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Fluid Management in Multiple Trauma

Department of Thoracic and Cardiovascular Surgery,
Chonnam National University Hospital

Do Wan Kim

History
* 1638 — William Harvey : first
described the circulatory system
= 1832 — Physiologic saline due to
pandemic cholera
+ 1900 — ABO type
* 1960 — Large volume infusion

(crystalloid)

Classic concept

* Hypovolemia : insufficient mitochondrial oxidative
phosphorylation

* Large amount crystalloid resuscitation
= aratio of 3 mL per | mL of blood loss

+ 2L lactate solution — ATLS 7" edition 1990’s
+ Continuing replacement until clinical sign s return to normal
+ No role defined for colloids in trauma resuscitation

* Recent : consider of adverse effect (ex. Fluid induced dilutional

coagulopathy)

Fluid managament in patients with trauma: Restrictive versus liberal approach.
J Anaesthesiol Clin Pharmacol. 2015 Jul-Sep; 31(3): 308-316.

Pathophysiology
= Capillary permeability increases
* IV fluid =) interstitial space
= Oxygen delivery : cardiac output > blood pressure

¢ Trauma patients

— Maintain pulse and blood pressure even after massive blood

loss & tissue hypoxia
— Cardiac output cannot be inferred blood pressure

— Cryptic shock

The Eurof guideline on management of major bleeding and coagulopathy
following trauma: fourth edition. Crit Care. 2016 Apr 12.20(1):100,

Volume 331

The New England
Journal of Medicine

CCopyright, 1994, by the Massachusests Medical Sociery

OCTOBER 27, 1994 Number 17

IMMEDIATE VERSUS DELAYED FLUID RESUSCITATION FOR HYPOTENSIVE PATIENTS
WITH PENETRATING TORSO INJURIES

We a prospective trial cc i
diate and delayed fluid jon in 598 adulls
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hospital systolic blood pressure =90 mm Hg. The study
setting was a city with a single centralized system of pre-
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patients with major trsuma_ Patients assigned to the im-
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tation group i i
itation until they

1 but no fluid
hed the OO,




2016\ CHOIG HARFETOIIOY £ OHATHY U AAEG

Hypotensive Resuscitation

* Randomized trial, penetrating torso trauma,
urban center: immediate vs delayed fluids
- mortality
- LOS

- complications i

diate group
* Conclusions:
— Delayed fluid resuscitation acceptable

Bickedl at al: NEJM 15084:331:1005

Hemorrhagic Shock
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Resuscitation injury

* Massive resuscitative infusion
— reduces body temperature
— dilutes clotting factor
— impairs organ perfusion
— gastrointestinal and cardiac complication
—abdominal compartment syndrome
— cellular dysfunction

— fluid overload and edema lead to further edema

Traumatic hemorrhagic shock: advances in fluid management.
Emerg Mad Pract. 2011 Now, 13(11):1-19; quiz 18-20.

Hypovolemic resuscitation

* Damage control resuscitation
* Delaying time of administration

* Permissive hypotension

— 70 ~ 80 mmHg in penetrating trauma

— 90 mmHg in blunt trauma
 Carefully considered

— Eldery

— Hypertension

— Carotid stenosis

— Angina

Haris T, et all. Early fluid resusciation in severe trauma
BMJ.2012 Sap 11,345

Crystalloid or Colloid
o = —

28

Resuscitation Fluids. N Engl J Med 2013;36%:1243-51

Goal of resuscitation

* Prevention of traumatic coagulopathy
— renal injury. lung injury

* Recovery from acidosis, hypothermia, coagulopathy,
hypoperfusion

= Reversal of shock

* | Maintenance of homeostatic mechanism
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Ideal fluid

Safe and cheap

Effective volume expansion

Oxygen carrying capacity

Composition as close as possible to extracellular fluid

Metabolized and completely excreted without
accumulation produce adverse metabolic or systemic
effects

No ideal resuscitation fluid exists

Resuscitation Fluids. N Engl J Med 2013.369:1243-51

Fluids

[ Fuid i [ Na | C1 | K | CalVig | Bufler ] Osmol ]
103 45 5

Plasma 74 141 2 Bicarbonate 289

Normal Saline 57 154 184 None 308

Lactated Ringer’s 64 130 109 4 3 Lactate 273

Plasmalyte 74 140 98 o 2 Acetate/ 295
Gluconate

5% albumin
6% Hetastarch

69.000 Dalton
69,000 Dalton

0.7-1.3
1.0-1.3

16 hours
17 days

20 mmHg
30 mmHg

Principle
Restriction or liberal ( How much?)
Colloid or crystalloid (which?)
Route ?

Speed ?

Crystalloid

First line fluid, cheap
Normal saline (0.9% NS)
Balanced (buffered) solution

— Lactate Ringer’s solution
= Acetate Ringer’s solution

Hypertonic saline (3.5%, 5%, 7.5%)
Free in extracellular space
Fluid distribution

= 75% ECF & 25 % Intravascular
— Plasma expansion effect 72

Normal saline

Used for over 50 years

Isotonic

— fluid balance with minimal tonic variation
Wound irrigation, eye drops
No overall difference in mortality any other fluids

Really normal?

— Neither normal nor physiologic

Normal saline
Hyperchloremic Metabolic Acidosis
Uncontrolled hemorrhagic shock in pigs
Lower fibrinogen and worse coagulopathy
Interstitial edema

Systemic inflammatory response
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Hyperchloremic Metabolic Acidosis

CHEST

Batal patianssen of ke Amesives € allegs of Dhein Fapuiiasn

Hyperchloremic Metabelic Acidosis
Following Resuscitation of Shock

et 2010130 311833
50K 16,137 bichue 101458

Tha i s o o bein, e < et Phuraton el
b e ikt e T

I concluusson, this Hmitee] rotrospective sty sugaests Hiat HMA
s common duriing resuscitation of patients with a privary diagnosis
of dhock, and that FIMA s asockated with volume of infiscd sdine,
The limitations of this retrospective, medieal reconds review pre-
clinde prectse estitnutes of Frequency aned sisk of this phenomenon
bt the findigs suggest hypotheses for a prospective study

Hyperchloremic metabolic acidosis following resuscitation of shock:
Gheorghe C, et al. Chest.2010 Dec, 138{6):1521-2.

Hyperchloremic Metabolic Acidosis

= Lactic acidosis

* Depressed myocardial contractility (smooth muscle)
« Diminished peripheral vascular resistance

= Inotropic response to catecholamines

* Arrhythmia

+ Platelet dysfunction

* Overall coagulation cascade dysfunction

= Greater blood loss

Hypertonic saline
+ Since 1980s

* Volume expansion and restoration of T cell function in

animal study

« Control of intracranial pressure, hyponatremia

* Traumatic brain injury

* No difference mortality between hypertonic and normal
saline

* Aerosol : inhalation in cystic fibrosis

Hypertonic saline in severe traumatic brain injury: a systematic review and
mata-analysis of randomized controlled trials. CJEM.2016 Mar, 18(2):112-20.

Balanced Solution

= Mild hypotonic solution (Na 130, Osmol 273)

* Instability of bicarbonate containing solutions

— Buffered by such as maleate, gluconate, lactate or acetate

* Excessive administration
— Lactate elevation
— Metabolic alkalosis
— Hypotonicity
— Cardiac dysfunction

— Calcium in the LR adversely affects the anticoagulation

Balanced Solution

¢ Increasingly recommended as first-line resuscitation fluids
* Decrease in the rate : infection, RRT, transfusion

* Maintenance of electrolyte : esp. magnesium

» Restoration of acid-base homeostasis

* Indication
= Major surgery
— Trauma

— Diabetic ketoacidosis

Effect of a Buffered Crystalloid Solution vs Saline on Acute
Kidney Injury Among Patients in the Intensive Care Unit
The SPLIT Randomized Clinical Trial
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it 0 g * Secondary outcomes: Cr,
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- 1 e
u
"

Young P, t al. JAMA. 2015;314(18):1701-1710)
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Primary outcome

e Tatal Ma. (%]

Al Relative Rivk
Wariable Buttered Cryntalloid Salne 1955 01} (95% € P Value
Primary Dutcome
Acute Lidhury injury o (il 1021067 (9.6) B4/1025 (9.7} 04 (=21 025 1.04 (L8O 1 1.36) n

Secondary outcome

=
gtk (g g 501 P+ 1

g NS L
- S =t 3 i
IR NE=ny T
1 TCondusions
" Among patients recelving crystalloid fluid therapy in the ICU,
u\n-;- it 15+ useofabuffered crystallold compared with saline did not re-

duce the risk of AKI. Further large randomized clinical trials
are needed to assess efficacy in higher-nisk populations and

[—S—r = o clinical suchas ¥
Cr RRT

Chloride in fluid

Cumulative Incidence Functions with $5% Confidence intervals

—
Conclusion

We conducted an extended assessment of the effects of
restricting the use of chloride-rich fluids in a teriary ICU
~ und confirmed an overall decreased incidence of AKI and
RRT requirement over a |-year period. However, we abo
found that unidentificd confounders or a Hawthorne effect
may have contributed 1o some of our findings. Our
ohservations continue to support the notion that chloride
restriction is feasible and safe and that excess chloride
administraion may  adversely affect renal  function.
However, they add uncertainty about the robusmess of the
O, observed bencfits and provide a strong case in favor of
° conducting randomized controlled triaks.

Yunos NM , et al. Chioride-liberal vs, chiarid intravenous fluid
administration and acute kidney injury: an extended analysis. Intensive Care Med.
2015 Fobd1(2):257-64

Association Between a Chloride-Liberal
vs Chloride-Restrictive Intravenous Fluid

Table B, incidence of Acute Kidney Ijury Stratified by Rink, Irgury, Fasbure, Lons, and
End-Sage (RIFLE} Serum Creatinine Citeria

|

N, (%) [95% CI] of Palierss® |

Gortrol Pariod [r—— [ |
= e} =773 _ Vake

*+ AKI « RRT

Yunos NM, et al JAMA, 2012;308(15):1566-72

Chloride in fluid

* Supraphysiological concentration of chloride

= Exacerbate hyperchloremia and metabolic acidosis

*» Cause renal vasoconstriction and decreased GFR

* Restricting IV Cl administration in ICU : decreased the

incidence of acute kidney injury

Colloid

* Natural

— Albumin

* Artificial
— Gelatin
— Dextran
— Hydroxyethy! Starches (HES)
* Pentastarch

« Hexastarch

* Tetrastarch

Colloid

» High molecular weight substance
— Create osmotic pressure = to keep water in the vascular
space
* Where the IV fluid goes?
— 30 % Extravascular
— 70 % Intravascular Volume

-> Plasma expansion effect] . volume sparing effect
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Hydroxyethyl starch

* Biological half time : 1.4 hours
* Excretion : renal
* 130 to 200 kDa
= 6% HES 130/0.4 in NaCl
— concentration/ molecular weight/ molar substitution

* Ideal HES : Low MW, Low degree of substitution
— 1% generation HES(Hetastach) :450/0.7
— 2™ generation HES (pentastarch, Pentaspan®) : 200/0.5
— 3 generation HES (tetrastarch, Voluven®) :130/0.4

Clinical benefits

Stabilization of systemic hemodynamics

Anti-inflammatory response
— preserve intestinal microvascular perfusion

Cost effectiveness

— cheap as compared to albumin

— comparable volume of expansion
Maximum allowable volume

— 6% 130/0.4 : 50 ml/kg

— more expansion other than colloids

Weak points

* Anaphylactoid reactions
— hypersensitivity, flu-like symptom, brady-tachycardia.
brochospasm
* Influence on coagulation
— reduced release of factor VIII, von Willebrand Factor
— impaired platelet function
* Influence on renal function

— development of osmotic nephrosis like lesions in both
proximal and distal renal tubules

— Influence on renal function .glomerular filtration,

Lactatn (mmal -1}

British Jousmat of Ascestfesia 107 (S: 693-T02 (2081}
Advarce Accew publication 19 Augat 2011 - dot 10,109 Vjaloer 2 29 { [

Resuscitation with hydroxyethyl starch improves renal
function and lactate clearance in penetrating trauma in a
randomized controlled study: the FIRST trial (Fluids in
Resuscitation of Severe Trauma)
Conclusions. In penetrating trauma, HES provided signi

PlaSmA Betat bl Fama

better lactate

10.0
i Flasma lactaie: porevatng mmama

a0

0.

actata |

L

WPHES

-PaAL

hyperviscous urine tubular flow dysfunction b ST -
— high MW and/or high MS
Is Hydroxyethyl Starch Safe in Py Trauma Pati ? -
m&?mmm&mw\:‘nF&mmnmJ:gm Comparlson
Kenneth G. Procior, PhD

* Military setting : Voluven Trial VISEP CRYSTMAS 6S CHEST
L. i P 7\ Vi Tetraspan Voluven

— Recommended for battlefield resuscitation. if blood = St 5 i
products are not immediately available. Mortality No diff No diff HES? No diff

L. - (high dose HES 1)
— Penetrating injury > Blunt injury RRT/AKI HES 1 No diff HES HES]
— Smaller volumes are required Volume effect HES 1 HEST No diff HES?

— No increase risk of AKI

— No increase risk of mortality

Mil Med 2016. 181,5152
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= £ L . =loid Albumin
Ay por - e * Normal range: 3.5 ~ 5 g/dLL
oy PP * Main protein of human blood plasma
ot - - — 50% of human plasma protein
o - * Regulate the colloidal osmotic pressure of blood
ey o »
et i o | — 75%-80% of plasma’s normal colloid oncotic pressure
- * Transport protein, free radial scavenger, biological
. T = buffer
e - [T LRLIRE AR L] ™ Related to monality risk
Colloids versus crystalloids for fluid
resuscitation in critically il patiants.
e Paral P, et al. Cochrane Databasa
e Syst Rev, 2013 Feb Journal of Clinical gy 1957, 50(6):693-703
| iy S e, — -
Il CRIGIN AL ARTICLE | Pyt 4 s s [N VAW OLY BAOMS, l0EKRLg  aM |
Do o 90 dopr — o skl v (W WL [CE RN LU Y LE]
A Comparison of Albumin and Saline for Fluid st e SRR 5= |
Resuscitation in the Intensive Care Unit 1o mypeps e |
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+ 6907 patients Sereon oo contiutions
o s In patients with severe sepsis, albumin replacement in addition 1o erystalloids, as
*  Multicenter, double-blind RCT v — i compared with crystalloids alane, did not imgeove the Fate of survival at 28 and 90
— = days. (Funded by the Iralian Medicines Agency; ALBIOS ClinicalTrials gov mumber,
+  Fluid resuscitation: 4% albumin vs saline P———— wu  WCTOOMPLIZ)
*  Primary outcome: 28-day death SAFE study NEJM 2004:350.2247 N Engl J Med 2014,370:1412-21
| ORIGINAL ARTICLE I

Saline or Albumin for Fluid Resuscitation
in Patients with Traumatic Brain Injury
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S
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N Engl J Med. 2007;357(3):874-84.

Albumin vs Crystalloid

Colloids versus crystalloids for fiuld resusc
Hation in critically il patients. Perel P, et al.

[T

Cochrane Database Syst Rev. 2013 Fab
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Conclusions

* Type of fluid - no effect on outcome

» Recognition of fluid responsiveness

* Balanced > non-balanced

= Cl: restrictive > rich

* Avoid large volume crystalloid resuscitation

* No conclusion on ideal fluid in trauma resuscitation
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Resuscitation)

» Hemorrhage and coagulopathy : major causes of
mortality

+ Up to 20% of deaths in trauma could be
preventable linked to uncontrolled bleeding

Ba%:

12 hes 13-24 hen 2546 hvs 37 days 2nd wook Jrd week 4th week Sth woek > § weeks
Time from injury to death

Mattox, Kenneth: Moore, Emest: Feficiano, David
Trauma, Seventh Edition. MoGraw-Hill 2012

-4 TRAUMACENTER

I CNS [ Exsanguination [ Other causes

Key concept of DCR

Damage control resuscitation

Hemostatic
resuscitation

Permissive
hypotension

Damage control
surgery

Prevention of
coagulopathy by
early transfusion of
PRBC, FFP

BP control capable
to detect the pulse
of radial artery

Team apporach

=4 TRAUMACENTER

Acute traumatic coagulopathy

Mattox. Kenneth; Moore, Ernest; Feliciano, David
Trauma, Seventh Edition, McGraw-Hill. 2012

=4 TRAUMACENTER

Acute traumatic coagulopathy

Mattox, Kenneth; Moore, Emest; Feliciano, David
Traurma, Seventh Edition. McGraw-HEl 2012

=4 TRAUMACENTER
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* Hemodilution

— Colloids

* Hespan and Dextran: vWF activity | Platelet
adhesion |

« Fibrinogen dysfunction, pathological fibrin
polymerization = poor clot stability
— Crystalloid
« Dilute coagulation factor and platelet

= Reduction of factor VII inducing a prolongation of
the prothrombin time

=4 TRAUMACENTER

* Hypothermia

— Coagulation factor synthesis |

— Coagulation cascade activation |

— Platelet activation | Platelet dysfunction
* Acidosis

— Reduce 50% of activity of factor Xa, factor Va
and thrombin generation at a pH of 7.2

Hypothermia + acidosis 2 significant
bleeding despite adequate replacement
of blood, plasma, platelet

=4 TRAUMACENTER

« Hypoperfusion : Increase of tissue
plasminogen activator (tPA) and
thrombomodulin
- Hyperfibrinolytic state

N\ N\

|: Plikadgt | |k Xa Thrombin Fibrin FOPs

_/ B

=4 TRAUMACENTER

DCR protocol

» Resuscitation is limited to keep blood pressure
at approximately 90 mmHg

» Intravascular volume restoration
= FFP:pRBCs 1:1ratio

» Fresh whole blood (FWB) as a resuscitative fluid.
» Additional Components

= Platelets, Cryoprecipitate
Holcomb et al. J Trauma. 2007

=4 TRAUMACENTER

Hemostatic Resuscitation

(/"Whﬂa'f""}:s the optimal "
-\ ratio of resuscitation o
’\M blood for a severely )

injured trauma
patient?

=4 TRAUMACENTER

J Trawma, 2007:63:805-813,

The Ratio of Blood Products Transiused Affects Mortality in
Patients Receiving Massive Transfusions at a Combat
Support Hospital

Marthew A. Borgman, MD, Philip C. Spineils, MD, Jercwy G. Perkins, MD, Knrs W. Grathwohl, MD,
Thomas Repine, MD, Alec €. Beckley, MD, James Schessa, MD, Doweld Jerbins, MD, Charles E Wade, PAD,
and John B. Holoomb, MDD

#

Mortality
2EE2E8

s,
I i

ow) 1B (Medium) 125 (High) 1:14
Plasma REC Ratio Groups
« Perevntage monelity auiociated with fow, mafoem, and high
REC rnrtured df v i
growp and inctude units of fresh whole Mood cowsted both

=4 TRAUMACENTER
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JAMA Surg. 2013;148(2):127-136. Published online

airg 32, - {
{Apsr Srg 2008, 248: 447-458) October 15, 2012. doi:10.1001/2013 jamasurg. 387

Increased Plasma and Platelet to Red Blood Cell Ratios Onioeir: Féns . - .
Improves Outcome in 466 Massively Transfused Civilian The Prospective, Observational, Multicenter,
Trauma Patients Major Trauma Transfusion (PROMMTT) Study
+ Multicenter trial, Retrospective, 16 centers Comparative Effectiveness of a Time-Varying Treatment With Competing Risks
| k S— * earlier use of higher amounts of plasma
s {
=1 \\ T hS— and platelets(1:1:1)
3 ~ L + Improved survival during the first 6hours
_; e —

after admission

» Second study : No benefit after adjusting
for another factors
— J Trauma Acute Care Surg 2013; 75: S31-9

=4 TRAUMACENTER =4 TRAUMACENTER

Original Investigation  JAMA. 2015;313(5):471-482. doi:101001/jama.2015.12

Transfusion of Plasma, Platelets, and Red Blood Cells in a 1:1:1 The PROPPR trial

vs a 1:1:2 Ratio and Mortality in Patients With Severe Trauma

The PROPPR Randomized Clinical Trial ze F
I =20 0

+ Blood products prepared and delivered to the bedside within 10 minutes

24-h mortal 43(12.7; S8(17.0] 01z

— 6U plasma, 1 dose platelet(pool of 6U), U RECs TEAtaRty, (127 7.0}
30-d mortality 75(22.4) BH26.1) 0.26
Achieved hemostasis 291(86.1) 267(78.1) 0,006

24 Mortality 104 ety

= Mortality due to exsanguination in the first 24 hr
— 1:1:1 group 9.2% vs 1:1:2 group 14.6% (P=0.03)

* No significant differences in mortality at 24 hours or at
30 days

* No difference in complication including ARDS, MOF

* No other safety differences

1

=4 TRAUMACENTER =4 TRAUMACENTER

s s Hemostatic Resuscitation
Summary of optimal ratio
* General consensus:
FEP/PIC Ratio Hecommandation Early use of RBC + plasma + platelets offers best
Nemolwma | LRI TR = chance of limiting coagulopathy
- " - 1:1:1
N ::?I;:‘;'““ &:“5'1;;“ >, 121, <151 11
Helcamls o al e ;:rk:_"‘:"" m,‘,f:gf;;‘s‘”’ 2, Q2 5
Borgman el ol "“i:fh:::’“ C‘;&:_’;‘D‘;"“" 104, 125, 18 1:1.4
NZ58 traumn Loved | Trauma 0:1-1:2.9, 1:3-1.49, 1:5- P
patienls Contor
~s TRAUMACENTER ~s TRAUMACENTER

"
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Cryoprecipitate

Fibrinogen : Essential substrate for clot
formation

platelet aggregation and formation of a
stable fibrin clot

Normal level : 150 - 277 mg/dL
Cryoprecipitate (FVII, vW factor, and FXII,
fibrinogen)

Some studies show benefit (esp. battle field)
But Lack of strong evidence

=4 TRAUMACENTER

Cryoprecipitate
= In 2007, the European Guideline
100 mg
* In 2013

= functional fibrinogen deficit (in TEG)
» fibrinogen level of < 150~200mg

= cryoprecipitate if bleeding + fibrinogen level <

=4 TRAUMACENTER

Recommendation for fibrinogen

mg/dL

Critical threshold  European guidelines
(2010)

Not maintained using FFP, replacement using
cryoprecipitate or fibrinogen concentrate

=4 TRAUMACENTER

Tranexamic acid

In Hyperfibrinolysis condition

tranexamic acid
* All-cause mortality was reduced
» administered within the first 3 h

The CRASH-2 trial with over 20 000
patients included examined the effect of

=4 TRAUMACENTER

Prothrombin complex
concentrate

both three-factor (USA) and four-factor
(Europe) PCCs that are recommended for
emergent reversal of oral anticoagulants

PCCs in trauma patients leads to a
considerable reduction in the use of blood
products

should be aware of a possible thrombotic risk
recent recommendations by the FDA focuse
to use within 3 hrs

=4 TRAUMACENTER
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Recombinant activated factor VII

* Risks and benefits of a treatment with
rFVIIa have to be carefully evaluated and
economic aspects

* no strong evidence to support rFVIla use
in the standard treatment

=4 TRAUMACENTER

Key concept of DCR

Damage control resuscitation

Permissive Hemostatic Damage control
hypotension resuscitation surgery

Prevention of
coagulopathy by
early transfusion of
PRBC, FFP

BP control capable
to detect the pulse
of radial artery

Team apporach

=4 TRAUMACENTER

Goals for Resuscitation before
Hemorrhage controlled

Blood pressure Systolic 80 mmHg; mean 50+£60 mmHg
Heart rate <120 beats/min

Oxygenation SPO2 >96%

Urine output >0.5 ml/kg fhr

Mentation Following commands accurately
Lactate level <1.6 mmol/l

Base deficit >-5

Hag, Het >9.0 g/dl, 30%

McCunn M, et al. Curr Opin Anaesthesiol 2000
Nolan J. Cur Opin in Anaesthesiol 2000
=a TRAUMACENTER

Massive transfusion ?

* Replacement of 10 pRBC units within 24 hours

Recent change of Massive Transfusion

Administration of 10 or more units of RBC in 4~6hours

Emphasize critical period of first 4~6hour course

=4 TRAUMACENTER

Therapeutic goal of MTP

* Close monitoring of bleeding and
coagulation

Goal-directed transfusions

Reduces the exposure to blood products
* Reduces costs

* Improve clinical outcome

=4 TRAUMACENTER

Massive transfusion protocol example

Massive bleeding with eit! shock or

abnormal coagulopathy

Ensure delivery of X-match specimen
to Blood Bank

Give 3 Units O-neg or type specific RBC

Ring Blood Bank to
Activate Massive Transfusion Protocel

N

i REQUEST, DELIVER AND TRANSFUSE AS BELOW: |

=4 TRAUMACENTER
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MTP BOX ONE
2 Whole Blood or 2U RBC
and 2U FFP

1 adult Platelets

MTP BOX THREE

4 RBC
AFFP
+3U Cryoprecipitate

MTP BOX FOUR
4Rac
aAFFP

1 adult Platelets

=4 TRAUMACENTER

=78 U MTP protocol

MTP gy - 131 83
£2%¥ Indication L4

t pRBC + & wnit FFP +

platelet + 2 unit Cryoprecipitate

1 apheress platelet or &

LR-C- & 4|
2. Chack ABGA, CBC. PT, aPTT, INR, Fibringen, TEG
® WUt > 1000/, DS > W0W
1.6 unit pREC + 6 unit FFP + 1 apheress platelst of 6
® WY < 90 mmHg
unit plateiet + 2 unit Cryoprecipitate
® 70 gasoR 0| oy 1
bR | sl @ 4 FE M 22w
— s
E3+H vy MTP E2
# 2 large boew L, line K .
® Active blesding control B Vital sign stable 4] (§4
®_Coack Kamatch sampling. ABGA, CEC. PT aPTT, IN, =)
Fibrinogen. TEG
® b > 109/l

® 2 Unit pRBC + 2 Unit FFP

* Taosamicacid 1 g bubalus + 19 mix (500mgx I 7
R W MTP 0| Transfusion Target

: ® pRBC: Kb > 10 g/dl Fully resuscitated 21 2% Kb > §
MTP Indication gdi
LE-TE 2 ® FFP: PT or aPTT Hit#|8| 1544 oo}
548 U SH 5 Spontansous response or Mon ® Platelet platelet > 50000

THpen ® Cryoprecipitate: Fibrinogen » 150 mg

=4 TRAUMACENTER

Complication of transfusion

Infectious complication
® HAV, HBV, HCV, CMV, HIV etc....

Coagulopathy ® Bacterial contamination

Hemorrhage
Hypothermia
v Non-infectious complication
I ® Febrile Transfusion Reaction
® Transfusion-associated Circulatory

Overload(TACO)

Hemodiution Hypotension o TRALI(Transfusion related acute lung injury)
® Allergic Reactions
/ ® Hemolytic Transfusion Reaction
syl ® Transfusion related

Immunomodulation(TRIM})

® Posttransfusion purpura
~s TRAUMACENTER

Goal-directed transfusion

* APTT and PT

— Lack of consensus on the definition of
traumatic coagulopathy and the cut-off values

— Time these results take to 4575 min which is
far too long

— Acute hyperfibrinolysis cannot be detected

=4 TRAUMACENTER

Thromboelastography TEG

» Within 5-10min information on the
initiation of coagulation

« Clot strength as well as coagulation factors,
fibrinogen, platelets

* Hyperfibrinolysis as part of acute traumatic
coagulopathy

=4 TRAUMACENTER

Thromboelastography TEG

* A high correlationexists between thrombin
generation and thrombus formation

« Differentiate between low fibrinogen and
reduced platelet function

* P Individualized coagulopathy therapy

=4 TRAUMACENTER
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2AX 7| ol @ M(Hemostatic Resuscitation)

TEG® Analyzer
Features

Temperature display &
control

Two independent chan

Monitoring the hemostatic process

nels
Routine ""T"_‘_" ______ O >
Hemostasts Pltelet Gount Hemostatic
Computerized data collection Tests e status
& storage Biseding 0 gmer
~a TRAUMACENTER ~a. TRAUMACENTER
- - - - - -
Coagulation and Fibrinolysis Tracing Shapes Aid
. —- Anticosgulants hemophia
N Coagulation — Fibrinolysis —‘1_ :”:‘E"
’ -—
_’___ ot K, K. o
pscipis
Clot kineSica ot Stabiity
Clot Beaahdown
Ciot Strength
et Fonction
~a. TRAUMACENTER ~a. TRAUMACENTER
RESEARCH Open Access

Treatment using TEG

Test * Treat » Test
(
Low platedet finetion Platalats Nomnal plateiet function

=4 TRAUMACENTER

Effect of thromboelastography (TEG®) and
rotational thromboelastometry (ROTEM®) on
diagnosis of coagulopathy, transfusion guidance
and mortality in trauma: descriptive systematic
review

* diagnostic accuracy were inconsistently

+ predictive performance was not consistently superior to
routine tests

+ suggested that a TEG-based transfusion algorithm
reduced blood-product transfusion

* not associated with lower mortality in most studies

=4 TRAUMACENTER
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How | Treat

How I treat patients with massive hemorrhage

CRUSCILALo
Pir L Johanusen,"* Jnkob Siensbaie,' ! Roberia Olven," Craries E. Wade.” Sinse A Duirowsl* and John B, Holoomt® resuseitaton

(a)

bescre . Fonboaphaet. Copmbagee, Desmas. Tapanmert of
Sesnpery. Do of Aeute Carn Brgey, Commr o Trumsistumal gy Fass s, Umsrarsdy of Touas Hasth Wadioal Bitensl Hontm, T aed “Thg
Trassms Come. Orapedes Copantagen, Demmces.

Start of Homorrhage Hemostasis transfusion /

resuscitation protocol
O D e S— b)
e | e ——

I

EEREERE

individually tilored, goal-directed resuscitation.
o Sequencing DCR-DCS based on near-patient, real-time
Ben B0 Tera of tissue perfusion and | i
Tgcgo;fzagje:r algorithm from Copenhagen P T

(=3, TRAUMACENTER
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Resuscitative Thoracotomy

mAgiry (e}
HEC e

8 =
N 2
TS AN A e 5T T, 71F Be 289 A9 e vIER diSAQ] ARl HiRE 2 A=

S et eI, SR T A ARAS MR 4 A5} HRs Sk otk ofe 3] f=, el
OPlE= oAb A1A] Bl 4F BRI SA] AFSol A FEAIIES Alasto] AL 441 N prehospital
chest decompression)& AJSSHE AI0] AlFAAGS S WO olshs Hlo] 0] AEFS Rk LeiA r.

Z7\1%7}

FHREEEHAS B9 718, 8% $4% V1% AR il 52 1 4t Qlok 28], FREeETe 2 sho] o e
7490]l= E-FAST (extended focused assessment with sonography for trauma)’} 3-85}A o]-&%c}.

Achof= 2927} F5AFE =3 (contrast—enhanced chest computed tomography, CT scan)o] &8 9], #4121
SRR 7] 4ol R 5 AdFe] Qo] 585k, thee el Bl thete] &t AA8] Jdslr] flelii=
H221(CT angiography)o] AYEPIE e, e, AA7E Shle A9oke M50l Hash A flo] ]
AR Sk

ARG el 25

- AEESE N AlA AW SRS YgeHA & 1 o=

~ w47 Sleto] olRol7] ofeke: Bl Aol AEAHTAIAS B3 Bt ARH) 24S Al 4 %S

- S A¥sks T 289 Aol e & 2919 JES 7FssH st wE XRE 7k

~ Ay B EL aET &4o] H BRle] ook Hanone] BalsES vof Br|aZEoR At AL WS
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Time Immediate/Emergent Urgent Delayed
Condition Acute cardiac tamponade Potentially life threatening condition Injured but controlled aortic injury
Cardiac rupture/heriation Prevent the deterioration, injury or For stabilization or treatment of
Acute/massive blood loss infection other injury

Ventilatory disruption

A, BE JCJJ SEAte]| e 148?2-_ A EE,
- A, HANEA 52 FAEA

- B, FEI Solnt oREA|Re|E BT $:57] W] 60-T0mmHgE WSS Mol gk A9,
— A, Folt 2 Fol ofstol 4 2
Solcl, 4k, O] Sl AR B) 90l B34 12 Al W] gl ASlSick 3717} gilsleieke AAKE

. =
Z0] S| AT} A1AEHH A (outcome)e] Ego

Sl AR HEUT o AR A S0l efsto] SAR B, ST Sk AR 27D +3
RroRA, L B Hele) vholo] AL 1500mio o] T 23Fo] Hickw

% 9k

1) BXto| XA
iR oelels Hgith B2 S7lo]
Hl2 B3l So| AuEe &

U 52 018310l M B 95 TReS O RoIAL, obf WA Slel B
S
.

Gtk BE FAHOR VeI Ftol Bol 2 AP 7K ol FHE,

F_E

AetA 0] 7|Z=A A] ARRE[= 7] endotracheal tube)S 2 0|83t
F 312 ohjAJuL, ofu] 319feto] ARl Gl Batol A tREMIAEAE Aortic cross clamp, ACC)E AJayat
A5l A=t ths o] e 8ol st Eee &

4) $HXIHQ} 250|24K|
AEA7E & BAEE slERkE SAA Ales BIRR MEaEe AT Atolle 7heshd ofee AMSEES Sk Jlo) v



#44<L: Resuscitative Thoracotomy

5 &= n|geA=n FH|(skin preparation and draping)

oleidt Zul7h 448 RiolAt <t Hrk

6) ZI

A. 5FEd7e(medion sternotomy)2 AP ol 7HE Wol ARSElE A OR M lET WSl AR wEss
A Bake] Aol FABBL] 24 TR0l ] thEe] HEFE WAL Y 2 A vt AT, Eane 2y
(supraclavicular extension)& 3l7|ol|= £0]517] WlEof X5 AME7 = i)

B, 741(Open book or Trapdoor) A7l @A) AR WESH 250) 574 ASH 4R SATS =2 A1 lol= felska

(o]
MPNFEole E AREA AT 2N EE F 2eE(definitive surgery)e FIsiA ARSE = BTk

an

C. F237H§&(posterolateral thoracotomy)S o, A%, 58] 5-& wBA77|ol Hge Aol e, 1o A
2 5 o e Ak glofol ST A, Aatkgu o Re] Yol GV 9he 5 0T 2APRFENA Bol AgEN
ok

D. H537Hg&(anterolateral thoracotomy)& SHHAAZIEENA 7HY ol ARSI WA OR Ay S5t W) Sef
B A FUS wE A7) lols Gl 1 4-5uA) ZulmAlol 3k Fato] ololzict. ol FRANE BF Aol
A g, thge) st RS W o] Quaol,

E. Clamshell §§42 292 A2 A& F2H2242 A58 Dol §2& 2 7190t Gigh sows o]g3}o]

712 E8e AL ojnf FE 250lle U ouR AES ARE] S8 FHasslofF gtk
MNEE

8ol 2t A EAIAIN AR SEaEES] AEES 0-2.5%2 A=A Qlr). Hito] g/l ofgt A<
Zgrolle 18-33%71A] HalEo] ks 2 AEES UEdth WEEY SolM Solut o] ot A Hrpe & 5
Ot WEEAo] Bk w2 AEES Bt ERL dubAoR AR Pedol ot A7gA19) polle thd W-d(chamber) 2]
SAETRE B e S ST AEEC] w1 HEEhe R i@ Sl sHlE o Sl APl ddide® AgER]
B oR dHA gtk

=2
—
2N A55E ] AABIL AT Batt cHEARE FAT o S E8S SolUM, sadR St Ee
olFE 7 U= L, TRA] o] oA Y= 2MNEES EARE WE AREHS A Sl AR = vk

A} AE] =] E Aok
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Resuscitative Endovascular Balloon Occlusion of the Aorta

GMC Trauma Center

Dae

Sung Ma

CONTENTS

« Background and History
» Concepts of REBOA

» Studies for REBOA

» Devices and Techniques

» Risk and limitations

WHY ?

- Provide a window of opportunity for

resuscitation and definitive hemorrhage control.

- Temporal occulsion of aorta

HISTORY

USE OF AN INTRA-AORTIC BALLOON CATHETER TAMPONADE FOR
CONTROLLING INTRA-ABDOMINAL HEMORRHAGE IN MAN
Laigurexant CoLoNEL Caru W, HucHes, Mrpicar. Corrs, UNIrep STaTes ArMY,
Waszmverox, D, C.

{From the Division of Surgery, Army Medical Service Graduate School,
Waiter Reed Army Medical Center)
Surgery 1954,36(1):65

« Two critically injured Korean
soldiers

HISTORY

1. Contral of bleeding from cnes( injuries

2. Increase of cerebral and coronary blooa flow
& initiation of direct cardia massage
3. Contral of noncompressible torso, junctional and even
ity by 5 g acrta

[ 2001, Practice management guidelines for EDT
I y department
- by the “American College of Surgecns

ulghty Invasive
to blood-borme diseia,

Figure 1. qununw«lmmamwmwnnmmmmm from m-nnnmxorowm s
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THORACOTOMY

1988 Gupts seccens by iy MAO in parstratrg

1870 Recsak appbes DO ey AR | P e

195 Mg Deacetem Tt b o MBO .

REBOA

' Endovascular technology for age-related cardiovascular disease

IAB occlusion for trauma-related hemorrhagic shock

kol gencispeciic " .

ek in acute care and trams
urgeans

FERCA. cines
sy & avganarce

PEBCA dewnioprers war

Balloon O of the Aorta: PRESENT

THORACOTOMY MBQ
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301+ et cedres e CoRACT B Bescaten e e |
s o REBOA

T3 Mharrarg ety sccemas et
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Figure 1. Major milestones in the development of the REBOA technique: from Schili’s thoracotormy in 1874 to the present.'® | |Figure 1. Major mi in the develop of the REBOA ique: from Schiff's in 1874 1o the present. 18 14

CONCEPTS OF REBOA

Intra-aorti

90T Bioon
counterpulsa
- W
-y
=
}
l Y
Diastole s e 1
Sereencast-0-Matic.cony L irznmm

CONCEPTS OF REBOA

Balloon s inserted on
a catheter Into blood
vessel in the leg.
Guided to the bottom
end of the aorta and
Infiated, it cuts off
the blood supply to
damaged vessels in
the crushed pelvis.
This reduces internal
bleeding. The idea

is to maintain blood
pressure above

the balloon.

STUDIES FOR REBOA

STUDIES

Implementation of resuscitative endowvascular balloon occlusion
of the aorta as an alternative Lo resuscitative thoracotomy for
noncompressible truncal hemorrhage

Lairn 4. Mamre, A0, Meun
e FL

R, B ey, B,
atea, LN,

» Two level | TC, Memorial Herman and Adams
Cowley STC

» 18-month study period
% 72 RT pts. And 24 REBOA pts.
» No differences in demographics, AlS.-.., ...

J Trauma 2015; 79(4)
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Evaluation of the safety and feasibility of resuscitative
endovascular balloon occlusion of the aorta

Nobuyuki Saite, ML, Hisashi Matsumota, MD, PRD, Takanord Yagi, MI, Yoshiaki Hara, MD,
Karnyuki M, T Motomura, MDY, Kazuki Mashiko, M, Hiroaki lda, MD,
Ilim_wl.l Vokota, MO, PRO, aod Yokiko Wagntsuma, MO, MPEL DePUL fozon, dapan

» 24 pts REBOA, blunt, ISS 47.5, age 59.5

» BPF, hemoperitoneum impending arrest
with pulsation

» Percutaneous insertion in 95.8%

» 30-day survival 29.2%

» Complication 3: limb ischemia

» Reboa is feasible for trauma resuscitation

J Trauma 2015; 78(5)

Resuscitat
aorta (REE
trauma pa

Edward Benjamy
Ricarda Motdon

TARN patients (age 216
years), 2012 to 2013
N=T2677

!

Echees
Jan Olaf Jamen’

Anatomnical indication(s) Na anatomical
For REBOA pr— indication for REBOA.
M=3543 (4.9%) NeE9134
And na L
Method: retrospect contraindication to REBOA et 1o REBOA
i p i N=3497 (4.8%) Kb

Study period : 2012

!

Shocked (58P <O0mmMg,

or CPR]
N+397 (0.55%]

Not shocked [SBP 230mmbg.

na CPR}

Conclusion : ot
18 I / \
amenable o REBO | " vy
168.0%) (32.0%)

planned evaluation Figure 1  Study inclusion and ndl.ﬁlnn criteria. (PIL amlmy

hospitals, ion; REBOA, i loon occhusion of
the aorta; SBP; systolic blood pressure; TARN, !’ra\lnamﬂuﬂd
Research Network,

Survival of severe blunt trauma patients treated with resuscitative
endovascular balloon occlusion of the aorta compared with
propensity score-adjusted untreated patients

Tatsuys Nori, MD, Cameron Crandall, MD, and Yasuke Terasaka, MI, Ao, New Meico

[P 5 pat i Group.
REBOA treatment is associated with higher mortality compared
with similarly ill trauma patients who did not receive a
REBOA.
s 4 The higher observed mortality among REEOA-treated patients
may signal “last ditch” efforts for severity not otherwise
oo i 4 identified in the trauma registry.
it avplota fuda b delinlte 18- | ) 3 W wm m B ®

Dup
La% 0 P8 metche Fi

Figure 1. Study panticipant selection.

Kaplan-Meier 30-day surival cures of patients
treated uan either REBOW placement of no REBOA placement.

CASE OF REBOA

World's first pre-hospital
REBOA performed

CASE OF REBOA

pelvis and irrﬂatingﬁ. cutting off the
order to stem fatal bleeding.

CASE OF REBOA
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CASE OF GMC

: 29/M, Motorbike accident

« Alert mentality

x Z7| V/S 70/40-147-38-35, Sa02 100%

- 07:00 O+ 3 unit 5=, SBP 75mmHg ->
60mmHg

« FAST: abd. fluid +/-

PROGRESS AT TER

07.08 FErUr e s s
Pupdl & mfiex - F¥ 4 mm/ « ) LK 4 mmf + )

071 N
07:2 H
[ fpmoral REBOA catheter insest
7 =efe o Y
o725 1 Cetsredone 19 AST negative check
7 Zedonn 10+ N 1 00m) i W coonected
0T RE an

PROBLEM LIST

AFTER REBOA

Radiologic Work-up

+ Brain CT, Thoracic CT, Abdominopelvic CT

« Emergency laparotomy

small bowel segmental resection, liver gause packing

- Preperitoneal packing

< Embolization

+ superior gluteal artery,bilateral. internal pudendal artery,bilateral, Rt.
deep circumflex iliac artery

DEVICES AND TECHNIQUES

TABLE 2. Examples of Endovascular Tools (Wires, Sheaths,
and Balloons) Used To Accomplish REBOA

Length
Deseription Size fem)
Wire Amplatz Suff Wire Guide 0,035 inch 260
(Cook Medical)
Sheaths  Initial (starter) 5-6 Fr 815
Delivery and support 12-14 Fr 45-60
Balloons  Coda balloon (Cook Medical) 14 Fr (3240 mm 120
diameter)
Reliant (Medtronic) 12 Fr (1046 mm 100
diameter)
Berenstein (Boston Scientific) 6 Fr (11.5 mm 80

diameter)

J Trauma 2011; T1(6)

CODA BALLOON

\J | - Eg
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CATHETERS ‘
ER-REBOA™ Catheter
.1\
{ o
x »

INFLATION OF THE BALLOON

» Measure externally
+ Zone 1 to the xiphoid, Zone 3 just above the umbilicus

» Remove air
« Balloon test

x 20cc NS, 10cc contrast
« Until resistance goes
moderate: 12-22ml

DEFLATION AND REMOVAL

» Deflate the balloon slowly
» Prolonged inflation: reperfusion syndrome
« Intermittent balloon inflation and deflation

« Direct arterial repair after removal

Retrospective study of the effectiveness of
Intra-Aortic Balloon Occlusion (IABO) for
traumatic haemorrhagic shock

Takaryuki Irshara’, Norlo Sa10”, Yuuta Moroe', Rea Fulisda”, Yusuke wai' and Kyoko Unemata’

300
200,
E E The survived group
100 a significantly shorter total occlusion time

(46.2 vs. 224.1 min, P = 0.002)

Survived [ﬂ'!] Non-survived (n=3}

Figure 5
-bmwm&h-h!ﬂd«-h{mm
the 81 Yok
e repertend i e 4 S analed g o Mares Whtrssy |
¥ 1, #2001

Partial Resuscitative Endovascular Balloon Occlusion of the Aorta in a Swine Model
of Hemorrhagic Shock

Rachel M. Russo, MD, Lucas P. Neff, MD, Christopher M. Lamb, FRCS, Jeremy W.
Cannon, MD, Joseph M. Galante, MD, Nathan F. Clement, MD, J Kevin Grayson,
DVM, PhD, Timothy K. Williams, MD

hO!&SO-‘ESD?SDOPG‘DDWS
Minutes After Intervention

i

Lactate Concentration (mmolfL)

Journal of the American College of Swgeons

INDICATIONS AND ALGORITHMS
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ALGORITHM - STC

Hypatenswe (SBP < B
Darmal o non-revponder

—

comenen & Aty Ton a-are
or REBO

CXA
@ possible sore
opary?
Posmbon REBOA »
1 wifale
Yes.
Emargent
Lagasctomy

FAST
pasany

ALGORITHM- JOINT THEATER TRAUMA SYSTEM

GUIDELINE

BEF 30 writh Transient e N Resperr
PR g B pital sish ROSC

—— S e womnn

N e
.‘“ o
e ——s o T
S e
Penainng Mt Cheut e
A ———p  emie
Trauma with Lo of Vitak
- gy Orgorsiand Riythe Thaaconoeey
o LG o FAST . REBOA L
Pubie * Dead
Pereirativg. —# CPR 415 min
Protound Shodh
Magorthes i g J|

Stabilization

Packing. consider

wexernal foation

Expanded from zoomed area of Davis algorithm. Decisions will be based on local resources.

S

Nonoperative management of hemodynamically unstable
abdominal trauma patients with angioembolization and

resuscitative endovascular balloon occlusion of the aorta

Takayuki Ogura, MD, Alan T. Lefor, MD, MPH, Minora Nakano, MD, PhD), Yoshimitsu Leawa, MD,
anel Wideo Morita, MD, Gunma, Japsn

» Isolated abd. solid organ injury

» 36 pts. 2008-2013, 16 was survived

» 10 pts.: catheter inserted but not inflated
« 7 solid organ injury

J Traumna 2014; 78(1)

NEW GLINIGAL PRAGTIGE GUIRELINE
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Figure 1. Flow chart ol the cane provided to patients with
abcdominal wid orpen e with argiernbessation
and RERCIA

J Trauma 2014; 78(1)
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RISK AND LIMITATIONS ADVANTAGES OF REBOA
« Limitations (vs. EDT)
Relief of pericardial tamponade or tension pneumothorax ® LeSS in\fas]\}'e procedure

Cardiac repair
Open chest cardiac massage

Temporal procedure : More easy procedure vs aorta clamping

Limitation of resources

: R'Sl':‘ﬂfmn « Similar effect vs aorta clamping
Undiagnosed upper body vascular injuries = more rapid loss
Sudden upper HTN, lower-body ischemia = irreversible organ Vouch the next procedure in Traumatic shock
damage
{approximately 90 min.)
Deflation
Cardiovascular collapse

PROBLEM IN KOREA

Limited resources
Medical insurance fee

Little experience of NCTS in Trauma

More accumulation of data and cooperation with
goverment

"
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