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Objectives

* Review Traumatic

Hemorrhage
— Shock
— Trauma Induced Coagulapathy
— Damage Control Resuscitation

* Pediatric Considerations
— Hypotension
— Fluid Resuscitiation
— Antifibrinolytics
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Trauma Triad of Death

Damage Control Resuscitation
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Damage control

Resuscitation

n
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(100 mg / mL)

JIROMIZID

1:1:1 transfusion

For Intravenous Use

“Damage control resuscitation.” Clinical and experimental emergency medicine. 2020
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©

Major trauma: assessment and management of major
trauma

NICE Guideline NG39
Methods, evidence and recommendations

February 2016

* Restrictive volume
resuscitation

* Early use of blood
components

ATLS®

Advanced Trauma Life Support’
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Transfusion of Plasma, Platelets, and Red Blood Cells in a 1:1:1
vs a 1:1:2 Ratio and Mortality in Patients With Severe Trauma
The PROPPR Randomized Clinical Trial

J

O )
d

The PROPRR Trial
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St.Emlyn’s
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PLASMINOGEN

~N Tranexamic
acid

FIBRIN 2< FIBRIN DEGRADATION
PRODUCTS

.| Tranexami
E Acid Injection

Al 1,000 mg per 10 m
(100 mg / mL)

z
I Forintravenous Use
z Only

Rx only

10 mL sterile single-use
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CRAS

Clinical Randomisation of an Antifibrinolytic
in Significant Haemaorrhage &

RANDOMIZED PLACEBO CONTROL TRIAL
+
40 countries 274 hospitals

!

20211 patients

DEATH 16.0%

n=10,067

1gm holus
1gram/8 hrs
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TXA did not TXA does not Early TXA can TXA significantly
significantly reduce increase risk reduce the risk reduces all cause
the need for blood of vascular of death from mortality
transfusions occlusive hemorrhage

events

TXA can safely reduce the risk of
death in bleeding trauma
patients and should be
considered

REFERENCES:

Crash-2 Trial Colloborators. (2010). Effects of TXA on death, vascular occlusive
@ @ @ events, and blood transfusions in trauma patients with significant haemerrhage u
(CRASHO2): o randomized, placebo-controlled trial. Lancet, 376, 23-32. Z
BY NC SA  This infographic was created by Alixe Dick and edited by Alvin Chin
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PATCH-Trauma Study
PA*C H The Pre-hospital Anti-fibrinolytics for Traumatic

‘ ‘ ‘ ‘ W Coagulopathy & Haemorrhage Study
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Pediatric Trauma
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Antlflbrlnolyth/ e

NDC 55150-188-10

Tranexamlc
Acld Injection

B 1,000 mg per 10 ml
2 (100 mg ! mL) |

% Forlntravenous Use 5

Pediatric
Shock

* photo

warning...

1:1:1 transfusion
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Adult Child
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’ ‘ Pediatric Advanced
Life Squort Provider Handbook

& Dr. Karl Disque

SESRebl~

20ml/kg 20mi/kg 20mi/kg PRBC
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* 40 ml/kg - saline

S[SISIR

*10 ml/kg O-

11/2/2021

14



*2012

*2015

*2016

*2018

*2018

> J Trauma Acute Care Surg. 2012 Nov;73(5):1273-7. doi: 10.1097/TA.0b013e318265d267.

A pediatric massive transfusion protocol

> J Trauma Acute Care Surg. 2015 Jan;78(1):22-8; discussion 28-9.
doi: 10.1097/TA.0000000000000488.

Clearly defining pediatric massive transfusion:
cutting through the fog and friction with combat data

> Transfusion. 2016 Nov;56(11):2712-2719. doi: 10.1117/trf.13781. Epub 2016 Aug 29.

The effect of massive transfusion protocol
implementation on pediatric trauma care
Review > Curr Opin Pediatr. 2018 Jun;30(3):338-343. doi: 10.1097/MOP.0000000000000617.

Damage control resuscitation in pediatric trauma

Review > Pediatr Emerg Care. 2018 Aug;34(8):594-598.
doi: 10.1097/PEC.0000000000001570

Pediatric Massive Transfusion: A Systematic Review

29

Review

> Semin Pediatr Surg. 2019 Feb;28(1):61-66. doi: 10.1053/j.sempedsurg.2019.01.011.
Epub 2019 Jan 23.

Pediatric trauma-related coagulopathy: Balanced
resuscitation, goal-directed therapy and viscoelastic

assays

Natalie A Drucker ', S Keisin Wang 1, Christopher Newton 2

30
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ATLS 10th edition offers new insights into managing
trauma patients

by SHARON HENRY, MD, FACS
PUBLISHED JUNE 1, 2018 = | PRINT-FRIENDLY

CH 10: PEDIATRIC TRAUMA

e Limit crystalloid resuscitation
— 20 ml/kg bolus

* MTP (massive transfusion protocol)
— 10-20 ml/kg PRBC & 10-20 ml/kg FFP + Plts

* Thus far, NO survival advantages have been
demonstrated....

31

OLD SCHOOL NEW SCHOOL

In pediatric trauma, failure
* Prior protocols of a sustained
a single bolus of 20mL/kg

crystallmd prior to crystalloid should be

blood transfusion followed by blood
transfusion
56 3-9 82
20ml/kg 20mli/kg 20ml/kg PRBC 20mli/kg PRBC

Polites, J Trauma Acute Care Surg 2020
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* NS 20 ml/kg
* Blood ? ,"h
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PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Pediatric Life Support

2020 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science
With Treatment Recommendations

* Review new research

 ? changes to management
— Crystalloids vs blood
— How much and when
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Hussmann, B, et al. and the TraumaRegister
DGU. Influence of prehospital volume
replacement on outcome in polytraumatized

Idren are resistant
Iy high volume
"=diatr Surg. 2014.

halanced
d crystalloid
ma patients
= and Irag
irg. 2015.
id
atric

rsely
A
4. 2019.

A, et al. Aggressive crystalloid
ation outcomes in low-severity
c trauma. J Surg Res. 2020.

t al. Shock index and pulse pressure as
r massive transfusion. J Trauma
> Surg. 2019.
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PEDIATRIC DCR

* |deal ratio blood
products not defined
for children

* Blood product-based
resuscitation not
same survival results
as adults

* Despite lack of
published data —
many pedi trauma
centers use 1:1:1
(PRBC, FFP, Plts)

40
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Review > Crit Care. 2014 Jul 2;18(4):313. doi: 10.1186/cc13965.

Tranexamic acid in pediatric trauma: why not?

Suzanne Beno, Alun D Ackery, Jeannie Callum, Sandro Rizoli

> J Trauma Acute Care Surg. 2020 Aug;89(2S Suppl 2):5242-5245.
doi: 10.1097/TA.0000000000002701.

Tranexamic acid in pediatric combat trauma
requiring massive transfusions and mortality

Mitchell Hamele 1, James K Aden, Matthew A Borgman
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ONLINE CLINICAL INVESTIGATION: PDF ONLY

Use of Antifibrinolytics in Pediatric Life-

Threatening Hemorrhage
A Prospective Observational Multicenter Study
Spinella, Philip C. MD'; Leonard, Julie C. MD, MPH?; Gaines, Barbara A. MD?; Luther, James F. MA%;

Wisniewski, Stephen R. PhD% Josephson, Cassandra D. MD; Leeper, Christine M. MD, MS® for the
MAssive Transfusion epidemiology and outcomes In Children (MATIC) Investigators and BloodNet

Author Information ©

Critical Care Medicine: October 18, 2021 - Volume - Issue -
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Tranexamic Acid in Children

TIC-THC

Traumatic Injury Clinical Trial Evaluating

National Institutes
of Health

Bl 1,000 my per 10 mL
(100 mg / )

= ForlntravenousUse 5

“Damage control resuscita

/—.- ~\Damage control Resuscitation
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—

1:1:1 transfusion

«tal emergency medicine. 2020
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Whole Blood

Comparative Study > Ann Surg. 2020 Oct;272(4):590-594.

Whole Blood is Superior to Component Transfusion
for Injured Children: A Propensity Matched Analysis

Christine M Leeper ', Mark H Yazer, Darrell J Triulzi, Matthew D Neal, Barbara A Gaines
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Outcomes for Whole Blood Transfusions in Injured Children

Patient Selection Propensity-Matched
Study Outcomes
« 21year
g L;l base deficit (2 vs. 6 hours)
»w Lower post-transfusion INR
+ Transfuse up to 40 mL/kg N=28 N=28 (L4vs. 1.6)
+ Initial resuscitative fluid Lower transfusions volumes:
Matched for:
S * ) a
Mechanism of Injury = No Differences =
Severe TBI g I I |
Admission Hypotension i Sl
Preliminary Results Need for urgent surgery @ Functional disabllity
* NO adverse transfusion reactions [ ot Hospital/ICU length of stay
+ Safe and feasible h- @ Ventilator days

Leeper CM et al Ann Surg 270: 590-594, 2020

UVMMC ED trauma blood refrigerator contains 2 units O+ PRBCs and 2 units AB plasma; stocking whole blood being evaluated

49

Dr James Bailey, MD FACEP

USAF PICU Nurse - Special Ops Surgical Team
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Dr James Bailey, MID FACEP

USAF PICU Nurse -> Specia@iOps Surgical Team
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Dr James Bailey, MD FACEP

USAF PICU Nurse - Special Ops Surgical Team
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* Pediatric Trauma care is similar to adults
— Exception: Hypotension = late and deadly finding

* Balanced Resuscitation
— Limit crystalloids
— Early blood - 1:1:1 vs Fresh whole blood

e Consider TXA

— Watch for new Pediatric studies

INTERNATIONAL

e 48.Kanani, AN, Hartshorn, S. NICE clinical guideline NG39: Major trauma: assessment and initial management. Arch Dis
Child Educ Pract Ed. 2017;102:20-23. doi: 10.1136/archdischild-2016-310869.

e 49.Henry, S. ATLS Advanced Trauma Life Support 10th Edition Student Course Manual. Chicago, IL: American College of
Surgeons; 2018.

* Beno,S., et al. Tranexamic acid in pediatric trauma: why not?. Crit Care 18, 313 (2014). https://doi.org/10.1186/cc13965

* Leibner E, Andreae M, Galvagno SM, Scalea T. Damage control resuscitation. Clin Exp Emerg Med. 2020;7(1):5-13.
doi:10.15441/ceem.19.089

* Gilley M, Beno S. Damage control resuscitation in pediatric trauma. Curr Opin Pediatr. 2018 Jun;30(3):338-343. doi:
10.1097/MOP.0000000000000617. PMID: 29474273.

* Holcomb JB, et al. Transfusion of Plasma, Platelets, and Red Blood Cells in a 1:1:1 vs a 1:1:2 Ratio and Mortality in
Patients With Severe Trauma: The PROPPR Randomized Clinical Trial. JAMA.2015;313(5):471-482.
doi:10.1001/jama.2015.12

* Leeper, Christine M et al. Whole Blood is Superior to Component Transfusion for Injured Children, Annals of Surgery:
October 2020 - Volume 272 - Issue 4 - p 590-594 doi: 10.1097/SLA.0000000000004378

* Polites SF, et al. Timing and volume of crystalloid and blood products in pediatric trauma: An Eastern Association for the
Surgery of Trauma multicenter prospective observational study. J Trauma Acute Care Surg. 2020;89(1):36-42.
doi:10.1097/TA.0000000000002702

* Hayakawa, Mineji. “Pathophysiology of trauma-induced coagulopathy: disseminated intravascular
coagulation with the fibrinolytic phenotype.” Journal of Intensive Care 5 (2017): n. pag.
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