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PROCEDURES & TECHNIQUES

Resuscitative Endovascular Balloon Occlusion of the Aorta
(REBOA) as an Adjunct for Hemorrhagic Shock

Adam Stannard, MRCS, Jonathan L. Eliason, MD, and Todd E. Rasmussen, MD
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Transbrachial arterial insertion of'aortic occlusion
balloon catheter in patients with shock from
ruptured abdominal aortic aneurysm

Hitoshi Matsuda, MD, Yosuke Tanaka, MD, Yutaka Hino, MD, Ritsu Matsukawa, MD, Nobuchika
Ozaki, MD, Kenji Okada, MD, Takuro Tsukube, MD, Yoshihiko Tsuji, MD, and Yutaka Okita, MD,
Kobe, Japan

Objective: Of 125 surgical patients with abdominal aortic aneurysm (AAA) treated from 1999, 11 patients with deep
shock from ruptured AAAs who underwent aortic occlusion balloon datheter (AOBC) insertion before laparotomy were
studied.

Methods: With the patients under local anesthesia, the brachial artery was exposed and the balloon catheter was inserted
into the thoracic aorta. The balloon was inflated halfway and pulled back gently to the orifice of the left subclavian artery,
and was advanced with the aid of blood flow down to the abdominal aorta. After full inflation of the balloon, the catheter
was pulled until the balloon was fixed at the proximal shoulder of the AAA.

Results: AOBC insertion was completed within 16.1 * 5.1 minutes. Systolic blood pressure at presentation was 84.1 %
31.7 mm Hg, deteriorated to 60.9 = 15.4 mm Hg on arrival in the operating room, and increased significantly (P <
.0001) to 123.4 = 25.3 mm Hg after AOBC insertion. The balloon burst in three patients. Embolic complications were
observed in two patients. There were three deaths, two associated with the balloon bursting. In nine patients whose shock
was successfully controlled by AOBC, operative mortality was 11%.

Conclusion: Transbrachial arterial insertion of an AOBC may be useful to ameliorate hemorrhagic shock in patients with
ruptured AAAs. (J Vasc Surg 2003;38:1293-6.)
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Transbrachial arterial insertion of'aortic occlusion
balloon catheter in patients with shock from
ruptured abdominal aortic aneurysm

Hitoshi Matsud:
Ozaki, MD, Ken

Case Report
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Transbrachial arterial insertion of aortic occlusion
balloon catheter in patients with shock from
ruptured abdominal aortic aneurysm
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AAST 2014 PLENARY PAPER

?

Evaluation of the safety and feasibility|jof resuscitative
endovascular balloon occlusion of the aorta

Nobuyuki Saito, MD, Hisashi Matsumoto, MD, PhD, Takanori Yagi, MD, Yoshiaki Hara, MD,
Kazuyuki Hayashida, MD, Tomokazu Motomura, MD, Kazuki Mashiko, MD, Hiroaki lida, MD,
Hiroyuki Yokota, MD, PhD, and Yukiko Wagatsuma, MD, MPH, DrPH, Inzai, Japan

*Saito N, et al. J Trauma Acute Care Surg 2015,78:897-904.



AAST 2014 PLENARY PAPER

Evaluation of the safety and feasibility of resuscitative
endovascular balloon occlusion of the aorta

Nobuyuki Saito, MD, Hisashi Matsumoto, MD, PhD, Takanori Yagi, MD, Yoshiaki Hara, MD,
Kazuyuki Hayashida, MD, Tomokazu Motomura, MD, Kazuki Mashiko, MD, Hiroaki Tida, MD,
Hiroyuki Yokota, MD, PhD, and Yukiko Wagatsuma, MD, MPH, DrPH, Inzai, Japan

TABLE 2. A Comparison of the Patients” Characteristics, Clinical Data, and Treatment Between Groups 1 and 2

Variable Group 1 (n=14) Group 2 (n = 10) P

Age,y 65 (41-73) 47 (32-65) 0.16
Male/female 6/8 7/3 0.36
ISS 40 (34-50) 50 (45-54) 0.06
Lower limb i1schemia 2(14.2) 0 0.21
Arterial injury caused by puncture 1(7.1) 0 0.38
Lower limb amputation 3(21.3) 0 0.11

Group 1 is the 24-hour survivor group (n= 14), and Group 2 is the 24-hour nonsurvivor group (n = 10). The data are presented as median values with an interquartile range or as a n (%).
AIS, Abbreviated Injury Scale; TAE, transarterial embolization.

Lower limb 1schemia 2 (14.2)
Arterial injury caused by puncture | 1 (7.1)

1mb amputation

*Saito N, et al. J Trauma Acute Care Surg 2015,78:897-904.
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AAST 2015 PLENARY PAPER

Resuscitative endovascular balloon occlusion of the aorta might
be dangerous in patients with severe torso trauma:
A propensity score analysis

Junichi Inoue, MD, Atsushi Shiraishi, MD, PhD, Ayako Yoshiyuki, MD, Koichi Haruta, MD,
Hiroki Matsui, MPH, and Yasuhiro Otomo, MD, PhD, 7okyo, Japan

*Inoue J, et al. J Trauma Acute Care Surg 2016;80:559-67.



AAST 2015 PLENARY PAPER

Resuscitative endovascular balloon occlusion of the aorta might
be dangerous in patients with severe torso trauma:
A propensity score analysis

Junichi Inoue, MD, Atsushi Shiraishi, MD, PhD, Ayako Yoshiyuki, MD, Koichi Haruta, MD,
Hiroki Matsui, MPH, and Yasuhiro Otomo, MD, PhD, Tokvo, Japan

Outcome With REBOA Without REBOA

Primary outcome
In-hospital mortality, % 61.8 (57.9-65.7) | 45.3 (41.3-49.3)

Secondary outcomes
ED mortality, % 17.1 (14.1-20.1) 9.7 (7.3-12.1)
Door-to—blood transfusion time, median, min 50 (44-57) 64 (58-71)
Door—to—primary surgery time, median, min 97 (90-104) 110 (102-119)

*Inoue J, et al. J Trauma Acute Care Surg 2016;80:559-67.



Research

JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon

Occlusion of the Aorta in Civilian Trauma

Propensity score matching

Joseph B et al. JAMA surg 2019



Research AKI

JAMA Surgery | Original Investigation [ ]

Nationwide Analysis of Resuscitative Endovascular Balloon AmP“tatIOH

Occlusion of the Aorta in Civilian Trauma H igh 24_ h mortality

Patients, No. (%)
Variable No-REBOA Group (n = 280) REBOA Group (n = 140) P Value

Complications

Acute kidney injury 15 (10.7)

Amputation of lower limb 5(3.6)

Deep venous thrombosis 14 (5.0) 6(4.3) 42

Pulmonary embolism 5(1.8) 2(1.4) .28

Stroke 3(1.1) 2(1.4) .37

Myocardial infarction 1(0.4) 0 51

Extremity compartment syndrome 2(0.7) 1(0.7) .39
Overall mortality 53(18.9) 50 (35.7) .01

Mortality in the ED 5(1.8) 4(2.9) 35

In-hospital mortality after 24 h 15(5.4) 9(6.4) 21

Joseph B et al. JAMA surg 2019
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AAST 2014 PLENARY PAPER

Evaluation of the safety and feasibility of resuscitative

endovascular balloon occlusion of the aorta

o JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma
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Fewer REBOA complications with smaller devices and
partial occlusion: evidence from a multicentre registry
in Japan

Yosuke Matsumura," Junichi Matsumoto,? Hiroshi Kondo,? Koji Idoguchi,*
Tokiya Ishida,” Yuri Kon,® Keisuke Tomita,” Kenichiro Ishida, Tomoya Hirose,’
Kensuke Umakoshi,"® Tomohiro Funabiki,'' DIRECT-IABO Investigators

Fewer complications in Small sheath

Table 3 Procedures and complications among groups according to sheath size in 24-hour survivors

Procedures and complications Small group (n=53) Large group (n=25) Unusual group (n=3)

Access-related complications, n (%)

Dissection 1(1.9) 0 (0) 0 (0)
Pseudoaneurysm 0(0) 0(0) 0(0)
Massive haematoma 1(1.9) 0 (0) 0 (0)
Retroperitoneal haematoma 0 (0) 0 (0) 0 (0)
Thromboembolism 0 (0) 1(4.0) 0 (0)
Leg ischaemia 0(0) 0(0) 2 (67)
omplication, n (%)

0(0) 0(0) 2 (67)

0(0) 0 (0) 2 (67)

0 (0) 1(4.0) 0(0)

Matsumura Y et al. Emerg Med J 2018
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How should we use REBOA ?



REBOA Algorithms
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Basic endovascular skills for trauma course: Bridging the gap

between endovascular techniques and the acute care surgeon "l [S{l/}{%éSKCQI"WLE{)MA CENTTE
Megan Brenner, MD, MS, RPVI, Melanie Hoehn, MD, Jason Pasley, DO, Joseph Dubose, MD, \ UNIVERSITY OF MARYLAND

Deborah Stein, MD, MPH, and Thomas Scalea, MD, Baltimore, Maryvland

Hypotensive (SBP < 90)
partial or non-responder

Y

Access common femoral artery for a-line
or REBOA

¥
CXR:

No REBOA 4— posakie sorfic —
injury?

Position REBOA in

ZONE 1, inflate
and proceedto |- @4
Emergent
Laparotomy

Position REBOA Pelvic xray:
in ZONE I and = No fracture?
inflate
Position REBOA in
‘—o@ ZONE HlI and inflate




The role of REBOA in the control of exsanguinating
torso hemorrhage

» DENVER HEALTH.

ast. 1860
FOR LIFE'S JOURNEY

Walter L. Biffl, MD, Charles J. Fox, MD, and Ernest E. Moore, MD, Denver, Colorado

Algorithm for Control of Torso Hemorrhage

Localize Hemorrhage with CXR, FAST, Pelvis X-Ray

A B C
]

1 Thoracic
Hemorrhage

2

Abdominal
Hemorrhage

3 Pelvic
Hemorrhage

ﬁ OR Laparotomy

OR Pelvic Packing




Physicians of all specialties committed to improving trauma care

ALGORITHM 2 - REBOA

estern Trauma

Presenter: Kenji Inaba A iiatafs
ssociation

SUSTAINED
HYPOTENSION
SBP<90mmHg
N\ RESUSCITATIVE
IN?_ﬁ\Tg :ﬁé g:l'imAL PENETRATING Y THORACOTOMY,
CXR + U/S MECHANISM CONSIDER REBOA AS
ADJUNCT IN ZONE 1
CXR + U/S POSSIBLE UPSIZE TO SHEATH POSITIVE LAPAROTOMY,
CARDIAC OR AORTIC AND OBTAIN CONSIDER REBOA AS TO OR
INJURY ABDOMINAL U/S / ADJUNCT IN ZONE 1
NEGATIVE
Y
Y \ POSITIVE
PELVIS XRAY REBOA ZONE 3 TO OR / ANGIO
NO REBOA /
NEGATIVE
CONTINUE ASSESSMENT,
CONSIDER REBOA AS
ADJUNCT IN ZONE 1




How many REBOA Algorithms

)

do we have to learn 7




Trauma Strategy > REBOA Algorithms
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1. RT+REBOA
2. Early access, Undelayed & Short occlusion

3. Education & Research



Case



17M, Fall from 11t" story

Collapsed 5 mins before arrival
CPR initiated




DSC after 8 minutes of ‘
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Portable
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Large venous access

MTP initiate »’
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OR P-REBOA
ANgio piver injury (Grade II)
CT -bleeding at round lig.

ICU -No other organ injury

- Perihepatic Packing
& Open abdomen
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Re-closure of CHest wall



1. RT+REBOA



ER RT + Access > REBOA

OR P-REBOA - Deflation <20min
Angio Damage Conctrol IR

CT Reassessment: Chest

ICU Reclosure




ST77
Sp/ng/

RT REBOA

& Less invasive &
Adjustable

Less speedy

m CFA puncture
Tortuous Aorta

QLAY A gicram
P YUY & Visceral artery injury

Hypothermia ﬂ . |
Pyothorax Balloon migration

Speedy & Definite

Invasive
New chest wound
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RT REBOA

L ess invasive &
Adjustable

Less speedy
CFA puncture
lortuous Aorta

Somalartery mury A Leg scheni
P YURIY & Visceral artery injury

Hypothermia ﬂ . |
Pyothorax Balloon migration

Speedy & Definite

Invasive
New chest would
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Hemodynamic Instability = Start CFA Access
Impending CA
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CFA Access placed| |Y
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consicer REBOA | Resuscitative Thoracotomy

& Uncertainty in Tortuous aorta
Advanced age
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—— Critical Care
Resuscitative endovascular balloon @

occlusion of the aorta versus aortic cross
clamping among patients with critical
trauma: a nationwide cohort study in Japan

Toshikazu Abe'*", Masatoshi Uchida', Isao Nagata', Daizoh Saitoh® and Nanako Tamiya

. REBOA > RT

Analysis Mortality at discharge
OR 95% ClI

Unad justed 8- 0,220 0.138 0,349
(n=840,/903)

Adjusted RTS —&— 0.224 0.129 0.700
(n=744/903)

Adjusted ISS = = 0.188 0.116 0.303
(n=840/903)

Adjusted TRISS L@ 0.309 0.190 0.502
(n=830/903)

After propensity score matchingx —@— 0.261 0.130 0.523
(n=280/304)

0.01 0.1 1 10
Odds Ratio
b
Analysis Mortality at ED
OR 95% CI
Unad justed - 0.289 0.213 0.393
(n=889/903)
Adjusted RTS O 0.290 0.206 0.408
(n=783/903)
Adjusted 1SS O 0,280 0,205 0,382
(n=889/903)
Adjusted TRISS @ 0.352 0,256 0,484
(n=878/903)
After propensity score matching# B 0.182 0.106 0.313
(n=299/304)

0.01 0.1 1 10
Odds Ratio

Diagnosis Procedure ‘
Combination Database

ORIGINAL ARTICLE

Resuscitative endovascular balloon occlusion
of the aorta or resuscitative thoracotomy with
aortic clamping for noncompressible torso hemorrhage:
A retrospective nationwide study

N.S.

in ICU-free days (X~ test, p = 0.1935) (Table 2). In the propen-
sity score—adjusted Cox regression analysis, there was no signif-
icant difference between the REBOA and RT groups with
respect to in-hospital mortality (hazard ratio, 0.94; 95% confi-
dence interval [CI], 0.60-1.48; p = 0.7917). In the propensity

Abe T et al. Crit Care 2016;20:400

Aso S et al. J Trauma Acute Care Surg 2017;82:910



Jl ORIGINAL SCIENTIFIC ARTICLES Jl

Resuscitative Endovascular Balloon (®) ook orupdates No CPR

Occlusion of the Aorta and Resuscitative

Thoracotomy in Select Patients with Hemorrhagic

Shock: Early Results from the American Association SBP < gommHg
for the Surgery of Trauma’s Aortic Occlusion in

Resuscitation for Trauma and Acute Care

Surgery Registry REBOA > RT

[9.1% (26/285)]
[RT = 65.4% (17/26); REBOA = 34.6% (9/26)]

Survival beyond ED
RT=47.1% (8/17) REBOA = 100% (9/9 p=0.009

Survival to discharge

RT = 0% (0/17) REBOA = 44.4% (4/9 p=0.008

Brenner M et al. J Am Coll Surg 2018;226:730
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Partial occlusion, conversion from thoracotomy, undelayed ‘
but shorter occlusion: resuscitative endovascular balloon

occlusion of the aorta strategy in Japan
Yosuke Matsumura®®, Junichi Matsumoto®, Hiroshi Kondo®, Koji Idoguchi® and

Tomohiro Funabiki’;DIRECT-IABO investigators

RT+REBOA'!

*Matsumura Y, et al. Eur J Emerg Med 2018;25:348-354.



GUIDELINES

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

In patients who present pulseless to the Emergency Department with signs of life after blunt injury, we conditionally recommend resuscitative
Emergency Department thoracotomy. Conditional Recommendation

In patients who present pulseless to the Emergency Department without signs of life after blunt injury, we conditionally recommend against
resuscitative Emergency Department thoracotomy.? Conditional Recommendation

RT Is not strongly recommended in
pulseless blunt trauma

*Seamon MJ et al. J Trauma Acute Care Surg. 2015;79:159-73.



Aug 2011-Dec 2015, 18 Hospitals

144 REBOA

Original article

Fewer REBOA complications with smaller devices and
partial occlusion: evidence from a multicentre registry Excluded 2
in Japan Age<18

Yosuke Matsumura,' Junichi Matsumoto,? Hiroshi Kondo,’ Kaji Idoguchi,4
Tokiya Ishida,” Yuri Kon,® Keisuke Tomita,’ Kenichiro Ishida,® Tomoya Hirose,”

Kensuke Umakoshi, " Tomohiro Funabiki,'" DIRECT-IABO Investigators
142 Adult REBOA

[ |
106 Trauma 36 Non-Trauma
REBOA REBOA

Non-traumatic hemorrhage is controlled with REBOA in acute
phase then mortality increases gradually by non-hemorrhagic

Partial occlusion, conversion _fro!n thoracotomy, undelayed causes: DIRECT-IABO registry in Japan
but shorter occlusion: resuscitative endovascular balloon

occlusion of thaeb ao"_:a §trategy "(;I 'lapan r - o Y. Matsumura®’® - J. Matsumoto® - K. Idoguchi’ - H. Kondo* - T. Ishida® - Y. Kon® -
Yosuke Matsumura®®, Junichi Matsumoto®, Hiroshi Kondo®, Koji Idoguchi® and K. Tomita’ - K. Ishida® - T. Hirose’ - K. Umakoshi'® - T. Funabiki'' - DIRECT-IABO

Tomohiro Funabiki:DIRECT-IABO investigators investigators



|
106 Trauma
REBOA

Partial occlusion, conversion from thoracotomy, undelayed
but shorter occlusion: resuscitative endovascular balloon
occlusion of the aorta strategy in Japan

Yosuke Matsumura®®, Junichi Matsumoto®, Hiroshi Kondo®, Koji Idoguchi® and
Tomohiro Funabiki:DIRECT-IABO investigators



RT+REBOA population

144 REBOA

142 REBOA

Age<18 2

106 Trauma
REBOA

Non Trauma 36

|

RT and REBOA 30

24-hr Survivors
46

|
24-hr

Nonsurvivors

30




Partial occlusion, conversion from thoracotomy, undelayed
but shorter occlusion: resuscitative endovascular balloon

occlusion of the aorta strategy in Japan

Yosuke Matsumura®®, Junichi Matsumoto®, Hiroshi Kondo®, Koji Idoguchi® and ‘
Tomohiro Funabiki:DIRECT-IABO investigators

24-h nonsurvivors 24-h survivors
(n=24) (hn=6) P
CPR before REBOA 16 (67) 6 (100) 0.16
At field 12 (50) 5 (83)
On arnval 8 (33) 3 (50)
Preocclusion 11 (46) 3 (50)

RT+REBOA may give a chance 20

even in pulseless blunt trauma

zzzz

Conversion prevents hypothermia
Closing chest prevents chest wall bleeding

*Matsumura Y, et al. Eur J Emerg Med 2018,‘25‘11348—354.



2. Early access



ER RT + Access > REBOA

OR P-REBOA - Deflation <20min
Angio Damage Control IR

CT Reassessment: Chest

ICU Reclosure




Portable

Bilateral arterial access’;

4F
X 9Fr 7Fr

Large venous access

MTP initiate
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a4 yywy - Endovascular
and hybrid Trauma Management

It is all about the vascular access

Yosouke Matsumura, Junichi Matsumoto, Lauri Handolin, Lars Lonn,
Jonny Morrison, Joe DuBose and Tal Horer



As a modification of the traditional “ABCDE” mnemonic advocated in
the ATLS protocol approach to initial trauma evaluation and treatment, an
EVTM enabled provider might consider using an “AABCDE” (airway and
simultaneous vascular access, breathing, circulation etc.). Why might the

use of the AABCDE-centered thought process prove useful? Very simply: this




Artei access

Advantage b J Disadvantage
Upsize to REBOA o
Vascular injury
Farly IR
A-line

| Hematoma
Blood sampling




Delayed access can lead a catastrophe
..Less palpable
..Cardiac arrest
..Hematoma



ORIGINAL ARTICLE
W R e——aaaaae - eea————————— 3

Early arterial accessffor resuscitative endovascular balloon occlusion
of the aorta is related to survival outcome in trauma

Yosuke Matsumura, MD, PhD. Junichi Matsumoto, MD, PhD, Hiroshi Kondo, M D, PhD, Koji Idoguchi, MD,
Tokiya Ishida, MD, Yohei Okada, MD, Yuri Kon, MD, Kazuyuki Oka, M D, Kenichiro Ishida, MD,
Yukitoshi Toyoda, MD, Tomohiro Funabiki, MD, PhD, and DIRECT-IABO Investigators, Chiba, Japan

*Matsumura Y, et al. J Trauma Acute Care Surg 2018,;85:507-511.



From Aug 2011-Dec 2016, 23 Hospitals

REBOA 207

Age <18 5

Adult REBOA 202

Deflated REBOA 9

Inflated REBOA 193

Non-Trauma 51

Trauma REBOA 142

RT+REBOA 33

REBOA alone 109




Nonsurvivors Survivors

Characteristics (n = 49) (n = 60) p
ISS 43 (34-50) 33 (21-42) <0.001
Head AIS score (0-5) 0(0-3) 0.11

Chest AIS score 4 (2-4) 3(0-4) 0.14
Abdomen AIS score 2 (0-3) 3(0-4) 0.10

Extremities or pelvis AIS score 4 (2-5) 3(0-4) 0.039
CPR, n (%)

Prehospital 5(10.2) 1(1.7) 0.088

Arrival 6 (12.2) 1L 0.045

Occlusion 6(12.2) 3655:D) 0.29
Vital signs on arrival

RR, /min 24 (13-30) 24 (16-30) 0.95

105(90-126)  0.75

H ) (80-
SBP, mm Hg 74 (48-100 90 (72-115) 0.20

Preocclusion SBP, 3 (408 76 (61-90) 0018
mm Hg (n = 108)

Postocclusion SBP, 102 (83-124) 116 (102-137) 0.023
mm Hg (n = 108)

P-REBOA, n (%) (n = 89) 21 (55.3) 40 (78.4) 0.023

Duration of aortic occlusion. min

Total duration of occlusion 63 (40-99) 35 (20-70) 0014

Duration of P-REBOA 5.5(0-74) 20 (1.5-47) 0.30
(n=89)




Nonsurvivors Survivors
Characteristics (n =49) (n = 60) p

Injury to arrval, min (n = 108) 35 (29-50) 45 (32-54) 0.019

Arrival to access, min (n = 95) 47 (23-83) 25 (10-57) 0.052

Arrival to inflation, 61 (28-97) 58 (30-101) 1.00
min (n = 106)

Arrival to definitive hemostasis, 88 (56-113) 78 (55-121) 0.77
min (n = 97)

*Matsumura Y, et al. J Trauma Acute Care Surg 2018,;85:507-511.



95% CI1 p

Arrival to access, min ().989 (0.979-0.999 (0.034
ISS (0.944 0.907-0.982 0.0039

Binary logistic regression analysis was conducted with 30-day survival as the dependent
variable and preocclusion SBP, total duration of occlusion, arrival to access, arrival to defin-
itive hemostasis, and ISS as the independent vanables.

*Matsumura Y, et al. J Trauma Acute Care Surg 2018,;85:507-511.



0.989'% = 90%

*Matsumura Y, et al. J Trauma Acute Care Surg 2018,;85:507-511.
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*Matsumura Y, et al. J Trauma Acute Care Surg 2018,;85:507-511.
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Benefit of Early Access
in REBOA patients
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Undelayed & Short occlusion



ER RT + Access > REBOA

OR P-REBOA - Deflation <20min
Angio DCIR

CT Reassessment: Chest&Liver
ICU Reclosure & VPC




Partial occlusion, conversion from thoracotomy, undelayed
but shorter occlusion: resuscitative endovascular balloon
occlusion of the aorta strategy in Japan

Yosuke Matsumura®®, Junichi Matsumoto®, Hiroshi Kondo®, Koji Idoguchi® and
Tomohiro Funabiki:DIRECT-IABO investigators

REBOA patient:
Who survived ? Who benefit ?

*Matsumura Y, et al. Eur J Emerg Med 2018;25:348-354.



Characteristics before and 24

NONSUrvivors 24-h survivors
during occlusion (n=30) (n=46) P
Characteristics before and during occlusion
Age (years) 68 (41-77) 58 (43-65) 0.10
Male 16 (53) 35 (76) 0.048
Preocclusion status
Injury severity score 37 (34-51) 34 (22-48) 0.037
Head AIS 0 (0-5.0) 2.5 (0-4.0) 0.96
Chest AIS 3.0 (3.0-4.0) 3.0 (0-4.0) 0.13
Abdominal AlS 2.0 (0-3.0) 3.0 (0-4.0) 0.071
Extremity or pelvis 4.0 (2.0-5.0) 3.0 (0-4.0) 0.054
AlS
Arnival to occlusion 60 (28-92) 60 (26-83) 0.73
(min)
CPR before REBOA 7 (23) 4 (8.7 0.10
Preocclusion SBP 43 (40-80) 0.002
(mmHg)
Postocclusion SBP 100 (90-120) 120 (100-145) 0.007
(mmHg)
Hemodynamics after REBOA
Improvement in 25 (83) 42 (91) 0.31
hemodynamics
Achievement of 18 (60) 44 (96) <0.001

stability




Characteristics before and 24

NONSUrvivors 24-h survivors
during occlusion (n=30) (n=46) P
Management during occlusion
Partial occlusion 14 (54) 26 (70) 0.20
Duration of aortic occlusion (min)
Total duration of 60 (40-99) 0.010
occlusion
Duration of partial 5 (0-35) 11 (0-44) 0.47
occlusion

= N

*Matsumura Y, et al. Eur J Emerg Med 2018;25:348-354.




Undelayed (SBP 70mmHg)
Shorter (30 min) occlusion
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Acute Care Surgeon should perform? =——

GUIDELINES FOR REBOA USE AND
IMPLEMENTATION
» REBOA protocols should be developed in

conjunction with vascular surgery.

REBOA should be performed by an acute care surgeon or an
interventionalist (vascular surgeon or interventional radiolo-
gist) trained in REBOA.

An acute care surgeon must be immediately available to
detinitively address the specific cause of hemorrhage to avert
the dire complications of truncal and or spinal cord ischemia
from prolonged aortic occlusion.®-*?

Emergency medicine (EM) physicians with added certifica-
tion in critical care (EMCC) trained in REBOA, may train
and perform REBOA in conjunction with an acute care
surgeon or vascular surgeon trained in REBOA, as long as
the surgeon(s) is/are immediately available to definitively
control the focused source of bleeding.

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 Surgery & Acute Care Open2018;3:e000154.



EM performs REBOA

Operator specialty, n (%)
EM familiar with access 62
EM-IR /1
IR 6
Others 3

Fewer REBOA complications with smaller devices and
partial occlusion: evidence from a multicentre registry
in Japan

Yosuke Matsumura,' Junichi Matsumoto, Hiroshi Kondo,? Koji Idoguchi,*
Tokiya Ishida,” Yuri Kon,® Keisuke Tomita,” Kenichiro Ishida,® Tomoya Hirose,’
Kensuke Umakoshi,"® Tomohiro Funabiki,'" DIRECT-IABO Investigators

*Matsumura Y, et al. Emerg Med J 2017/;34:793



First Responder
should perform REBOA






See Bifurcation with US

Echocardiographic guidance for diagnostic and therapeutic
percutaneous procedures

-3cm

*Nguyen CT, et al. Cardiovasc Diagn Ther 2011;1:11-36.



See Guidewire in Aorta

Abdominal Echo

Wire

Techniques
and Procedures

® CrossMark

ULTRASOUND-GUIDED RESUSCITATIVE ENDOVASCULAR BALLOON OCCLUSION
OF THE AORTA IN THE RESUSCITATION AREA

Takayuki Ogura, mp,"1 Alan Kawarai Lefor, Mp, MpH, PHD, T Mitsunobu Nakamura, mp, pHD,” Kenji Fujizuka, mp,”

*Ogura T, et al. J Emerg Med 2017,52:715-22
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3. Education



Endovascular workshop



BASIC ENDOVASCULAR
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EM, [R,

Surgeon >urgeon
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Surgeon

THE INSTITUTE OF
PRE-HOSPITAL CARE

LONDON’S AIR AMBULANCE

PEER (Pre-Hospital and Emergency Department
Endovascular Resuscitation) Course

2016 -

EM,
Paramed

i/

Surgeon




Vol. 2, No. 1; 2018; pp 1€
» Original Article € DOl 10.26676/jevtm.v21|

Creating an Educational Program in the

Endovascular and Hybrid Intervention;

Experiences from the Japanese Society
of Djagnostic and.Interventional

Radiology in Emergency, Critical Care,
and Trauma (DIRECT)

Tomohiro Funabiki MD PhD’, Yosuke Matsumura MD PhD?,
Hiroshi Kondo MD PhD?, Koji Idoguchi MD*, Junichi Matsumoto MD PhD3;

Japanese Society of Diagnostic and Interventional Radiology in Emergency,
Critical Care, and Trauma (DIRECT)

'Emergency and Critical Care Center, Sakeikal Yokohamash! Tobu Hospital, Japan
? Department of Emergency and Critical Care Medicine, Chiba University Graduate School of Medicine, Japan
* Department of Radiology, Teikyo University School of Medicine, Japan
‘ Osaka Prefecture Senshu Trauma and Critical Care Medical Center, Rinku General Medicol Center, Japan

* Department of Emergency and Critical Care Medicing, St. Marianna University School of Medicine, Japan




'REBOA & catheter technique

Virtual fluoroscopy
3D vessel model a
Over-the-wire technigue

o
o
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REBOA
Selective balloon catheter
NBCA cmbolization



Advanced Surgical Skills
for Exposure

in Trauma Course
Jointed with Japanese Society of DIRECT

| Vascular Access and Placement
of REBOA Catheter;

-vascular anatomy
& safe procedure Nt
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AAST 2015 PLENARY PAPER

Resuscitative endovascular balloon occlusion of the aorta might
be dangerous in patients with severe torso trauma:
A propensity score analysis

Junichi Inoue, MD, Atsushi Shiraishi, MD, PhD, Ayako Yoshiyuki, MD, Koichi Haruta, MD,
Hiroki Matsui, MPH, and Yasuhiro Otomo, MD, PhD, 7okyo, Japan




Research

JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma

O




Research AKI

JAMA Surgery | Original Investigation [ ]

Nationwide Analysis of Resuscitative Endovascular Balloon AmP“tatIOH

Occlusion of the Aorta in Civilian Trauma H igh 24_ h mortality

Patients, No. (%)

Variable No-REBOA Group (n = 280) REBOA Group (n = 140) P Value

Complications
Acute kidney injury 9(3.2) 15 (10.7) .02
Amputation of lower limb 2(0.7) 5(3.6) .04
Deep venous thrombosis 14 (5.0) 6(4.3) 42
Pulmonary embolism 5(1.8) 2(1.4) .28
Stroke 3(1.1) 2(1.4) .37
Myocardial infarction 1(0.4) 0 51
Extremity compartment syndrome 2(0.7) 1(0.7) .39

Overall mortality 53 (18.9) 50 (35.7) .01
Mortality in the ED 5(1.8) 4(2.9) 35
24-h Mortality 33(11.8) 37 (26.4) .01
In-hospital mortality after 24 h 15(5.4) 9(6.4) 21

Joseph B et al. JAMA surg 2019



Research

JAMA Surgery | Original Investigation
Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma

Letter to the Editor

Comments & Response

Complete manuscript title: Minimizing the bias in the observational study 1n the
REBOA patients

Authors: Yosuke Matsumura, MD, PhD!, Atsushi Shiraishi, MD, PhD?

Matsumura Y, Shiraishi A. JAMA surg 2019, accepted, April 16,
27N1T O



Research

SBP 109 mmHg

;:lgAtslgnu:dgeXnatlg)/;ls of Resuscitative Endovascular Balloon Gcs 14
Occlusion of the Aorta in Civilian Trauma
Patients, No. (%)
Variables No-REBOA Group (n = 593 678) REBOA Group (n = 140) P Value
Age, mean (SD), y 53(21) 44 (20) <.001
Male sex 379954 (64.0) 104 (74.3) .01
White race 436353 (73.5) 89 (63.6) .003
Vital signs in ED
SBP, mean (SD), mmHg  138.0(27.0)
HR, mean (SD), bpm 88.8 (20.0) 102.0(30.0) <.001
GCS score, median (IQR) 15 (15-15)
Injury parameters
Blunt MOI 565181 (95.2) 129 (92.1) A1
ISS, median (IQR) 15(9-17) 29 (18-38) <.001
h-AlS score, median (IQR) 0 (0-2) 0 (0-3) <.001

Joseph B et al. JAMA surg 2019



SBP 114 mmHg

JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon Gcs 1 5 VsS. 3

Occlusion of the Aorta in Civilian Trauma Head Al S 0 VS 2
[ J

Patients, No. (%)

Variable Survived (n = 90) Died (n = 50) P Value
Age, mean (SD), y 42 (19) 48.2 (19) 12
Male sex 57 (63.3) 32 (64.0) 20
Vital signs inthe ED
SBP, mean (SD), mm Hg 08 (31) 006
HR, mean (SD), bpm 99.0 (27.0) 109.4 (25.0) .02
GCS score, median (IQR) .04
Injury parameters
Blunt MOI 82 (91.1) 47 (94.0) .54
ISS, median (IQR) 27 (17-34) 38 (26-50) .043

h-AlS, median (IQR) 0 (0-2 2 (0-4 .002

Joseph B et al. JAMA surg 2019
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[ ] [ ]
JAMAS.urgery | .Original lnvestigatio.n . . 1 u“lt Of TraHSfu s.on
Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma < 24h

Patients, No. (%)

Variable Survived (n = 90) Died (n = 50) P Value
Transfusion requirements, median (IQR), U
PRBCs
4 h 0 (0-5) 12 (7-19) <.001
24h 14 (9-22) <.001
Platelets
4 h 0(0-1) 2 (1-3) <.001
24 h 3 (2-6) <.001
Plasma
4 h 0(0-3) 9 (4-15) <.001
24 h 13 (6-20) <.001

Joseph B et al. JAMA surg 2019



Research

JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma

First, the patients were too stable to require REBOA,
....... This suggests unnecessary REBOA placement in a

stable population, leading to unnecessary amputation
and AKI.

Matsumura Y, Shiraishi A. JAMA surg 2019, accepted, April 16,
27071 O



Research

MA Surgery | Original Investigation
Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma

Physiological derangement in REBOA cases might
Increase the apparent mortality rate, while the
resuscitation time bias might decrease the apparent
mortality in the REBOA group

Matsumura Y, Shiraishi A. JAMA surg 2019, accepted, April 16,
27071 O



Research

JAMA Surgery | Original Investigation

Nationwide Analysis of Resuscitative Endovascular Balloon
Occlusion of the Aorta in Civilian Trauma

Ideally, time-dependent propensity-score-matching
analysis should be performed, with use of sensitivity

analysis, e.g., instrumental variable analysis, to adjust
for unmeasured confounders.

Matsumura Y, Shiraishi A. JAMA surg 2019, accepted, April 16,
27071 O



_FUTURE

Prospective observational study on the
effectiveness and safety of resuscitative
endovascular balloon occlusion of the aorta in
traumatic shock due to torso hemorrhage

Pl: Yosuke Matsumura

_EZT_____,h'eilaép;a?fe—-se’A_ss_oqiation‘ for ﬁ_r'e Surgery of raum
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Conclusion



1. RT+REBOA
Chance in Blunt Cardiac Arrest

2. Early access, Undelayed & Short occlusion
Access<20min, SBP7/0mmHg, <30min

3. Education & Research
Endo. workshop & International Multicenter study



Let’s Proceed
Education & Research together!

yousuke. jpn4035@gmail.com




Let’s Proceed
Education & Research together!
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