Emergency Preservation and Resuscitation:
nova sance pro obéti
traumatické srdecni zastavy
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Hemorrhagicky Sok -
Traumaticka srdeCni zastava

B >180 000 umrti zpusobenych traumatem ve
Spojenych statech za rok

® 50% umrti — béhem prvnich par hodin

¢ Vykrvaceni je jednou z nejCastéjSich pricin
® Klinicka medicina

¢ Ruptura vyduté aorty

¢ Chirurgicke katastrofy



Traumaticke srdeCni zastavy v
civilni medicing
® Tampa, Florida 1989-1991

¢ 138 pacienta =2 0% preziti

— Rosemurgy et al., J Trauma 1993

® New Orleans, Louisiana 1997 -2002
® 588 pacientti = 3,2% preziti (asfyxie...)
- 0% preziti (penetrujici)

— Stockinger et al., J Am Coll Surg 2004

® [ondyn, Velka Britanie 1994-2004
® 909 pacientti = 7.5% preziti
- 0.1% preziti (krvaceni)

— Locke et al., Ann Emerg Med 2006



Table B4
Survival afber out of hospital traumatic cardiac arrest.

Source Entry criteria: MNumber of Penetrating/ Blunt/survivors/
children or adults patients survivors] survivorsgood good neurological
requiring CPR good neurclogical neurological outbcome
before or on outcome outcome

hospital admission

Shimiazu and Shatney*1” TCRA on admission 267
-
4

Traumaticke srdecni zastavy

Celkem  Penetrujici Tupa poraneni
5217 1136 3032
293(5.6% 37(3.3% 94(3.1%

Pickens et al 3%

CPR on scene

David et al** CPR on scene J68

®
ad

Crewdson et al 438 80 children who required CPR on 7 7
scene after trauma 7 o ]
3 0 3
Huber-Wagner et al.=? CPR on scene or after arrival 757 43 714
130 7 7
28 7 7
Pasquale et al 42 PR befiore or on hospital admission 106 21 BS
3 1 2
Lockey et al. #? (PR on scene 871 114 757
&E 9 59
Cera et al 341 CPR on 161
admission 15
Totals 5217 1136 3032
293 (5.6%)

Resuscitation 81(2010)1400-1433



Traumaticke srdecni zastavy
ve valeCnem konfliktu

B KILLED IN ACTION
N DIED OF WOUNDS

Zranéni jsou potencialné osetritelna
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Figure 3. Time to clinical death in combat casualties. From the Wound Data and Munitions Effectiveness Team study in Vietnam. Two-thirds of fatally wounded soldiers died
within 5 mins.




Mnozi zemreli ve valeéném konfliktu a vybrané
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civilni obéti traumatické srdecni zastavy maji s ¥
potencialné lécCitelna poranéni, pokud by byli X g‘ G
osetreni v patricné vybaveném lékarském e

centru

Predlékarska
pomoc byla
poskytnuta mnoha
poranénym béhem
5 min od udalosti

00800

> Znacna cast
zemrelych na misté
meéla potencialné
IéCitelna poranéni

Bellamy, R.F., The Cause of
Death in Conventional Land
Warfare: Implications for
Combat Casualty Care
Research, Military Med, 1984 v ;, ’ T
Lécitelna umrti ve valeCném
konfliktu jsou zpusobena rychlym
hemoragickym Sokem, nikoli MOF

“Hearts and brains too good to die”



The Journal of

ORIGINAL ARTICLE Trauma and

Acute Care Surgery

Death on the battlefield (2001-2011): Implications for the
future of combat casualty care

Brian J. Eastridge, MD, Robert L. Mabry, MD, Peter Seguin, MD, Joyce Cantrell, MD, Terrill Tops, MD,
Paul Uribe, MD, Olga Mallett, Tamara Zubko, Lynne Oetjen-Gerdes, Todd E. Rasmussen, MD,
Frank K. Butler, MD, Russell S. Kotwal, MD, John B. Holcomb, MD, Charles Wade, PhD,
Howard Champion, MD, Mimi Lawnick, Leon Moores, MD, and Lorne H. Blackbourne, MD

BACKGROUND: Critical evaluati 87% V pi"ed nemocn iéni féZi nce and causes of

potentially prev o equipment, and
execution of bat 0 - -« - - ” ctive of battleficld
wn el 24% potencialné osetritelnych

METHODS: The Armed For raqi Freedom and
Operation Endu yved environment.
The autopsy rec 9 1 % n eztié itel n é krvé ce n i Medical Examiner
Service were us; [njury Scale (AIS)
score, and Injury Severity Score (ISS) on all Iethal injuries. A AW sed by the expert panel for the conduct of the potential for
injury survivability assessment of this study.

RESULTS: For the study interval between October 2001 and June 2011, 4,596 battlefield fatalities were reviewed and analyzed. The stratification
of mortality demonstrated that 87.3% of all injury mortality occurred in the pre-MTF environment. Of the pre-MTF deaths, 75.7%
(n = 3,040) were classified as nonsurvivable, and 24.3% (n = 976) were deemed potentially survivable (PS). The injury/physiologic
focus of PS acute mortality was largely associated with hemorrhage (90.9%). The site of lethal hemorrhage was truncal (67.3%),
followed by junctional (19.2%) and peripheral-extremity (13.5%) hemorrhage.

CONCLUSION:  Most battlefield casualties died of their injuries before ever reaching a surgeon. As most pre-MTF deaths are nonsurvivable, mitigation
strategies to mlpact outcomcq in this populatlon need to be dlrcctcd toward Injury prevention. To qlgmﬁcantly impact the outcome of




Krvaceni a “terapeutickée okno”

The Journal of TRAUMAY® Injury, Infection, and Critical Care

Table 4 Correlations among Blood Loss, Hemodynamics, and Outcome'?

% in Blood Pressure

Grade of N Heart Rate Blood Loss (% of .
Shock gach Systolic/Diastolic (beats/min) blood volume) Lethality (%)
rade (mm Hg)
None 18 126/75 103 14 16
Slight 22 109/66 111 21 12
Moderate 29 95/58 113 34 25

Severe 31 49/25 116 46 66

Table 5 Risk of Death and Average Time to Death in
Civilian Settings by Systolic Blood Pressure'’

Systolic Blood Pressure (mm Hg) Risk of Death Time to Death (min) \

90 + 0.042 419
76-89 0.081 :> 188
50-75 0.458 161
< 50 0.95

J Trauma. 2003;54:S13-S19.
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Novy pristup

® Hypotéza: Okamzité navozeni stavu
prezervace umozni preziti jinak

smrt(l'fch poraneéni.

HYPOTERMIE



CPR - EPR:

® Emergency Preservation and Resuscitation (EPR)
je nova metoda vyvinuta pro resuscitace
“nezresuscitovatelnych obé€ti traumatické srdecni
zastavy, t]. zejmena zpusoben¢ vykrvacenim.

B Koncept EPR vyuziva perfuze ledovym
roztokem, ktery je podan do aorty, ¢imz je
navozena bezkrevna hluboka hypotermie.

® Hypotermie umozni ziskat Cas pro transport a
zachovny chirurgicky vykon.

® Resuscitace je poté zahajena s odstupem, a to s
vyuZzitim mimotélniho obéhu.



Rapidni
hemorrhagicky

Sok a zastava

Hypotermie
+ farmakologicka
preservace
“Suspended Animation”
“Emergency Preservation
and Resuscitation”
“uméla hibernace*

odlozena
resuscitace
s uzitim CPB +
intenzivni péci

Navozeni
hypotermie

> CAS PRO
TRANSPORT +
CHIRURGICKE

OSETRENI
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1. Infuze
. MTO

Aortalni
infuze
ledového
roztoku pro

nhavozeni
hypotermie




0022-5282/90/3007-0836%02.00/0
THE JOURNAL OF TRAUMA ) Vc—l._30, No. 7
Copyright © 1990 by The Williams & Wilkins Co. Printed in U5 A,

Neurologic Critical Care

Survival without brain damage after clinical death of 60-120 mins
in dogs using suspended animation by profound hypothermia*

Wilhelm Behringer, MD; Peter Safar, MD; Xianren Wu, MD; Rainer Kentner, MD;
Ann Radovsky PhD; Patrick M. Kochanek, MD; C. Edward Dixon, PhD; Samuel A. Tisherman, MD

BASIC INVESTIGATIONS

Woods, Rand

Rapid Induction of Mild Cerebral Hypothermia by Cold
Aortic Flush Achieves Normal Recovery in a Dog
Outcome Model with 20-minute Exsanguination

Cardiac Arrest

Anesthesiology 2000; 93:1491-9 @ 2000 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Rapid Hypothermic Aortic Flush Can Achieve Survival
without Brain Damage after 30 Minutes Cardiac

Arrest in Dogs

Wilhelm Behringer, M.D.,* Stephan Prueckner, M.D.,T Rainer Kentner, M.D.,x Samuel A. Tisherman, M.D.,§
Ann Radovsky, D.V.M., Ph.D.,| Robert Clark, M.D.,# S. William Stezoski,** Jeremy Henchir, B.S.,Tt
Edwin Klein, V.M.D.,1t Peter Safar, M.D.§§




90-120 min Exsanguination Cardiac Arrest (Tty 10°C)

Overall Performance 90 min 120 min
Category
S Smrt
4 Koma-vegetativni stav @
3 Tézké postizeni ®

2 Stredni postiZzeni

1 Normalni ® O

Behringer et al., Crit Care
Med, 2003



EPR a trauma
Thorakotomie, laparotomie, splenektomie

l Overall Performance

Category (OPC) Non-Trauma Trauma

5 Smrt

4 Koma-vegetativni stav o o

3 Tézké postizeni o
\V4 V4 4 V4 *

2 Stredni postizeni ®

1 Normalni @ o o ® o

® o © ® O

*Mnohocetne organoveé poskozeni
Normalni histopatologicky nalez na mozku

J Trauma. 2004 Dec;57(6):1266-75



Profound Hypothermic Cardiopulmonary

Bypass Facilitates Survival Without a High
Complication Rate in a Swine Model of Complex
Vascular, Splenic, and Colon Injuries Y Kt G

() erican College
-4 | of Surgeons

Elizabeth A Sailhamer, MD, Zheng Chen, MD, PhD, Naresh Ahuja, MD, George C Velmahos, MD, FACS,
Marc de Moya, MD, Peter Rhee, MD, FACS, Christian Shults, MD, Hasan B Alam, MD, FACS

n=38-10/group

75%

m
o
1

Survival (%)




MAP

Je EPR efektivni i po

protrahovanem
hemorrhagickém soku?

Poranéni sleziny

Limitovana

tekutinova
resuscitace

Cas do CA

—~ EPR

Hemorrhagicky Sok

SrdeCni zastava

CPB

Circulation 2006;113;1974-
1982.



OPC po protrahovaném hemorrhagickém
Soku léeceném CPR vs. EPR

CPR EPR

OPC 5 00 o
Smrt / smrt mozku eooe

OoPC4 o
Koma / vegetativni stav

OPC 3
Tézke poskozeni

OPC 2
Stredni poSkozeni

OPC 1 00000
Normalni / mirné poSkozeni




OPC po protrahovaném hemorrhagickém
Soku léeceném CPR vs. EPR

CPR EPR

OPC 5 00 o
Smrt / smrt mozku eooe

OoPC4 o
Koma / vegetativni stav

OPC 3
Tézke poskozeni

OPC 2
Stredni poSkozeni

OoPC1 ©0000
Normalni / mirné poSkozeni




—TPR: 35 U°C

' 34°C x12 h
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Hemorrhagic Shock EF‘H or CPR—=g
To Cardiac Arrest (60 min) | (2h)

MAP (mmHg)

Delayed Resuscitation




OPC po protrahovaném hemorrhagickem
Soku léceném CPR vs. EPR

CPR

5 Dead o000

4 Coma

3 Severe Disability

2 Moderate Disability

1 Normal

*P<0.01, preziti ve skupiné CPR vs. ve skupinach EPR-| a EPR-II;
**P<0.06, normalni (OPC 1) vs. abnormalni (OPC 2 az 5) funkcni stav
mezi EPR-Il a EPR-I




Zavery experimentalnich praci:

® EPR se jevi jako efektivni metoda leCby
hemorrhagického Soku usticiho do srdecni zastavy

® Protrahovany hemorhagicky Sok nevylucuje
uspesSnost metody

B Casné navozeni hypotermie po zastavé je zasadni,
stejn€ jako jeji dostatecna hloubka

B Delka post-resuscitacni hypotermie muze ovlivnit
vysledek



m U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies = About Studies =

Home >  Search Results >  Study Record Detail

Trial record 1 of 1 for: epr-cat

Previous Study | Return to List | Next Study

Emergency Preservation and Resuscitation (EPR) for Cardiac Arrest From Trauma (EPR-CAT)

This study is currently recruiting participants.

See P> Contacts and Locations ClinicalTrials.gov Identifier:
NCT01042015

Verified May 2017 by Samuel Tisherman, University of Maryland

First Posted: January 5, 2010
Sponsor:

. . Last Update Posted: May 3, 2017
University of Maryland P y




B Penetrujici trauma s podezienim na hemoragicky Sok
vedouci k vykrvaceni

® Nejmené jedna znamka Zivotnich funkci v misté
zasahu (puls, dychani, reakce zornic...)

B Ztrata pulsu méné neZ 5 minut pfed zahajenim
chlazeni

® Torakotomie a pfima srdeCni masaz bez okamzitého
efektu

B 10+10 pacientl = revise protokolu



P& Homicide: Pittsburgh / Allegheny County L
LIST OF VICTIMS

Baby boy « Kimberly Lesko * Shayne Abrams =
Nathan Assad = Anthony Bailey * Omar Berry =
Isaiah Brooks-Leonard » Derrick Brown = Ryan
Stephe: 0si * Angela Ceccarelli = William
Chaffin « Terrell Chapman » Jihad Cromer « 120
Nicole Dailey » Christopher Dancy « Vallen 1o
Davies-Mack = Robert Detorre [l = Alfred 110
Diggs - Raghib Dolphin = Taymere Donald =

Dennis Drum Sr. = Jeriamy Edwards = Dedric 100
Ellis - Robert Earl Ford Il - Ahmad Foreman - 100
Michael Freeman Jr. » Romeke Freeman

Raffel Greene = Kelly Anthony Gunn » Robert 90
Edward Harper Jr. = Julian Hoffman » Deven J

Holloway = Anthony Jose Hoots = Erric

Jackson - Jesi Jefferson - Stephon Jeffrey « 80 a0
Jeremiah Isaiah Jones - Juwan Jordan ~

Donald Ketter Jr. » Samantha Klavora » Michael
Leonard = Sean Lyons + Melissa Manhart v 70
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Baltimore on track to surpass New York City

in homicides for first time

esville Stream

W

bty Cheswolde %
2 1 WEUENET R < Beaumont Park! §
SEPTEMBER 8, 2017, 12:55 PM i Glenmore Park Melv:e j 138 -T::
chearn & : ’1 t:;é -_w\}_ TS ;E
or the first time, Baltimore is on track to surpass New York City in homicides — a T G g

)

Y
¢ %
W Morth Ave

\t!-v = s
,,iu ';"&altimo;D

West Forest Park

K

New York, which has a population of 8.5 million, had 182 homicides as of Sept. 3,

grim feat once considered inconceivable.
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according to police department data. Baltimore, a city of less than 620,000, was already at
228 victims as of that date, records show.
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The distinction owes more to New York’s stunning decline in crime than Baltimore’s

. . () L}
relatively stubborn crime rate. ey el

= Asphyxiation

New York once saw more than 2,000 homicides a year in the early 1990s, a figure that
tumbled over the course of that decade.
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Uskali a vyzvy EPR:

® Spravna volba pacienta

B VCasna zmena kursu
CPR = EPR

® Urychlena thorakotomie

® Urychlena kanylace
aorty

® Masivni objemova
naloZ k navozeni
hluboke hypotermie

® Operacni sal:
¢ Kanylace art. + CZK
¢ Damage-control surgery
¢ Kanylace pro CPB
¢ priming?
¢ koagulace?
® Pooperacni chlazeni?
® Pooperacni sedace?

® Farmakologicka additiva?



Logistika:

® PrfednemocniCni slozka ™ Pooperacni pece

® Urgentni prijem ¢ Koagulace
N Operaéni t}'/m ¢ Ventilace

. ‘ (Y 4 y
¢ Trauma-chirurg Pooperacni chlazeni

¢ Kardiochirurg ¢ Eliminacni metody

. . , , ‘ W 4

B Perfusiologicky tym SiEcineLne
: L ¢ Organova podpora

® Anesteziologicky tym

¢ Neuroprotektiva
B Krevni banka



Vyzvy do budoucnosti:

® REBOA? B “chytre” / “smart”

B Automaticka katetry?
transkutanni kanylace =~ ™ Um¢lé nosice kysliku?
aorty navigovana ® SuSené¢ krevni produkty?
ultrazvukem? B Samo-expandujici

B Roboticka medicina? materialy pro zastavu

® |ndukce hibernace? krvaceni?

® Preventivni zahajeni ® prenosny mimotelni

ob¢h?

EPR pred zastavou?
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INTENZIVNI MEDICINA

Emergency Preservation and Resuscitation —
nova sance pro obeéti traumatické srdeCni zastavy

Drabek T.

Department of Anesthesiology, Safar Center for Resuscitation Research, University of Pittsburgh, Pittsburgh,

remeviena 8% Anesteziologie a Intenzivni Medicina 2007; 18(6):351-6

The Journal of

Trauma and

Journal of Trauma and Acute Care Surgery, Publish Ahead of Print

DOI: 10.1097/TA.0000000000001585 Acute Care Surgery

Development of the Emergency Preservation and Resuscitation for Cardiac

Arrest from Trauma (EPR-CAT) Clinical Trial




www.epr-technologies.com

When CPR

..  Saving Lives
through Raptd
~ . .. - Profound
Al 'f‘,hHY P othermla
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EPR History ABC News

- EPR-NBC-News
News Anrticles...

“Cold Medicine" Newsweek Jan 9, 2!]15

“Deep-Chilling Trauma Patients” AP 2011 I
“The Big Chill* Science Vol 317 Aug 10, ECI}?

) YouTube

“EPR” “cooling” “hypothermia”




drabekt@anes.upmc.edu

tomas.drabek@seznam.cz
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