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Transfer call

66/F

Chief complaint: Changed mental status

Mechanism of injury: Motorcycle TA

Drowsy,
V/S 102/66-113/min-30/min-94%

Local emergency center visit

Non-contrast chest, brain CT check

F/U SBP: 66mmHg drop

Transfusion: not available



Extremis Trauma
Patient
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Golden hour
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Golden hour ! What does “PREVENTABLE" mean?
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First peak

S brain,
evere brain Second peak

SDH and EDH, Hemopneumothorax,
Ruptured spleen, Liver laceration, Pelvic fractures,

and/or Injuries associated with significant blood loss.
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Background and progress of regional trauma
center development

Han Deok Yoon, MD
National Emergency Medical Center, National Medical Center, Seoul, Korea
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We need a trauma center
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Preventable Trauma Death Rate in Korea
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RT and REBOA for TCA

WTA Pobpium 2024

Adult emergency resuscitative thoracotomy: A Western Trauma
Association clinical decisions algorithm

Ronald Tesoriero, MD, FACS, Raul Coimbra, MD, PhD, FACS, Walter L. Biffl, MD, FACS,

Clay Cothren Burlew, MD, FACS, Chasen A. Croft, MD, Charles Fox, MD, FACS, Jennifer L. Hartwell, MD,
Natasha Keric, MD, Manuel Lorenzo, MD, MBA, FACS, FCCM, Matthew J. Martin, MD, FACS,
Gregory A. Magee, MD, MSc, Laura J. Moore, MD, FACS, Alica R. Privette, MD, FACS,

Morgan Schellenberg, MD, FACS, Kevin M. Schuster, MD, MPH, FACS, Jordan A. Weinberg, MD,
and Deborah M. Stein, MD, MPH, FACS, FCCM, San Francisco, California

KEY WORDS: Resuscitative thoracotomy; algorthm; traumatic arrest; hemorrhagic shock; Western Trauma Association.

Journal of Trauma and Acute Care Surgery (2024) Dec 1,97(6).967-8



Prehospital arrest and/or
arrives pulseless with
CPR in Progress?

[@estern Trauma

Association

!

Signs of Life

(SOL)2? e

Yes

Continue CPR,
Airway/Oxygenation,
Access, Transfusion,
Thoracostomies, External
Hemorrhage

Blunt trauma with

Airway/Oxygenation Controt? CPR < 10 minutes,
> iy enetrating trauma with
Access, Transfusion, Improvement No cardiac electrical P CPR < gs rointes
Thoracostomies, External ROSCA? activity/PEA?
Hemorrhage Control, Yes
Pelvic Binder
et Yes Yes
L ©
Penetrating or Blunt Assess Mechams Penetrating or Blunt Head, = Organized N
Thoracic Injury and lnjury Pattern Neck / Extremity Injury afdiacjggwty
on
m Table 6-8: Signs of Life for Assessment During
Traumatic Cardiac Arrest. @ @ l
_ Penetratmg or Blunt ‘ No
Pupillary response AdemmaVPelVIC COnl.lnu.e Emergency
Spontaneous ventilation Inlury rESUSCItauon, ResuSCitaﬁve
external Thoracotomy Ye amponade?
Palpable pulse Emel’g y @ hemor:.hagg (qo w5 p = gu‘de)
Measurable blood pressure ReSUSCitative S Co 'd l:itjrl?n,c?sn No
Extremity movement Th oracotomy Yes amponade? = :‘\"?r ot:r
Electrical cardiac activity (go 10 ERT pfwedure guide) REBOA ermlme mu“mon
No
and pronounoe dead
Improvement
Zone 1 REBOAG REBOAG / Rosc4') No
Continue
Resuscitation,
Definitive Injury Yes
Specific Management

as indicated




Damage Control

é 2 Surgery (DCS) for TCA

Resuscitative thoracotomy

for Traumatic Cardiorespiratory Arrest
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Damage Control Surgery
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Advance d Tra

Life Support’
(ATLS")
Standardized Traurna Care
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Traumatic Circulatory Arrest(TCA)

m Table 6-8: Signs of Life for Assessment During
Traumatic Cardiac Arrest.

* Major Causes of TCA _

- Hemorrhagic shock / Hypovolemia (Circulation) T e

Spontaneous ventilation

- Hypoxemia (Airway / Breathing)

Palpable pulse
- Tension pneumothorax (Breathing / Circulation)

Measurable blood pressure

- Cardiac tamponade (Circulation) T L A

Electrical cardiac activity

uma
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Traumatic Circulatory Arrest(TCA)

* Immediate Interventions
- Secure airway
- Provide 100% oxygen
- Control external hemorrhage
- Rapid blood/fluid resuscitation

“-Bilateral chest decompression




Traumatic circulatory arrest (penetrating or blunt) with no pulse

Operating room Trauma team alerted by medical dispatch

with

surgeon present

mandatory Closed CPR in progress

(Airway, external cardiac massage,
orotracheal intubation,
100% oxygen, IV or 1O lineg, fluids, epinephrine)

Bilateral chest
decompression

Anterolateral or clamshell thoracotomy
<3 minutes and vertical pericardiotomy (release
tamponade if present)

ROSC =

Return

of
Spontaneous
Circulation

Usual
management




An evidence-based approach to patient selection for emergency
department thoracotomy: A practice management guideline
from the Eastern Association for the Surgery of Traumal

Population:
Strongly recommend | 1. P::?tientrs. pref:.einri‘ng PlIIEEIESS to Fhe emergg:nt?:jdep::lrtment
with signs of life after penetrating thoracic injury
— 2. Patients presenting pulseless to the emergency department
without signs of life after penetrating thoracic injury
3. Patients presenting pulseless to the emergency department
~ with signs of life after penetrating extrathoracic injury
recommend 4. Patients presenting pulseless to the emergency department
without signs of life after penetrating extrathoracic injury
— 5. Patients presenting pulseless to the emergency department
with signs of life after blunt injury
Against EDT | 6. Patients presenting pulseless to the emergency department
without signs of life after blunt injury

Conditionally

Seamon MJ et al. J Trauma Acute Care Surg. 2015 Jul;79(1):159-73



Patient Blunt trauma
undergoing CPR <10 min
cPR (e
with Yes Penetrating torso trauma No
no signs of > CPR <15 min » Dead
= +
Penetrating nontorso trauma
CPR <5 min
No
l Yes
Prof;und ves » Resuscitative thoracotomy | R itati th t
refractory esuscitative oracotomy
shock™

Cardiac No
activity? —— »| Tamponade?

lYes iYes
— Yes :
Cardiac injury ——  »| Repair heart

, Thoracic Yes SBP <70, A
*N t : SSESSs
O respiratory or hemorthage |  Control » apply aortic —» T
motor effort, electrical 9 X-clam viability
activity, or pupillary Yes p
activity Air embolism » Hilar X-clamp l
;;CPF* W“hl_Sigk;:S 0; Extrathoracic | Yes
ife or systolic bloo
pressure <60 mm Hg hemorrhage OR

FIGURE 17-1 Algorithm directing the use of resuscitative thoracotomy in the multiply injured trauma patient. CPR, cardiopulmonary resuscita-
tion; OR, operating room; X-clamp, cross-clamp.
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Traumatic Circulatory Arrest(TCA)

* If ROSC Occurs

-| Continue definitive trauma resuscitation

* If No ROSC, consider: Resuscitative Thoracotomy(RT)
- based on institutional policy,
available surgical expertise,

resource availability

- Particularly relevant in penetrating trauma



QAR
Traumatic Circulatory Arrest(TCA)

m Table 6-8: Signs of Life for Assessment During
Traumatic Cardiac Arrest.

* Functional survival is unlikely when: _

- CPR > 10 min after blunt trauma PR e SR

Spontaneous ventilation

- CPR > 15 min after penetrating trauma
Palpable pulse

- Ultrasound shows:

Measurable blood pressure

* No cardiac tamponade Extremity movement
* No Cardiac motion Electrical cardiac activity
gt * Electrical activity only (PEA without cardiac movement)

(ATLS)
Standardized Traurna Care
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Aims of resuscitative thoracotomy(RT)

 To relieve cardiac tamponade
 To perform open cardiac massage
* To control life-threatening intrathoracic hemorrhage
 To control air embolism or bronchopleural fistula
* To occlude the thoracic aorta
(to improve cerebral and coronary circulation &

decrease intra-abdominal and pelvic hemorrhage)
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Operative technique 1

* Intubation: selective right, left lung is deflated

 Sedation and muscle relaxant

 Prep/draping should not delay procedure k
 Position: towel under left posterior chest, arm above the head *
* Supine anterolateral thoracotomy

* Left sided approach: used in all patients in traumatic arrest and with injuries
to the left chest

* Right first: not arrested, with profound hypotension d/t Rt. injuries
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Operative technique 2

« Skin incision: 5t (4t) ICS = from border of the sternum to mid-axillary line

* Intercostal muscle: incised with a combination of scalpel, heavy scissors and

blunt dissection

» Depth: take care not to lacerate the lung
* Insert the rib spreaders between the ribs and open
» Sternum division by Gigli saw or large trauma shears

« Caution during division of the sternum - Clipping/ligation of IMA
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Clamshell thoracotomy
TSI SRR AR

3 —




uscitative Thoracotomy

Trauma Center
gaankook University Hospit
sung Wook, Chang
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Open cardiac massage

P, =5

Avex /

Reach up to 60% (ejection fraction)
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Temporary management of cardiac injury




REBOA for TCA

Resuscitative Endovascular Balloon

Occlusion of the Aorta
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Massive bleeding and golden hour

G

1 mL/sec
= 60 mL/min
= 3600 mL/hour

&

Terrible hemorrhage !!!



Lethal triad &

Damage Control Surgery
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RT-ACC

TRAUMA SURGERY

Resuscitative Thoracotomy followed by Aortic Cross Clamping
: To increase perfusion to the heart and brain
To reduce subdiaphragmatic bleeding

\ 5 AR e - N < - 1 \ /] v e - e
P 2 P : ~

¥ p NASCS, W\ ‘ Z 2 @ . P " Trachea
. - - ‘ — 3 L B - " : : | ‘ ' ] e
. R " ¢ . N i .

> : TN 5 W ) e 5 F S TS X - "2 Arch of aorta
) - - ¥ o . . -~ - a0 % ' DEETE
(-’ . e - h\ )1 ! ‘_.-': A8 % N A R
& . \ s : > ™ : ~ . == Left bronchial
. » . s 3 : . J v \ = - i anm
‘ . T Thoracic aorta

Esophagus

Posterior intercostal
artery

/ !

Esophageal branches
of thoracic aorta
~

Esophageal branch
of left inferior
phrenic artery

Esophageal branch of
« left gastric artery

igure 1.9 I The descending thoracic aorta is immediately anterior to the spine (A), and should be clamped just above the diaphragm (B).
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Initial assessment for trauma care

B The ooal of the initial assessment if the rapid identification|
I and treatment of life-threatening injuries.l

B Structured handoffs from EMS improve communication to
the trauma team.

® The resuscitation bay should contain all instruments and
equipment required in a major trauma.
lITrauma team compositionlshould have sufficient personnel

to both assess and treat the severely injured.

m The team leader should be the most senior person on the
team with an understanding of injury.

m| Coordination of care by the team leader |s crucial to

K SUCCGSSfUl trauma assessments Q.I'ld resuscitation.

m The initial assessment should follow the standard primary\
and secondary survey algorithms as outlined in Advanced

Trauma Life Support (ATLS).

B Patients who arrive in shock require even more rapid

assessment and treatment by the most senior personnel.

] Initiating the resuscitation with intraosseous access|can be

lifesaving in patients in shock.

m| Early arterial access for subsequent resuscitative
endovascular balloon occlusion of the aorta (REBOA)
deployment should be considered for patients presenting
with subdiaphragmatic life-threatening hemorrhage.

/
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Necessary equipment

v' Catheter-based hemorrhage

control using REBOA

L 4

@ TABLE 13-1: Necessary Ancillary Equipment

for a Complete Initial Assessment

Universal tray: hemostats/clamps, retractors (ie, self-retaining,
army/navy), pick-ups, needle drivers.

Head and neck: suture material for scalp wounds, intracranial
pressure catheters, scopes and light sources for eye and naso-/
oropharynx exam, cervical collars.

Airway: preassembled airway kit/box. These can be constructed
with input from the airway team but should include
endotracheal tubes (various sizes), stylets, capnography, and
traditional laryngoscopes. Video laryngoscopes, difficult airway
devices (bougies, intubating laryngeal mask airway) tracheostomy
tubes, ventilator availability, arterial blood gas kits.

Chest: chest tubes of various sizes (pediatric through adult), chest
drainage system, chest tube and thoracotomy instrument tray
(see below).

Abdominal and pelvis: ultrasound, diagnostic peritoneal lavage
kit, nasogastric tube, urethral catheter (temperature sensing if
available), pelvic binder (commercial or homemade device).

Extremity: pneumatic tourniquet, Doppler, cast material.

Shock: intravenous pressure bags, blood and fluid warming
systems, large-bore central access catheters, arterial access
catheters, intraosseous devices, scalpels, thoracotomy equipment,

resuscitative endovascular balloon occlusion of the aorta

(REBOA) equipment.




Damage control in
Korean folk tale



Damage control in
Korean folk tale
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REBOA kit: sma

< LR2T oy

@25 / 15 mL @30 /21 mL ©35 /28 mL @40 / 40 mL

The correlation between volume and size of inflated balloon
Q(ample: 7 Fr RESCUE Balloon™ (Tokai Medical Products, Aichi, Ja@
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Occlusion level of the aorta (REBOA zone)

Zone 1: from left subclavian a.
to celiac trunk
= Abdomina

or truncal hemorrhage

Zone |

Zone 2: from the celiac trunk
to lowest renal a.
=» No occlusion

Zone |l

oen2Z0ONe 3: from the lowest renal a.
= to aortic bifurcation
' => Pelvic hemorrhage g
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Advantages of REBOA procedure

Resuscitative Endovascular Balloon Occlusion of the Aorta

* Less invasive than resuscitative thoracotomy followed by ACC

« Different occlusion levels depending on hemorrhage focus

- All treatment strategies: complete/partial/intermittent occlusion
- avoid organ ischemia

* Below the inflated balloon
- decreased the active bleeding

Resuscitative Endovascular

- permitted circulation by partial occlusion Balloon OCEI‘!“ESI;‘(’)’I'\;’“"G Aorta



Joint statement from the American College of
Surgeons Committee on Trauma (ACS COT) and

the American College of Emergency Physicians
(ACEP) regarding the clinical use of Resuscitative
Endovascular Balloon Occlusion of the Aorta (REBOA)

Brenner M, et al. Trauma Surg Acute Care Open 2018;3:1-3. =

FAST positive

Zone |
REBOA

FAST negative

Zonelll
REBOA

INDICATIONS FOR REBOA
» REBOA is indicated for traumatic life-threat-

ening hemorrhage below the diaphragm
in patients in hemorrhagic shock who are
unresponsive or transiently responsive to
resuscitation.

REBOA 1s indicated for patients arriving in
arrest from injury due to presumed hte-threat-
ening hemorrhage below the diaphragm. No
evidence exists for the recommended duration
of arrest and use of REBOA but should be used
within the same time period as would resuscita-
tive thoracotomy.

The balloon catheter may be intlated at the
distal thoracic aorta (Zone 1) for control of
severe Intra-abdominal or retroperitoneal
hemorrhage, or those with traumatic arrest.
The balloon catheter may be intlated at the
distal abdominal aorta (Zone 3) for patients
with severe pelvic, junctional, or proximal
lower extremity hemorrhage.
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Clinical use of REBOA in the U.S.A, 2019

L

[

* No high-grade evidence defining the specific indications

« A multidisciplinary team-based approach, systems of care

« Early common femoral arterial access and continuous BP monitoring

« Zone 1: control of intra-abdominal or retroperitoneal hemorrhage

« Zone 3: severe isolated pelvic, junctional, or proximal lower extremity
hemorrhage not amenable to a tourniquet

« Zone 3 REBOA may be tolerated for longer periods of time

+ Partial or intermittent occlusion strategies

Trauma Surg Acute Care Open 2019;4:e000376.



Table 2  Partial REBOA rollout collaborative institutional algorithms for REBOA patient selection

—_— — — — — — — — —— —

- - - =z - - = = s
Data sources Contraindications to Vi z - \\\\\
Institution cited Trigger for early CFA access REBOA #(riteria for REBOA patient selection \\\
Ernest E Moore Shock Trauma  No » SBP <100: 5Fr. » Active thoracic ||| » SBP <80 and cavitary triage. m
Center at Denver Health » SBP <90: 7Fr. bleeding.
(Denver, Colorado) » SBP <80: REBOA. ||| |||
Grady Memorial Hospital No » Concern for truncal » Not specified. ||| > SBP <90. |||
(Atlanta, Georgia) hemorrhage. ||| » Transient responder to resuscitation. |||
» SBP <90, received 2 units of ||| » Non-responder to 2 units of blood. |||
blood product, or transient » Traumatic cardiac arrest.
transponder. ||| |||
Grant Medical Center No > SBP <90. » Not specified. ||| » SBP <90 with inadequate response to resuscitation. |||
olumbus, Onhio » Transient responder. » Profoun otensive.
(Columbus, Ohio) Transi pond Profoundly hyp i
» Profound, refractory shock. ||| » Hypovolemic cardiac arrest and not beyond salvage. |||
» OHCA with ROSC. I I
University of Maryland Shock ~ No » None specified. » Not specified. » Persistently hypotensive or transient responder.
Trauma Center (Baltimore, ||| » Low suspicion for aortic injury. |||
Maryland) | » Evidence of vascular continuity from CFA to thoracic ||
aorta.
“l P Attending trauma surgeon or intensivist discretion. IH
St Michael’s Hospital (Toronto,  Yes » Pelvic fracture. » Not specified. ||| » Traumatic arrest for abdominal/pelvic/junctional
Ontario) » Positive FAST and SBP <90. ||| hemorrhage provided reversible cause suspected. |||
| » SBP <90and transient or non-responder with positive ||
||| abdominal FAST or pelvic X-ray (blunt) or abdominal/ |||
pelvic/junctional injury (penetrating). |||
University Medical Center Yes » SBP <90and partial or » Blunt: possible aortic ||| » Blunt: SBP <90and partial or non-responder.
New Orleans (New Orleans, non-responder. injury on CXR. ||| » Penetrating: SBP <90 and truncal/lower extremity injury |||
Louisiana) [ Penetra_lting: possib.le ||| (in OR). _ l
supradiaphragmatic or\\\h In OR: SBP <90, transient responder, profound refractory ///
cardiac injury. \ shock, or prehospital CPR with ROSC. //
Vanderbilt University Medical ~ No » SBP <80 with a pulse. » Thoracic aortic injury. b&a@e&ogngsgdﬂ ___ ___

—_— ] ] ] ] ] ] ==

Center (Nashville, Tennessee)
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General recommendati

Zone |l

Zone I

Zone Il

* Door-to-primary surgery time < 60 minutes -
if, surgery time = 60 minutes could worsen in-hospital mortality /
Inoue J et al. J Trauma Acute Care Surg ZO{XF 5K

A median time from ED arrival to balloon inflation: 20 minutes
Saito N et al. J Trauma Acute Care Surg. 2015,78(5):897; discussion 904

* The mean aortic occlusion time: 18 - 21 minutes
Brenner ML et al. J Trauma Acute Care Surg. 2013;75(3):506

Saito N et al. J Trauma Acute Care Surg. 2015,78(5).897; discussion 904

 |deal time < 40 minutes
if, occlusion time = 40 minutes: without significant procedure

-related complications
Qasim Z et al. Resuscitation. 2075,95:275

» Systolic BP at the ED < 80 mmHg

Inoue J et al. J Trauma Acute Care Surg 201580(4).559
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Pelvic bleeding

Coccolini et al. World Journal of Emergency Surgery (2017) 12:5

P
DOI 10.1186/513017-017-0117-6 World Journal of

Emergency Surgery

REVIEW Open Access

Pelvic trauma: WSES classification and @
guidelines

Federico Coccolini"”, Philip F. Stahel?, Giulia Montori', Walter Biffl®, Tal M Horer*, Fausto Catena®, Yoram Kluger®,
Ernest E. Moore’, Andrew B. Peitzman®, Rao Ivaturyg, Raul Coimbra'®, Gustavo Pereira Fraga”, Bruno Pereira'’,
Sandro Rizoli'?, Andrew Kirkpatrick'®, Ari Leppaniemi'® Roberto Manfredi', Stefano Magnone', Osvaldo Chiara'?,
Leonardo Solaini', Marco Ceresoli', Niccold Allievi', Catherine Arvieux'®, George Velmahos'’, Zsolt Balogh'®,
Noel Naidoo', Dieter Weber®, Fikri Abu-Zidan?®!, Massimo Sartelli?? and Luca Ansaloni’

In the Field: Pelvic Binder =

(If mechanical instabi

a In the E.D.: FAST-E, Thoracic and Pelvic X-ray,

lity evident or suspected) | PEI\HC Trauma

Hemodynamically Stable

'b Consider Angio
CT-Scan [~ = = = == ¥ prior to Ext.fix. if

\ necessary

Mechanically Unstable

S

Minor Lesion
WSES |

s Moderate Lesions
WSES 11 - 111

!

Temporary mechanical stabilization *

Femaral Arterial Line according to Patient Condition

Hemodynamically Unstable

€ = == ==| C(CT-5can

LY
»
LY
A Y
Postive Blush b .
) rd
at CT-Scan
Vi
E: Evisceration — Impalement - Peritonitis -
EAST-E + / Perineal examination +
m YES Free air - Localized thickened bowel at imaging

I
_V ........ —
. _ = = 7| Leparctomy |

Angioembolization €= 1

Serial Clinical/Laboratory/
CE L E R RENE R E RN Radiological Evaluation

S .

MTP activation

Severe Lesions
WSES IV

Preperitoneal Pelvic Packing
+ Temporary mechanical stabilization

+ REBOA
+ Angioembolization

Definitive

Consider Re-Angio if indicated

= Mechanical
Stabilization
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Retroperitoneal bleeding

Coccolini et al. World Journal of Emergency Surgery (2019) 14:54

https://doi.org/10.1186/513017-019-0274- World Journal of -
EmergencySurgery | In the E.D.: FAST-E, Thoracic and Pelvic X-ray, }(— - o owowoww K|dney Trauma

REV' Ew oPen ACCESS /\

tm Hemodynamically Stable | Hemodynamically Unstable
K|d ney and UrO'tra uma:. WS ES'AAST - or transient responders @

-d |- u;:-edcateg' | b 4
g uiaelines Contrast Enhanced CT-Scan N
- . . i ]
Federico Coccolini’’, Ernest E. Moore?, Yoram Kluger®, Walter Biffl*, Ari Leppaniemi®, Yosuke Matsumura®, with delayed phase -
Fernando Kim’, Andrew B. Peitzman®, Gustavo P. Fraga®, Massimo Sartelli'®, Luca Ansaloni'’, Goran Augustin'?, - - -
Andrew Kirkpatrick'?, Fikii Abu-Zidan™, Imitiaz Wani'®, Dieter Weber'®, Emmanouil Pikoulis””, Martha Larrea'®, Minor Lesions r- —C;t:\;r-in—di-t-at;a-ns for lanarotomy or Hybrid room or Interv.
Catherine Arvieux'®, Vassil Manchev?®, Viktor Reva®!, Raul Coimbra®, Vladimir Khokha®, Alain Chichom Mefire®*, WSES | - AAST I-11 el veln o selflimilingbl‘;eding ' Radial. Activation
1 i + REBOA

Carlos Ordonez”, Massimo Chiarugi', Fernando Machado®, Boris Sakakushev?’, Junichi Matsumoto®, Ron Maier™,
Isidoro di Carlo®, Fausto Catena® and WSES-AAST Expert Panel

(zone 1 - bridge to hemostasis)

Moderate Lesions
WSES Il — AAST Il

Evaluate urological lesions
[see dedicated algorithm)

I
I
|
» ]
Severe Lesions \ I
WSES Il — AAST IV-V \ : |
\ I
\ | |
Uneffective Angioemb. \ | / Severe Lesions ]
(non self-limit. hemorrhage) | WSES IV |
|
|
Laparotomy I
Effective Angioemb. + Kidney salvage/ |
l Nephrectomy :
NOM * :
I
v |
Hemodynamic/Clinical Stability
Absence of other indications to laparotomy »| YES * Continue NOM *
(Consider Re-Angio if indicated)

Fig. 3 Kidney trauma management algorithm
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S22t £
Intraabdominal bleeding

Coccolini et al. World Journal of Emergency Surgery (2020) 15:24

https://doi.org/10.1186/s13017-020-00302-7 Emggglgg;gﬂ?gle?; = = -
. . ! Provide viable femoral arterial access
Liver trauma Severe Lesions - WSES IV = = = ™21 " and high flow venous catheter(s
REVIEW Open Access - -}1| Massive Transfusion Protocol activation :
\r | —————— 1
: . H : ‘ Exploratory laparotomy (DCS
Liver trauma: WSES 2020 guidelines ) ploratory lap y (DG)
Check for .
. _ _ ‘ Updates Check for other bleeding source
Federico Coccolini', Raul Coimbra?, Carlos Ordonez®, Yoram Kluger®, Felipe Vega®, Ernest E. Moore®, Walt Biffl”, . 5 " . X /
Andrew Peitzman®, Tal Horer®*, Fikri M. Abu-Zidan'®, Massimo Sartelli'", Gustavo P. Fraga'?, Enrico Cicuttin', Major liver bleeding Minor liver bleeding
Luca Ansaloni'®, Michael W. Parra', Mauricio Mil\anj, Nicola DeAngehs”, Kenji Inaba'®, George Velmahos'?,
Ron Maier'®, Vladirnir Khokha”, Boris Sakakushev®’, Goran Augustin”, Salomone di Saverio®?, Emanuil Pikoruhs“, Compression, electrocautery,
Mircea Chirica™, Viktor Reva™, Ari Leppaniemi®®, Vassil Manchev?’, Massimo Chiarugi', Dimitrios Damaskos™, Peri-hepatic liver packing argon beam coagulation, topical
: 29 H 30 31 32 ; 33 : 34
FD;itSet‘;Vg:l.;raﬁ,bl\&l}igPtf]reww,sészeaxDeerrtne;rsél‘mll . lan Civil*%, Lena Napolitano™, Davide Corbella™, + Pringle maneuver hemostatic agents, omental
pertp + Intra-operative angiography packing, hepatorraphy
\ |
e ¥ |
Controlled liver bleeding Uncontrolled liver/retro- _Check for other lesions and fix |
T \ hepatic bleeding
pommmmm e e .
! s Cansider | Fmmmmm—mm—— = \
I 1 . (
* I Post-operative angiography 1 1 Consider : - ;
e 1 Consider
Check for lesions to: ) vascular anomaly | [ - REBOA / REBOA-C
| X
\lr Hepatic isolation
Portal vein —»| Repair Liver mabilization
: . {Main trunk ligation discouraged) /\
- - Repair / Selective ligation Supra-hepatic vein Retro-hepatic Cava
Hepatic artery P (Cholecystectomy in case of right
0 or Proper hep. artery ligation)
v
¥ Trans diaphragmatic / trans thoracic and Retro-hepatic Cava exclusion
Intra-parenchymal . . . . . .
| o »{ Ligation abdominal Cava clamping and repair Jclamping and repair
vessels ‘ram'_"_'”d'camd] Shunting techniques Shunting techniques
- = (Consider REBOA-C) (Consider REBOA-C)
- - —
- L. R
- - Sy -— - -
- S — -
- 'i-i Check for other lesions and fix :—) Transfer to ICU
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The American Journal of Surgery

journal homepage: www.elsevier.com/locate/amjsurg

. . . The American Journal of Surgery 224 (2022) 125-130
Original Research Article g

Gaining or wasting time?| Influence of time to operating room on mortality

after temporary hemostasis using resuscitative endovascular balloon
occlusion of the aorta

Ryo Yamamoto ™ b, ', Abdul Alarhayem ©, Mark T. Muir h, Donald H. Jenkins b,,
Brian J. Eastridge ", Mark L. Shapiro“, Ramon F. Cestero "

Methods: Using the 2016-2017 ACS-TQIP database, patients were divided based on the transfer time to OR: <1 h
(early) and >1 h (delayed). In each group, patients who underwent REBOA in emergency department (ED-
REBOA) were matched with those without REBOA (non-REBOA) using propensity scores, and survival to
discharge was compared.

Results: Among 163,453 patients, 114 and 138 patients (38 and 46 ED-REBOA) were included in the early and
delayed groups, respectively. Survival to discharge was comparable between ED-REBOA and non-REBOA pa-
tients in the early group (39.5% vs. 48.7%, p = 0.35), whereas it was higher in ED-REBOA patients in the delayed
group (39.1% vs. 12.0%, p < 0.01).

Conclusions: Patients with delayed transfer to OR >1 h benefited from REBOA.

Check for

updates
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The American Journal of Surgery

journal homepage: www.americanjournalofsurgery.com =

The American Journal of Surgery 220 (2020) 1485e7491
Delays in Surgical Intervention and Temporary Hemostasis Using o |
Resuscitative Endovascular Balloon Occlusion of the aorta (REBOA): sy

Influence of Time to Operating Room on Mortality

Ryo Yamamoto ", Ramon F. Cestero °, Mark T. Muir °, Donald H. Jenkins ",
Brian |. Eastridge °, Tomohiro Funabiki €, Junichi Sasaki °

* Trauma Service/Department of Emergency and Critical Care Medicine, Keio University School of Medicine, 35 Shinanomachi, Shinjuku, Tokyo, 160-8582,
Japan

o Department of Surgery, UT Health San Antonio, 7703 Foyd Curl Drive, San Antonio, TX, 78229-3900, USA

 Department of Trauma and Emergency Surgery, Saiseikai Yokohamashi Tobu Hospital, 3-6-1 Shimosueyoshi, Tsurumiku, Yokohama, Kanagawa, 230-8765,
Japan



Table 3

Transfer time to OR and effectiveness of REBOA. T hree subgroups based on the transfer time to the OR after hospital arrival

REBOA no REBOA P value OR 95% Cl
Early: within 1 h
Survival to discharge 26(39.4%) 26(33.8%) 0.49 1.28 0.64-2.53
Survival at 28 days 27(40.9%) 29(37.7%) 0.69 1.15 0.58-2.25
Hospital-free days to day 90 (days) 17 + 28 15+ 26 0.40
Delayed: 1-2 h
Survival to discharge 66(66.0%) 30(33.0%) <0.001 3.95 2.16-7.21
Survival at 28 days 68(68.0%) 30(33.0%) <0.001 432 2.36-7.92
Hospital-free days to day 90 (days) 29 + 30 13+ 24 <0.001
Significantly-delayed: greater than 2 h
Survival to discharge 34(59.6%) 15(27.3%) 0.001 3.94 1.78-8.73
Survival at 28 days 37(64.9) 20(36.4%) 0.003 3.24 1.49-7.01
Hospital-free days to day 90 (days) 25+ 30 17 + 55 0.02

Early: <1 hr

14 i
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2
2 :
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S 06| |
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=
)
3

20 40 80 an
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e s

Delayed: 1-2 hrs
REBOA

Non-REBOA

HR=0.43(0.28—0.65)

+ + —++H +

04

oo

Significantly-Delayed: >2 hrs

—
Lttt

REBOA

st i -4

MNon-REBOA

HR=0.42(0.25—0.71)

40 a0 a8

Days after injury

0 20 40 50 a0
Days after injury

Fig. 2. Kaplan-Meier plots of survival curves for patients treated with REBOA and without REBOA in each subgroup. REBOA use was significantly associated with reduced mortality



Review Article

The utilization of resuscitative endovascular balloon occlusion ATLS Pﬁmﬂw survey

of the aorta: preparation, technique, and the implementation of a

novel approach to stabilizing hemorrhage ¢

Dong Hun Kim', Sung Wook Chang?, Junichi Matsumoto®

'Department of Surgery, “Department of Thoracic and Cardiovascular Surgery, Trauma Center, Dankook University Hospital, Cheonan, Korea; meﬂun’d Ehﬂ,ﬂk SEP <00

KDepa-n]n-ent. ufEmerge.uf:y and cm::ml.cam Medicine, Saintf-Nfarian.na University School ufMedidne,_l.‘:nwasaki, Japan _ . - . , , N
S O S O v partial/no response to resuscitation

(VII) Final approval of manuseript: All authors.

J Thorac Dis 2018;10(9):5550-5559 [ Negative ], [ FAST J] )[ Positive J
[ Negative J Pelvis instability [ Positive ] Considering
(peivis X-ray) “~ ™| Zone | REBOA

Considering Y
Zone Il REBOA [ Surgery’ ]

! ' ! '

Considering Zone | Pre-peritoneal pelvic
REEBOA packing

o e Surgery
oembolization + external fixation

Figure 2 Dankook University Hospital trauma center algorithm for REBOA use in hemorrhagie shock. *, early transfusion in resuscitation
room and no possible aortie injury by chest radiography; ’, door-to incision time less than 30 minutes. ATLS, advanced trauma life support;

SBP, systolic blood pressure; FAST, focused assessment with sonography for trauma; REBQOA, resuscitative endovascular balloon occlusion
of the aorta.



CHSRHLH ZMEA AISO AMERS KZX|ILOH |}

After occlusion, what should | do?

Not a definitive method, but a bridging procedure

REBOA followed by damage control intervention

- Transarterial embolization All staffs -trauma surgeons,
- Crash laparotomy anesthesiologists, interventionists,
- Pelvic stabilization nhurses and technicians

Cooperation for damage control intervention or definitive treatment
- Trauma surgeon, Emergency physicians, Orthopedic surgeons--:
Communication with trauma surgeons, balloon holder and

anesthesiologists - Deflation vs. Inflation, Volume vs. vasopressor
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Complications-ischemia and reperfusion

* Acute kidney injury: incidence rates ranging from 5.6% to 46%

* Lower limb compartment syndrome incidence rate at 4.3%

* Prolonged hypoperfusion = hyperkalemia, acidosis, and coagulopathy
 ARDS or ALl at 2.6%, pneumonia at 6.1%, and MOF at 6.1%
 Bacteremia at2.7%

* Sepsis or septic shock at 6.1%

 Surgical site infection (3.3%), severe sepsis(3.2%), enteric fistulas

Trauma Surgery & Acute Care Open 2024;9.e001267. doi: 10.1136/tsaco-2023-001267
DuBose RJ Morrison J, Brenner M, et al. AORTA Registry 7F vs 11-12 F access. JEVIM 20193
Chien C-Y et al. Am J Surg 2023:225:474-9.

Bukur M et al. Shock 2021;55:24-32.
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REBOA application in patient with impending cardiac arrest
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Transfer call

66/F

Chief complaint: Changed mental status

Mechanism of injury: Motorcycle TA

Drowsy,
V/S 102/66-113/min-30/min-94%

Local emergency center visit

Non-contrast chest, brain CT check

F/U SBP: 66mmHg drop

Transfusion: nonavailable
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119 O &

oYk - 101 & /min &8 : -1 &/min A& : 36.0 C

6/F Left : 6/F ( P=Prompt, S=Sluggish, F=Fixed, C=Closed )

20210913 1346 MIP D -
A GS pf. &34 ET1 843t
B -
20210913 1346 &A4E 243} D -
A trauma team A3} 3 by Dr. Ut
20210913 1353 REBOA D V/S 53/37-108-18
A CS Pf.7%/3d= REBOA sheath 7Fr. A%
REBOA series f/ugt.
e
20210913 1354 REBOA D -

A CS Pf.#A12 REBOA ballooning 10ml A] 3§ &t






20210913 1355 REBOA D - -
A CS Pf.#22 REBOA ballooning bmls7}3std & 1oml A]3§ g,
R e
20210913 1355 o|& =& D - _
A ©°l8+E 0+ PRC 3-2 T/F A &g+
20210913 1356 €38ty 7+A] D
z 24 MIN (Massive hemoperitoneum) _
r | 13:46 Activation and MTP
13:53 Arterial access
20210013 1400 e-FAST D -
% 13:54 REBOA
R §14:10 Transfer to OR
20210913 1400 72 A 5 D on call OP oA 9l _
A GSpf.&AN 724 A= 284 49 F F&, A4 FoIA
FA7, 4% A7 2U
20210913 1410 99 2 F= D V/S 95/58-104-ambu-36.5 -
A CS Pf. &AL =33} PRC 3 units T/F 3}, monitor F-£3s}d, 02

loL/nnn ambu bagginag 3} OR 74 3

Ceftriaxone skin test 2|23}
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*CARE PLAN

Palpable pulsation on femoral a.
NIBP 53/27 check
FAST: Massive hemoperitoneum(& & Abdominopelvic CT & S)
13:53 7 Fr sheath insertion via Rt. common femoral a.
Ultrasound — guided(—)
Seldinger technique, palpation, 1st attempt
13:54 Balloon insertion. guidewire position check(—)
Balloon position check: Zone | ==> 10cc inflation, position —good by X —ray
:55 5cc inflation total 15cc ==> NIBP 87/57
0 BP 92/54 HR 100 total 15cc
transfer to OR
BP 154/77 HR 103 3cc deflation total 12cc
BP 102/52 HR 104 2cc deflation total 10cc
BP 101/52 HR 103 3cc deflation total 7cc
BP 111/57 HR 101 2cc deflation total 5cc
BP 102/63 HR 106 , bleeding control done
==> slowly full deflation
4 BP 132/66 HR 96 full deflation done

:0
10
42
45
47
49
:51
:5

prn) Chest CT recheck (d/t motion artifact)

*Goal
recovery

A8 XL g8= =mer—  WFME: F85
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updates

European Journal of Trauma and Emergency Surgery (2023) 49:693-707

The role of REBOA in patients in traumatic cardiac arrest subsequent
to hemorrhagic shock: a scoping review

S.A.S.Slot'@®.S.E. van Oostendorp'2@® . L. J. Schoonmade>® . L. M. G. Geeraedts'

Received: 17 August 2022 / Accepted: 21 October 2022 / Published online: 6 November 2022
© The Author(s) 2022

Methods This scoping review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
Extension for Scoping Reviews (PRISMA-ScR) Statement. PubMed, EMBASE.com and the Web of Science Core Collec-
tion were searched. Articles were included if they reported any data on patients that underwent REBOA and were in TCA.
Of the included articles, data regarding SBP, ROSC and survival were extracted and summarized.

Results Of 854 identified studies, 26 articles met criteria for inclusion. These identified a total of 785 patients in TCA that
received REBOA (presumably less because of potential overlap in patients). This review shows REBOA elevates mean SBP
in patients in TCA. The achievement of ROSF after REBOA deployment ranged from 18.2% to 67.7%. Survival to discharge
ranged from 3.5% to 12.1%.

Conclusion Overall, weak evidence is available on the use of REBOA in patients in TCA. This review, limited by selection
bias, indicates that REBOA elevates SBP and may benefit ROSC and potentially survival to discharge in patients in TCA.
Extensive further research is necessary to further clarify the role of REBOA during TCA.
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REBOA application during LUCAS chest compression
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12:38 Blunt trauma
Hemoperitoneum by FAST
MRF ¢ hemothorax by CXR
Dr. Heli activation




12:38 Blunt trauma 13:10 Landing zone
Hemoperitoneum by FAST Transport to Trauma center
MRF ¢ hemothorax by CXR Transfusion: PRC,FFP 2 units
Dr. Heli activation 13:22 Arrest




13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation

Traumatic circulatory arrest (penetrating or blunt) with no pulse

Operating room Trauma team alerted by medical dispatch

with
surgeon present
mandatory

Closed CPR in progress
(Airway, external cardiac massage,
orotracheal intubation,
100% oxygen, IV or 1O line, fluids, epinephrine)

No ROSC

Bilateral chest
decompression l




209 4 ne R V/S : unchecked
20210719 1343 1. 4 e . s

P/S&L/R : 5/F=5/F

20210719 1343 ET1

ET1 A 4% by GS pf 2% 37 (PRC 3pint)

20210719 1344 A AA LUCAS H-23}d CPR 29

Dr. f73¢ A4 sl WEPIN 1A 3&rmlch IV A1 &3

20210719 1344 8 A ZH|

blood prep) PRC 10, FFP 10

20210719 1345 A AZA

= R R R R R R R A R =

Lt closed thoracostomy A] 33 by CS pf FA4=
3 bottle AAE

air bubbling Z Fx= 2Aej<

20210719 1345 o]|@+&

GS pf 22 A4 3loj] o]|F+E A Fe

V/S : (PR =9

20210719 1346 A A=A

R
D
A
R
D
A

Rt closed thoracostomy A 3% by CS pf T2
3 bottle HZAT

R fresh blood B} <R =2
air bubbling Z & Aejd



Initiating the resuscitation with intraosseous access can be
lifesaving in patients in shock.

13:48 Sono-guided vascular access

Early arterial access for subsequent resuscitative )
via Rt. common femoral a.

endovascular balloon occlusion of the aorta (REBOA)
};‘3’?" v m deployment should be considered for patients presenting

with subdiaphragmatic life-threatening hemorrhage.

o




Traumatic circulatory arrest (penetrating or blunt) with no pulse

Operating room Trauma team alerted by medical dispatch
with
surgeon present
mandatory

Closed CPR in progress
(Airway, external cardiac massage,
orotracheal intubation,
100% oxygen, IV or |O line, fluids, epinephrine)

13:50 Zone | REBOA
Bilateral chest .
decompression | Total occlusion
20 mL inflation

No ROSC

Anterolateral or clamshell thoracotomy
<3 minutes and vertical pericardiotomy (release

tamponade if present)

_—
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V/S checked

=

V/S © 144/71-98-22-36.0
ETCO2 : 10mmHg

20210710 1348 e—FAST B = ]
A e-FAST checked by GS pf %% 2
e
20210719 1348 84E3d #A D - -
A Rt femoral 7Fr sheath <% by CS Dr. AL
R ABP : unchecked
CPR &<
20210719 1349 REBOA D - -
A REBOA A8 ZAF by CS pf FA=
R -
20210719 1350 REBOA D - -
A REBOA balloon 20ml A133 by GS pf ZFEZE
R CPR 29
20210719 1356 A E A D - -
A Dr. §73<9 A4 3} WEPIN 1A IV F7l2 5o 3
R -
D0210710 1357 ROSC D -
A ROSC 291% by Dr.
]

1400 A-line

)

Rt femoral 7Fr sheath<l] REBOA A|38 = AlelZ A-line kit

monitoring &7+ 3t Aejd




13:57 ROSC
BP: 144/71 mmHg
EtCO2: T0mmHg




14:10 Transfer to OR




12:38 Blunt trauma 13:10 Landing zone
Hemoperitoneum by FAST Transport to Trauma center = 13:43 Presented to trauma bay
MRF ¢ hemothorax by CXR Transfusion: PRC,FFP 2 units Bilateral C-thoracostomy
Dr. Heli activation 13:22 Arrest 13:43 MTP protocol activation

27 minutes summary

1. CPR d/t traumatic cardiorespiratory arrest 13:48 Sono-guided vascular access

2. Bilateral closed thoracostomy " via Rt. common femoral a. |

3. REBOA under LUCAS compression

4. Transfer to OR

13:57 ROSC 13:50 Zone | REBOA
l14:10 Transfer to OR : BP: 144/71 mmHg Total occlusion

| EtCO2: T0mmHg I l 20 mL inflation I
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RT-ACC followed by REBOA
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Resuscitative Endovascular and

Groug for

Advanced treatment on Traum
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Initial CT and TAE




Initial CT and TAE
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You don't need to wait for perfect
ssouirces to start making achange.

1S =ttisnota perfect environment that
h createsa system, but rather the
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Indamental paradigm shift.
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