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Transfer call
전원문의

• 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
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Extremis Trauma 

Patient

Golden hour



Golden hour



예방가능한? 외상사망?

Golden hour !!!   What does “PREVENTABLE” mean ?

First peak

Severe brain,

High spinal cord injury, 

Rupture of the heart, 

Aorta, Large blood vessels 

Second peak

SDH and EDH, Hemopneumothorax, 

Ruptured spleen, Liver laceration, Pelvic fractures, 

and/or Injuries associated with significant blood loss.

Third peak

Sepsis, MOF

TRIMODAL DEATH 

DISTRIBUTION



권역외상센터추진

Regional Trauma Center



권역외상센터필요성

We need a trauma center



외상진료분야의표준, 가이드라인

국내임상진료지침



외상팀과활성화를위한생리학적기준

외상시스템및운영
난치성쇼크또는심정지환자에서의소생술

소생개흉술과REBOA



한국의외상사망률감소

Preventable Trauma Death Rate in Korea 



외상심정지환자를위한치료-소생개흉술과대동맥내풍선폐쇄소생술

RT and REBOA for TCA

Journal of Trauma and Acute Care Surgery (2024)  Dec 1;97(6):961-8
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Resuscitative thoracotomy

for Traumatic Cardiorespiratory Arrest 

Damage Control 
Surgery (DCS) for TCA



외상손상통제술의의미

Damage Control Surgery

AI 활용 이미지



• Major Causes of TCA

- Hemorrhagic shock / Hypovolemia (Circulation) 

- Hypoxemia (Airway / Breathing) 

- Tension pneumothorax (Breathing / Circulation) 

- Cardiac tamponade (Circulation) 

외상심정지

Traumatic Circulatory Arrest(TCA)



• Immediate Interventions

- Secure airway

- Provide 100% oxygen

- Control external hemorrhage

- Rapid blood/fluid resuscitation

✓-Bilateral chest decompression

외상심정지

Traumatic Circulatory Arrest(TCA)





Strongly recommend

Conditionally  

recommend

Against EDT

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



Resuscitative thoracotomy



• 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

외상심정지

Traumatic Circulatory Arrest(TCA)



• Functional survival is unlikely when:

- CPR > 10 min after blunt trauma

- CPR > 15 min after penetrating trauma

- Ultrasound shows: 

• No cardiac tamponade

• No cardiac motion

• Electrical activity only (PEA without cardiac movement)

외상심정지

Traumatic Circulatory Arrest(TCA)



한번의절개로흉부손상통제술이가능

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)



Advanced prehospital care

• Scoop and Run vs. Stay and Play

Minimize scene time: Platinum 10 minutes

• If prolonged transport time ???

• Resuscitative thoracotomy on scene





소생개흉술술기

Operative technique 1

• Intubation: selective right, left lung is deflated

• Sedation and muscle relaxant

• Prep/draping should not delay procedure

• 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



소생개흉술술기

Operative technique 2

• Skin incision: 5th (4th) 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 



소생개흉술술기

Clamshell thoracotomy





심장눌림증해결

Relief of tamponade by open pericardiotomy



개흉심장마사지

Open cardiac massage

Reach up to 60% (ejection fraction)



심장손상에대한손상통제술

Temporary management of cardiac injury
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REBOA for TCA

Resuscitative Endovascular Balloon 

Occlusion of the Aorta



대량출혈–시간이 답인가?

Massive bleeding and golden hour

Terrible hemorrhage !!!

➔ 3600 mL/hour
➔ 60 mL/min

1 mL/sec



Lethal triad & 

Damage Control Surgery    



RT-ACC
응급소생개흉술과대동맥교차클램프

Resuscitative Thoracotomy followed by Aortic Cross Clamping

: To increase perfusion to the heart and brain

To reduce subdiaphragmatic bleeding



Paradigm shift



Initial assessment for trauma care
외상환자의 초기평가



Necessary equipment
응급/소생실필수장비

✓ Catheter-based hemorrhage

control using REBOA



Damage control in 
Korean folk tale



Damage control in 
Korean folk tale



REBOA kit: small sized compliant balloon
국내에서사용가능한장비

The correlation between volume and size of inflated balloon 

Example: 7 Fr RESCUE BalloonTM (Tokai Medical Products, Aichi, Japan)



Occlusion level of the aorta (REBOA zone)
대동맥내풍선폐쇄소생술을이용한폐쇄 구역

Zone 1: from left subclavian a.
to celiac trunk

➔ Abdominal 
or truncal hemorrhage

Zone 3: from the lowest renal a. 
to aortic bifurcation

➔ Pelvic hemorrhage

Zone 2: from the celiac trunk 
to lowest renal a.

➔ No occlusion



• 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

- permitted circulation by partial occlusion

Resuscitative Endovascular Balloon Occlusion of the Aorta

Advantages of REBOA procedure
대동맥내풍선폐쇄소생술의장점



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



• 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.

Clinical use of REBOA in the U.S.A, 2019
대동맥내풍선폐쇄소생술의적응증





• Door–to–primary surgery time ≤  60 minutes 
if, surgery time ≥ 60 minutes could worsen in-hospital mortality 

• A median time from ED arrival to balloon inflation: 20 minutes 

• The mean aortic occlusion time: 18 – 21 minutes 

• Ideal time ≤ 40 minutes
if, occlusion time ≥ 40 minutes: without significant procedure

-related complications

• Systolic BP at the ED ≤ 80 mmHg 

General recommendations
대동맥내풍선폐쇄소생술권장사양

Inoue J et al. J Trauma Acute Care Surg  2015;80(4):559

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

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

Qasim Z et al. Resuscitation. 2015;95:275

Inoue J et al. J Trauma Acute Care Surg  2015;80(4):559



Pelvic bleeding
골반강의출혈



Retroperitoneal bleeding
후복막강의출혈



Intraabdominal bleeding
복강내출혈



The American Journal of Surgery 224 (2022) 125–130



The American Journal of Surgery 220 (2020) 1485e1491



Three subgroups based on the transfer time to the OR after hospital arrival



J Thorac Dis 2018;10(9):5550-5559 



After occlusion, what should I do? 
대동맥내풍선폐쇄소생술은손상통제술. 최종치료가아니다

• Not a definitive method, but a bridging procedure

• REBOA followed by damage control intervention

- Transarterial embolization

- Crash laparotomy

- Pelvic stabilization

• 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

All staffs -trauma surgeons, 

anesthesiologists, interventionists, 

nurses and technicians



• 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 ALI at 2.6%, pneumonia at 6.1%, and MOF at 6.1%

• Bacteremia at 2.7%

• Sepsis or septic shock at 6.1% 

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

Complications-ischemia and reperfusion
대동맥내풍선폐쇄소생술합병증

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. JEVTM 2019;3

Chien C-Y et al. Am J Surg 2023;225:414–9. 

Bukur M et al. Shock 2021;55:24–32. 



REBOA application in patient with impending cardiac arrest
죽을환자는없다. 



Transfer call
전원문의

• 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











24 MIN (Massive hemoperitoneum) 

13:46 Activation and MTP

13:53 Arterial access

13:54 REBOA

14:10 Transfer to OR







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



REBOA application during LUCAS chest compression
죽은환자는없다. 우리에게는죽어가는환자만있을뿐이다.



1) Prehospital and interhospital phase

- Primary survey with resuscitation and transfer immediately



12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  



13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  



13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  





13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

13:48 Sono-guided vascular access
via Rt. common femoral a.

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  



13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

13:48 Sono-guided vascular access
via Rt. common femoral a.

13:50 Zone I REBOA
Total occlusion
20 mL inflation

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  







C-thoracostomy

C-thoracostomy

REBOA balloon





13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

13:48 Sono-guided vascular access
via Rt. common femoral a.

13:50 Zone I REBOA
Total occlusion
20 mL inflation

13:57 ROSC
BP: 144/71 mmHg
EtCO2: 10mmHg

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  



13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

13:48 Sono-guided vascular access
via Rt. common femoral a.

13:50 Zone I REBOA
Total occlusion
20 mL inflation

13:57 ROSC
BP: 144/71 mmHg
EtCO2: 10mmHg

14:10 Transfer to OR

12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  



12:38 Blunt trauma
Hemoperitoneum by FAST
MRF c hemothorax by CXR
Dr. Heli activation  

13:10 Landing zone
Transport to Trauma center
Transfusion: PRC,FFP 2 units

13:22 Arrest  

13:43 Presented to trauma bay
Bilateral C-thoracostomy

13:43 MTP protocol activation 

13:48 Sono-guided vascular access
via Rt. common femoral a.

14:10 Transfer to OR

27 minutes summary

1. CPR d/t traumatic cardiorespiratory arrest

2. Bilateral closed thoracostomy

3. REBOA under LUCAS compression

4. Transfer to OR

13:50 Zone I REBOA
Total occlusion
20 mL inflation

13:57 ROSC
BP: 144/71 mmHg
EtCO2: 10mmHg



RT-ACC followed by REBOA 
두가지 모두사용할수도있다.



• a

Case 3. 41/M, Crashed by forklift, prehospital CPR: 10 min



RT-ACC(aorta cross clamping)



ROSC, PPP and change to REBOA 



PPP

RT/ACC PPP
REBOA 

conversion
Femoral 

access try



Initial CT and TAE



Initial CT and TAE

• REBOA access in Rt CFA

• Vascular access via Rt. Brachial a.

• Rt.: Intravascular stent graft (8mm x 40mm)

• Lt.: Angioembolization(coil and NBCA)

d/t Lt. common iliac a transection





Trauma care system
to reduce DEATH in TRAUMA pts



변화와성장은우리의한계점에서이루어진다.



You don't need towaitforperfect

resources tostartmaking achange.

Itisnotaperfect environment that

createsasystem, butratherthe

determination tosavelivesand a

fundamental paradigmshift.

by Sungwook CHANG



Conclusion “I’m fine.”
... just my trauma-center face

E-mail: changsw3@naver.com

Kakao talk

mailto:changsw3@naver.com

