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Angio will be in...




The 0ld Days







Minimize
Ilatrogenic Injury

from
Resuscitation




Control
Internal/External

Bleeding as rapidly
and safely as
possible




Promote

Hemostasis




Restore Tissue

Perfusion




3 Facets of DCR




Massive Transfusion
Protocols &

Hemostatic
Resuscitation




Minimal
Normotension (i.e.

Permissive
Hypotension)




External Bleeding

Control




To offer new
concepts that will

help you manage
the crashing
trauma patient




The Lethal Triad
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The Lethal Triad

Coagulopathy

Crystalloid &
PRBC Administration



Acute
Coagulopathy

of
Trauma
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Hypothermia
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Hypothermia

Dilution




Consumption
Acidosis/
Hypothermia
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Tissue Factors




Consumption
Acidosis/
Hypothermia
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Gross

Simplification




Tissue Injury

=
Hypoperfusion







What do we do

about it?




Patient Tailored

Approach




Patient 71 'ured

T r.cach







Military Conflict leads to
Trauma Medicine Advances




Hemostatic

Resuscitation




Give no fluid that
can’t either carry

oxygen oy
promote clotting




Viassive

Transfusion
Protocols




Benefit at

1 Blood Volume

(Orx 8=10 units in 24 hours)




Predicting Who

Will Need It




ABC Score

- Penetrating Mechanism
 Systolic Blood Pressure < 90

- Heart Rate 2 120 bpm
e Positive FAST abdominal views




TASH Score

Systolic blood pressure <100 mm Hg
Heart rate >120

Hemoglobin <7 g/dL

Positive FAST Exam with

hemodynamic instability

Complex long bone and/or pelvic fracture
Base excess <= 10 mmol/L

INR > 1.5 during resuscitation period




Looks Like Poo

Doesn’t Respond




Whole Blood
















FFP + PRBC =

Resus Fluid
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The Evidence




Table 1 Blood component therapy in trauma patients requiring massive transfusion

Author, country,

date Patient group Study type Outcomes Key results Study weaknesses
Borgman et al, 246 combat casualties admitted Registry review Survival of high vs 131/162 (81%) vs 35/53 Retrospective. Fresh whole blood
2007, USA/raq to combat hospital in Baghdad, intermediate vs low ratio of  (66%) vs 14/31(45%) was viewed as 1:1:1
Iraq, November 2003 to FFP:PRBC. PRBCs:FFP:PLT. Unlikely to reflect
Swmbfg IU!J; “w;-g vr;;‘esc Median time to deathfor ~ 38 hvs 4 hvs 2 h. D:vmmmsei:inu with h‘wju: d;vee
gven =10 uni S $ high vs intermediate vs low i OF penetrating trauma and higivy
or fresh whole bload) in first o :l’:li gﬁ%' of patients o used prehospital care. FVila
24 h. Three groups analysed {FVila used in 81 patients. : administered to 32% of patients.
according to low (0:12-1:5), " Highs idence of thoracic trauma
intermediate: (1:3.0-1:2.3) and in low ratio group. This group died
high ratio (1:1.7-1:1.2) of units early. Haemoglobin lower in low
of FPP:PRBCs. Overall mortality ratio group. Selected patients
28%. received rFVila Those who rapidly
exsanguinate have little time for
damage control therapy.
Maegele et al, 2008, 713 ISS >16 received >10 Registry review. Overall survival according to  153/229 (67%) vs 262/484  Open to selection bias.

Germany
Duchesne et al,
2008, USA

Kashuk et al, 2008,

Gunter et al, 2008,
USA

Holcomb et al,
2008, USA

Spery et al, 2008,
USA

Teixteira et al, 2009,

Perkins et al, USA
Iraq, 2009

Dente et al, USA,
2009

Risken et al, USA,
2009

units PRBC. Grouped according
to FFP:PRBC ratios. Overall
mortality 42%.

135 massively transfused
trauma patients receiving =10
units PRBCs. Patients not
receiving FFP were excluded.
55% mortality.

133 trauma patients receiving >
10 units PRBC in first 6 h. 56%
mortality.

259 trauma patients. Pre-
Trauma Exsanguination Protocol
(TEP) vs post TEP protocol.
Overall mortality 56%.

466 trauma patients who
received =10 units of PRBCs in
first 24 h. 65% blunt injury.
Patients divided into groups
according to FFP:PRBCs and
subgroups according to
FFP:platelets:PRBCs. Overall
mortality 41%.

415 trauma patients transfused
=8 units in first 12 h divided
into high (=1:1.5) and low
(<1:1.5) FFP:PRBCs ratios.
Identified from collaborative
data base. Median transfusion
of 14 units PRECs. Overall
mortality 33.5%.

383 trauma patients receiving
=10 units PRBCs in first 24 h.
All severe head injuries
excluded. 42% mortality.

456 trauma patients in military
hospital in Baghdad receiving
=10 units PRBCs and variable
units of apheresis platelets in
first 24 h.

Trauma patients received to
urban level 1 trauma hospital for
12 months from February 2007
receiving =10 units PRBCs

77 trauma patients requiring >
10 units PRBC in first 24 h.

Retrospective chart
review.

Retrospective review of
prospectively entered
data over 5-year period.

Retrospective cohort
study.

Multicentre
retrospective.

Multicentre prospective
data entry retrospective
review.

Retrospective review of
cross referenced
databases.

Retrospective review of
records of patients
admitted to combat
hospital January 2004
December 2006.

Prospective trauma
cases with massive
transfusion protocol
activation n=173 vs
historical controls
n=284.

Retrospective review
comparing cohorts

2 years pre- and post-
initiation of MTP.

FFP:PRBC ratio High (>1:1)
vs low (<1:2)

Survival FFP:PRBC ratio 1:1
vs 14,

Survival probability
according to ratio of
FFP:PRBCs 1:1 vs 1:2-1:3 vs
=1

30-day survival FFP:PREC
=115 vs <1:15.

30-day survival PLT:PREC
=115 vs 11<14,

30-day survival for pre-TEP
vs post-TEP groups.

30-day survival by ratio
FFP:PRBC; high (=1:2) vs
low (<1:2).

30-day survival by ratio
platelets:PRBC; high (=1:2)
vs low (<1:2).

30-day survival platelets and
FFP: PRBC high vs low.

Survival according to ratio of
FFP:PRBC =1:15vs
<1:15.

Multiorgan failure high vs
low ratio.

Infection rate high vs low
ratio.

ARDS

24 h PRBC transfusion
requirement.

Survival to discharge low
ratio FFP:PRBC (<1:8) vs
medium ratio (>1:8-<1:3),
high ratio (=1:3}

Survival to 24 h days aPLT:
PRBC ratio (=1:8) vs n = 96
vs medium (1:16-<1:8)

n =151 vs low ratio

(< 1:16) n = 209. Survival to
30 days high vs medium vs
low ratios.

30-day survival pre vs post
MTP. Ratio FFP:PRBC pre
MTP vs post MTP. First 6 h
use of components pre MTP
vs post MTP. Crystalloid use
pre vs post MTP. 24 h
survival for post MTP
“successes” FFP:PRBC ratio
<1:2 vs post MTP violations
(>1:2-2.9 and >1:3).

Survival rate pre vs post
MTP.

Ratio PRBC:FFP pre and post
MTP.

Time to first cross-matched
PRBC.

(54%).

52/71 (73%) vs 8/64
(12.5%).

Approximately 43% vs 72%
vs 9%.

38/64 (59%) vs 74/195
(38%).

39/63 (62%) vs 76/196
(39%).
37/140 (53%) vs 61/118
(61%).

165/252 (66%) vs 112/214
(52%).

166/234 (71%) vs 111/232
(48%).

110/151 (73%) vs 56/131
(43%).

72/102 (71%) vs 203/313
(65%).

64% vs 54%.

58% vs 43%.

41% vs 24%.
16 (9) vs 22 (17).

6/62 (10%) vs 48/95 (51%)
vs 58/226 (74%).

91/96 (95%) vs 131/151
(87%) vs 134/209 (64%). 45/
60 (75%) vs 51/85 (60%) vs
64/150 (43%).

64% vs 83%. 1:3 vs 1:1.9.
5.5 vs 13.7 units FFP. 14.1
vs 9.2 units PLT. 9.4 1 vs

6.9 L 43/50 (66%%) vs 3/
16(81%) vs 4/7 (43%).

22/40 (55%) vs post MTP
30/37 (81%).
1.8:1vs 1.8:1,

115 vs 71 min.

Retrospective. Slightly different
criteria for massive transfusion
(=10 units).

Subject to bias of retrospective
study. Probabilities generated
based on small numbers, raw
survival data not provided

Data for post-TEP group gathered
prospectively while pre-TEP group
data all retrospective. TEP protocol
initiated by trauma surgeon upon
arrival. Selection bias (discretionary
decision-making unavoidable).
More penetrating injury in pre-
protocol group (61%) vs 48% in
post-protocol group.

Retrospective.

Open to selection bias; severe
trauma group received high ratio
component therapy. rF\lla used
variably. Data collated from study
with different primary objective.
Higher cryoprecipitate
administration in high ratio group.

Retrospective. Open to selection
bias. 6-year duration.

Military combat setting (skewed to
young male penetrating trauma)
may not apply to civilians. More
use of adjuvant therapy (FFP,
cryoprecipitate and FVila) in
medium to high ratio group. Large
numbers lost 30-day survival
follow-up.

Limitations of historical cohort.
Possible that early aggressive use
of components may be more
important than ratio.

Retrospective non-blinded review of
notes

Emerg Med ]
2010;1:53



Table 1 Blood component therapy in trauma patients requiring massive transfusion

Author, country,
date

Patient group

Study type

Outcomes

Key results

Study weaknesses

Borgman et al,
2007, USA/Iraq

Maegele et al, 2008,
Germany

Duchesne et al,
2008, USA

Kashuk et al, 2008,

Gunter et al, 2008,
USA

Holcomb et al,
2008, USA

Spery et al, 2008,
USA

Teixteira et al, 2009,

Perkins et al, USA
Iraq, 2009

246 combat casualties admitted
to combat hospital in Baghdad,
Iraq, November 2003 to
September 2005 who were
given =10 units RBCs (PRBCs
o fresh whole bload) in first
24 h. Three groups analysed
according to low (0:12-1:5),
intermediate (1:3.0-1:2.3) and
high ratio (1:1.7-1:1.2) of units
of FPP:PRBCs. Overall mortality
28%.

713 1SS >16 received >10
units PRBC. Grouped according
to FFP:PRBC ratios. Overall
mortality 42%.

135 massively transfused
trauma patients receiving >10
units PRBCs. Patients not
receiving FFP were excluded.
55% mortality.

133 trauma patients receiving >
10 units PRBC in first 6 h. 56%
mortality.

259 trauma patients. Pre-
Trauma Exsanguination Protocol
(TEP) vs post TEP protocol.
Overall mortality 56%.

466 trauma patients who
received =10 units of PRBCs in
first 24 h. 65% blunt injury.
Patients divided into groups
according to FFP:PRBCs and
subgroups according to
FFP:platelets:PRBCs. Overall
mortality 41%.

415 trauma patients transfused
=8 units in first 12 h divided
into high (=1:1.5) and low
(<1:1.5) FFP:PRBCs ratios.
Identified from collaborative
data base. Median transfusion
of 14 units PRECs. Overall
mortality 33.5%.

383 trauma patients receiving
=10 units PRBCs in first 24 h.
All severe head injuries
excluded. 42% mortality.

456 trauma patients in military
hospital in Baghdad receiving
=10 units PRBCs and variable
units of apheresis platelets in
first 24 h.

Registry review

Registry review.

Retrospective chart
review.

Retrospective review of
prospectively entered
data over 5-year period.

Retrospective cohort
study.

Multicentre
retrospective.

Multicentre prospective
data entry retrospective
review.

Retrospective review of
cross referenced
databases.

Retrospective review of
records of patients
admitted to combat
hospital January 2004
-

Survival of high vs
intermediate vs low ratio of
FFP:PRBC.

Median time to death for
high vs intermediate vs low
ratio.

F\la used in 81 patients.

Overall survival according to
FFP:PRBC ratio High (>1:1)
vs low (<1:2)

Survival FFP:PRBC ratio 1:1
vs 14,

Survival probability
according to ratio of
FFP:PRBCs 1:1 vs 1:2-1:3 vs
=1

30-day survival FFP:PREC
=115 vs <1:15.

30-day survival PLT:PREC
=115 vs 11<14,

30-day survival for pre-TEP
vs post-TEP groups.

30-day survival by ratio
FFP:PRBC; high (=1:2) vs
low (<1:2).

30-day survival by ratio
platelets:PRBC; high (=1:2)
vs low (<1:2).

30-day survival platelets and
FFP: PRBC high vs low.

Survival according to ratio of
FFP:PRBC =1:15vs
<1:15.

Multiorgan failure high vs
low ratio.

Infection rate high vs low
ratio.

ARDS

24 h PRBC transfusion
requirement.

Survival to discharge low
ratio FFP:PRBC (<1:8) vs
medium ratio (>1:8-<1:3),
high ratio (=1:3}

Survival to 24 h days aPLT:
PRBC ratio (=1:8) vs n = 96
vs medium (1:16-<1:8)

n =151 vs low ratio
e - 3

—

Dente et al, USA,
2009

\

Trauma patients received to
urban level 1 trauma hospital for
12 months from February 2007
receiving =10 units PRBCs

Prospective trauma
cases with massive
transfusion protocol
activation n=173 vs
historical controls
n=84.

30 days high vs medium vs
low ratios.

30-day survival pre vs post
MTP. Ratio FFP:PRBC pre
MTP vs post MTP. First 6 h
use of components pre MTP
vs post MTP. Crystalloid use
pre vs post MTP. 24 h
survival for post MTP
“successes” FFP:PRBC ratio

131/162 (81%) vs 35/53
(66%) vs 14/31(45%)

3Bhvsdhvs2h.
61/81 (75%) of patients
survived.

153/229 (67%) vs 262/484
(54%).

52/71 (73%) vs 8/64
(12.5%).

Approximately 43% vs 72%
vs 9%.

38/64 (59%) vs 74/195
(38%).

39/63 (62%) vs 76/196
(39%).
37/140 (53%) vs 61/118
(61%).

165/252 (66%) vs 112/214
(52%).

166/234 (71%) vs 111/232
(48%).

110/151 (73%) vs 56/131
(43%).

72/102 (71%) vs 203/313
(65%).

64% vs 54%.

58% vs 43%.

41% vs 24%.
16 (9) vs 22 (17).

6/62 (10%) vs 48/95 (51%)
vs 58/226 (74%).

91/96 (95%) vs 131/151
(87%) vs 134/209 (64%). 45/
60 (75%) vs 51/85 (60%) vs
64/150 (43%).

64% vs 83%. 1:3 vs 1:1.9.
5.5 vs 13.7 units FFP. 14.1
vs 9.2 units PLT. 9.4 1 vs

6.9 L 43/50 (66%%) vs 3/
16(81%) vs 4/7 (43%).

Retraspective. Fresh whole blood
was viewed as 1:1:1
PRBCs:FFP:PLT. Unlikely to reflect
community setting with high degree
of penetrating trauma and highly
focused prehospital care. FVlla
administered to 32% of patients.
Higher incidence of thoracic trauma
in low ratio group. This group died
early. Haemoglobin lower in low
ratio group. Selected patients
received rFVila Those who rapidly
exsanguinate have little time for
damage control therapy.

Open to selection bias.

Retrospective. Slightly different
criteria for massive transfusion
(=10 units).

Subject to bias of retrospective
study. Probabilities generated
based on small numbers, raw
survival data not provided

Data for post-TEP group gathered
prospectively while pre-TEP group
data all retrospective. TEP protocol
initiated by trauma surgeon upon
arrival. Selection bias (discretionary
decision-making unavoidable).
More penetrating injury in pre-
protocol group (61%) vs 48% in
post-protocol group.

Retrospective.

Open to selection bias; severe
trauma group received high ratio
component therapy. rF\lla used
variably. Data collated from study
with different primary objective.
Higher cryoprecipitate
administration in high ratio group.

Retrospective. Open to selection
bias. 6-year duration.

Military combat setting (skewed to
young male penetrating trauma)
may not apply to civilians. More
use of adjuvant therapy (FFP,
cryoprecipitate and rFVila) in

1o high ratio group. Large
numbers
follow-up.

Limitations of historical cohort.
Possible that early aggressive use
of components may be more
important than ratio.

Risken et al, USA,
2009

77 trauma patients requiring >
10 units PRBC in first 24 h.

Retrospective review
comparing cohorts

2 years pre- and post-
initiation of MTP.

<1:2 vs post MTP violations

Cl2-29 00 1ol
Survival rate pre vs post
MTP.

Ratio PRBC:FFP pre and post
MTP.

Time to first cross-matched
PRBC.

22/40 (55%) vs post MTP
30/37 (81%).
1.8:1vs 1.8:1,

115 vs 71 min.

Retrospective non-blinded review of
notes

__/
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Early Use of

Products
Saves Products




Survival Bias

(J Trauma 2009; 66:358)

Remove the Military

(Acad Emerg Med 2009; 16:371)




Other Parts of

Hemostatic
Resuscitation
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Factor Viia




Don’t worry

aboutit...
not an ED Drug




Current Evidence Based Guidelines for Factor
Vila Use in Trauma: The Good, the Bad,
and the Ugly

JUAN C. DUCHESNE, M.D.,* KAVITHA A. MATHEW, M.D.,* ALAN B. MARR, M.D.,+ MICHAEL R. PINSKY, M.S.*
JAMES M. BARBEAU, M.D,, ].D.,f NORMAN E. MCSWAIN, M.D.*

From the *Departments of Surgery and Anesthesiology, Tulane School of Medicine, New Orleans, Louisiana
and the Departments of tSurgery, fPathology, and Blood Bank, Louisiana State University
School of Medicine, New Orleans, Louisiana

Am Surg.2008 Dec;74(12):1159-65
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$1 per mcg




Don’t worry

aboutit...
not an ED Drug




Prothrombin
Complex

Concentrates

( )




Antifibrinolytics




Tranexamic Acid




Lancef2010;376(9734):23 - 32



Tranexamic Acid

1g over 10 minutes
followed by infusion
1 g over 8 hours




Tranexamic acid allocated Placebo allocated

Risk ratio (99% (1)

Time from injury (h)

<1 509/3747 (13-6%)

»1-=3 463/3037 (15-2%)

»3 491/3272 (15.0%)

Xi=4-411; p=0-11

Systolic blood pressure (mm Hg)

=90 702/6878 (10-2%)

76-89 280/1609 (17-5%)

<75 478/1562 (30-6%)
3=1:345;p=051

GCS

Severe (3-8) 796/1789 (44-5%)

Moderate (9-12) 219/1349 (16:2%)

Mild (13-15) 447/6915 (6-5%)

X:=1387; p=050

Injury type

Blunt 1134/6788 (167%)

Penetrating 329/3272 (10-1%)

X:=0791; p=0-37

All patients 1463/10060 (14-5%)

Two-sided p=0-0035

581/3704 (157%)
528/2996 (17-6%)
502/3362 (14-9%)

736/6761 (10-9%)
313/1689 (18.5%)
562/1599 (35-1%)

860/1830 (47-0%)
249/1344 (18.5%)
502/6877 (7-3%)

1233/6817 (18-1%)
380/3250 (11.7%)

1613/10067 (16.0%)

o —— o o -

>

07

I 1
08 09
Tranexamic acid better

10 11 12
Tranexamic acid worse

0-87 (0-75-1-00)
0-87 (075-1-00)
1.00 (0-86-1.17)

0.94 (0-82-1.07)
0.94 (078-114)
0-87 (076-0-99)

095 (0-86-1.04)
088 (070-1.09)
0-88 (075-1.04)

0.92 (0-83-1.02)
0-86 (072-1.03)

0.91(0-85-0.97)"

Figure 3: All-cause mortality by subgroups
GCS=Glasgow Coma Score. *95% Cl.




No increase Iin
thrombosis




Individualized

Hemostatic
Resuscitation







= NORMAL

R/K/MA/Angle =

Nomal

= HEPARIN / COUMADIN
R/K = Prolonged; MA/Angle = Decreased

= THROMBOCYTOPENIA or PLASMA
R/K = Prolonged; MA = Decreased; Angle = Normal

= HYPERCOAGULATION
R/K = Decreased; MA/Angle = Increased

R/K = Normal to prolonged

= FIBRINOLYSIS mD.IC. (EARLY STAGE » LATE STAGE)
MA/Angle = Normal to decreased

L — G







PRBC /| Hb Substitutes
PCC

Fibrinogen Concentrate
Hypertonic Saline
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Permissive

Hypotension




Normotension




Bust ‘da Clot Theory &

Dilutional Coagulopathy







The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

Immediate versus Delayed Fluid Resuscitation for Hypotensive
Patients with Penetrating Torso Injuries

William H. Bickell, Matthew J. Wall Jr., Paul E. Pepe, R. Russell Martin, Victoria F. Ginger, Mary K. Allen and Kenneth L. Mattox
N EnglJ Med 1994; 331:1105-1109 | October 27, 1994









65 + Perfusion




All with MIAP of 65




° O

Vasoconstricted, Filled
Empty Tank Tank




65 + Perfusion +

Pain Control &
Sedation




How does this

play out?




UTS Femoral

A=Line




Good Pulse OX

Radial Pulse




Fentanyl

Aligquots







Non-Compressible

Wounds







Pelvic Fractures







Femur Fractures




Non-Compressible

Soft Tissue Injuries







OQuickClot




WoundStat




Combat Gauze




Extremity

Vascular Injuries
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Trauma is a bear
eat bear world

We can only
attempt to Control
the Damage =




