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The Coagulopathy of Trauma versus Disseminated
Intravascular Coagulation

John R Hess, MD, MPH and Jefirey H. Lawson, MD, PhD 7 Trawma 2006:60:512-S19.

sapulopathy of trauma is a syndrome of non-
sfgical bleeding from mucosal kesions, serosal surfaces, Bsg
wound and vascular access sites, the tissue cozing that con-
tinses after identifiable vascular bleeding has been con;
troded. It occurs in the presence of profoundly depresSed
concentrationsoiblacd ¢ Jon peoteammid platelets but
also in situations where the normal clotting factors are present
but do not work. Recent clinical and laboratory studies now
permit a comprehensive view of the coagulopathy associated
with severe injury,



Treating Coagulopathy in Trauma Patients

Ray Armand and John R. Hess

Transfusion Medlcine Reviews, Vol 17, No 3 (July), 2003 pp 223:23

most wnjured patients, this works well. For a few,
with injuries not amenable to immediate hemor-

thage contrg 1 as hxzh grade lner mnjury or
citation Tam—ead 10 hemodilution, hypothermia,
acidosis, and coagulopathy.” Coagulopathy also
occurs when bramn or fat embolism leads to dis-
semunated intravascular coagulation (DIC), hepatic




In Vivo Bleeding Time and In Vitro Thrombelastography
Measurements are Befter Indicators of Dilutional
Hypothermic Coagulopathy Than Prothrombin Time

Fijan S Kheirabad, PRD, Jocguelioe M. Crisrey, 8BS, Rodolfo Deguzman, BS. and John B Holcomb, MD
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Predicting life-threatening coagulopathy in the massively transfused trauma patient:
hypothermia and acidoses revisited.

Cosgriff N, Moore EE, Sauaia A, Kenny-Moynihan M, Burch JM, Galloway B
Department of Surgery, Denver Health Medical Center, Colorado 80204, USA.

BACKGROUND: Recalcitrant coagulopathy "the bloody vicious cycle,”
produces the majority of deaths after torso trauma. A model predicting this
life-threatening complication may facilitate clinical decision-making.
METHODS: We prospectively analyzed patients > 15 years old who received a
massive transfusion (> 10 units of packed red blood cells (PRBC)/24 h) over a
2-year period. Excludlng massive head i lnjurles and pre-existing disease, the
58 study patients had-a-in HueSaverity Score (ISS) =
and PRBC = 24.2 unlts/24 h RESULTS Defmed as prothrombin 8Q
¢ two tlmes that of normal laboratory controls and partial thromboplastin time
as twe~tikes that of normal laboratory controls, 27 patients (47%).devefoped
life-threatening coagulopathy. USIing a multiple logistic regression model, the
four significant risk factors (with odds ratio) were (1) pH <7.10 (12.3), (2)
temperature < 34 degrees C (8.7), (3) ISS > 25 (7.7), and (4) systolic blood
pressure <70 mm Hg (5.8). The conditional probability of developing
coagulopathy was ISS > 25 + systolic blood pressure <70 mm Hg = 39%, ISS
> 25 + temperature < 34 degrees C =49%, ISS > 25 + pH < 7.10 = 49%; with all
four risk factors the incidence was 98%. CONCLUSION: Postinjury life-
threatening coagulopathy in the seriously injured requiring massive
transfusion is predicted by persistent hypothermia and progressive

metabolic acidosis.







Damage Control Resuscitation: Directly Addressing the Early
Coagulopathy of Trauma

Fodian B Fodoows, MDD, FACS, Do Jexsddims, MDD, FACS, Feter Rlsew, MDD, FACS, Jay Jolsoeagonse, MDD, FS, FACS,
FPever Mahoneyw, FRCA. RANMCO. Savoerwe Mokoa, MDD E Darrm Cox, MDD, FACS, Michaoetd J. Geobwke, MDD,

Creg J Bedoman, MDD, FACS, Marvin Schraber, MDD, FACS, Saephenm B Flaohertv. MDD, FACS,
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specifically to their needs. However, even in the largest
civilian academic trauma centers, patients with injunies at the
outer limits of survivability, such as those massively trans-
fused with more than 10 units of RBCs—a-the first 24 hours,
are uncommon and constitute onl @- the patient
population, making it diffic develop and test new resus-
citation concepts.’’ Becau [ combat casualties requure
massive transfusion, we hav just such an opportunity to
observe the effects of new resuscitation strategies in the
combat hospitals of Iraq and Afghanistan.




Blood transfusion rates in the care of acute trauma
Volume 44, June 2004 TRANSFUSION 809

John J. Como, Richard P Dutton, Thomas M. Scalea, Bennett B. Edelman, and John R. Hess

BACKGROUND: Temn 1o 1S5 percent of all RBEBCs are aseaed
i the casre of anjury. Undearrstandcing patterns of RBEBC use
= importand. Routins  resocource allocation,. planming for
Mmass casusity smueatiomns.,. desigmninmg resasarch,. amnd
Otz irng trage all can be usafully iInformed.

STUDY DESIGN AND METHODS: Bood Bard and
Tranwarmea Registry records wesre nked 1o produace =
transfused Diood product list for each pathent directhy
acddrmytted froem thee scemne of iIngury 1o a large Leved 1 trassrmeas
center an calendar year 2000, Catregoncal ssssociationss
betvwean dermograghic data. Ingury Sevenity Scoore,
transfused prodcduoasces, and owlcome wers sowght. Special
Sthemtion was pead 10 theee QrowuEss recaiviINng LUImcCroasss-
matched RBECs and srmyore than 10 ursses of RBECs.
RESULTS: BEagihn percent (4759'5645) of acute tra-urna
Ppatieorts receaivec REBEC s, ussyg S219 ursas aamyad =
oy ovverall mortaity of 27 percent, Sixty-two
REBEC s were given in the Soest 2493 howurs of care
porcent of patieses (1S7 mjured) recosived
LS arvcd recasirvecd 71 pescoent of all RBECs grvean
im theas ocof»or?t was 3239 percens, Nanmaety percents of the
Ppatieorts who recesved morne thanrn 10 units of REeC =
recservecd pimsaram, aanvdd 71 percent recerved PLT =.
CONCLUSIONS: A ssrvsall svaornmber of patiensts receitvaes
most of thhe Dlloodd procdhactss ursed i thoe troeoatrmenit of irgeary.
Traarssfusion of rmore Shaan 710 anes of RBC s sdenntthies &
masbhogrocsy wisere Ty oSt pamthenits recerved plaasrrmeas aaevd PL T =
o> tream? aactiaal o aantscapabtercd cdlurthoraam] coaagulogpast by,

T heere i o cheoar threshold bheyord wheoch Blood uame =
Futabes







Coagulopathy: Its Pathophysiology and
Treatment in the Injured Patient  WoJ Sug (2007) 1. 10551084

Brandon H. Tieu, MD,' John B. Holcomb, MD.? Martin A. Schreiber, MD'

' Department of Surgery, Diision of Trauma and Critcal Care, Oregon Heakh & Science University, 3181 SW Sam Jackson

Road - L223A, Portland, Oregon 972389, USA
2Trauma Duwision, U.S. Army Institute of Surgical Research, 3400 Rawley E. Chambers Avenue, Fort Sam Houston,

Fugere 2. Soveroly rpured paterds can greserd with coagubop-
abhwy 2t the A of hospd pamsson. This solder armived
Roroehagc shack and seguired mussive Tansluson wih
Sa3od red DOOY ol DFEC). cOMuaion roducts.
whale biood Towniguets wors glaced on the pelent s thghs
e Sl 0 meanile thood loss



Transfusion strategies in postmjury coagulopathy Current Opinion in Anaesthesiology 2009
Philip F Stahel®, Emest E. Moore®, Star L. Schreier®, Michael A. Flierl* and 207283-2%
Jeffry L. Kashuk®
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WMM!MMMO‘ Wheson by Inhibling the ineraction  DaMeen

T oie-0rt hedt by Convecton and
dladon wilth exposuro In the feld or trauma bay of by
EvAROTIVE JOBSES Whin wRANng Wit Chthing. Redued
D POOGION oours Trom Cecrsased Grygen oon.
sumption duing hemarhage shock. Operative interven:
§O 1t 1 Rurther heat ks from peroneal and pleye
surtaces. Fhuid resuscitaion resuls In & lare polential bor
heat loss. ! This can be quantfiod by the equaton

x Mt 1t also slows the matabaolic mbe of
Smcnms" Forrarn of 2l schd

Wilemnd factor with pilasiet ghvcoprotin 11XV ¢

fients and found that hypothemia (T < 34°C) acouered In
B0% of nonsunvivers and 3% of survivors, Clinically
sonficant Disedng ocoutmed in hypohemmic and acaotc
patients despile adequale blood. plalelel and plasma
replacement. ™ Jotrston of al found that st 35°C, wihout
ghubon, there was & decrease n ol coaguistion fnckors,
Factors X1 and XII were only funcioning ot 65 of nomal
o ths lempeesture, and ol 32°C her sctivity was re-
duced 10 17% and 32%, respectively.”



Ackiosis

Metabobc a000Ss 15 commonly seon n patents fol
owng Eiuma. The Gevelopent of ACdoss manly o
fects coaguicpathy by Inhibitng he achvities of ™he
onzyme complenes on lpid surtaces. Meng ef al noted
whon the pH B reduced from 7.4 1 7.0, e activiy lewl
of FV1lla wans rocuced by 805, FVIATF complex, by 55%,
aNd T rate of prothrombin actvation ty FXa®Va com.
plex. by 70% " The activity of these coaguiton factor
complanos Oepends on heir Nkracton wih B nega
tvely charped eaposed phosphoipecs on the surface of
actvited planelets that are affected by Increasing con-
cartrsons of bydrogen lons. ™ Teerperature had & st
effoct on he enzymes. only reduong thelr ty by 10%
for each 1°C decroase n tempersture. ™ n
Mty of AL showed i Acidosis Ak
when combined with bypohomia (T« X
sploric Bleeding time by 41% and 72%,

Similar Indings were noted when ey examned the o
focts of AOOCES ANS hypothommia On Thomin Qond R
fon. Theoatun plays & contryl role n activating cofacions,
platolens, mmxmummma

Resuscitation with crystalloid fluid has also been
associated with the development of worsening acidosis.
Following the Stewart model of acid base equilibrum, the
administration of solutions with supraphysiologic levels of
chloride relative to sodium results in a decreased strong
ion déifference (SID) (Na + K + Ca + Mg - Cl - lactate),
This decroased SID causes further dissociation of M’
from H,0 o maintain charge neutrality and therefore a
decreased pH, Because of its supraphysiologic levels of
chioride (154 MEQN. (NS) has been
associated with hyperchiBreme=atidosis. Waters et al
found that the use of NS in patients undergoing abdom-
inal aortic aneurysm repair resulted in the use of signifi-
cantly more blood products, suggesting thatit may have a
harmful effect on the coagulation system.””




Hypothermia and Acidosis Synergistically Impair
Coagulation in Human Whole Blood

Dveted Dirkenann, MD
Aleander A Hanke, MD
Klaes Goelingre, MD
Jasgpen Peters, MD

DACKGEOUND: Mrpothermaa and acdoss were seponiad 0 inllunce coagukopathy
in ditherern clizical smings. We evaluated whole bood coagulaton w0 detenmine

e ediocts of e and/or athlones on hatvstne
METMOOS: Whoke samples (2000 L) froes 10 healthy rolusteon (2 fomal
male) wose acidified by adding 9 pl of hpdochioex: acid of increasing n

M¢&umuw>nm,om7v Mamlnmvmm
wmmmummawmm
ineciamcally (aTEM™) and exrmscally (EXTEM™) activared amayr. To amon
nrgrne byt efats, all s ey purioal 8 Bood theormbuode vt
werperatures of 3, 11 %, and WC, smpectively. An additional exsiancally
activated tost wih addition of cysochaluin D wan performed © eanine cot
foerration wahout platehs Covmeidumon
RESILTS: Hypothermia 2t & normal pH produced an incressed. coagulaton tiowe
[ExTEM: 65 5 = 36 (00°C) va B8 2 4 (N°C), P < 0001, cougulation tume, InTEM:
ISLs 2 10 8°C) vs 206 = 9 P < 0001] and chot lormaton tiew [EXTEM 106 5 »
SO0 s IX = 6 (0°C) P < 0001 chot formatcon temw [InTEM 101 5 2 5(8°C)
WIS 27 POt s well & docrmased o angle [ExTEM: 655 = 18 (°C)my
MrILP<00 P<Of WIEM 05 2 1880w 02 2 |5 P <omm)
Maximus chot fimnae was signibcantdy impaped caly n INTEM s 569
‘0'00\'“5.] 0% P < (05 |

COMCLESOAR I ths v cvvo siad v, ypathermia prosduced coagubanon changes tha
were worsned by sadoon wheeam scxdost without hypothermmus has no sagnbi-
cart offect on comgulation, & soached by Tha eflet wms
medinsed by the nhibition of oo and funcron. Tham,
throenboelntometry perfoemed at overmaousd intepnty of coagulation
during hypothermis & particular i combaation with scdoss

Ml Ay D008 104 10270



HAmMOGLbON

HeMOORAION Of COMUIION SrOCuCEs G hawe & pro-
oS efect ON the Sevelopmmact of CoMicpatty . Severn
BacRors can Bac 1O the Giuion of e Dooy's coaguiation
R0 Diact Ioas of CORQUIASON 1ACIOr S Thedwgh hemor -
Mage can QuEkly recuce The Dooy s small ores of Atrn-
e n{10g) and platelets (1 Smd) *° Divsonal coagulopatiy

O Sevelop when these 04 s e replaced wih
00 NOt contan clotang factors. Detion ofen

3/ the pre -hosptal setting when Orysta bosds are given
05 UM 10 e rauma Chnter, IGowed By pREBCS In the
Yauma bay before abomtory st resuits become ava-
Ao, ADNOrm 10 SURS YISoN T reQuast 1or Frodh Fozen
phasma (FFFL which takes ancther 2020 mén © thaw
MOSUItIng In & unher Gelivy 10 COMect the oNgOING coagul
opaty This cycle pempetustes Reed with oelays I Chag-
NOSS 1080wl Dy oaiments that only asssl i Tutheor

Sevelopmaent of Jvifunciondl Ciottng Capab tes




: ) hetastavch and dextran
solons has also beeMasstoiated with the development
of conguiopathy, Hetastarch solutions wih high mean
MIECUIAr weights, 4 large degre of substiution of hy:
droxyethyl groups por gucose unt, and & high C2C6
FO Sppross coaguiation more tan Soluions with more
rpidy degradatie lw molecular weight  coloids
invivo ™ Varkous mechanisms including a reduction i
von Wilebrand factor, platelet dyshunction, reduced factor
VI levels, and mieraction with fbmogen have been

hypothesiaed 10 prodce his conguigaty”




1)

2)

3)

COLLOIDI

Entholoner EX,. Micike LL. Caltzis AN, of o Coagula
son effects of a recently dewveloped hydroxyotind starch

(HES 1300.3) compared 10 hydraxyetinyt starches with
highee molecular weght Act Armesth Scand 2000;

44811161192,

Jamnicki M, Zollnger A, Satlert B, of o, Compromsed
DOd conguintion: an in vitro CoOmparison of hydroxye®
starch 130004 and hydroxyetny! starch 2000.5 using
thrombelastograpty. Anesth Analg 199887 9865650
Langeron O, Doeborg M, Ang ET, of al Vauven, a lower
substnuted novel hydroxyotinyt starch (MES 130/0.4), caw
$0s fower eflects on Coaguation in Mapr oThopedc sur-
gery than HES 200005 Anesth Analg 2001, 92 855-862.
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TABLE | Charsctersocs of the avalable collosds and their effects on coagadation

Prodact Commirial name  Comorvtration % Owcotic prosmry Jwisial volwmsr Prsicance in the Mavimal  Effier ow
wte opannen & Jody (daw) Awe/ 24 br
Albueen 4 20.29 L
20 100-320 200400
Deatraa 70 Macrodes 6 So08 120 842 15gkgt
Dextraa 40 Rheomacrodes 1o 168191 200 6 L5 gyt
Nud gelatin Gelofasne, Mamion 34 42 70-90 7 Owe
Urea lieked gelain  Mersacel 15 18-29 70-%0 -2 01w
His 450/07 Mawnascnl 6 - 100 120-102 0ml kg
HES 200/062/10  Blohos 6 M- 1o o7 0ml kg
HES 200/05/8  Mewerd 6 0-57 100 4 MNally
HES 20,/05/5 59-82 145 34 '

HES 130,/04/11 0 100-110

Efiect on hemostass: 0 = sonc; « = weaks +4 = modenite; 4o+ = lporant. Commercial sumes are Europesn. Sorse data are not avall
shle. In the “peoduct” couma, the Sot nember 8 the moleculir waght in Daltons, the sccond s the degree of wbatirstion sad e thind
i the C2/0C8 pamor of bydrowvethwbaarch (HES) substitumion. The higher the modoosdar weghe and the dogree of substinomion, the loa-
ger the plauna hulf [ wnd the offect on hemostasia. od fven kekx, BE and Vin der Linden P loteractions entre solutés coliondes
ct Phermontase. Sasg Theorbose Vitncaux 2002 7: 408-16 |srtick in Feench | Hetastarch (480,/0.7), used ia the USA, has smportant
oot on hemostass. Pentamaoch (260,/0 45), avadable in Canada,  dosllar 10 Hosserdl 10% and has woak offocm on hemostasn o the
macimal dose (28 sl kg ') recommeonded by the mansfacnurce




Preconditions of hemostasis in trauma: a review. The influence of acidosis, hypocalcemia,
anemia, and hypothermia on functional hemostasis in trauma.

Lier H, Krep H, chroeder S, Stuber F.
Department of Anaesthesiology and Intensive Care Medicine, University of Cologne,Germany.

BACKGROUND: Beside the often discussed topics of consumption and dilution
coagulopathy, additional perioperative impairments of coagulation are caused
by acidosis, hypocalcemia, anemia, hypothermia, and combinations.
METHODS: Reviewing current literature, cutoff values of these parameters
become obvious at which therapy should commence. RESULTS: A notable
impairment of hemostasis arises at a pH < or = 7.1. Similar effects are caused
by a BE of -12.5 or less. Thus, in case of severe bleeding, buffering toward
physiologic pH values is recommended, especially with massive transfusions
of older RBCCs displaying exhausted red blood cell buffer systems. It
completes the optimization of the volume homeostasis to ensure.an.adequate

hemostasis. A controlled hypotenswe fluid resuscitation should aim a
reaching a mean arterial pressure of > or = 65 mm Hg (possibly higher for
cerebral trauma). Prevention and later aggressive therapy of hypothermia by
exclusive infusion of warmed fluids and the use of warming devices are
prerequisites for the cure of traumatic coagulopathy. Combined appearance of
single preconditions cause additive impairments of the coagulation system.
CONCLUSIONS: The prevention and timely correction, especially of the
combination acidosis plus hypothermia, is crucial for the treatment of
hemorrhagic coagulopathy.
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(Ann Surg 2007:245: 812-818)

Acute Traumatic Coagulopathy: Initiated by Hypoperfusion
Modulated Through the Protein C Pathway?
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Bntish Joumal of Amaesthesia 100 (6): 2.7 (2008)

Evaluation of rotation thrombelastography for the diagnosis
of hyperfibrinolysis in trauma patients
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Current Opinion in Ansesthesiology 2005,
22261 =266

Coagulopathy in trauma patients: importance of
thrombocyte function?

Purpose of review

Trauma-induced coagulopathy resubts fom a complex interplay between shock
resusCRAtOn and anpared clotting proteass funcson, A pathophysiologcal sole of
platelats i s Condbon remans &f yo! undefined. Tha dwirw e1amines Ouwr Cutmnt
knowladge of platelet function in Faomostasis, possible mechansms for abemant
actaty in Yauma and the rale of platelet Sarsiusions in esangunatng hasmorthage.

nmopmm.puimaso D ml'hcnion'd-noﬂomm
platelet actraty may be of greater impDvscase-#ln plaislet number for dot mtegeity,
Analyss of platelet function i Imided by curmently avadable dewces. Tharefore, the
precse roe and tnggers for platelet transfusion in rauma have yet 10 be fully
chamacterzod. Retrospective studies show that early high-volume platelet transfuson n
trauma may be assocated with semdar outcome benefits observed in high rato
plasma :red bicod ool replacement,

Summary

Patelets undoubtedly play a pvotal role in hesmostass and rauma-nduced
coaguiopathy, Howewee, $ewr speciic dysfunction in rauma remans 10 be eluadated
Further ressssch (o characienze the dysfurctional pathways of the platelet response is
requred, together with chnical trials of Hhe optimal timng and dose of platelet
transtuseora
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Coagulopathy in trauma patients: importance of
thrombocyte function?
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TRANSFUSION OF BLOOD PRODUCTS IN TRAUMA: AN UPDATE

Gustavo P. Fraga, mp, pHD,"T Vishal Bansal, mp,* and Raul Coimbra, MD, PHD, Facs®

*‘Department of Surgery, Division of Trauma, Surgical Critical Care, and Burns, University of California San Diego, San Diego, Califomia
and tDhision of Trauma Surgery, State University of Campinas, Campinas, Brazil

Table 1. Definitions of Massive Hemorrhage

Loss of an entre blood volume equivalent within 24 h; or
Loss of 50% of blood volume within 3 hy; or

Continuing blood loss of 150 mL/min; or

Continuing blood loss of 1.5 mU/kg/min ovar 20 min; or
Rapid blood loss leading to decompensation and circulatory

falure desplite volume replacement and interventional
treatment



Trauma Associated Severe Hemorrhage (TASH)-Score;
Probability of Mass Transfusion as Surrogate for Life
Threatening Hemorrhage after Multiple Trauma

Nedim Yicel MD, Rolf Lefering, PAD, Marc Margele, MD, Matmhias Vorweg, MD, Thorstex Tandes, MD,
Soetten Rwohholtz, MD, Edound A. M. Newpebawer, PRD. Fronk Wappler, MD, Bernl Bosslon, MD,
Daeter Riven, MD, and the “Podytrauost Study Geosp™ of the German Trawes Society
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Trauma Associated Severe Hemorrhage (TASH)-Score:
Probability of Mass Transfusion as Surrogate for Life
Threatening Hemorrhage after Multiple Trauma

J Trauwma. 2006:60:1228-1237.
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Probability of Mass Transfusion as Surrogate for Life
Threatening Hemorrhadge after Multiple Trauma
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Acute traumatic coagulopathy.
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Point of Care Coagulation Tests in Critically
111 Patients

Carl-Erik Dempfle. M.D.." and Martin Borggrefe, M.D."
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Figure 1.

The TEG® analyzer measures the clot’s physical properties by the use of a special stationary
cylindrical cup that holds a 360-ul sample of whole blood and is oscillated through an angle
of 4° 45'. Each rotation cycle lasts ten seconds. A pin is suspended in the blood by a torsion
wire and is monitored for motion. Thus, the magnitude of the output is directly related to the
kinetics and the strength of the formed clot. As the clot retracts or lyses, these bonds are broken
and the transfer of cup motion is diminished.

———Coagulation Fibrinolysis
ok
/// kinetics
/ ((!)J
. maximum
clotfing | thrombus (MA)
time strength
(R) !
Figure 2.

Schematic representation of TEG® tracing with its principal parameters.




CLOT LYSIS 4

Fig. 3. - Tromboelastogramma.

TAsELLA 1. — Principali parametri tromboelastografici.

R 1l tempo R & l'intervallo di tempo che trascorre dal momento in cui il campione di sangue
viene posto nella cuvetta sino alla formazione iniziale di fibrina

K Il tempo K & 'intervallo di tempo per raggiungere un determinato livello di consistenza
del coagulo.

@  Langolo alpha misura la velocita di formazione e cross-linking della fibrina (clot strengthening)

i — —

MA  La massima ampiezza MA ¢ una funzione diretta delle proprieta dinamiche del legame fibrina
piastrine tramite recettore GPIIb/Illa e rappresenta la consistenza finale del coagulo di fibrina.

LY30 LY30 misura la percentuale di riduzione 30 minuti dopo MA.
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TEG SYSTEM ROTEM THROMBOELASTOMETER
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HEAD-TO-HEAD

The TEG® vs the ROTEM® thromboelastography/
thromboelastometry systems

G. N. B. Jackson,”’ K. J. Ashpole? and S. M. Yentis®

VS

?;&ggzﬁgPE UsA) ROTEM THROMBOELASTOMETER

(PENTAPHARM, GERMANY)
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VANTAGGI TEG:

1) INDAGA TUTTA LA COAGULAZIONE
(UMORALE E CELL)

2) MOSTRA IPERCOAG l

6) GUIDA IL PROTOCOLLO TRASFUSIONALE



In Vivo Bleeding Time and In Vitro Thrombelastography
Measurements are Betier Indicators of Dilutional
Hypothermic Coagulopathy Than Prothrombin Time

Byae S Khesrabads, PRD, Jocguelioe M. Crinsey, BS, Rodolfe Deguiman, 8S, and Jobe B. Holcomd, MD
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J Trauma [1529-8809] 2008 Sep;65(3), 535-43. Martini WZ, Cortez DS, Dubick MA, Park MS, Holcomb JB
The US Army Institute of Surgical Research, Houston, USA

Thrombelastography is better than PT, aPTT, and activated clotting time in detecting clinically relevant
clotting abnormalities after hypothermia, hemorrhagic shock and resuscitation in pigs.

BACKGROUND: Hypothermia and hemorrhagic shock contribute to coagulopathy after trauma. In this study, we
investigated the independent and combined effects of hypothermia and hemorrhage with resuscitation on
coagulation in swine and evaluated clinically relevant tests of coagulation. METHODS: Pigs (n = 24) were
randomized into four groups of six animals each: sham conftrol, hypothermia, hemorrhage with resuscitation,
and hypothermia, hemorrhage with resuscitation combined. Hypothermia to 32 degrees C was induced with a
cold blanket. Hemorrhage was induced by bleeding 35% of total blood volume followed by resuscitation with
lactated Ringer's solution. Coagulation was assessed by thrombin generation, prothrombin time (PT), activated
partial thromboplastin time (aPTT), activated clotting time (ACT), and thrombelastography (TEG) from blood
samples taken at baseline and 4 hour after hypothermia and/or hemorrhage with resuscitation. Data were
compared with analysis of variance. RESULTS: Baseline values were similar among groups. There were no
changes in any measurements in the control group. Compared with baseline values, hemorrhage with
resuscitation increased lactate to 140% +/- 15% (p < 0.05). Hypothermia decreased platelets to 73% +/- 3% (p <
0.05) with no effect on fibrinogen. Hemorrhage with resuscitation reduced platelets to 72% +/- 4% and
fibrinogen to 71% +/- % (both p < 0.05), with similar decreases in platelets and flbrlnogen observed in the
combined groupLhsenvisirrgerreration was decreased to /9% */- 47 In NYPOINe - benil hemorrhage
Fesuscitation, and 75% +/- 10% in the combined group (all p < 0.05). There were no s:gn:flcant changes IT
RI or aPTT by hemorrhage or hypothermia. ACT was prolonged to 122% +/- 1% in hypothermia, 111 % +/-4% in
hemorriage= ifation. and 127% +/- 3% in the combined group (all p < 0.05). nothornsia=-mretorged
the initial clottmg time (R) and clot formation time (K), and decreased clotting rapidity (alpha) (all p < 0.05).
Hemorrhage with resuscitation only decreased clot strength (maximum amplitude [MA], p < 0.05). TEG
parameters in the combined group reflected the abnormal R, K, MA, and alpha observed in the other groups.
CONCLUSION: Hypothermla mhlblted clottmg times and clottmg rate, whereas hemorrhage impaired clot
----- Dug : PT aPTT were not
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ORIGINAL ARTICLE

Diagnosis of early coagulation abnormalities in trauma patients
by rotation thrombelastography

L. RUGER!I." A LEVRAT # ). S . DAVID . * L DIELECROIX_ " B. FLOCCARD .t A. GROS . ¢
E.ALLADUCHICHEY and C.  NECRIER"*

* Laboratory of Haomaontaws, and tDepartment of Anasthous, oterwree Came and LIS Edoward ool Honpatal, Mospeoes Crels Jde Lyon and
Clawde Bermand Unrwersaty, Lyon, Faarnce
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Usefulness of Thrombelastography

Patient Coagulation

In Assessment of Trauma

Cirisioph R Kaufinann, MD, MPH, Kevin M. Dwyer, MD, Jokn D, Crews, BS. Skeila J. Dols, MT, and

Arthyr L. Trask, MD
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vess coagulstion abnocmalities ' cardisc and transplast sur-
gecy. The parpose of this study was o investigate TEG in the

(nital assessment of trauma patient
Methods: TEG was performed Mot trauma
patients during their initlad evaluation, itoey of
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Resaln: Mortality wis 43%, Fifty-two ted
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agulable (mean ISS 1L1), rehy (mear

IS5 28.6). Six of the veven hypoceagulable patients recrlved
blood transfusiens within the first 24 hoary, Mesn 1SS of the 17
paticods with socnsal TEG parameters was 1.7, Logistic rogres.
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and TEG (p < 0.05) are peodictive of early transfesion,

Conclurions; The majority of et trauma patients In this
serles weee hypercoagulable. TEG i o raphd, stmple test that can
Myummwmnca-m
peedictor of transfusion is blunt injery putients,

Key Words: Thrombelastography, Traonma, Cospulsthn,



PIU’ GRAVI = IPOCOAGULATI

TABLE 1. Thrombelagtagraphy results

Hypocoaguiable 7 28,6 6

Nermal 17 N 0

Hypercoagulable 49 13, 2
Total 69 2.3 B







Backgromd: Masive transtusion, the
administration of 10 to more than 100
units of red blood cells (RBC) in less than
24 hours, can be a Nle saving therapy n
the treatment of severe injury. The rapid
administration of farge numbers of RBC,
along with sulficient plasma and plelets
Io treal or prevend coagulopathy, s fre
quently a disorderly process. Patient care
and collaborative research might be akded
with a common protocd,

MeBods: The authors polied trauna
organizations and trauma centers to find

. .|/

Massive Transfusion Practices Around the Globe and a
Suggestion for a Common Massive Transfusion Protocol

Debra L. Mdone, MD, LTC USAF, SGRS, John R. Hess, MD, MPH, and Abe Fingerhut, MD

exampls of massive transfusion profo-
cols. The goals and case of use of these
profocols were evalualed,

Resulls: Masive trandusion protecols
eust al a relativedy small number of large
and well-organtaed travma centers. Most of
hese prodocols are desdgned b treal pre

suggest that prevention of coagulopathy
superior to Hs (reatment. Simple ratios
sich as 111 RBC:plasiua: platelets hay

i W - e

higher plasma and platelet doses appear
i be assockuted with improved suicome.
Such a standard protocol can fester mul-
center research om resuscitation and

hemorrhage control. The fived volume ra-
thos might albow (he number and rate of
administered units of RBC 1o be used a8
surrogates for blood boss and primary
(reatment effect,

m Words: Blood transfusion, Mas-
sive, Trauma, Protocel, Resascilathon,
Oulcome.

J Trasma 2006,60:591-59%
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Transfusion strateaies in postiniurv coaqulooathv

Philip F Stahel?, Ernest E. Moore®, Star L. Schreier®, Michael A. Flierl* and Clment Oplnion In Anaestheslology 2009
Jeffry L. Kashuk®
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Transfusion strategies in postinjury coagulopathy
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directly addressang the carly coagulopathy of trauma. J Trauma 2007
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62:307-10.

Kauvar DS. Holcomb JB. Norns GC, Hess JR. Fresh whole blood

09’6\?. transfusion: a controversial mubtary practice. J Trauma 2006:61:
12 [3]-4.

Repine 18, Perkins JG, Kauvar DS, Blackborne L. The use of
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...MA...I MILITARI:

1) TRAUMA PENETRANTE

2) DA SCOPPIO

3) LUNGHI TEMPI DI
TRASPORTO

4) USO DI FATTORE VI
ATTIVATO



Transfusion and Apheresis Science 39 (2008 ) 3-8
Transfusion packages for massively bleeding patients:
The effect on clot formation and stability as evaluated

by Thrombelastograph (TEG®)

Viox Sanquinis (2009) 96, 111-118
Effect of Haemostatic Control Resuscitation on mortality

in massively bleeding patients: a before and after study



Vox Sanquinis (2009) 96, 111-118
Effect of Haemostatic Control Resuscitation on mortality

in massively bleeding patients: a before and after study
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rFATTVIla = OFF LABEL

Recombinant factor Vlla for the prevention and treatment of
bleeding in patients without haemophilia (Review)

Evidence for the Use of Recombinant Factor VIIa in the Prevention and
The Cochrane Lil o Treatment of Bleeding in Patients Without Hemophilia
e Cocarane Library 2009, Issue 2 Transfusion Medicine Reviews, Vol 22, No 3 (July), 2008: pp 177-187

1) PFC replacement regimens are inadeguate to manage the
coagulopaty

2) rFVIla has become an accepted part of the therapeutic
armamentarium for the treatment of refractory hemorrhage

3) the results (17 RCT) for both prophylactic and therapeutic
use of rFVIla are not indicative for universal efficacy

4) in intracerebral hemorrhage limits growth of hematoma

5) no obvious correlation between response and dose size or
frequency

6) selected positive studies have methodological limitations

7) about tromboembolic event, there is no statistical difference
between rFVIla and placebo (except for ICH)

hemorrhage haemorrhage: results from randomized clinical trials
Volume 43, December 2003 TRANSFUSION 1711 Vi Sarnauwuimis (2008) 95, 1 —7F
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Damage Control Resuscitation: Directly Addressing the Early
Coagulopathy of Trauma

Joden B. Holcowmts, MDD, FACS, Don Jenkioon, M. FACS, Poter Rivew,. M., FACS, Jay Jedsanmigmum, MDD, FS. FACS,
Pever Mahowey, FRCA, RAMC, Sumwervw Molwa, M2, E Darrin Cox, MDD, FACS, Michaol J. Cehrke, MDD,

Cormyw J. Boedmans, MI2 FACS, Marvin Sclhrvabwr, MID), FACK, Scepbsens F. Fhaherry, MY FACS,

Kary W. Cnaubovaold, MDD, PPlallyr €. Spwnella, MID, Jerewmy €. Pekana, MI), Alev €. Revkioy, MDD, FACN,

Newl B, MoMwln, MDD, Myving S Fawbk, MDD, FACS, Ermest A Goweerler, MI), FACS, Choales E Wadke, PRI,
Michaed A Dwlwck, WD, ©. Willikeme Schvwals, MID, FACS, Frod A Mocore, M. FACS, Howard R. Clawgrion, FRCS,
Dawd B. Howe, MDD, FACS, avad Jobane R. Fless, MDD, MPH, FACP

4 Tmavomna EIT A2 W7 3%

In the severely injured casualty, damage control resusci-
tation consists of two parts and 1s imtiated within minutes of
arrival in the ED. First, resugses s limited to keep blood
pressure at approximately , preventing renewed
bleeding from recently clot ss€ls. !> 173997-62 Qoucond,
intravascular volume restoration 1s accomplished by using
thawed plasma as a primary resuscitation Hud i at least
or 1:2 ratio with PRBCs.®'%4%=3 Our initial clinical ex




Damage control resuscitation: A sensible approach to the
exsanguinating surgical patient

MAJ (P) Alec C. Beekley, MD, FACS Crit Care Med 2008 Vol. 36, No. 7 (Suppl.)

BLUNT : 90 mmHg

(radial pulse)
PENETRATING : 70 mmHg
(carotid pulse)

BLUNT + HEAD : 110 mmHg

Revell M, Greaves I, Porter K: Endpoints for fluid resuscitation in hemorrhagic shock.
J Trauma 2003; 54: S63-S67




CON LA DAMAGE
CONTROL RESUSCITATION:
LE COSE CAMBIANO

'Management of bleeding following major trauma: a European guideline

Crtical Care 2007 11:R17  doi10.1186/0¢5686

’ractice Guidelines for Perioperative Blood Transfusion
ind Adjuvant Therapies

ln Updated Report by the American Society of Anesthesiologists Task Force on
‘erioberative Blood Transfusion and Adiuvant Therabhies
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Table 2

American College of Surgeons Advanced Trauma Life Support dassification of haemotrhage severity

Haemonhage severity according to ACS/ATLS classificaton’ Class | Class I Class il Class IV
Blood loss {mi) <750 750-1500 1,500-2,000 >2,000
Pulse rate (per mnute) <100 >100 2120 2140
Blood peessure Nomal Nomal Decreased Decreased
Pulse pressure {mm Hg) Nomal  Decreased Decreased Decreased
Respaatory rate (per mente) 14-20 20-30 30-40 >40
Urre output imbhour) >30 20-30 5-15 Negligitie
Central nervous system (mental status) m Mildly anmous cAonnhmn:d Letharge

Walues are estmated for a 70-kg adult. Table reprnted with permission from the Amencan College of Surgeces [26]. ACS/ATLS, Amencan
College of Surgecns/Advanced Trauma Life Suppont.
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Naotaka Hamasaki@ Masaaki Yamamoto®
Vox Sang 2000;79:191-197

Fig. 2. Oxygen dissociation curves of preserved red blood cells.
Curve 1: oxygen dissociation curve of fresh blood; curve 2: oxygen
dissociation curve of 1-week-old CPD blood; curve 3: oxygen disso-
ciation curve of 2-week-old CPD blood; curve 4: oxygen dissociation
curve of 3-week-old CPD blood; curve 5: oxygen dissociation curve
of 3-week-old CPD blood after treatment with PEP. (a-b) is the oxy-
gen-delivering capacity of red blood cells.



TRALI

Transfusion-related acute lung injury surveillance (2003-2005)
and the potential impact of the selective use of plasma from male
donors in the American Red Cross

Anne E Eder, Ross Herron, Annie Strupp, Beth Dy, Edward P Notari, Linda A. Chambers,
Roger Y. Dodd, and Richard J. Benjamin






TAKE AT HOME:

1) LA COAGULOPATIA E LA TRASFUSIONE MASSIVA
UCCIDONO

2) IL TEG E’ MEGLIO DI AP EPTT

3) FARE DAMAGE CONTROL RESUSCITATION
*IPOTENSIONE PERMISSIVA
* ATTENZIONE Al LIQ
* RISCALDARE, EVITARE ACIDOSI

5) PENSARE AD UN PROTOCOLLO...MAGARI GRC:PFC 1:1

6) rFATTVila RESTA OFF LABEL



