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Introduction

Bilroth faouwndifgalva) Idnain 141wl
1882 71 “The surgeon who should attempt to suture
a wound of the heart would lose the respect of his
surgical colleagues™® az1iin 1§31 luoaan1sh
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¥04 Bilroth 20152 Toaii@ou 1311l 1966 11 “1f
cardiac arrest should occur, thoracotomy is performed
regardless of the location of the patient, whether in
the emergency room, recovery ward, operating room,
or on the ward”"
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ventricular injuries were the must rapidly fatal at all
[ o
cardiac injuries” 111 .71 1761 John Hunter fiagiinng
Uszdrinowinlasnunuld hemothorax Aaems
syuneaenoen il A.fA. 1829 Baron Dominique
o J o @ = Y
Jean Larrey Aagunndiszinosinvesu Tihden 1d
1@U3 M3 Triage oz 19AMUd AN thoracic
injury 141 A9, 1874 Schift HN&35INNB1UGDTHY
Idausuuifansm open cardiac massage LDg
mmsnaasslugiiv aeuluil a.e. 1882 Block 19
A o § g o YR
134N Thoracotomy Lﬁmﬂum@umﬂlwaqqummu
103 1 1358 14 A7, 1897 Ludwig Rehn 3416
repair stab wound il right ventricle 11![%;1}”1]’3851)'18’3’8
< o a3 < .
229 ihuwaduFo aunsenaludl a.e. 1902 Hill 39
A o I ? 4
UISF?]JLﬁJ‘Im emergency thoracotomy Lﬂuﬂix‘llliﬂlﬁﬂ
' aa 3 = 9 A . .
FIVFIAUANDEY 13 1 DNUNLUIN left ventricle Hill
1 Y o g’/ g’/ a
1814 catgut Tumsaonrialy imamsalnsaiuma
Y [
Yuluasuianilavoaiiod Montegomery, Alabama
[ 4 Yy g o
naeInMansal luasaiuldinigdi
emergency thoracotomy ﬁuasimﬁﬁwmqsmﬁqmi
11 open cardiac massage 14 cardiac arrest WUN TN
11l .71 1956 Zoll 1711 external defibrillation L2z
Kouwenhoven 1ata11e 1%411 close chest compression
111l a.71. 1960 ¥ 1 aan13vh open cardiac massage
<2 ] aAa PR
LlﬁgﬂaTﬂlﬂuﬂﬁﬁﬁj"lujuﬂﬁﬁclfﬁﬂ%ﬁ@Ejﬂ'JfJ
{ 0o
nontraumatic cardiac arrest 11!1?]@(@?]’31%@’%5 lums
1 close chest compression U9 Kouwenhoven Wl
Aanudenlunmsim emergency thoracotomy Fuan
AWAFAMBIUINITNITTNEIRIGTT open cardiac
3 o o o o 2
massage NnauNT 15 uMsaivayuldhuniu



ER Thoracotomy

187
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Glﬁ}ﬁW emergency thoracotomy nnswiué’ﬂw
penetrating cardiac injury
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Signs of life A predictor outcome ﬁiﬁmtg
Tun5 91597195 ER thoracotomy $41/58ne1ane
pupillary response to light, respiratory effort, cardiac
activity on the ECG, spontaneous movement, palpable

89,14
pulse, gag reflex, corneal reflex™™"?

Outcome following ER thoracotomy

M3¥1 ER thoracotomy lunaasiifiaa
uanaranu Tdilu e ATLS guideline® Yur
Tavoa19 9 150 AnenwLazANUNE oUYBIYAAINS
uTornevesTsanenna anmveedilie s3udens
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overall survival 91nN13%1 ER thoracotomy © §J:i THIN
1.81-33%>""**", penetrating injury 18-33%", blunt
injury 0-6%"” 2711 1831 outcome 104 penetrating
injury AN blunt injury 4710 WU stab wound 3
outcome ‘ﬁaﬂﬁ gun shot wound (GSW) a1 14 blunt
injury 7190 signs of life NDF1EATINTTEATIA
oun1 1% 91nM1559U5IWV03av0d Rhee 1Az
ABLE WU overall survival 7.4%, penetrating injury
11.16%, blunt injury 1.6%, stab wound 16.8%, gun
shot wound 4.3%, penetrating cardiac injury 31.1%,
cardiac injury 19.4%, non-cardiac thoracic injury
10.57%, thoracic injury 10.7%, abdominal injury
4.5% 11ag multiple injuries 0.7%"”
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11117101 head injury 598A0w50 10 udng
12092 1850591 pre-hospital CPR LAWY 71%
3 normal neurologic function Rhee LiagnQE WU
1 normal neurologic outcome 92.8%""” G auvj’ﬂaﬂ
blunt injury 1l neurologic outcome ﬁ"l,aj?mm” Keller
vazaae ldhmsdnen long term outcomes of ER
thoracotomy survivors “luﬁ"owm social, cognitive
function, psychological outcome FINDINMIT TN
WY1 75% 3 normal cognitive function UASTINITD
ﬂﬁ’u“lﬂ”l%'%%"lﬁ’mmﬂﬂﬁ, 81% freely mobile and
functional, 75% no evidence of post traumatic stress
disorder ﬁﬂ?ﬂiﬂﬂﬁﬁﬂ‘kﬂﬁﬂdju penetrating injury ﬁ
131 head injury taz @ ulvajidluaueigios CRPR
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Predictor of outcome
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318974 survival HadM1 ER thoracotomy Funusiy
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SOL at arrival 951500 2.6% 3 SOL ¥z 1id el
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M13199 1 Survival Rates after Emergency Department Thoracotomy from Institutions Reporting Both

Penetrating and Blunt Trauma

Years in Total EDTs Survival
First author Location Journal Year review survivors® performed  rate (%)
Branncy** Denver J Trauma 1998 23 41 950 4.3
Blectman™ UK Inju 1996 2.5 1 18 5.6
Brown™ Indiana Am E:Hg 1996 7.5 4 160 2.5
Velmahos™ Johannesburg Arch Surg 1995 12.5 43 846 5.1
Mazzorana® Oakland Am Surg 1994 & 10 273 3.7
Durham™ Houston ] Trauma 1992 [ 32 387 8.3
Lorenz™ San Francisco ] Trauma 1902 10.5 40 424 9.4
Boyd" Youngstown J Trauma 1992 4 2 28 7.1
Esposito™ Seartle J Trauma 1991 4 2 112 1.8
thulx“ Bronx ] Trauma 1991 [ 17 163 10.4
Lewis Cape Town njury 1991 2 8 45 17.8
oe Ae=ics J Emerg Mod 1987 6 5 30 63
Feliciano™ Houston Am | Surg 1986 7 25 333 7.5
Schwab™ Nerfolk Am Surg 1986 2 14 51 27.5
Brautigan™ Detroit Am | Emerg Med 1985 2 4 32 12.5
Danne*' Washington,
DC ] Trauma 1984 2 10 89 11.2
Vi Detroit Surgery 1983 2 5 63 7.9
Shimau® Baltimere Trauma 1983 5 5 153 33
Flynn* Houston Ann Emerg Med 1982 1 4 33 12.1
Harnar* Seantde Am | Surg 1981 2 5 G4 7.8
Baker™ San Francisco ] Trauma 1980 7 33 168 19.6
Oparah® J Thorac
Los An Cardiovasc 1979 5 2 14 14.3
MacDonald®  Long Beach JACEP 1978 4.5 2 28 7.1
Mattox"™ Heouston JACEP 1974 3 27 106 25.5
Total 341 4,620 7.4

*Total murvives thosc that were alive at discharge from the hospital.
Elmfwr;cnr:;j:;w:m: lh«m:;:;
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@15199 2 Survival Rates of Emergency Department Thoracotomy Based on Mechanism of Injury

Stab wound Gunshx waund Pen ctrating Blunt
EDT  Survival EDT  Survival EDT  Survivd EDT  Survival

Fiot author Location Jouraal Year Surviwn perbrmad @ (%) Survivon perbrmod @i (%) Sundwn pedormad mee (%) Survivess performed ate (%)
Branney” Deniver ] Trauma 1998 2 147 14.3 12 30 3.6 3 433 6.8 8 u5 21
Brown® Indiana Am Sug 1996 4 38 10.5 0 m 0.0 4 149 2.7 0 1 0.0
Velmahos Johannesburg  Arch Surg 1995 26 N2 B3 16 B8 4.5 42 610 6.3 1 176 0.6
Magonna  Caland Am Surg. 1994 6 52 115 4 200 20 10 B2 4.0 0 20 0.0
Millharn' Batton ] Teauma 1993 13 20 4.5
Durham*! Housten ] Trauma 1992 17 12 15.2 15 206 7.3 32 M8 10.1 ] (3] 0.0
Boyd" Younguown ] Trauma 1992 1 2 0.0 1 2 1.1 2 11 18,2 0 17 0.0
Esgronitat** Seartle 1 Trauma 1991 1 Fai 4.2 1 88 11
latury* Bronx ] Trauma 1991 12 49 4.5 4 45 1.7 16 134 1.9 U] 9 0.0
Lewiv*® Cape Town Injury 1991 8 2 250 (] 13
banur ! Bronx ] Trauma 1987 8 49 16,3 2 sl 3.9 10 190 10,0
Ordog” los Angeles ] Energ Med 1987 2 b 250 2 56 3.6 4 64 6.3 2 16 125
Feliciano™ Hamntm Am ] Sury, 1986 18 91 19.8 7 186 3.8 23 o7 20 1 53 38
Schwab Notfolk Am Sury, 1986 13 18 72.2 1 ] 5.6 " 36 389 0 4 0.0
Washingon™*' Detrait Ann Thotac Surg, 1985 8 35 14,5
Danne Wahingron, DC | Trauma 1984 9 27 333 1 33 30 10 60 16,7 0 20 0.0
wipe Dxtroic Surgery 1983 5 57 4.8 0 6 0.0
Bodai*** Duvis ] Trauma 1952 (1] 38 0,0
Flynn** Houston Ann Emer Mad 1952 4 13 308 0 0 0.0
Bakee* SanFranciwco | Trauma 1950 M 60 40.0 5 48 16.7 n 0 1.6 1 1] 1.7
Oparah*® Los Angrkes ] Thorac Cardiovasc 1979 2 6 333 o 8 0.0 2 14 14.3
MacDonald*  Long Beach JACEP 1978 2 13 154 1 13 7.7 3 26 1.5 0 2 0
Toul 165 84 164 K L7112 4.3 273 3,073 8.8 15 1,047 14

*Tenetnining irj

! Bh':\‘: (lllfll;‘l‘:: m 1:2::‘!::.

FBdunt rraima dag available caly.

EDT, emerpmcy department tharacoramy.
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mechanism HUY MM UUITD LUNITINHUAUNINEG La
Lorenz Lmzﬂngﬂﬁ}ﬁﬂﬂu’h mild shock
1 80131M3359ANGININ profound shock 1A% profound
shock AN agonal
3282178171391 CPR A9UNIDY ER 1AL
. 33 v A Y aa
arrest time NIUIVINUNAABOATINITTOAFIN

a9 ER thoracotomy 1 arrest Gluﬁl,ﬁﬂm@;é“mw

I 4 1 o 1 w
M3seAlugUd, arrest 3¥11911A99AIINTTON
4%, arrest 1 ER 99131508 19%? 52821121M571
CPR 91110071 10 419 14 blunt injury Hazu1nnI1
15 wn lu penetrating injury WUOATINTTON

A d d 1 @ v o 1
I ugudrunu®>? yenvntlatedainad
9 9 . .. . . .
UYWAY mechanism of injury, location, physiologic

(2,5,19,24)

. 3 g v AA
status, GCS, severity score nlutlevenina
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M13199 3 Survival Rates of Emergency Department Thoracotomy Based on Location of Major Injury

Cardisc i ury Thomcic injury Abdominal iajury Multiple injury
EDT Survival EDT Survial EDT Survival EDT Survival
Fiea mzhor Location Jouraal Year Surivors perbroed rae (%) Survivors perk d oee (%) Survi perk 1 ote (%) Suri perk d ote(™)
Branncy™ Denver J Trauma s 5 156 5.1 27 457 59 9 124 73
Rhee™ Searile ] Trauma 098 15 58 259
Asensio™ Lon Angrles J Trauma s 0 71 14.1
Velmubos''  Johunnebarg Arch Sung 105 13 W08 120 32 160 200 L] 118 68 1 501 02
Mibam™ Baoston J Trauma Va3 13 290 45
Mirchell™ Misviasippi J Traums 1993 7 47 14.9
[Dhurham Houwton J Trauma 1992 18 135 133 z 230 1nr 3 124 4.0
Espairo™ Seanle ) Trauma 1991 1 20 50
Irarury™ Bronx ) Trauma 1991 12 56 214 13 65 200 o 19 00 2 42 4.5
Jebara™ Beirur Ann ThoracSurg 1989 4 17 235
Ivarury”’ Bromnx J Trawuma 1987 10 o0 10.0
Irarury' Bromnx Am Surg 1987 - g nr
Feliciano™ Heouwston Am ] Surg 1986 3 18% 27
Schwaby™ Nodolk Am Surg 1986 13 18 722 13 20 650 1 3 32
Wathingror™® [Detroi Ann Tharac Surg. 1985 5 14 357 2 20 10.0 0 16 00 0 4 o0
Danne’ Wahingron, DC ] Trauma 1984 2 34 166 1 L3 167
Demerriades | channesbur g Br ) Surg, 1984 1 11 2.1
Tavera™ Bakimore Ann Thorsc Surg 1984 2 3 6.8
vip Derroi Surgeey 183 2 9 232 4 44 114 (1} 2 0.0 1 33 29
Rohman™ New York J Trawina 1283 M 2 264
Baker' San Franciva ) Trauma 1980 18 63 286
Mandal* Lom Angeles Be ) Surg, 1979 1 18 5.6
Hyon* Houson Asin Ermerg, Mad 1982 4 r 57.1 [} L3 0.0
Opaah* Lan Angeles ) Thorac Cardiovme 1979 2 15 154 0 1 0.0
MacDonald™  Long Beach JACEP 1978 3 18 16.7 3 23 120 [} k4 0.0 0 . 0.0
Toeal 20 1,08 124 158 1,493 10.7 - ] 640 4.5 4 590 o7

EDT.emerprrcy depanmen dhoreaoms:
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3 191 Survival following emergency thoracotomy in
all penetrating trauma patients by physiologic status

both when initially seen in the field and in the ED.
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Wanmst 1InmMsAnE1IIUTINTeyaND g
Ta@ senior surgical resident 65%, trauma attending
physician 26%, trauma fellow 4%, junior resident 3%,

emergency resident 1% i¥ emergency medicine

20

W Field
a B Emergency Department
30 * 0% Surwival

Survival (%)

*

No Signs of Life
Agonal
Profound Shock
Mild Shock

Physiologic Status

Eﬂﬁ 2 Survival following emergency thoracotomy in
stab wound patients by physiologic status both when
initially seen in the field and in the ED.
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Mild Shock

.
No Signs of Life H

Profound Shock

Physiologic Status

gﬂﬁ 3 Survival following emergency thoracotomy
in wound patients by physiologic status both when

initially seen in the field and in the ED.
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[l Al Patients.
W Alive in Field

Survival (%)

P

QOverall SwW GSwW Blunt

gﬂ‘ﬁ 4 Comparison of survival of patients who un-
derwent emergency thoracotomy in our study with
calculated survival of identical patient subgroups
after eliminating all patients who were initially seen
with no signs of life in the field (SW = stab wound
patients, GSW = gunshot wound patients, Blunt =

blunt trauma patients).
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Favorable prognostic factors"”

- Penetrating thoracic trauma

- Isolated stab wound

- Pericardial tamponade

- Signs of life in the ER

- Milder degree of shock

- Minimal EMS transit time

- Intubation in the field
Adverse prognostic factors"””

- Blunt thoracic trauma

- Gun shot wound

- Exanguinating hemorrhage through the
pericardium

- No signs of life

- Extreme shock

- Prolonged EMS transit time

- Unsuccessful field intubation

- Asystole as initial cardiac rhythm

Physiologic rationale for ER thoracotomy
Primary goals of ER thoracotomy"”’

1. The control of massive intrathoracic hem-
orrhage

2. The release of cardiac tamponade

3. The internal or open cardiac massage

4. The prevention or control of air embolism
and bronchopleural fistula

5. The cross- clamping of descending aorta
in order to redistribute limited blood flow to the
myocardium and brain and limit sub-diaphragmatic
hemorrhage

1. The control of massive intrathoracie
hemorrhage

Massive hemorrhage @1%Lﬁﬂ%ui}1ﬂ blunt

1182 penetrating injury N3 & chest tube 1NBTLUY

Lﬁ@ﬂ, relieve dyspnea LL81¥ improve gas transfer 394
9
14 improve ventilation perfusion mismatch 919 |3
(eane N3 AAVIAUBY pulmonary vessels H3D
aorta N13 control hemorrhage ﬁﬂ??MﬁWﬁmﬂjTﬂii
1 fluid ag inotrope A15M92 14 inotrope NAIIIN
p p
o a3
control hemorrhage @L3 wagq?
2. The release of cardiac tamponade
A~ 3 T o A o
LN@NﬂTiUTﬂL%Uﬁ@W?i%LEﬁ%Nlﬁ@ﬂﬂ\i
Tugerjurialeszdanalinnuaulugoiuiilags
Y
Yuaulinadensguandoaveialanas coronary
perfusion wé’ﬂamﬁﬂmaz shock 14ai& cardiac arrest
L 1 . . . d
1dnslanesieriela, fluid resuscitation 11113
9 )
$nyudoadu N139 pericardiocentesis DAY
aa 3 [ dy 9 1 [] 9
Glummuwmmzsnmmmmu wmw“ln"lﬂwa
LWiwﬁ"’Juclﬁi‘g'ﬂzﬁ clot @eﬂu intrapericardium A9
14 ultrasound Tums3taneunu®? wazdiile
1 A Y < ] o ~ o
@Qiﬂﬂ??gﬁﬂE}@ﬂlﬂaQTG ﬂ]lllﬂ'liﬁfim‘ﬂﬁ]gﬂT ER
thoracotomy 1W® release tamponade"” N3 external
compression Na4nA cardiac arrest aInyn 14'ld
o
s Toau®
3. The internal or open cardiac massage
o . 2
D131 external cardiac massage FALE

cardiac output 523184 20-25% voanzUnavi i
1§ cerebral Loy coronary perfusion 10-20% UY83N1Ie

v Y
Unadasameaznu lad sz 15-30 wimniu®

iPhyineveang resuscitation ADADa 19 lan1usU
systotic blood pressure 11NN 70 mmHg M3
internal cardiac massage %Gﬁamﬁu cardiac output
§lu 60-70% veanzlnd®® Fevzldilse Tom]
2619010 1Y traumatic cardiac arrest

4. The prevention or control of air
embolism and bronchopleural fistula

N17% air embolism d@7u1vQAAIIN
penetra-ting injury W1 4-14%" WA 11Q11910 U3

AAADTZHIN tracheobronchial tree LA pulmonary
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.8 saa °/‘19’ A . e e ae e (34
vein WunenItang ﬂmﬂmmmﬂw%mmm Indication and contraindication

[ [ Y .. . . .
RIUNEU Had e positive pressure ventilation [N 1E Technlque(l’z’s’”’m

o a Y
amzgﬂ@ﬂmumﬂmumﬂ%mnnlﬂclu pulmonary Current Indications and Contraindications
for Emergency Department Thoracotomy

INDICATIONS:

vein Lﬂ?lﬁijﬁl’ﬂfﬂd”lﬁ"”lsfﬁﬂ air emboli %z‘lﬂqﬂ coronary

artery foaun luadens clamp pulmonary hilum Salvageable postinjury cardiac arrest:
. . Patients sustaining witnessed penetrating thoracic
5. The cross- clamping of descending aorta trauma with <15 min of prehospital CPR

Patients sustaining witnessed penetrating nonthoracic

= 1 o
N1THUY aorta IZHINNITNT ER trauma with <5 min of prehospital CPR.

thoracotomy vz unsdingileoglun1az shock Patients sustaining witnessed blu Lrzuma. with
P b k <10 min of prehospital CPR

1 a =S (%3 L} . .. .

DUNTULIY iaraden lineaueaaziinleae Persistent severe postinjury hypotension
a4 o Ve D w (SBP < 60 mm Hg) due to:

amaaﬂmaﬂmﬂmimmﬁm“lwmmm W‘U’Jﬂﬂ Cardiac tamponade
Jse1 o’zrl . o ' Hemorrhage-intrathoracic, intra-abdominal,

3% 19U LY penetrating abdominal injury 410N extremity, cervical
blunt abdominal injury AZUNTAFOUNTIRYAD Air embolism

o q ¥a A o o o CONTRAINDICATIONS:
‘Vlﬂ?iLﬂﬂﬂﬁﬂnma@ﬂﬂl’ﬂﬂ1%11’1!1%1%@8@’38’3811! (PR >15 min following penetrating injury and no signs
' of life (pupillary response, respiratory effort, or motor
%mﬁ}m acliviiy()p P e prewn

(PR >10 min following blunt injury and no signs of life
Asystole is the presenting rhythm and there is not
pericardial tamponade

(PR = cardiopulmonary resuscitation; SBP = systolic
blood pressure.

Patient Bunt [ CPR<10min . .
Undergoing il i
CPR <
NG Si_ ns of Penetrating < Torso A CPR < 15 min
; g** Trauma Non-torso —— | CPR<5min
Life
Yes l
| EDT |
Cardiac No No
- .
Yes l Yes l
I Tamponade | — I Repair Heart | —
anomnage | —
Homenie L[ sep>70 |
| AirEmboli | —| Hilar X-clamp |—— mmkHg?
e respiratory of Extrathoracic - Yes
m::ﬁ:;*‘:’f‘;‘:ﬁ::r‘f' Hemorrhage | Aortic X-clamp | ——

activity

Algorithm directing the use of EDT in the multiply injured trauma patient.
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I 9 {
ER thoracotomy Wuinon s invasive Lo
Y < o = ~ 4
ﬁmmsmmiamsﬂumim %Qﬂ?ilﬂiﬂﬂ@ﬂﬂiﬂ!
Yo 9 a )
hl’J’VIW@QQﬂLﬂHiﬁWiﬂN@]ﬁ@ﬂnﬁW
U ] I
o m“lmgxﬁamﬂu left anterior thoracotomy
a7 right anterior thoracotomy aiaenilunsal
. 5 .
penetrating injury sI?I}NGU’J”I 1az11 U non-cardiac arrest
Y I Y o . !
anﬂu”lﬂ"lﬂmim venous L0 arterial access NOU
(33 thoracotomy (ie!1A%040NIEI91991 venous
access HIUN 4 superior vena cava LlQ% arterial access
1 A . 9 I
LT aorta 1Agn 3 u0111M3 monitor AL 14 f1)ae
A1504 TUMUDUNIBN I BD0N ANy UNES
Yo o R 9 o Yy a
Tiddengavaniosilszuna 15° Tugugnis

'
o A

yifvedaveudnmdheyy madsuzdasuiiy
doavereunaln19¥os0nA1UU (trans-sternal
extension) A5 Ifuamanend Y Me gty
a1 Gﬁﬂﬂéiﬂiﬂﬂiilﬂﬂ internal mammary artery
vomszoiluavgueudeasonnondsla

Lﬁ"e incision w'm%“u subcutaneous VD4
G]%‘Ll muscle mm%uﬁ’wimﬂﬁ’mgf:a pectoralis major
NMUNILAE serratus anterior MM IUHAINIY
N&qQ intercostal muscles AU parietal pleura ah
ﬂﬂﬂiﬂﬂl'ﬂ\‘lﬂ”lﬁﬁ"lﬂ']u@”lﬂ mobilize ﬂ@ﬂﬁjﬁﬂﬂ'ﬁ@?{ﬂ
inferior pulmonary ligament nagTneea liniesdu
antero-inferior H38819H1U endotracheal tube hl‘ﬂ‘ﬁ

right main bronchus 1WO1 one lung ventilation naa

R Y qu . )
mﬂmq%m@mmﬂﬂn finochietto retractor H19V&1¢
Fosoneontazvnounaiive I ldazain Ty
n3aiReIAANIZEN sternum 1/ToI0NYNAIWTD

D, v A 3 a 2
1%n35 105 mayo lAIWOAIM5IAGI iSenunail
M butterfly %30 clamshell incision ¥4 11150

v
Wimomaan 9 Tugesen ldimounnyiiagung
. . a v .o A
aortic occlusion M3 TatHan19 15U towel clip ine
<3 A 9 PA Y (Y [
anusras lumsndoudiwdile i vewindaus
9 o A . A Y o 9
70952731504 bleeding H300112 19U WNIND 1A
= v Y 9 o Y an .
Aanien Budraunanie3s vacuum dressing
iedelilguanelu 1cU
Pericardiotomy and control hemorrhage
a A 9 Y] Y = A
aslageduialadielianionss Ing
A o ' Y 1 Y . 9
Adwrraninasuazyuu 1A phrenic nerve 114
Freviatszana 1 o, $1 ldensamdiaves
phrenic nerve Tal¥ilaludiumian medial ﬁijﬂ

Ay Y g = .
LWﬂﬂ@Qﬂuﬂﬁ‘iﬂm%’U@ﬂ nerve G]lelﬂi‘f,L! cardiac
tamponade A131011A0ABONIINTOUTDRNNT1Y
T¥vua SmuvIaUNai ventricle AT digital

Y
occlusion 5234 14 1%Hu 1 lunauma sz
[ Yy é’ v . Y
22 1HANVIANINVUAIN atrium A5 1% vascular
S Yy o v ~ I ' 1
clamp niin a1 langaiduaissudugeunou
M3 defibrillation 1@ internal cardiac massage
awsnliien adrenaline 1A&RANTY left ventricle
<3
18 Tasa59M 5180 ventricle 81919 teflon pledget

Internal defibrillator paddles
Sutures, Teflon pledgets, stemal wires

Skin preparation materials and swabs
Good lighting and high velume suction

Instrument and equipment list for gency thoracotomy

Instrument Role/comments

Scalpel—no. 10 blade Incision of skin and soft tissues
Suitable retractor, such as Finochietto’s rib spreader, Opening up the rib space

or Balfour abdominal retractor

Lebschke's knife and mallet, or Gigli saw Cutting through sternum
Curved Mayo's scissors General dissection

Toothed forceps Exploration and suturing
Large vascular clamps, such as Satinsky Major vessel haemorrhage
DeBakey aortic clamp Aortic cross-clamping
Mosquito/Dunhill artery forceps Haemorrhage control

Foley catheter Temporary cardiac wound seal
Long and short needle holders Suturing/placing ties

Intrathoracic defibrillation

To include 3/0 non-absorbable sutures
and 2/0 absorbable ties

For example, a laparotomy pack
Essential both in- and pre-hospital

Approach and access to the thorax
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-~ —
”

LS

-

Mid-Axllary Line ~

1 < A @ [} 9 < o
20509 Tnauduenululd Tvinduaanzqg

i’ Y 5 o ..
natiienala (cut through) Taetduvaizii digital
occlusion UARB45% 34 needle stick injury [0 ANIAL

< A Ja I
Matgvila coronary artery A3 1T VLU
horizontal mattress N3O atrium clfl?polypropylene

! 1 < 1
3-0 continuous Tun3 @i Ta s UYOU ventricle
187 ER 01919 Foley catheter ladn1dluuna
4 ] '
ventricle uaaaauiud1 111 balloon 1osI0Mgn

o 3 d
180A%IA317 W30 1% standard skin stapler 8U1TUA15
o g A 9 Al I 1 1
Fnsmnuunaeudiedielisuseuaslu
woerda lunsaling systemic air embolism 177
[ U I
immﬁj'ﬂ’amﬂu Trendelenberg position 1187 cross
clamp pulmonary hilum 1 ldamnse clamp 13dnq

s vy v . Y A
mobilize YoAAIINMIAR pulmonary ligament L/@IURA

9 ]
oa 180"fu1ﬂuuﬁ1mim@mimﬁ@”la%lmmmﬁ

[ @ <

®9NIIN coronary artery S’JZJﬂUGlfIS)'}LEIJNﬂﬂ61ﬂ1ﬁ
800910 apex LAY aortic root

Y A A ,ﬂ ' Y

MoaeonNLDoARH 1A LI 1F

=\ Y A [ . A < 1 [
clamp %311 13%5 0911115 packing e liudoune

Y] X 1 1 [ I
Tudesrda dalaeaulnamsrdaszidoniu
non-anatomical wedge resection Wi pulmonary
tractotomy

Msularinla (internal cardiac massage)
Mlunsal cardiac arrest A2 IaglFanaiio Ing

Y Y 9
T lvegsznaiinlons 4 vewnsaesile uaz
o @ Y A glu Y ]
mmsuarialalagnszandaiionaaeatia liaag
YN A Y] Y dy o
lsuameiuinialy msiznawiierinlveangg
Y

1INNINAUDITD 18 1T AlNA ventricular
fibrillation @94%11 internal defibrillation 1¥W&3311
10-50 j.
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Incision site

Phrenic nerve

A23M1 temporary digital occlusion Tuu
thoracic vertebra 9UN119E cross clamp descending
o a3 ' g
thoracic aorta @3INOU clamp 9209 mobilize
oan ﬂ@u&nﬂmi@]ﬂ inferior pulmonary llgament m
blunt dissection mmauuuuawmwm aorta L‘Wﬁlllﬂﬂ
esophagus LIQ1& prevertebral fascia 891310 aorta
Y
vuamsnlFind liadesaorta 16 11n2384 aorta
2 3 Yy 2 .
VUN N2 INUNITRNVIAVD inter-costal
9
artery nniuly Satinsky W30 Debakey’s vascular
=1 F) A ' . v E2
clamp WUUTULADATEHIN diaphragm nuldno
pulmonary hilum 13129 inferior pulmonary ligament
waz linag clamp WA 30 Wi mszliloma

a . 9
INA paraplegia 4

Complication

ANLUNINFOUVULIN ER thoracotomy 919

e lanuedeiznnedialuyesen Tuszrinmsih

o Y 1 I Y X o

Wanns laun msanviaveandwiiionaly uay
9

Uoa91nms 19035 1n5 Mayo 538M3n15911 internal

cardiac massage, MIANVAVDUFUIADALA aorta,

Cardiac massage and thoracic aortic occlusion
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vagus nerve, branches of aorta lii¥ esophagus 3 ZHIN

11311 aortic cross clamp, NSANVIAVD phrenic
nerve 5¥HINMSIA pericardium, N33 bleeding
910 untied internal mammary artery Iﬂ}ﬂi]ﬂﬁlﬂ gHIAA
F090NUINOUILLIAA (adhesion) ¥1 141 Tomenia
MIVATUADD TITA ) wnauAe il relative

contraindication

ANMZUNINFOUNSIN ER thoracotomy
Iaun pneumonia, atelectasis, post-pericardiotomy
syndrome, empyema thoracis, bacterial pericarditis,
chest wall infection, pulmonary embolism, acute

myocardial infarction, paraplegia
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Pre- hospital care and thoracotomy
[ a Y (2 o
931N 330AFIN VDA 18 18MAINITT
Y
ER thoracotomy Yunuifadevateedny Tasmnie
(399179071 32ELIANVBINITHI CPR NUINNIN
~ . = ' A '
15 UM, cardiac arrest NUIUNTIT 10 UIN un lal
9 a o 1 9
Avendiame“? saudaar lumsihaedihe auda
o . . 3 A Y &
113911 ER thoracotomy, signs of life 11udniadevnil
A o v Y 1 v ) Yo
nianudiAga 1l SOL at scene Wad lasuLA

3w < 4 a 1 J
mﬂ@@i’]ﬂ'ﬁiaﬂlﬂuﬂua, qmlﬁﬂ SOL NOULLNNYN

DY

o Y [ 4
1439n31M13500 9% LAz gy de SOL HaINNG
=3 Y A g 0, @
D4 NUNBRITIMITOANITIU 29%
< ! Y Y oq YY1 '
nnmgranInadeduihlddiediu
& 9 A Aa ' A Y o
nilsazdeudeFianeuieg a1 ER thoracotomy
JunauuifaluiFed pre-hospital thoracotomy Lil®

] an Y v cgj 3’1 dyds! [ Y =~
mammﬂ’wﬂquu MNUVUNUAITUNIDUUDINY,

150940, U Ternguaauaaz 159NN, MIAaaY
I { a @ 1 a oA
Toveaummalunfamamszda luginunnal§ia
' ' Y
ﬁ%m%ﬂuﬁmﬁ Coats LAZAUL WUIAIODATINT
aa Y . . AN Yo o
‘if)ﬂﬂﬂ@l"llf]ﬂ@ﬂi]ﬂ penetrating injury ‘ﬂ"lm‘umim
pre-hospital thoracotomy ﬂgﬁ 10%, 59% 3 return
of spontaneous circulation” blunt injury LEERTIRE
500 1.6%"
S N 2 v aa A
TINTIAYNISINNDAITINITIDAFIAADNIT
Y { a J o 1
quadthelunnamguazsennahadlsamea®
PR { o Yo
AT8M59A91NN391 ER thoracotomy 42% 1451
o . 9 . .
13971 pre-hospital CPR® M5 111 volume resuscita-tion,
. . Y I v A A o ~AAa
CPR, intubation ﬁ’Juﬂ]uﬂ‘t]%ﬂ‘l/llWiJ’fJﬁﬁﬂﬁi?]W]ﬂ@]

(25)

Ox ¥y 2 o qQ YU o
voaR1)2ensau® M lvdoanduuInuNIY concept

scoop and run Tl

Timing of loss of signs of life

Number  Suvival (%)
No signs of life after injury 9 0
Signs of life lost before doctor amved 23 9 (2patients)

Signs of life lost after doctor amved 7

29 (2patients)
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4 ] < [
e luldidunnugadenswens Tag
] 4 Y o =R =N [
landse Tewil wazdosmiadinnulasansves
" Y v
Wmrhinaluiinameiaz sznnaids NAEMSP
waz COT 39 TamnuauuImenisguarilie raumatic
I Y
cardiopulmonary arrest (TCPA) GLuﬁmﬂm@ﬁjum
A Ya 1 [} A A ]
o ldnnsanzngalumsyemaoiio |5 wu
41211 1dauInnI 15 I, 328212171591 CPR
1 = A (= FAl
N1INNIT 15 UIN, blunt trauma NV SOL, I%jj‘ﬂ’JEJ
MBUAIUUOUIINMIATIVNUT rigor mortis H3 0

o I
Wil udu®

ER thoracotomy in children
3 <
Incidence N13M1 ER thoracotomy Tuidn
WU blunt injury 57%, GSW 30%, stab wound 13%
Tagin1uA1A1I3991 ER thoracotomy 92 H1M1TD
] d' 9 9 FA U dy 1 ]
GIf’JEJﬂlWl’t‘ﬂq‘Llf]fJ]lﬂLW§1$Ef]J'JEJﬂQ3Ju‘Ll”IGﬂ$VIHﬁﬂ
3 A Y 1 I a 9 [
f’JTﬂTi‘UTﬂL%ﬂ‘V]?ULLiQ]lﬂ Lm‘luﬂmmﬂmmmﬂm
I 1 g 1
(U U WU overall survival 6.3%, penetra-ting
injury 12.2% 1@ blunt injury 2.3%""
Rothenberg 1AZAMLIIB91UI stab wound
@ < Y
19031N13399 9%, GSW 509 4% i3 1a 116031
aa <3 " Y 1 [
f‘ni3i’)ﬂslf'mﬂl@ﬁlﬂﬂUlNUlﬂL!@]ﬂQNQTﬂﬁﬁﬁﬂJ SOL,
< <
mechanism 1122 location UB4M5LIAR VAU U
Tvehiinanodasimsseamiounuluglna) ns
o PR 3 A
1 ER thoracotomy Tugi)2e14n1/51¢1910 SOL 1l
' = Y aa
Nhifidiheseadiaay
1 U <3 {
Rothenburg W‘]J’Né}‘ﬂ’)ﬂmm?li@ﬂ%u
o 9 YA A [ g}/ A = (17)
ﬂﬁ‘]J‘ll”I‘LlhlﬂMLWfN 4% mmmn“lmmmimdﬁmq

[Penetrating Thoracic Injury |

I Pulse present? J

[ L —
Yes | [ No ]
[ l
Immediate Intubation
transport

Nearest surgical intervention
< 10 minutes from
loss of pulse?

——
[ ves || N |

I |

Immediate Scene
transport thoracotomy

Decision algorithm for prehospital thoracotomy.

9
A 19910114M 591 ER thoracotomy ADA5 1087 $2,740

9
+$214 g 1FNeNMuanaAITZeZIa NN
SNU10EN $14,848 + $214"Y
o S o =WV ] dy
11311 ER thoracotomy Tuands luTia1a
A wad o a oAal) YR v
uazuuameliandanu mslfia lagaamuman

1(18)

Woaf 1) A25A1TIaDa physiologic status of
presentation @& mechanism injury arsvinlu

penetrating injury ¥11f 71 blunt injury

Risks to medical staff
a ) <
vssemaluiesnniuinezidy lildae
1 9

ANNYARUIUNOLEUD Uaziiuazia3 189Ut
Y o w 1 ) Y o I o
A091HANTIINAY Taamnizd iy
Y
ER thoracotomy Tumsiiaomsang ) IV
MINFANUNTasUNNgl lomadunaanolaon

E.D. thoracotomy outcome in children versus adults, stratified by mechanism and location of injury

Stab Wound Gunshot Wound Blunt Trauma
Child " AllAges  Chid All Ages " Child All Ages
Chest 0/6 (—) 11/65 (17%) 0/11 (—) 3/114 (3%) 0/2 (—) 0/28 (—)
Abdomen 0/2 (—) 1/10 (10%) 1/10 (10%) 2/34 (6¢) 0/1 (—) 0/13 (—)
Multiple 1/3 (33%) 2/20 (10%) 0/4 (—) 3/70 (4%) 1/44 (29) 7/278 (3%)
Totals 1/11 (9%) 14/95 (15%) 1/25 (4%) 8/218 (4%) 1/47 (2°0) 7/319 (2%)

Child column represents the 83 patients <18 yrs old in the present report; the all ages column is derived from a population of 632 patients

analyzed in a previous review (2).
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Y1 = = = A A (12)
IZJJ”]J’JEJ 50% uazmmmﬂamﬁm 60% Lagniagn

uanunlunguiduiasedeadihelasumsilesin
v 1] Y
igana 40%° anudesieginyulunsii ER
P T A9 9 3 A
thoracotomy FutlurinomsndedldnnusiaGuie
k3
wogatinau ldvinanumeinuau ldgiame
1 & A a dy [ 9 T I
aurtaimsaaeagnoundl ezl HIV,
4
hepatitis B taz C 95 1M sanirevefiliogiiame
= dy A (13) =< 9
NN HIV 1988 0-4.3%" 0194904 14% Tug

RY

1 A I [ {
1110 penetrating injury tazianilu 30% lunguinlé

9
D wymsaaLle Hepatitis B 0.3-20% 1A

YUTNAR
. (12,13) .2
Hepatitis C 2.8-14% ~ Tomanazing percutaneous
injury 910M3M1 ER thoracotomy ttag CABG ﬂg:ﬁ
9%, 11 abdominal trauma f)g:‘ﬁ 5% wagi lomaan
4
1¥0N1ENAUNA needle stick injury L91¥ cut exposure
4
VAIYAATNINNNITUNNY 11!518511’0\1 HIV I’ﬂfﬂﬁ
4
@]ﬂﬁ)’@@gi%ﬁ?”lﬂ 0.3-4.3% hepatitis B 6-30% Lo
1 J
hepatitis C 1.8-10% " WU1NYAAINTNNMIUNNE
s . 1 A o dyﬂl a Aaa
114 hepatitis 12,000 518901 Tudmiulineudedia

Survival following E.D. thoracotomy in children arriving

without signs of life in the E.D.

Stab Wound (GGunshot Blunt
Chest 0/5 (—) 0/10 (—) 0
Abdomen 0/1 (—) 0/7 (—) 0/2 (—)
Multiple 0/1 (—) 0/4 (—) 0/28 (—)
Totals 0/7 (—) 0/21 (—) 0/30 (—)

Survival following E.D. thoracotomy in children arriving
with waning signs of life, but no vital signs, in the E.D.

Stabh wound Gunshot Blunt
Chest 0/2 (—) 0/1(—) 0
Abdomen 0 0/1(—) 0
Multiple 1/1 (100%) 0 0/6 (—)
Totals 1/3 (33%) 0/2 (—) 0/6 (=)

Survival following E.D. thoracotomy in children arriving

with vital signs in the E.D.

Stab wound Gunshot Blunt

Chest 0 0 0/1 (—)

Abdomen 0/1 (—) 1/2 (50%) 0/1 (—)
Multiple 0 0 1/9 (11%)
Totals 0/1 (—) 1/2 (50%) 1/11 (9%)
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11/ 200-300 518 Tuvae Tomaina acute hepatitis
o Yo 49’ 1A I
C viatlasuirengi 30% sz 85% naeily
. L. P2 kY . . . .
chronic hepatitis {8 AIN18AIY liver cirrhosis, liver
failure 1401% hepatocellular carcinoma Gl,u‘ﬁi:fﬂm
v 4
MonaImsdudmaeanaaryoynaIng
<3 [
NUNMIUANINIZADUTIGNIZVIUNMITIIZ IR OA
A 1 g o & Y Yo Y [
oaansvsIuneesududedlasveniloesnu
a dy ] Y o Yy a2 A I o
MIAAraIINAY 1 AR deuuiuIu
[ Y A = Y
1N WuNA lgNemagegn $1,377 HazIzAoIge
v 4 Y
AU URAM AR UUDI S
Cost benefit analysis
[ Aana A Al A Yo
on31MI0AT 0 Iaemasvesdilen 1asy
1391 ER thoracotomy 8¢ 2.5-25% uanuan 14
1 (% Y 1 Id'
Nglumssnudiienesisegnilszunal $13,674 -
$140,000" WU UADNRNIY penetrating injury
1 P ld' (19) Y o w
A lg9eazagn $20,137" dAunuueamsiiaoms
¥ 1 g}/ A < [
tinonssognilszum $892 - $7,200"" aziiin 17
s Y dl d' ] Y 1
ualgnengannlumsnazgedieluunazse
Tsoa¥inaunszisnaduthula 6 liiuswaldne

d‘ Y =S 1% 9 o w dy
ﬂﬂﬂﬁqmllﬁﬂhlﬂﬂﬂﬂ’ﬂuﬂﬂmﬁj UDINTMUADNITU

Post operative care and future management
flheideq1§5uMs9 ER Thoracotomy
@'N"lﬁ’%’uum%‘uaEiN;uusmmﬁﬁﬁ’ﬁyudmiwqj
3 traumatic cardiac arrest 11aZ profound shock 893
cardiac injury ‘V%QﬁLEQMﬂ trauma UaY INNIT
1 ER thoracotomy Glué’ﬂaﬂ severe trauma NV
NAMIZUNINFDUAUNIIN metabolic response to

Costs of Occupational Exposure Associated
With Emergency Department Thoracotomy*

Cost drivers Yoar-2000
Counseling for occupational exposure—lavel 5 § 480
Hospitalization for acute hepatitis $ 2937
Postexposure prophylaxis medications
1-Month supply of zidovudine $ 3197
1-Month supply of lamivudine § 2577
5-Day supply of zidovudine s 53'7
5-Day supply of lamivudine s 43"
Laboratory tests
Westem blot—HIV $ 37
ELISA—Antibody HIV 1 and 2, single assay § 52
Anti-HCV antibody screen §$ 149
Antibody, HCV confirmatory test § 250
CBC s 15
Cham 7 s 13
LFTs $ 50
ALT $ 19
Hepatitis B surface antigen § 125
Hepatitis B surface antibody s 70
Lifetime health care costs associated with HIV §223,072'%
Lifetime health care costs associated with § 31,343%
hepatitis C
? Unless otherwise indicated, all costs are derived from Boston
Medical Center charges,

HIV, human immunodeficiency virus; ELISA, enzyme-linked im-
munoassay; HCV, hepatitis C virus; CBC, complete blood count; LFT,
liver function test: ALT, alanine aminotransforase.

injury 1&un hypothermia, acidosis, coagulopathy,
pulmonary hemorrhage 118% hypoxia®” 99z AINA
TRidesinlunga mssnunglildaunnmssi ER
.. Y [
thoracotomy 401& definitive treatment Tuviosrda
' Y Y aa Yo & £y Yo
myvzaelidiesendia lasuiludeslasuns
ﬂllﬁ‘l’ifﬁﬂhﬁl A (post-operative care) 914 standard N3
s;}uaﬂu"lﬁﬁ' severe trauma, cardiac I8¢ lung surgery
{11009 admit Tu ICU oA lun 172 hypothermia,
coagulopathy {181¢ hypoxia NanIaes fluid overload
o 4
Tuthniuanudmwhmemsunndgani ldun
umahmatanssneuuulnumaelumsinm

Expected Costs Associated With an EDT Occupational Exposure®

Short-Teem Leng-Teen Tota Costs

Costs (§) Costs §) 1]
Basoling evaluation 650 0 656
HIV enposures (potential and actual) 358 a T
Hepatitis G exposures [potential and actus)) 258 & 34
Total expected cost of an EOT with enposure 1282 9% 1377

2 AN o0sts @ in year-2000 dolars,

EDT. emamency department thoracatomy, HIV, human immunodeficiency virus.
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I’é}ﬂﬁﬂ severe trauma 164 1301314 standard T3 5A1
U extracorporeal life support (ECLS), intraaortic
balloon pump (IABP), hypother-mia Wudu

Hypothermia

Mild to moderate hypothermia (32-34°)
Tu99 12-24 99109 ANGURA non-traumatic
cardiac arrest WUI1%2 Ellﬁll survival {18& neurological
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“no price is too high to pay for saving a life”
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