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REBOA :
Resuscitative Endovascular Balloon Occlusion of
the Aorta—Introduction for new life-saving maneuver
in Trauma
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Noncompressible torso hemorrhage, preventable trauma deaths, bleeding, hemorrhage,
hemorrhage control, shock, resuscitation, aortic balloon, resuscitative endovascular
balloon occlusion of the aorta, REBOA, trauma

What is REBOA?
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mﬁnm;ﬁﬂ’mﬁiﬁummmL%qu,mLLazﬁmmva;Jmﬁaammﬂ fiBurAe severe
hemodynamic shock v&asn@neirme undetectable pulse nsEsimssmdneAs Emergency
Resuscitative Thoracotomy (ER Thoracotomy) sanfhdsfunesi v lnedaennmenlasy
msﬂmmﬂumﬁnméﬂaaﬁaaﬁmﬂmﬁ& < GafhARn e Eegasen (Open thoracotomy)
shusnemaniiosnsnne cardiac tamponade gy aortic occlusion @aamsvi aortic
clamping

?%ﬁﬁ@%ﬂmﬁﬂwmﬁ%umsﬁw Aortic Occlusion &g -

1. i Cardiac Afterload LL@&WNL&@@MLﬁﬂdf{'auﬁagl,wﬁa@ia aortic occlusion level
fio 7 lauazanaslednene

2. aansgayieidon lusaushsdla aortic occlusionlevel 1w abdominal bleeding

e pelvic bleeding
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Tuﬁaa;ﬁu mimé’mmﬁmmﬁaamﬁm%maamﬁaﬂﬁu IFfinmmhwedianmsandia Aortic
Balloon Occlusion (ABO) NWEL%GLM'I’JSQ@L@% ruptured AAA 3a8nu EVAR Fiunsvan
Ifimavannmedia QﬂﬂiﬂiLLazﬂ’ﬂNL%;&J’J'SmiysﬂadLLWV]EIngEﬁ’Iﬂ’ﬁ%’ﬂH’]VLéTNaa"‘Q Snie msfins
weaRiamsefinene catheter-based approach MsTuathsnn daaunmdvaanidon lasins
#nelss vascular access wag endovascular technique ifaa\lﬁ%dﬁmiﬂﬂwﬂu animal model
aZ simulation training

Tmanmawnmel ledmaihmedia Aortic balloon occlusion él%ﬁluéﬂ’m hemorrhagic
shock ﬁLﬁmwnmLW;@m o] 1Bt leﬁﬂ’gaﬁﬁ postpartum hemorrhage, upper gastrointestinal
bleeding, pelvic surgery Wudi Fananmssneiudivawelac s »

ém%wﬁﬂwaqﬁameﬁu I¢simnesmns vadin Resuscitative Endovascular
Balloon Occlusion of the Aorta (REBOA) L‘fl%@%ﬂlﬁﬂi% Korean War 3 19547 uagléidl
epesdaiias Taeld REBOA dauslusuman Primary survey-Resuscitation Mﬂﬁjw
pﬁﬂw hemodynamic instabilitym-%éluﬂ 2013 R Adams Cowley Shock Trauma center
T clinical series Mﬁﬂwqﬁ@meﬁlﬁ%u REBOA a1 6 18 5% hemorrhage-
related mortality”%aﬂmmi Tu Military setting leifims@nuiann lusmunefiauazainen
REBOA #l#shs « luaehasnn

douReudeumsn A iag physiologic status ﬁLﬁ@%umn Aortic occlusion loes
aortic clamping lumsvi ER Thoracotomy vaafiRund Exo-vascular control fiumsv
Endovascular control laet REBOA ﬁﬁlﬁmaﬁLﬁ@%ﬂw’gﬂaavl,ﬂumqLﬁmﬁuﬁaﬁnmﬂmﬁ’;
nnEITR NI « WUt Eluﬁﬂaaﬁvléﬁu REBOA $hi asfimauisduaas mean
systolic blood pressure N'mﬂ’iﬂ%%ﬂ?&l ER Thoracotomy aeigiltieaeinys = = uavil T8
mséine w4 Animal model i hﬂﬁ;’;ﬁﬁw REBOA azifia physiologic disturbance viag
neak ﬁﬂﬁﬂ’s’lz\lL‘MN']Sﬁmﬁﬁlzﬁﬁmﬁﬁﬁ]ﬁmﬂﬂ%ﬂﬁ%ﬂH’]éﬂ’;&l@i@iﬂ

NamsAnETINniuaIn 2 Level | Trauma center Lﬂ%‘amﬁamamﬁﬂmhéﬂw 2
ﬂfj;qwmﬂumjwjﬂwmﬁ%umiﬁw REBOA 1 simside@Aamerlss 24 aaiusn (early death)
TounuasimIsanialeesan (overall survival) ﬁgaﬂ’jﬂumjmﬁvlﬁ%umiﬁw ER thoracotomy
pEaflAEY (37.5% VS. 9.7%. P = 0.003)* LALAIMUMEMIANW TN 10 T wunl
;ﬁﬂ’;aﬁﬁ abdominal vas pelvic bleeding 7ilésumsh REBOA # survival rate
DEITN 24— 652 =m0

mavin REBOA i?u Dol Life saving maneuver Emezﬁﬁlﬁmi resuscitation f’fu
Sethesfudaslétu airway protection fsnsnsafiarsaain REBOA T wSosiutuanisd
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v intubation uasfngFnmdinadhladn REBOA Soufumsyn e Bridge-to-surgery
aehslsfions M7 iAo lUdesdmanasin Balloon 1 tossinafifinannnsnaidensas
aenweha o) enusn b (ischemic result) wagmusn@nemag reperfusion injury Fovhs Ao
éné’tﬁmwﬁﬁﬁwmﬁﬁw REBOA tidinsfimamaunumssnnimsncansalyl laazdne
MR 38 M L3RS 19 embolization

Multidisciplinary team approach inudsdhémiiefiazan occlusion time lidu
ﬁqu& =2 {laqif &fimsdnwAiaeny Balloon $iesvianeingsn A3unh Intermittent
balloon occlusion Liag partial balloon occlusion aaaeLe = %aﬁaa@ﬂu%maumﬁﬂmﬁa
aRenfennamES N TIRnTWAERFU conventional total aortic balloon occlusion

%aﬂ’mﬂ‘ﬁ maﬂiﬂasﬁﬁmé‘mﬂﬂm@%&m Vascular access Mi{ﬂw unstable i?u
wanan REBOA & glssnsnsn I fluid resuscitation, arterial blood pressure monitoring,

blood test, endovascular intervention 1 embolization, stent deployment I¢anene

Patient selection

ﬁjﬂ’;ﬂuﬁm’;z severe hemodynamic shock/ refractory hemorrhagic shock @
FUAITANTINSUMTS NI REBOA g = o

1. Noncompressible torso hemorrhage

2. Isolated pelvic hemorrhage %ﬂﬁiuﬁjﬂaaﬁﬂmﬁaLﬁamwnwaamﬁamﬁmah
gazInTIu (venous hemorrhage) a1adiasmsmssnenee pelvic packing WsGslnenmny
ﬁjﬂaaqﬁ&msﬁa%ﬁmas coagulopathy sas6e

Hypotensive (SBP < 90)
partial or non-responder .

Access common
femoral artery for
A-line or REBOA

CXR possible aortic injury? Yes—p No REBOA

Position REBOA in
Yes »|{ ZONE | and proceed to
Emergent Laparotomy

FAST positive?

Position REBOA in

¥es " ZONE Il

Pelvic xray fracture?

Figure 1 : REBOA algorithm Position REBOA in

o ZONE |

9]
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Consider contraindication l&ur fihengaiiasdeasfimanaiiuduionunslm)lu
gagansineme (Thoracic Aortic Injury) @ multiple rib fractures (I@au@owwz 18R 27 rib),
scapula fracture, widened mediastinum, massive left hemothorax w%aiu;ﬁﬂaaﬁwmmwﬁ
msnadufivla, Edanued e ludasen, didesunsSnudeavsatlon AEANALIMS
¥ REBOA LﬁaqmﬂamﬁﬂﬁﬁmﬁumL%uﬁLf’{’mﬁaﬁLﬁl34mﬂ%umﬂmﬂﬁwmméiﬂuﬁm Proximal

dia balloon wasimsiFedaasnnueMuan .

REBOA Kit

TusmifufiGanivimansit sssnih Aortic balloon uazgiinsnishs <) 71%lu general
endovascular procedure z\nﬂizaqﬂ@ﬂ%lﬁ waziiasan Aortic balloon v ldasdiaaineim

a{d 1 =3 2 ) -2 a dl < 1 3 A

vascular sheath wmmﬁslmy 12 Fr aseasynmsteenuuielnattiumasaaae Femoral
artery fsagiinanmeuasdensie

ilaqiiuit Aortic balloon & wsu REBOA 3 2 stuy Ao

1. Conventional “Over-the-wire” system l67un Codae, Reliante fugiu

&S50 Conventional balloon %iw iasan balloon catheter lail@aanuudaissnai

1 o 1 ::il 2 & =\ ::il Aa . . . 2 R 12 A &

%aqmmewmqmﬂ@maa@nm flamafiazifia balloon distal migration 16 29daadonld
Stiff wire way Long sheath & support aortic balloon Elﬁagﬂm‘ht,mm%”admi

2. Wireless system 161 Rescue balloon wag Pyrtime ER-REBOA™

A o = 4:1 [~3 . 2 o [ =

Vl,mmswwmqﬂmm‘ﬁlmmm@wLaﬂaa low profile 7 Fr wazlidasinmandiade
WNaLEUTaNLEADR 5ﬂ17m°rh&Ja@%’u@aﬂumﬂﬁmiasqﬂmtﬂ e lensnsnyin REBOA 16159
A o | Py =2 v 6o ¢ ¢ a ¢
Viggore ﬁa'oguu svuvlushatlszmer leansiineu daeummeinly LUANEINTENEIRNIRALS LATIE]
o A (% o & ;:i ::\I 9 A 2l & 2 LY dl < ‘5
FETIWENEN o REBOA VL@L:waL‘wma@mmﬁa@m@lw”mamaﬁwﬂ@mmﬁﬂmmﬁmmw

Figure 2 : Rescue Balloon occlusion catheter byTokai Medical Products Inc., Japan
[With permission]
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Figure 3 : ER_ REBOA ™by Pyrtime Medical Devices, Inc., USA [With permission]

o | ¢ . A a oA A 2 A
ealagN] qﬂﬂim wire uay sheath fidan Milafasanis whalazawnewas Balloon
A% ealuena

Sheath size (Fr) Wire (mm)
Conventional “Over-the-wire” system
Codae Balloon (Cook Medical) 12-14 0.035"
Reliante balloon (Medtronic) 12 < 0.038"
Wireless system
Rescue balloon (Tokai, Japan) 7 0.025"
ER-REBOA™ (Pyrtime, USA) 7 0.035"

qﬁm@iﬁugmém%umiﬁw REBOA Tne/# conventional aortic balloon fi&sia s
(mmmmgmmEmﬁlaaLwiazqﬂmtﬁazﬁﬁuﬁmﬁ@ Balloon ﬁiﬂ’iﬁéﬁdﬁﬂmﬂﬂuﬁa)

1. Puncture needle 18-Gauge %3s Microcatheter

2. 0.035-inch Guide wire 180-260 cm long

3. Initial sheath 5-8 Fr 8-15 cm long wae Working sheath 12-14 Fr 45-60 cm long

4. Aortic balloon

5. 30-ml syringe uay mixed 1:1 contrast medium %38 0.9% normal saline
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3-way stopcock

~

Scalpel No. 11

©

Marking tools : Sticky tape w3a Pen marker dmsuihaeissnneumkigunaot
aNevaIaIn balloon inflation

9. Fixation tools : Silk suture %38 Adhesive tape

©2017 Wannatoop T.

Figure 4 : “REBOA Kit" aqﬂmnfupuﬁm%’umﬁﬁ REBOA

Tumsvh REBOA snsnsausiodles s dumane 7> dadialuil
1. Arterial access : Puncture via the femoral artery/ emergent cut-down
Fuvkfiuszh @ Common femoral artery Hsarenansn introduce device
& euaemaiEinn sansavnléis blind puncture s Ultrasound-guided dwiuama
UGN Eluﬁm’;zmmsjﬂ’;aqﬁame;ﬁhlaimmmﬂéw%'waﬂé’ﬁw%ﬂmnsﬁﬁmmw@Lﬁuu’%nm
SelnnvsafUNTINERY MIRAITNYI Open groin cutdown Win Vascular access liiléig
ﬁqmﬁuﬁaﬁmiﬁw
Tip : usiae center Mz REBOA kit éﬁaﬂﬂuﬂiﬂqﬂ@uﬁa multiple attempt,
technical failure \Juei

98 21SANSIUGING]

N o 21U e DU - FUNAY lwE&E

‘ P 93-105 .pmd 98 % 9/5/2560, 15:04



2. Balloon selection and positioning

Right common

carotid artery Left common

carotid artery

8 Left
Right subclavian
subclavian artery
atery = A Af. . ..... -’

Innominate Arch

artery

Descending "
o moracic = Aortic Zone |
aona aora

Aortic Zone 11 -[

kL Aortic Zone 111

Aortc
bifurcation

©2017 Wannatoop T.

Figure 5 : Aortic zones related to REBOA

Fumises Balloon occlusion axiwiueumsiiammnaduudsimsddan 49

Qzuthfln 3 zone w éﬁﬂugﬂ

Zone | = Origin of the left subclavian artery —> Celiac artery .
Tuffilhe severe instability vi3a undetected pulse wuzih s Balloon inflation 7
Supra-celiac aorta zone naw

Zone Il = “No- occlusmn zone” Celiac artery —> Lowest renal artery
Lﬂu@mmmm Visceral branch asm T12-L2 vertebra level

Zone lll = Lowest rengl artery —> Aortic bifurcation .
dmiSugihe il Pelvic bleeding™ = w0 Junctional femoral hemorrhage 7l
mmim’guqﬂéfé’wﬂmﬂ@ﬁw open proximal-distal control Tuvessel injury

/
/
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AsesIRERLEIIRises Balloon tas snsnsavi@leeds st
1. With imaging
- Fluoroscopy Lﬂﬁ%‘ﬁﬁﬁ@@
- Plain X-ray
- Ultrasound
2. Without imaging
- External landmark 2aspithenfisufiuansenizas device v sternal notch,
xiphoid (Zone 1), umbilicus (Zone Ill) Wugins %@ﬁﬁjﬁwmﬂmﬂﬁﬁumaﬁuqﬂﬂimi@iwa 9 7
- Clinical response % M3 AR NN, Systolic BP Tudufimitase
Balloon occlusion level 9axnu loss femoral pulse %@Lﬂuﬁ’mﬁagﬁm}'a Balloon
3. Balloon inflation
G fluid 7193 balloon inflation s wizaiifu 111 mix of 0.9% saline
solution waiffus contrast medium uet lugnazanidiu snansn 1%0.9% saline solution léfiguiiu
Tt Banas 20-30 ml wdsann Balloon inflation wéa vt /sudindnm Systolic blood pressurely
Fitlseanns 80-50 mmHg Twdoadiee =

Figure ¢ : Aortic balloon occlusion balloon at lower thoracic aorta’
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FRuarszenameh Balloon occlusion tis fwanes léun  total REBOA
(t REBOA), partial REBOA (p REBOA), intermittent REBOA (i REBOA) dsisnt/lusdunans
MsfnmAsemauaneneuramsnuasNainadesifiody Tnamenensae occlusion time
Tﬁguﬁfjmaaﬁm blood flow Vlﬁslufhuﬁa%iémia Balloon occlusion® »
svaznamlLEihans Balloon inflation sudssiudiusumis Aortic zone fivims
occlusion®
Zone | : ipani 30 Wil
Zone 11l : ffoan 2 $ala
Tips :
1, Gluﬁjﬂaaqﬁ@wﬁu arididanund g ludasring avileanuudasmusiaaaeiy
a1 balloon l¢tieanilunguéile atherosclerotic disease s anue inflate balloon s
eneemaszsinseTaleraen titrate balloon inflation TG imaging vi3a clinical response
Fonanluudn
2. Maintain stabilize position, prevent balloon migration : manual support,
suture fixation pesavvisne I s}jﬁa@ﬂuﬁm@u@s}jﬂfgaﬁwﬁhﬁmwwsmslums@”@‘hwmmm balloon,
sheath L&z wire
4. Balloon deflation
Gluﬁjﬂaaﬁﬁmmsmﬁ vido lEsUmsSnen@emsrhdier@e angio intervention e
v‘iwmwaﬁwﬁamé’aﬁu snansniEsvhms deflation eehei o T liieos ) deflate balloon
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REBOA-related Complications
1. Vascular access complications
16 Bleeding, Thrombosis, Dissection %58 high puncture site udfia
Retroperitoneal bleeding mawdsnianms Fahmsnsayssiiudnasiion TaFEane
rmnadanfefisaasieduld warmAaNNRaUNFasd o uInIaTzeum Hematocrit
AR AR AL
2. Post-reperfusion syndrome
3. Systemic inflammatory response syndrome (SIRS)
4. Anticipating complications
16un Az Abdominal compartment syndrome, Ischemic organ failure msaa
balloon inflation time ELﬁ’gw’?izj@ avghedial distal blood flow wazanMELmInFaniile Snv
Tuttaqrin einmsnenansni3s Partial REBOA waz Intermittent REBOA anldiffudihe o8
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5. Missed associated injury after life-threatening phase

What is coming ? : Future direction
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TdhmonlFnssnmniEsnnan @l

- Pre-hospital REBOA

- Transport REBOA

- CPR REBOA

- Prophylactic use of REBOA/ early prophylactic arterial access

st REBOA training {hidsfidndausnn wissanidly life saving maneuver uazio
s invasive procedure @it Qﬁﬂﬂﬂuﬂﬁﬁwﬁmmi REBOA i aswiaemidnmuasiineh
anansane s Catheter-based approach %@ﬁmwgﬁwﬂuﬂﬁﬂmu é'?uwiﬂﬂmmﬁuma
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Companson of estimated recovery time in medlcolegal
investigation report and authentic recovery time in nasal

fracture patient

TIIQT INNPRONT WAL, @AT9 @I@M WS
Chaithawat Hankunagon MD., Anirut Worawat, M.D.*

Abstract

Objective: The comparison of the difference between the actual time of nasal bone
healing and the time of nasal bone healing doctor proposed in the medical certificate

Materials and Methods: This retrospective study reviewed medical record of 67 cases
diagnosed nasal fracture. Date were collected for sex, age, cause of injury, type
ofnasal fracture, method of treatment, actual time of nasal bone healing and time of
nasal bone healing doctor proposed in the medical certificate. The comparison between
the actual time of nasal bone healing and the time of nasal bone healing doctor
proposed in the medical certificate was done. Corelation between factors and the
actual time were analyzed.

Result: No statistical significant difference between the actual time of nasal bone
healing (33.4 days) and the time of nasal bone healing doctor proposed in the medical
certificate (36.9 days). The actual time of nasal bone and the time of nasal bone healing
doctor proposed in the medical certificate were correlated with severity of injury.

Conclusion: No difference between the actual time of nasal bone healing and the time
of nasal bone healing doctor proposed in the medical certificate except in comminuted
fracture group.

Keyword: nasal fracture, the actual time healing, the time of nasal bone healing doctor
proposed in the medical certificate

T MOAMTFITENEGST ASUANEFMESS ASTITNENNE NV IVENSUNTRA, NI 10700, tszmerlne
*Department of Forensic Medicine, Faculty of Medicine, Siriraj Hospital, Mahidol University,
Bangkok 10700, Thailand
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