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Damage Control Resuscitation?

 Permissive hypotension

e Restrictive fluid resuscitation

« Damage Control Surgery
« Tranexamic acid

* Avoid hypothermia

« Avoid acidosis

* Avoid Trauma induced coagulopathy



[ Pre-existing conditions ]
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Pre-injury medication

Traumatic iy}

Trauma

coagulopath S
[ Tissue damage ]
( Haemorrhage |
[
RESEARCH Open Access [ Hypoperfusion ]
Crsaies’ [ Sympathoadrenal activation
Glycocalyx shedding Systemic Platelet activation & dysfunction ]

endotheliopathy
Reduced clotting factor activity ]

The European guideline on management of
major bleeding and coagulopathy
following trauma: fifth edition

Donat R. Spahn', Bertil Bouillon?, Vladimir Cerny***#, Jacques Duranteau’, Daniela Filipescu®, Beverley J. Hunt®,
Radko Komadina'o, Marc Maegele”, Giuseppe Nardiu, Louis Riddau, Charles-Marc Samama'*,
Jean-Louis Vincent' and Roff Rossaint'®"®

Endogenous heparinisation

Hyperfibrinolysis

[ Trauma-associated factors ]I:> <:|[ Resuscitation-associated factors ]
] [ Coagulation factor dilution ]

[ Coagulation factor consumption ] (__ Hypothermia ][ Acidosis )

N\

Traumatic coagulopathy

Fig. 1 Schematic drawing of the factors, induding those that are preexisting as well as those related to both trauma and resuscitation measures,
that contribute to traumatic coagulopathy. Adapted from [20, 24, 30-32, 38)

[ Coagulation factor loss

Spahn et al Gritical Care

(2019) 2398



GUIDELINES Open Access
l‘)

The European guideline on management = ™=

of major bleeding and coagulopathy
following trauma: sixth edition

Rolf Rossaint'”, Arash Afshari?, Bertil Bouillon®, Vladimir Cerny*°, Diana Cimpoesu®, Nicola Curry’#,

Jacques Duranteau?, Daniela Filipescu', Oliver Grottke', Lars Granlykke'!, Anatole Harrois®, Beverley J. Hunt'?,
Alexander Kaserer'3, Radko Komadina'#, Mikkel Herold Madsen?, Marc Maegele'”, Lidia Mora'®, Louis Riddez'’,
Carolina S. Romero'®, Charles-Marc Samama'?, Jean-Louis Vincent?°, Sebastian Wiberg” and Donat R. Spahn]3
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a target systolic blood pressure 80-90 mmHg
a target hemoglobin of 7.0-9.0 g/dI

a target platelet of 50 x 109/L

FFP: pRBC ratio of at least 1:2

1g Tranexamic acid within 3hr

plasma fibrinogen level = 150 mg/dI
Ca?*level = 0.9 mmol/L

ABbs The European guideline on management of major bleeding and
"""""""""""""" coagulopathy following trauma: sixth edition (2023)

Rolf Rossaint, Arash Afshari, Bertil Bouillon, Vladimir Cerny, Diana Cimpoesu, Nicola Curry, Jacques Duranteau, Daniela Filipescu, Oliver Grottke,
Lars Grenlykke, Anatole Harrois, Beverley J. Hunt, Alexander Kaserer, Radko Komadina, Mikkel Herold Madsen, Marc Maegele, Lidia Mora,
Louis Riddez, Carolina S Romero, Charles-Marc Samama, Jean-Louis Vincent, Sebastian Wiberg, Donat R. Spahn

Crit Care 27 (2023)

Rossaint et al. Critical Care (2023) 27:80



nitial resuscitation & prevention of
‘urther bleeding

4 Y4 Y4 R3

R R2is Ventilation
Minimal elapsed time Local bleeding R4
| management S Pre-hospital
. b Endotracheal intubation or alternative airway management blood product use
Initial resuscitation & prevention of Severely injured patients should = should be performed without delay in the presence of P
" be transported directly to an Local compression should be applied airway obstruction, altered consciousness [GCS =8], s
further bleedlng appropriate trauma facility. to open wounds to limit life-threatening hypoventilation or hypoxaemia. Hypoxaemia should be o —
The time elapsed between bleeding. A toumniquet should be applied avoided and normoventilation applied. Hyperoxaemia may recommendation
injury and bleeding control to open extremity injuries as an adjunct be applied in the presence of imminent exsanguination. atthis time.
Hyperventilation may be applied as a life-saving measure

should be minimised. in the pre-surgical setting.
\ / K / \ in the presence of signs of cerebral hemiation.

Rossaint et al. Critical Care (2023) 27:80



Diagnosis & monitoring of bleeding

|

R5
Initial assessment

] S

. . = - : The extent of traumatic haemorrhage should be assessed using
DlagnOSIS & monltonng Of bleedlng a combination of patient physiology. anatomical i lnlury pattem

Mechanism of injury and resp: to initial
The shock index and/or narrow pulse pressure should be used
to assess h I ic shock and sfi 1 req t:
I
L 2 ¥
R6 R7
Immediate intervention Further investigation
e e
Patients presenting with an obvious bleeding Patients with an unidentified source of bleeding.
source or in haemorrhagic shock in extremis but without a need for immediate bleeding
and a suspemed bleeding source should undergo control, should undergo immediate
an diate bleeding control p 5 further investigation.
|
+ + + B N
Imaging R10 R11
- R9 Blood lactate & base deficit Coagulation monitoring R_12 o
- - - - Platelet function monltorlng
If feasible without delaying transport, pre-hospital Haemoglobin pees pous
- m|:>-lp ogr:phy = usec_! toj a. ndlor Eaﬂy re;_)eated haemostasis monitoring. e
free abdominal fid i patients wilh th e q e Blood lactate should be used lab The routine == of point-of-care platelet function
Repeated Hb and/or Hct measurements to estimate and monitor the extent (PT/INR, ﬁbnnogen. platelets. fibrinogen) g . should be ided in
it nesn Pocnl—of-cw.:rhe ultrasonograpljny sh:ulri!;e == should be employed to detect ongoing bleeding. of bleeding and tissue hypoperfusion; and/or point-of-care PT/INR and/or ts tients on ! therapy or with
i - > o if unavailable, base deficit may viscoelastic methods, should be employed. suspected platelet dysfunction.
Early ging using contr whole-body -

CT should be used to detect and identify represent a suitable alternative.
\ injury type and bleeding source. \ / j / /

Rossaint et al. Critical Care (2023) 27:80



Tissue oxygenation, Rapid control & initial
management of bleeding & coagulopathy

L. V.
. . . IV. . .
Tissue oxygenation, volume, fluids . i Initial management of bleeding &
& temperature Rapid control of bleeding coagulopathy

/ R19 \ / \

R13 Damage-control surgery Rz
Antifibrinolytic agents
Volume replacement & R16 e
target blood pressure Damage-control surgery should be performed in the severely injured patient o
Erythrocytes presenting with haemorrhagic shock. signs of ongoing bleeding. coagulopathy Tranexamic acid should be administered to the trauma patient
e and/or combined abdominal vascular and ic injuries. | ia, acidosis, who is ing or at risk of signi ing as soon
A restricted volume replacement strategy - inaccessible major anatomic injury or a need for time-consuming procedures as possible, en route to the hospital if feasible, and within
G If erythrocy ion is Y. should also trigger a damage-control approach. Primary definitive surgical i 1gi over 10 min,
(MAP 50-80 mmHg) should be employed until treatment should aim to achieve a \ Management should be performed in the absence of any of these factors. followed by an intravenous infusion of 1 g over & h.
major bleeding has been stopped in the initial phase target Hb of 70-80 g/L. Tranexamic acid administration should not await
following trauma without clinical evidence of brain injury. / \ viscoelastic assessment results.
A mean arterial pressure 280 mmHg should be R20 \ /
\_ mazkased ) petents wth severe TOI(3CS 29). / Pelvic ring closure & stabilisation - ~
e
/ \ In the pre-hospital setting, adjunct use of a pelvic binder should be used to limit
R14 R17 life-th ing bleeding in the ofa d pelvic fracture. R24
Patients with pelvic ring disruption in haemorrhagic shock -
_Vasopr_essors & Cell sa[vage should undergo early pelvic ring closure and stabilisation. coagu'a"on support
inotropic agents \_ W
- e
5 m R ~ . R Cell salvage may be considered / R21 \ Monmnng?nd:ealsdu:s_«.: sul::on
2 r should be in addmon»'n fluids in the presence of severe bleeding ~ ) A _ coagulation should be initiated
if a restricted volume replacement strategy fails to fom an abdominal, pelvic or Embolisation, packing, surgery & REBOA immediately upon hospital admission.
maintain target arterial pressure. Dobutamine should be thoracic cavity.
infused in the of my i d b
\ / When bleeding is ongoing and/or angi isation cannot be achieved in a k )
timely manner, temporary extra-peritoneal packing should be applied,
/ \ combined with open abdominal surgery when necessary. Resuscitative / \
. gndova;eular balloon ooglusig‘r: ofthe aorta may be_oonsidered R25
R15 NgE—— / Initial coagulation resuscitation
Type of fluid R18
Temperature management / R22 \ il
bl The initial coagulation resuscitation strategy
Fluid therapy using a 0.9% NaCl or balanced b Local haemostatic measures for patients with expected massive haemorrhage
crystalloid solution should be initiated in the Early measures to reduce heat should comprise either:
hypotensive bleeding trauma patient. Hypotonic solutions loss and warm the hypothermic patient (R fibrinogen concentrate or cryoprecipitate and pRBC
such as Ringer’s lactate should be avoided in patients with should be employed to achieve and Topical haemostatic agents should be employed in combination OR
severe head trauma. The use of colloids should be maintain normothermia. with other surgical measures or with packing for venous or FFP or pathogen-inactivated FFP in a FFP:pRBC
restricted due to the adverse effect on haemostasis. arterial i i with =laticofatleast 1.2 a5 neaded
\ / \ parenchymal injuries. j \ A ha’ h ﬂatelecERBC ratio may be aﬂlied. /

Rossaint et al. Critical Care (2023) 27:80



Coagulation and antithrombotic agents
and thromboprophylaxis

R26
Goal-directed therapy Vil
Further goal-directed coagulation ) v Management of Thrombowllt; hylaxis
management TR antithrombotic agents prophy

by standard laboratory coagulation values
andlor viscoelastic monitoring.

; I 1 e N\ R37

e \ R28 \ R33 Thromboprophylaxis
R27 Coagulation factor Reversal of vitamin K-dependent oral anticoagulants .-
Fresh frozen glasma-based concentrate-based e Early mechanical thromboprophylaxis with
managemen management Emergency reversal of vitamin K-dependent oral anticoagulants in the intermittent pneumatic compression should be
bleeding trauma patient should be accomplished with early use of both applied while the patient is inmobile and has
b ane PCC and 5-10 mg i.v. phytomenadione (vitamin K,). a bleeding risk. Combined pharmacological
Further use of FFP should be guided by e R29 \ Factor concentrates should be administered based \_ W, and intermitient pneumatic compression should
standard laboratory coagulation parameters Fibrinogen on standard laboratory coagulation parameters be e’“P‘:”ﬁ:d"‘"‘;" Z:il’:h‘“e’ :‘e:?"‘ﬂ ":f been
(PT andlor APTT >1.5 times normal gen e R e e T ot / \ controlled and unti the patient is mobile.
andlor viscoelastic evidence of a coagulation supplementation T " f fibri = R34 Graduated éufmwessm swch;lss should not
factor deficiency). FFP use should be avoided are normal, PCC may be administered based . . s
for the corection of hypofibrinogenaemia e on viscoelastic evidence of delayed coagulation initiation. Management of direct oral anticoagulants be routinely employed as thromboprophylaxis.
if fibrinogen concentrate and/or Fibri concentrate or cryoprecipitate should be administered FXIll monitoring may be included in coagulation support - factor Xa inhibitors
cryoprecipitate are available. %H%Pmmr [eeding 15 sccompan yPonbnnogenaemia algorithms and FXIll supplemented in bleeding patients

Y
\ / IMW with a functional FXIll deficiency. / b
An'Inibal hbrinogen supplementat 9. Plasma levels of oral direct anti-factor Xa agents such as apixaban, edoxaban
W or rivaroxaban may be measured in patients treated or suspected of being
o iy Concentrate, may be administered. treated with one of these agents. Measurement of anti-Xa activity may be calibrated for
Repeat doses snould be guided Dy viscoelastic monitonng and the specific agent. If not possible or available, LMWH-calibrated anti-Xa assays may
\ laboratory assessment of fibrinogen levels. j be used. If life-threatening bleeding occurs in the presence of an apixaban or
rivaroxaban effect, especially in patients with TBI, a reversal may be achieved
/ R30 \ with andexanet alfa. If andexanet alfa is not available, or in patients receiving
edoxaban, PCC (25-50 U/kg) may be administered.

Platelets

.,. 4 R35 )

Platelets may be administered to patients with ongoing bleeding
9 . .
= L Management of direct oral anticoagulants

to maintain a platelet count x 109

in patients with TB. If administered, an inital dose of - Shal T
4-8 single platelet units or one aphaeresis pack may be used. j — direct thrombin inhibitors

e
e \ Dabigatran plasma levels may be measured using diluted thrombin time in patients
R31 treated or suspected of being treated with dabi If of
Calcium is not possible or available, standard thrombin time may allow a qualitative estimation. |
Life-threatening bleeding in those receiving dabigatran should be treated L. - .
- with idarucizumab (i.v. 5 g) / Guideline implementation & quality control
lonised calcium levels should be monitored and maintained within the
normal range following major trauma and during massive transfusion.
Calcium chioride should be inis 1o comrect / \
NG R36
f Antiplatelet agents % 3
ecombinant activate« -
- Routine platelet transfusion should be avoided in patients with ~ Ras ) Assessment of bleeding
coagulation factor VI K ongoing bleeding who have been treated with antiplatelet agents. / Guideline implementation control & outcome
- P o
rFVlla should not be used as first-line treatment. Off-label use of Evidence based guidelines for Local clinical quai
! e y 3 quality and safety
FVIla may be considered only if major bleeding and traumatic management of the bleeding trauma patient e e e R
should be implemented locally. parameters to assess key measures of

Coagulopathy persist despite all other attempts to control bleeding,
systemic homeostasis and best practice use of conventional
\_ haemostati measures. J

bleeding control and outcome.

Rossaint et al. Critical Care (2023) 27:80
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JAMA Surgery | Original Investigation

Association of Whole Blood With Survival Among Patients Presenting With
Severe Hemorrhage in US and Canadian Adult Civilian Trauma Centers

Crisanto M. Torres, MD, MPH; Alistair Kent, MD, MPH; Dane Scantling, DO, MPH; Bellal Joseph, MD;
Elliott R. Haut, MD, PhD; Joseph V. Sakran, MD, MPH, MPA

JAMA Surgery Published online January 18, 2023



« Trauma-induced coagulopathy(TIC) (£ZFEZ50% 12 K .33k
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Objective

 To analyze survival associated with WB as an adjunct to

MTP (WB-MTP) compared with MTP alone in patients
presenting with severe hemorrhage in US and Canadian
adult civilian trauma centers over a 2-year period.

« Hypothesis=WB-MTP would be associated with improved
survival at 24 hours and 30 days without an increase in

major complications.



Stud

y Design

« Retrospective cohort study
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Study participants

 Inclusion
aged=18 years

severe hemorrhage who received MTP within the first 24
hours

« Exclusion
burns
died within 1 hour of ED arrival
interfacility transfers
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Statistical Analysis
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Result

characteristics

Tabile 1. Baseline Characteristics of the Study Popuilation and Trauma Centers by Transfusion Group

Patients®
Unmasched Propensity score matched
WB-MTP TP WE-MTP MTP
Characeristic = = = =
Age, median (IQR). ¥ 3B 7-57) 3B (27-56) 37 (27-51) 38 27-53)
Race
Astan 6(1) 67 (3) 4(2) 5(2)

Black 120 (28) 700 (20) 7227 68 (26)
White 242 (56) 1237 (53) 149 (57) 145 (55)
BMI, median ()QR) 28 (24-32) 2B (24-32) 28 (24-31) 26 (22-320)

Sex
Female 97 (22) 53123) 62 (24) 59 (22)
Male 335 (78) 1822 (77) 201 (76) 204 (78)
ED wital sings, median (IQR)
Systolic bicod pressure, mm Hg 70 (60-79) 69 (59-77) 70 (60-79) 70 (39-79)
Heart rate, beats/min 112 (97-129) 117(99-133) 117 (100-129) 117 (100-1249)
Glasgow Coma Scale score® 14(13-15) 8(3-15) 14 (13-15) 14 (13-15)
Injury
Penetrating 150 (35) 908 (39) 87 (33) 102 39)
(3
Median ()QR) 26(17-35) 27 (15-36) 26 (17-24) 27 (19-34)
1-8 14(3) 46 (2) 6(2) B(3)
9-15 56(13) 2432 (10) 33Q13) 23(9)
16-24 112 (26) 616 (26) 75 (29) 84 (32)
25-75 250 (58) 1448 (62) 149 (57) 148 (56)
AIS, median (QR)“
Head 0(0-1) 0(0-3) 0(0-1) 0(0-1)
Ches: 3(1-49) 3(1-4) 3(2-9) 3(0-49)
Abdomen 3(0-9) 3(0-4) 3(0-9) 3(0-9)
Spine 0(0-2) 0(0-2) 0 (D-2) 0(0-2)
Comorbidities
Hypertension 70(16) 333 (149) 47 (18) 43 (16)
Diabates 32(7) 149 (6) 24 (9) 14 (5)
CcoPD 143) 57 (2) 11(4) 11(4)
Myocardial infarction 2(1) 16(1) 1(1) 1(1)
Stroke 7(2 17 (1) EXSS) 1(1)
Trauma center
ACS trauma center
Level | 301 (70) 1758 (75) 171 (65) 171 (65)
Lewel I 131 (30) 595 (25) 92 (35) 92 (35)
Intervention for hemorrhage control 197 (75) 197 (75)
Time to intervention, median (IQR). min 62 (41-115) 60 (37-109) 66 (43-115) 59 (38-109)
Time to firs: biood product transfusion, 37 (17-76) 37 (17-72) 37 (17-76) 37 (17-76)
median (IQR). min
Transfusion amount, median (IQR), U
24n
pRECs 8(4-14) 9 (5-14) 9 (5-14)
Plasma 6(2-10) 10 (6-17) 6(3-10) B(5-12)
Platelets (pooled pack) 1(0-3) a2-n 3Ia-5) 4(2-6)
Cryoprecipitate 0(0-1) 0(0.3-2) 0(0-1) o(0-1)
we 1(1-1) NA NA
an
pRECs 7(4-11) 7 (4-11) 7 (5-11)
Plasma 4(2-8) 8(4-149) 5(2-8) 6(4-9)
Platelets (pooled pack) 1(0-2) 32-5) 1(0-3) 2(1-49)
Cryoprecipitate 0(0-05) 0(0-1) 0 (0-0) 0(0-0)
we 1(1-1) NA NA NA




Result

unadjusted outcomes

Figure 1. Unadjusted Kaplan-Meier Survival Estimates
by Transfusion Group
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Time, d
No. at risk
MTP 2353 1505 932 585
WB-MTP 432 275 164 89

MTP indicates massive transfusion protocol and WB-MTP, whole blood as an
adjunct to component therapy-based MTP.




Figure 2. Adjusted Kaplan-Meier Survival Estimates by Transfusion Group
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Time, h Time, d
No. at risk No. at risk
WB-MTP 432 389 377 372 369 0 WB-MTP 432 275 164 89
MTP 2353 2144 2039 2010 1990 0 MTP 2353 1505 932 585

MTP indicates massive transfusion protocol and WB-MTP, whole blood as an adjunct to component therapy-based MTP.




Result

adjusted cox
proportional hazards
regression

Table 2. Adjusted Cox Proportional Hazards Regression Treatment Effect Estimates by Transfusion Group for Unmatched and Matched Results

Unmatched Propensity score matched

e Mortality at 24 h Mortality at 30 d Mortality at 24 h Mortality at 30 d
characteristic HR (95% CI) P value HR (95% CI) P value HR (95% Cl) P value HR (95% CI) Pvalue
MTP alone 1 [Reference] NA NA NA NA NA NA NA
WB-MTP 0.63(0.41-0.96) .03 0.53(0.31-0.93) .02 0.76 (0.62-0.95) .02 0.48 (0.25-0.91) .03
ISS, each category 1.02 (1.02-1.03) <.001 1.02(1.01-1.02) <.001 1.00(0.99-1.06) .10 1.03(1.01-1.05) .001
increase
Total GCS score, 0.90 (0.85-0.97) .001 0.93(0.88-0.97) .002 0.86(0.75-1.01) .06 0.91(0.82-0.99) .04
1-point increase
Penetrating injury 1.67 (1.02-2.76) .04 1.08(0.77-1.51) .65 0.99(0.30-3.38) .10 1.11(0.48-2.60) .80
Time to bleeding 0.99(0.99-1.01) .07 0.99(0.99-1.01) .53 0.99(0.98-1.01) .14 0.99 (0.99-1.01) .36
_control, per min
increase
Intervention for 0.87(0.78-0.97) .01 0.80(0.69-0.92) .002 0.74(0.49-1.10) .14 0.61 (0.42-0.88) .009
bleeding control
Trauma center

Level | 0.91(0.51-1.67) .78 0.73(0.49-1.49) .12 0.81(0.33-2.01) .66 0.96 (0.86-1.08) .55

Level Il 1.29(1.10-1.51) .002 1.46(0.99-2.12) .051 1.07 (0.39-2.90) .14 1.84(1.00-3.37) .048
Time to first blood 1.00 (1.00-1.00) .003 1.00(1.00-1.00) <.001 0.99(0.99-1.01) .19 1.00(1.00-1.00) .008
product transfusion
Dglay WB transfusion 1.00 (1.00-1.01) .007 2.10(0.77-5.73) .14 1.00(1.00-1.01) .008 2.16(0.76-6.15) .15
>
Age, 10-y increase 1.26(1.16-1.39) <.001 1.45(1.30-1.63) <.001 1.80(1.28-2.55) .001 1.90(1.46-2.47) <.001
Male 1.38(1.01-1.90) .04 1.58(1.06-2.34) .02 2.36(0.87-6.43) .09 1.36(0.68-2.73) .39
Systolic blood pressure, 0.97 (0.96-0.97) <.001 0.99(0.99-1.01) .60 0.99(0.98-1.01) .49 0.99 (0.98-0.99) .04
1-mm Hg increase
Pulse, 10-point 1.01(1.01-1.02) <.001 1.06(0.97-1.16) .18 1.01(0.99-1.03) .10 1.11(0.92-1.34) .28

increase, beats per min

Abbreviations: GCS, Glasgow Coma Scale; HR, hazard ratio; ISS, Injury Severity Score; MTP, massive transfusion protocol; NA, not applicable; WB, whole blood;
WB-MTP, WB as an adjunct to component therapy-based MTP.




Result

complications

Table 3. Adjusted Odds Ratios for Major Complications in the WB-MTP

Group Compared With the MTP-Only Group as Reference

Outcome Odds ratio (95% Cl) P value
Acute kidney injury 0.47 (0.22-1.01) .055
Pulmonary embolism 0.84 (0.32-2.19) 73
Deep vein thrombosis 2.11(0.99-4.45) .06
ARDS 1.58 (0.72-3.51) 25
Stroke 0.61(0.17-2.16) A4
Overall 0.82(0.37-1.81) .63

Abbreviations: ARDS, acute respiratory distress syndrome; MTP, massive
transfusion protocol; WB-MTP, WB as an adjunct to component therapy-based

MTP.




Jiscussion

e a survival benefit at 24 hours and 30 days associated with
WB-MTP compared with MTP alone among patients
presenting with or at risk of severe hemorrhage in adult
civilian trauma centers in the US and Canada.

« WB is associated with an early beneficial effect in blunting
the pathophysiology of TIC.



Limitation

* A retrospective analysis
 An observational study
 Indication

« Lack of laboratory data, practitioner-level and data on
tranexamic acid administration

e The total amount of WB given was low (1 unit; IQR,1-1 unit)
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