
the results of this study should be factored in the overall resuscitative strategy. (/ Trauma Acute Care Surg. 2016;81: 328-332.



Hemorrhagic blood failure: Oxygen debt, coagulopathy,
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Hemorrhagic blood failure: Oxygen debt, coagulopathy,
and endothelial damage

Nathan J. White, MD, MS, Kevin R. Ward, MD, Shibani Pati, MD, PhD,
Geir Strandenes, MD, and Andrew P. Cap, MD, PhD
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Konvencionalis tesztek
Bolliger D et al Transfusion Medicine Reviews 2012; 26: 1-13
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Konvencionalis tesztek
Bolliger D et al Transfusion Medicine Reviews 2012; 26: 1-13
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Konvencionalis tesztek
Bolliger D et al Transfusion Medicine Reviews 2012; 26: 1-13
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Konvencionalis tesztek

Functional definition and characterization of acute traumatic
coagulopathy Crit Care Med 2011 Vol. 39, No. 12
Ross Davenport, BSc, MD, MRCS; Joanna Manson, MD, MRCS; Henry De’Ath, MD, MRCS:;

Sean Platton, MSc, CSci, FIBMS; Amy Coates, BSc; Shubha Allard, MD, FRCP, FRCPath;

Daniel Hart, MD; Rupert Pearse, MD, FRCA; K. John Pasi, PhD, FRCP, FRCPath, FRCPCH;
Peter MacCallum, MD, FRCP, FRCPath; Simon Stanworth, DPhil, MRCP, FRCPath; Karim Brohi, FRCA, FRCS

Main Results: Three hundred patients were included in the
study. Laboratory prothrombin time results were available at a
median of 78 (62—-103) mins.
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Optimalis alvadasi teszt:

- sulyos vérzeés eseten -
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Viszkoelasztikus tesztek (TEEGROTEMP)

Bolliger D et al Transfusion Medicine Reviews 2012; 26: 1-13
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o) Hemotherapy algorithm for the management of
trauma-induced coagulopathy: the German and

European perspective
Curr Opin Anesthesiol 2016, 29:000-000

Marc Maegele*®, Giuseppe Nardi®, and Herbert Schichl®




ROTEM-based algorithm for the use of hemostatic agents and blood products
during early trauma care

Recommendation Interpretation
EXTEM FIBTEM
AT10 <45 mm (A5 <35 mm) or and A10 < 10 mm (A5 <9 mm) or
MCF <55 mm MCF < 12 mm




Hemorrhagic blood failure: Oxygen debt, coagulopathy,

and endothelial damage
J Trauma Acute Care Surg. 2017;82:6,541-49

Nathan J. White, MD, MS, Kevin R. Ward, MD, Shibani Pati, MD, PhD,
Geir Strandenes, MD, and Andrew P. Cap, MD, PhD
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OPENaACCESS Freely available online January 2014 | Volume 9 | Issue 1 | @PLOS | ONE

Structural Effects of Methionine Oxidation on Isolated
Subdomains of Human Fibrin D and aC Regions

Patrick R. Burney', Nathan White?, Jim Pfaendtner'*

0 HOCI 50 HOCI1 150 HOCI

Weigandt et al. Biophysical Journal Volume (2012):2399-2407



Post-translational oxidative modification of fibrinogen is associated @CmssMark

Wlth CO&gUlOpathy after traumatic ln-]ury Free Radical Biology and Medicine 96 (2016) 181-189

Nathan J. White *>*, Yi Wang”, Xiaoyun Fu®, Jessica C. Cardenas ¢, Erika J. Martin ¢,
Donald F. Brophy ¢, Charles E. Wade€, Xu Wang?®, Alexander E. St. John?, Esther B. Lim*,
Susan A. Stern?, Kevin R. Ward ¢, José A. Lépez ”, Dominic Chung”
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Traumas diszfibrinogenémia

Konvencionalis teszt
fibrinogén szint: 2.2 g/

Viszkoelasztikus teszt
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White NJ et al, J Trauma Acute Care Surg 2017;82, S41-49
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,Veérelégtelenseq”

White NJ et al, J Trauma Acute Care Surg 2017;82, S41-49
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Oxygen Debt

(Oxygen Content and Delivery)

Endotheliopathy
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Coagulopathy
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Kezelési stratégia sulyosan vérz 0 betegeknel

Varhato vvt. konc. sziikséglet: > 4E/4 6ra + hemodinamikai instabilitas +/- fennall6 vérzés

Traumas eredet (sulvos mellka51 hasi, medence serules és/v agy tobbszorés hosszu csoves csont tores)
tmahs/sebeszetl Vverzes)
-«_—*"“_

Dinamikusan mt’jké')dc'i
rendszer

, . Y Glétést végzo Klinikusok \
- a sulvosan vérzé beteg mintai prioritast

élveznek - definitiv vérzéscsillapitas
« felkésziil a nagyobb szamu laborvizsgalat
elvégzésére
* felkésziil a varhatoan nagvobb mennyiségi
vérkészitményigény kielégitésére «—>
* a transzporthoz sziikséges 1d6 minimalizalasa A

Laboratorium / Vérellato Szolgalat

Transzfuziologus / Hematoldogus

- allando kapcsolatot tart fenn az ellatast \ /
végz06 klinikusokkal

* értékeli a laboratoriumi vizsgalatok l’

eredmeényeit igen
s segit a hemosztazis rendezésében Vérzés ?
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White NJ et al, J Trauma Acute Care Surg 2017;82, S41-49
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Review Article

BLOOD, 25 AUGUST 2016 - VOLUME 128, NUMBER 8
Advances in the understanding of trauma-induced coagulopathy

Ronald Chang,’? Jessica C. Cardenas,’? Charles E. Wade,"# and John B. Holcomb'*
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TEG/ROTEM curves...
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Regular Article BLOOD. 16 APRIL 2015 - VOLUME 125. NUMBER 16|

THROMBOSIS AND HEMOSTASIS

Endogenous plasminogen activators mediate progressive intracerebral
hemorrhage after traumatic brain injury in mice

Nuha Hijazi," Rami Abu Fanne,' Rinat Abramovitch,® Serge Yarovoi,®> Muhamed Higazi,' Suhair Abdeen,’
Maamon Basheer,’ Emad Maraga,’ Douglas B. Cines,® and Abd Al-Roof Higazi'*®
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SOUTHERN SURGICAL ASSOCIATION ARTICLES

Acute Fibrinolysis Shutdown after Injury Occurs  ®--
Frequently and Increases Mortality: A Multicenter
Evaluation of 2,540 Severely Injured Patients

Hunter B Moore, MD, Ernest E Moore, MD, FACS, loannis N Liras, MD, Eduardo Gonzalez, MD,
John A Harvin, FACS, MD, John B Holcomb, MD, FACS, Angela Sauaia, MD, PhD,

Bryan A Cotton, MD, MPH, FACS
Vol. 222, No. 4, April 2016
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Trombocita konc.: 1 E/10 ttkg
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POCT diagnosztika (ACT, INR)




Aktivalt alvadasi id (ACT)

(Hattersley, 1966)
« az aPTT analdgja

aPTT: citratos (heparinos) veér + C&aolin

ACT: nativ (heparinos) vér kaolin (+ testld)

 Normal érteke 90-120 s (CPB:400-480 s)




Prothrombin id (INR)

Teszt

Prothrombin id6
(PT, Quick v. recalcificatios
id6)

Mivel a vizsgalando plasma
thromboplastinnal és
phospholipiddel inkubalt,
Ca++ adasa utan az
alvadasi folyamat
,végigszalad” az extrinsic és
a kdzdés uton.

Normal éerték

- 12s

- 100 %
(prothrombin
szazalékos aktivitas)

1
(INR=beteg PT / ref.PT)

Pozitiv proba oka
lehet pl.

Exstrinsic
alvadasi trigger
rendszer zavara,

kumarin terapia
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G 130s CFT: 310s o: 47° CT: 179s CFT: -5 a: =
AlOD: 29mm A20: 37mm MCF : 40mm Al0: 3Imm A20; 4mm MCF : 3mm
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EXTEM S 2013-11-29 23:40 REANS/ECR 2013-11-29 23:42 | 2:
€T: 41s CFT: 176s a: 69° CT: 49s CFT: e a: 73°
ALO:  35mm A20:  43mm MCF: _ 48mm Al0: 10mm EiE B LS
2 E vt
DRI 2013-11-30 0208 Sl=RNE Y 2013-11-30 02:09 | 2:
CT: 57s CFT: 226s o 74° CT: 695 CET: S a: 44°
AlO: 31mm A20: 40mm MCF : 45mm Al0O: omm A20: 10mm MCE 10mm
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Channel 2

Channel 1




Esetismertetés

e 46 éves ffi, autobaleset, stabil vitalis paraméterek,
GCS 15

e Diagnosztika: Hasi UH (3-4 cm szabad hasi folyadék)

e Anamneézis: vaszkularisan dekompenzalt majcirrozis
(korabban: thr: 40-60G/L, INR: 1.51)




Esetismertetés

e Obszervacio Traumatoldgiai osztalyon (23:00)

e 05:54 - Periarrest allapot-reanimacio (6 perc)

e ROSC és felvétel az ITO-ra

e Els6dleges ellatas




A mindennapokban...

Primary Thrombingeneration Clot Formation

Haemostais Fibrin

Xllla

vessel
wall

platelets

Dr. Dietmar Fries: Basics of coagulation 2013; CSL & Symposium



Noradrenalin: 30 mcg/min

P: 115/min

Véralvadas

szempontjabol

probléma:

06:32v 06:35a
Hg (g/dL) /G.S 4.D

Hct (%/ 15 15

PCO2 (Hgmm) 71.4 67.7
25 151

BE (mmol/L) -23.2 -22.8
cHCO3 ( mmol/L) 9.4 8.9
S0O2 (%) 19 90
Glu (mmol/L) 1.9 1.9
Na (mmol/L) 148 149
K (mmol/L) 5.4 5.3
Ca (mmol/L) 0.75 0.74
Lac (mmol/L) +++ +++




AlO: 31mm A20: 12mm MCF : 34mm

CT: maj korali vérzés
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FIBTEM S

CT: *3004s

AlOD: - mm

MCF : - mm

Mtét! - De mikor?




EXTEM S 2014-03-10 13.06

CT: 69s CFT: 289s o 46°
AlO: 30mm A20: 37mm MCF : 43mm

CI

89s

EXTEM S 2014-03-10 09,50

CFT:

395s

45°

AlO:

25mm

A20:

31mm

MCF :

36mm




Dinamikus koagulacios

menedzsment
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Platelets

Thrombinger
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(1> 36°C, pH > 7,2, Cai > 1 mmol, Ho.

Surgical interventions
ompression,dam

Ertékelés







Meybohm et al. Critical Care 2013, 17:218
http://ccforum.com/content/17/2/218

€, CRITICAL CARE

REVIEW

Point-of-care coagulation managementin
intensive care medicine

Patrick Meybohm, Kai Zacharowski*, Christian F Weber

» Pharmacologically induced

* Mechanical defragmentation
* Renal insufficiency

* Hepatic insufficiency

Platelet
dysfunction

* Acidosis . ® Dilut}on

- Hypothermia  Basic conditions | . C.o?gulo!:)athlés Thrombc?cyto— * Sepsis

- Hypocalcemia in critically ill patients penia * Consumption
« HIT

Plasmatic
Coagulation
System

Hyperfibrinolysis

« Dilution, activation and
consumption of coagulation factors

« DIC

* Massive transfusion

« Vitamin K deficiency

» Anticoagulatory therapy

Figure 1. Overview of coagulopathies typically present in critically ill patients. DIC: disseminated intravascular coagulopathy; HIT: heparin-
induced thrombocytopenia.
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Figure 2 Reimaary and secondary outcomes of the first prospective randomized study in complex cardiac surgery including viscoelastic
-‘v easures into a point-of-care (POC)-based algorithm for hemotherapy as proof-of-concept [13]. (a) Packed red blood
cells (PRB esn frozen plasma (FFP) and platelet concentrate (PC) transfusion rate; (b) postoperative chest tube blood loss during the first 24 h
after admission to the intensive care unit; (c) mortality during a 6-month follow up observation period; and (d) ventilation time, PaO,/FiO, - index,
and length of stay in the intensive care unit and hospital. From [13] with permission.




Thrombocyta szam funkcio

laboratérium
thrombocyta szam

[}

Thrombocyta
Thrombocyta SR altal szecernalt
receptorokat ) © .. . Emmss)  anyagok,
aktivald anyagok » kovetkezményes

Platelet

funkcionalitassal

point-of-care eszko6zok

funkcionalitds







Aktivator + 6 perc

3 perc

Hirudin vagy
Heparin 40 perc

300 pl of NaCL
+ 300 pl vér




CE:

180s

INTEM S 2013-12-06 14:47

CFT:

5ls

CT:

70s

EXTEM S 2013-12-06 1449

CFT: 675

AlO:

64mm

A20:

69mm

AlO:

60mm

A20: 66mm

MCF:

&7 mm

ET:

78s
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CFT:

192s

o

80°

AlO:

23mm

A20:

25mm
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TEG® vs. ROTEM®

Solomon C et al BJA 2012; 109 (6): 851-63
ROTEM® (©)

€
E
n
N
®
=
£
°
o TEG®
1 1 1 I
0 15 . .30 45
Time [min]
2 - et o t v Correlations with standard
Table 1 Parameters recordable using TEG™ and ROTEM®-based tests. *G=(5000 = MA)/(1 h - - -
emostatic laboratory tests
Parameter recorded  TEG" value ROTEM™ value IME. 3PTT. bisessailin
Coagulation initiation  r (reaction time) (T (clotting time) facm}r iE"i-FEISJ P gt
Clot formation k CFT (clot formation time)
o {gipha angle) o~ {aipha ongle) Fibrinogen, platelet count
Clot strength/quality A5, A10, A5, etc.
MA (maximurn amplitude)  MCF (maximum clot firmness) Fibri"ﬂgﬂ]-‘ PIMEIEI count
G (clot rigidity) MCE (maximum clot elasticity) Fb . l 1
Clot lysis LY30 (ysis) L130 (lysis index) INOPEH, PralEict ORI

Fibrin degradation products

MI (maximum lysis)

Stravicz RT et al Gastroent & Hepat 2012; 8: 513-520




Activators.

Activation Sensitive Insensitive
RISTO test | Ristocetin : VWF dependens platelet Bernard-Soulier
activation via Gplb receptor syndroma, severe
vWD, aspirin
COL test Collagen: platelet activation via GplV and | aspirin, lIb/llla clopidogrel,
a2B1 receptor antagonists vWF
ASPI test arachidon acid: activation via COX - TXA, | aspirin, Ilb/llla clopidogrel,
pathway antagonist vWF
ADP test ADP: ligand of platelet’'s ADP receptors clopidogrel, lIb/llla | aspirin, VWF
antagonist
TRAP test | TRAP-6 :thrombin receptor activating lIb/llla antagonista | vVWF, aspirin,
peptide clopidogrel




Platelet aggregometryu(itiplate®)

Zhang et all Neurotraum&012; 29:2597-2605

Thr Thr aktivacio
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Thr aggregacio
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Collagen/VWF
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Extrinsic pathway

Vascular cell

@

Rapid TEG

N

Prothrombin

Intrinsic pathway

Thrombin
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abciximab
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