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Coagulopathy in Trauma Patients
Brohi K: J. Trauma (2003) 55:1127
@ 100
90
80
70
60
e
in % 20 m Coagulopathy
20
10
0l

0-14 15-29 30-44 45-59 60-75
1SS




T Gy

rauma Induced Coagulopathy =
complex and not predictable

1. Massive bleeding — consumption coagulopathy
@ 2. Dilutional coagulopathy: - interaction: colloids —
coagulation ,fibrinpolymerisation disturbance*
3. Hypothermia
4. Acidosis
5. Hyperfibrinolysis
6. Anaemia
7. Electrolyte disturbances
q Gerinnungsmanagment
® Blutungsmanagement
1. Monitoring
(Standardgerinnungstests versus POC)
2. Therapieoptionen
(Plasma versus Konzentrate und mogliche
Alternativen)

Gerinnungsmo

Predicting Haemorrhage Using Preoperative Coagulation
Screening Assays
Walter H. Dzik Current Haematology reports 2004

Why are the PT (INR) and apTT such
poor predictors for bleeding?

1. relationship between coagulation factors and PT/pTT is
non-linear

2. mildly abnormal test occur in patients with normal
coagulation

3. overestimation of deficiencies in the upper limb and
underestimation of deficiency
in the lower limb

4. overestimation of coagulation
factor depletion, if more than
one factor is reduced

5. PT and pTT were never designed
to predict bleeding
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Thrombelastography and tromboelastometry in assessing
coagulopathy in trauma
Pir I Johansson®, Trine Stissing, Louise Bochsen and Sisse R Ostrowski
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Gerinnungsmonitoring
Influence of different HES solutions on fibrinogen

measurement in HES diluted plasma
Adam S et al. Thromb Haemost 20

Overestimation of fibrinogen (Clauss derived method)

after administration of HES of up to 100%

A 30% dilution B 50% dilution
20 20
J T -
B3 HES 200
1
150 {

Fibrinogen estimates are influenced by methods of measurement
and hemodilution with colloid plasma expanders

Christion Fenger- Eriksen, Gary W. Meore, Saeita fa

arajan, jorgen Ingersier, and Beany Sorvnsen
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Critical Care ‘c: CRITICAL CARE

Management of bleeding following major trauma: an updated European
guideline

e

Critical Care 2010, 14:R52  doi-10.1186/cc8343

e recommendation 12:
+We recommend that routine practice to detect post-traumatic
coagulopathy include the measurement of international
normalised ratio (INR), activated partial thromboplastin time
(APTT), fibrinogen and platelets. INR and APTT alone should not
be used to guide haemostatic therapy (Grade 1C).
We suggest that thrombelastometry also be performed to assist
in characterising the coagulopathy and in guiding haemostatic
therapy. (Grade 2C).”

Gerinnungsmonitoring
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Gerinnungsmanagment
a =
Blutungsmanagement

1. Monitoring
(Standardgerinnungstests versus POC)

2. Therapieoptionen
(Plasma versus Konzentrate und mégliche
Alternativen)
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5 ml/kg FFP
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Management of bleeding following trauma:
a European guideline Rossoint R et al. Crit Care 2010

@

Management of bleeding following trauma:
a European guideline Spahn D et al. Crit Care 2007

British Committee for Standards in Haematology
Stainsby D et al. Brit J Haematol 2006

Key issues in advanced bleeding care in trauma
Rossaint R, et al. Shock 2006

Volume expansion and plasma protein clearance during

intravenous infusion of 5% albumin and autologous plasma.
Hedin A and Hahn 6. Clinical Science 2005;10:217-224

10mL/kg 5% Albumin vs FFP

Albumin FFP

PV +17% PV +21%
Fib -12% Fib + 6%
AT -16% AT +3%

PIt -7% PIt -10%
pT PT |

aPTT t aPTT |

» FFP causes volume expansion and dilution
» no relevant increase in clotting factor concentrations




TRANSFUSTON PRACTICE

Change in INR (1N R pepre- I NR prr)

Effect of fresh-frozen plasma transfusion on prothrombin time
and bleeding in patients with mild coagulation abnormalities

TRANSFUSION 2006;46:1279-1285.
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FFP- effective ?

“Is FFP clinically effective?” A systematic review

of randomized trials.

57 studies: only 5 studies with possible benefit
Stanworth ST BJH 2004

«“The role of prophylactic FFP in decreasing blood
loss and correcting coagulopathy in cardiac
surgery”
*A systematic review
6 studies: no effect on blood loss

Casbard AC Anaesthesia 2004
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Retrospective analysis Wiscule moskalily

RBC:FFP ratio and mortality

B24h mrrlalily 030 deay mecalalily

RBC:FFP 1:1or<1:
septic complications

German Trauma Registry [
(=] - 1SS >16 “ I
_ >10RBC (ER > ICU) > 1

n =484 »

— mean age 40,1 years i ]

— mean ISS 41 b5

»

1

»

MOF
ventilator days
ICU stay and in-hospital stay

Maegele M: Vox Sang (2008)

Crude Complication Rate

INDIFFERENT

Comparison for Patients Who Received a
High F:P vs. a Low F:P Transfusion Ratio

B Mortality (%)
BMOF (%)
ENosoc. inf (%)
TARDS (%)

FFP1:RBC1 FFP: RBC<1:1

Sperry J: J Trauma 2008:65:986)

Pro 1:1 Indifferent

Hirshl .
" T:;Surggrgzeo'o%; 24;454_ = Duchesne et al. J Trauma
2008; 65:272-6

= Hoetal. AmJ Surg T u
b 470 perry et al. J Trauma
2005; 190:479-84 2008: 65:986-93

= Gonzalezetal. J L]
Trauma 2007; 62:112-9

= Borgman et al. J Trauma
2007; 63:805- 13

= Gunter et al. J Trauma
2008; 65:527-34

= Maegele M Vox Sang
2008; 95:112-9

= Cotton et al. J Trauma.
2008;64:1177-82

Massive Transfusion: optimal ratio of RBC:FFP

Con 1:1

Scalea et al. Ann Surg
2008; 248:578-84

Kashuk et al. J Trauma
2008; 65:261-70

Snyder C J Trauma
2009; 66:358-62




Coagulation management with FFP and clotting factor
concentrates in severe traumatized patient:
CT scan at admission to trauma centre

Coagulation management with FFP and clotting factor
concentrates in severe traumatized patient

2 R ———

15 FFP I 10 g Fibrinogen D>

FIbTEM MCF: 6 mm 3mm 27 mm
exXTEM MCF: 48 mm 27 mm 61 mm
Fibrinogen: 232 mg/dL 60 mg/dL 285 mg/dL

The Relationship of Blood Product Ratio to Mortality:
Survival Benefit or Survival Bias?

@ retrospective analysis in 134 patients
the first unit PRBC:

— median 18 minutes (1- 348 min)
the first unit of FFP:

— median 93 minutes (24 — 350 min)

Snyder C: J Trauma 2009:66 358




“Therefore, it could be concluded that the

Non-survivors in our study population did not die because they
got a lower FFP:PRBC ratio;

They got a lower ratio because they died”

T

Snyder C: J Trauma 2009:66 358

Crit Care Med 2008 Vol. 36, No. 4
Transfusion of fresh frozen plasma in critically ill surgical pati nts
is associated with an increased risk of infection

Babak Sarani, MO, FACS; W. Jonathan Dunkman, BA; Laura Dean; Seema Sonnad, PhD;
Jefirey I, Rohrbach, RN, MSN; Vicente H. Gracias, MD, FACS
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Fresh frozen plasma transfusion in critically ill medical patients
with coagulopathy*
Saqgib L Dara, MD; Rimki Rana, MD; Bekele Afessa, MD: 5. Breanndan Moore, MD: Ognjen Gajic, MO

Table 2. Outcome of patients who did 2ad & pot reochve fresh frozen plasma (FFF) trssiusion

@ FFP o FF!‘

Oucoms: in = Hj

! TTRRT.

TR
Median {1GR1 10U bergith of stay. duys”

Conclusion:
* no difference in new bleeding episodes
* new onset acute lung injury was more frequent in the
transfused group (18% vs. 4%, p =.021).
- risk-benefit ratio of FFP transfusion in critically ill
medical patients with coagulopathy may not be favorable.
Crit Care Med. 2005; 33(11):2667-2671




Fresh Frozen Plasma Is Independently Associated With a Higher
Risk of Multiple Organ Failure and Acute Respiratory Distress
Syndrome

]

Giregory A Watunn, MDD, favon 1. Sperey, MO, MPL Ma
. AD) [ nD.

o, M MPH. Joveph P Misel, MDD,
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Each unit of FFP was independently ——

associated with a 2.1% higher risk of

MOF and a 2.5% higher risk of ARDS. Indapandent Hacard Ratos For

ORIGINAL ARTICLE
a The status of massive transfusion protocols in United States
trauma centers: ive transfusion or massive confusion?

Kirin M, Schuaster, Kimberly A Davts, Felix ¥ Lul, Linda L Maerz. and Lowis |, Kaplan

Schuster K et al. Transfusion. 2010 Feb 11.

American Society of
Anesthesiologists:
Newsletter July 2009

.,1:1:1 ratio needs more studies”

. »there is significant survivor bias*
. ,use of POC monitoring avoids unnecessary
transfusion*

.,1l:1:1ignores the risk of allogenic transfusion
known to be dose dependent*




Goal-directed coagulation management of major trauma patients
using thromboelastometry (ROTEM®)-guided administration of

fibrinogen concentrate and prothrombin complex concentrate
Herbert Schochl, Wolfgang Voelckel, et al. Crit Care 2010
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sequence of critical of clotting factor
concentrations :

@ 1. Fibrinogen
2. Prothrombin
3. Factor V

4. Factor VII

5. Platelets

Hiippala ST Anesth Analg 1995

critical level of fibrinogen in clinical practice?

> Charbit B et al.: fibrinogen as an early predictor for severe PPH.
J Thromb Haemost (2007)

> Gerlach R et al.: postoperative haemorrhage after intracranial
surgery and fibrinogen. Stroke (2002)

> Blome M et al.: fibrinogen and postoperative bleeding in CABG.

@ Thromb Haemost (2005)

> Ucar HI et al.: Preoperative fibrinogen and postoperative
bleeding after open heart surgery. Heart Surg Forum (2007)

> Karlsson H et al.: plasma fibrinogen level and CABG. Transfusion
(2008)

» Stinger H et al.: high ratio of Fl:transfused RBC improved
mortality in combat causuality and massive transfusion. J
Trauma (2008)

increased bleeding tendency, if fibrinogen

level is below 1.5 -2.0 g/dL




Critical Care C CRITICAL CARE

Management of bleeding following major trauma: an updated European
uideiine

dcal Care 2010, WRST  ded 90 1186408541
@ recommendation 28:
.we recommend treatment with Fl if significant bleeding is
accompanied by TEG signs of functional fibrinogen deficit or a
plasma Fl level of less than 1.5 — 2.0 g/l (Grade 1C). We suggest
an initial fibrinogen concentrate dose of 3-4g or 50mg/kg.
Repeated doses may be guided by TEG monitoring and
laboratory assessment (Grade 2C).“

Critical blood loss - fibrinogen baseline concentration

Singbartl K et al. Anesth&Analg 2003
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FI = 150 mg/dL: 750 ml or 3.750 ml

Critical Fl levels may be reached before the need of RBC's!!}
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Cl vor Ver g von Fibrinc itrat im perioperativen Umfeld, beim
schwer verletzen Patienten sowie beim kritisch kranken Intensivpatienten.
D. Fries und P. Innerhofer
fur die Arzneimittelkommission der Medizinischen Universitét Innsbruck

Transfusionspflichtige Blutung, zu erwartender Transfusionsbedarf oder
hohes Risiko einer Blutung an einer gefahrlichen Lokalisation?
‘ Beendigung/Reversierung aller antikoagulatorischen Manahmen? H:l
‘ Ausschluss einer Hyperfibrinolyse (ROTEM®)?* H:l
Fibrinogenwert < 150 mg/dL
10-min Wert der Gerinnselfestigkeit im FIBTEM®-Test: A10 < 7 mm?

» Vor Gabe von Haemocomplettan P® sollten o.g. Kriterien erfiillt sein

» ROTEM® Messung/Standardlabor (sofern méglich) vor und nach Gabe
von Haemocomplettan P®
» Empfohlene Initialdosis: 50mg/kg KG

*bei Hyperfibrinolyse 20 mg/kgKg Cyclocapron VOR Haemocomplettan P

(Diese Checkliste soll die und 2ur von
vereinfachen. Abweichungen sind im Einzelfall in Abhangigkeit von der klinischen Situation jederzeit moglich.)

case: Kenet G et al. Lancet 1999 '

< Soldier with abdominal gunshot

@ wound

<~ Fatal course seemed inevitable :

T ]

hypovolemic shock, acidosis,
hypothermia, serious
coagulopathia ...

< Blood loss: 300ml/min

60pg/kg rFVIIa: reduction of bloodloss to ~15ml/min
further 60ug/kg: cessation of bleeding

Israelian national registry of the use of
rFVlla in trauma
Martinowitz et al. J Thromb Haemost 2005

<36 Patienten, mittleres Alter 19.5
Jahre (14-65)

@ =Verletzungsmuster: penetrierend
(44%), stumpf (42%), ,.blast-injury*
(28%)

«zunachst konventionelle Therapie:
FFP, Kryo und Thrombokonzentraten

=Sistieren der Blutung in 72%

=90 Tage Uberleben 61% versus 30-57%

= Transfusionsbedarf: 20.5U vor
versus 2.5U nach rFVlla

rEVila




rFVlla as an adjunctive therapy for bleeding control in

severly injured trauma patients
Boffard et al. J Trauma 2005

blunt trauma: grade B recommendation ?!

Trauma Arrival - Ranclomization

s rFYlla . |
| Placebo N |
t |
Tansfsion 5 8
REC units) (Pl | |
Pt Placeho i i
il o
LY R — L Bl
Treatment 200100 100

(ug/ky BW)

Survivel, day 30

Serious adverse events

rFVlla as an adjunctive therapy for bleeding control in

severely injured trauma patients
Boffard et al. J Trauma 2005

patients with blunt trauma: decrease of transfusion of
@ RBC's within the first 48 hours after rFVlla

— Mateb et

%, of Patients
% of Patmts

s 0 % 1015 M S KN B LS W 0 5 W RSN K &AW

RBC units In patients dive st 48 hours REBC Wnits in patlents Al a1 42 hours

it

Recombinant Factor Vila as Adjunctive Therapy for Bleeding
Control in Severely Injured Trauma Patients: Two Parallel
Randomized, Placebo-Controlled, Double-Blind Clinical Trials

K a, M, PRI,

y Chonig, MD,
A, fi ASerew

€ the patient precluded
i from changiig the outcome. The Hodges-

* was used 10 estimate the difference in
RBC units wer

this was the average across all sites).




Early Versus Late Recombinant Factor Vlla in Combat
Trauma Patients Requiring Massive Transfusion

Jerewey G Perbing, MID, Maria A Scheciher, MDD, Charles £ Wade, PAD, and Jobe B Holcomb MIY
Retrospektive Analyse von 365 Massivtransfusion,
wobei 32% rFVlla erhalten haben.

,Friihe Gabe“: rFVlla Gabe VOR Transfusion von 8 EKs
. Spate Gabe“: rFVlla Gabe NACH Transfusion von 8 EKs

Pistasat ramshascn
Bauhons crpsmaod L)

Data are sxpresssd as macian (rangs] {mean)

Guidelines for the use of rFVlla. Israeli Multidisciplinary

rFVlla Task Force
Martinowitz et al. J Thromb Haemost 2005

1. massive blood loss (100% blood loss in 24
hours, 50% in 3 hours, 150 ml/min, 1,5
ml/min/kg in 20 min)

2. failure of all conventional methods (surgery,
radiology, packing, ...)

3. ,appropriate replacement therapy“ including
FFP, Cryo, platelets

4. buffer therapy atapH <7.2

5. warming in case of hypothermia is
recommended but not required

New local haemostyptic dressings

1. QuickClot®
2. HemCon® \
3. Combat Gauze® T
4. Celox®

5. Hemostat®
6. WoundStat®
7. TraumaDEX®
8. FSD =fibrin sealant dressing

lokale Hamostyptika




QuickClot® = Zeolite

* QuikClot® ACS+™ (Zeolite) ist ein , molekularer
Schwamm®. Es ist biologisch inert und bindet

e Wassermolekiile in einer Hydrogenverbindung

* QuikClot® soll eine lokalisierte Gerinnselbildung mit
einem stabilen Clot ermdglichen. Es wird nicht absorbiert.

lokale Hamostyptika

Use of QuickClot®

Shot-gun injury — bridging for surgical treatment

Huge wound area

HemCon® = poly-R-N-acetyl-D-glucosamin=Shrimps

»FDA Zulassung: 2003 (... Operation , Iraqi Freedom“)
>Bis 2006 wurden weit mehr als 100.000 Verbande verkauft
a »Bestandteil des sog. Prehospital Trauma Life Support Military
Section; Anwendung wird bei allen Special Operations Forces
trainiert

»Deacetylierte Form von Chitin
»Chitosan hat topische hamostatische
Wirkung ...

lokale Hamostyptika




Use of HemCon®

Use of HemCon after tracheotomy.
After application of the wound dressing, bleeding stopped.

lokale Hamostyptika

Combat Gauze and WoundsStat: New Choices of Hemostatic Treatment for Combat Wounds
Bijan §. Kheirabadi, Jason W, Edens, Irasema B. Terrazas, Michael R Scherer, Michael R. Perez, Ashley B. Cox,
J. Scot Estep, Michael A. Dubick, and John B. Helcomb

United States Army Institute of Surgical Research, Fort Sam Houston, TX 76234-6315

Total Blaod Loss

Hea oo T8
Tiemw imint

Tactical Combat Casualty Care (TCCC) New Guidelines:

CG should be used as the 15t ine of treatment for life-threatening
that i not o

lokale Hamostyptika

Use of Combat Gauze®

Use of Combat Gauze® because of oral bleeding after severe
maxillary and facial trauma

lokale Hamostyptika




25 y.o. female multiple traumatised patient

- haemorrhagic shock, acidosis ~ b |

-3xCPR

- cardiac tamponade

- traumatic aortic rupture
- re-bleeding after stenting
- pulmonary contusion

- flail chest

. - lesion V.iliaca int.
- haematothorax spine fracture

- cardiac contusion dl - retroperitoneal haematoma
- diaphragmatic rupture arm fracture
- liver rupture hand fracture
- spleen rupture i femoral fracture
- intestinal rupture - lower leg fracture
- open book fracture - combustion grade IV-Grad
- multiple excoriations
- open foramen ovule
- intestinal bleeding
-ICH
- pneumoperikard
- pneumomediastinum,

y )

first ROTEM® analysis:

4 g fibrinogen concentrate . e A
Ram: G
1.200 L.U. PCC o
ST
amount of blood loss: unknown ! 1 -

15 Wt

2 Mio IU Aprotinin

Bicarbonate

further 8g fibrinogen concentrate

2 platelet concentrates

100 pg/kg rFVila (NovoSeven®)

“Pre hospital hemostatic kit”

Israelian Army

» rFVlla 9.6mg
» Tranexamic acid 3gr
» Fibrinogen 4 (2)gr
» Bicarbonate

> Saline for
reconstitution(150ml)

» Chitosan bandage




7th Innsbruck Winter Symposium for Coagulation
»Trauma and massive bleeding”
dietmar.fries@i-med.ac.at

www.clotwork.at




