Management of
Thoracic Trauma




Quiz!

What is the role of trauma surgery
in emergency chest trauma patients?
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| WHAT IS THE NEXT STEP?

Chest tube insertion, Rt.
Running to OR

ECMO

REBOA

Sternotomy

Rt. Thoracotomy

Lt. Thoracotomy
Clamshell thoracotomy
. Transfer

10.DNR..
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Choose only ONE
in 10 seconds
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Answer

Chest tube insertion

e

Running to OR
ECMO

REBOA
Sternotomy

o Uk whe

Rt. Thoracotomy

Pericardial
sac

7. Lt. Thoracotomy

8. Clamshell thoracotomy

9. Transfer
10.DNR..
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Cardiac arrest

* Hypovolemic shock?

* Tension hemopneumothorax?

* Aspiration and desaturation?
* Air embolism?

* Lung only?

* Rt. Heart?

* IMA? Intercostal a.?




Clamshell thoracotomy

- Release tension hemopneumothorax

- Open cardiac massage

—> Aortic cross clamping (= REBOA)

— Approach to Rt. Lung, hilum and Rt.side heart

- Temporary bleeding control with Hilum twist or clamp

- Massive transfusion, Tractotomy, ...... and SAVE THE LIFE! (~15%)
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Thoracic trauma in KOREA

» TH 2 2Rt
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YOUNG, ACTIVE WORKER

Important to bring the patient
BACK TO SOCIETY




| Classification and mechanism of injury

"BLUNT CHEST INJURY
* Blunt: m/c % -
* Motor vehicle accidents W ).
* Falls from height TR SO
* Physical assault

* Blunt object injury

* Penetrating: life threatening

e Blast
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Immediate resuscitation

Primary survey

* Airway obstruction

* Tension pneumothorax
* Massive hemothorax

» Cardiac tamponade

« Open pneumothorax

* Tracheobronchial injiury
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Immediate resuscitation

Secondary survey

 Simple pneumothorax
» Hemothorax
 Pulmonary contusion
* Flail chest

* Blunt cardiac injury
Aortic rupture
Diaphragmatic rupture
Esophageal rupture
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Thoracostomy

TRERRRRRRD

* Only 10~ 15% of all chest wounds require thoracotomy

 85% can be managed with a closed tube thoracostomy *

* LoCicero J 3rd, Mattox KL. Epidemiology of chest trauma. Surg Clin North Am. 1989;69(1):15-19.
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Emergency Department Thoracotomy
| (Resuscitative Thoracotomy)
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Indication of EDT

Patient Blunt | .| GPR <10 min o .| Dead
Undergoing Trauma t
CPR Yoo
— e Torso |—— | CPR <15 min Ho
No Signs of <
. g** ULl Non-torso | ——— | CPR <5 min o
Life
Yas l
¥
EDT
Cardiac No MNa
Rhythm? —_ Tamponade?
Yag l feq l
Tamponade |—— | RepairHeart |—
Thoracic . Control
Hemorrhage .| sBP=>70 -
Air Emboli | — [ Hilar X-clamp |—— mmHg?
KENNETH L. MATTOX
ERNEST E. MOORE =no reepiratory or L : Yos
DAVID V. FELICIANO sor effort, slecirical xtrathoracic . OR
"actiiy, o pupilary Hemorrhage ~ | Aortic X-clamp
aciivity




Traumatic circulatory arrest (penetrating or blunt) with no pulse m——

Return
Operating room Trauma team alerted by medical dispatch of
with Spontaneous
BARSSE Rresant Closed CPR in progress Circulation

(Airway, external cardiac massage,
orotracheal intubation,
100% oxygen., IV or IO line, fluids, epinephrine)

mandatory

ATLS protocol

Bilateral chest
decompression

Anterolateral or clamshell thoracotomy
and vertical pericardiotomy (release

<3 minutes
tamponade if present)

Cardiac injury

Thorax Abdomen

+Control of cardiac lesion
(cardiotomy performed at (pulmonary pedicle,
previous green box) mediastinal vessels)
+Repair of heart wound
Clamp on
descending aorta

Continue resuscitation via large-bore lines

Internal cardiac massage andfor internal electric shock

Death (after 30 minutes of resuscitation) and temp > 33°C




Open cardiac massage

In animalstudies

E xternal:25%o0ofC O

O pencardiac :60 to 70 %of
C O

In a smallstudy ofl10 pati
e nts
Coronary perfusion pr.

400 %greaterwith open ca
rdiac
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Open cardiac massage

Two-hand (clapping ")te
chnique

T he wrists placed tog
ether

The thumb adjacentt
o finger

Apex to base

Internal defibrillation (10-50 J)
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Aortic Cross Clamping

R edistribution (heart,
brain)

S ubdiaphragm atic lo
S S

Just above the diaphragm
Reposition to lower level
No more than 30mins




Bilateral anterior thoracotomy
I (Clamshell thoracotomy)

Sternum Left
(cut) lung <O

Pericardial
sac




ton .y
Antel 101 I ' 10rax: Le't Al ner date'a' I I 10raco’

LAT RAT

> WorldJSurg. 2013 Jun;37(6):1277-85‘ doi: 10.1007/500268~013~7961-5.
Bilatera] anterijor thoracotomy (clamshell in
the idea]

cision) js
€mergency thoracotomy incision: an
anatomijc Study
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2 Left Hemithorax: Bithoracotomy (Clamshell) Right Thorax: Bithoracotomy (Clamshell)
Right Thorax: Sternotomy

Inferoposterior Heart: Sternotomy

Anterior Thorax: Median Sternotomy ’ | Anterior Thorax: Bithoracotomy (Clamshell)

Sternotomy Clamshell
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Management of specific injuries
I Blunt Cardiac Injury

« Myocardial rupture
* Hemopericardium

« Septal and valvular injury
« Tear of the leaflet
« Tear of the papillary muscle or chordae tendineae

« Myocardial infarction
« Coronary artery dissection, laceration, and thrombosis

« Cardiac dysfunction
* myocardial contusion

« Arrhythmia

« persistent tachycardia, new bundle branch block, a.fib..

« Concomitant injury
 Sternal fracture (!)
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Management of specific injuries
I Blunt Pulmonary Injury

* Pneumothorax e &2 L

SEMI-ERECT PORTABLE

« Hemothorax
* Tracheobronchial injury

* Pulmonary contusion
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Management of specific injuries
I Blunt Chest Wall Injury

« Sternal fracture

« Scapula fracture

 Rib fracture

 Flail chest

« Sternoclavicular dislocation

* Thoracic spine fracture

uuuuuuuuuuuuuuuuuuuuu
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Management of specific injuries
Rib fractures

Rib Fracture

N

A Practical Manual

Marc de Moya
John Mayberry
Editors

@ Springer

O

CWIS

Chest Wall Injury Society
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Flail chest

—

Inspiration

—

Expiration

Flail segment
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Paradoxical respiration

Broken ribs

Breathe in Breathe out

L3 Cleveland Clinic ©2022

Lungs
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Surgical Stablilization of Rib Fracture (SSRF)

Chest
wall

Injury
Society

CHEST WALL INJURY SOCIETY GUIDELINE FOR SSRF

INDICATIONS, CONTRAINDICATIONS AND TIMING

Patrick T. Delaplain MD, Sebastian D. Schubl MD FACS, Fredric M. Pieracci, MD MPH FACS,
Aricia Shen BS, Danielle E. Brabender BA BS, John Loftus MD, Christopher W. Towe MD,
Thomas W. White MD FACS, Ronald I. Gross MD FACS, Andrew R. Doben MD FACS, Adam J. Kaye MD MHA FACS,
Bhavik Patel MBBS MS FRACS, Zachary M. Bauman DO MHA FACOS FACS
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SSRF ALGORITHM

DEFINITIONS OF TERMS

» SEVERE TBI

« Any GCS <8
RIB FRACTURES « Signs of intracranial hypertension
l » RELATIVE
CONTRAINDICATIONS

1. CT CHEST f"—'hlge 'I 8 years e
Significant comorbidities

2. ASSESS RESPIRATION FUNCTION . .
Unstable Spine injury

3 MULTI-MODAL PAIN PROTOCOL

Empyema
4. LOCO-REGIONAL PAIN THERAPY Prior chest wall radiation

l Mild/moderate TBI
CHEST WALL INSTABILITY
SHOCK/ONGOING RESUSCITATION Flail Segment
« 3+ ipsilateral consecutive ribs
SEVERE TBI with fractures in 2 locations

ACUTE MI Clinical finding of paradoxical

motion
OUTSIDE RIBS 3-10 Offset fractures

(CONSIDER RELATIVE CONTRAINDICATIONS) « 3+ ipsilateral rib fractures with

displacement of 100% of rib

N width on axial CT
Instability or "clicking” on palpation
l or reported by the patient

» 3+ > 50% DISPLACEMENT

Y CHEST WALL INSTABILITY

|

« Three ipsilateral consecutive
or non-consecutive ribs each
with a fracture displaced 50%
of the rib width on axial CT
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\

ON VENTILATOR

l

3+ 2 50% DISPLACED
RIB FRACTURES

-+

2+ PULMONARY

Y

\J

FAILURE TO WEAN

DERANGEMENTS DUE TO RIB FRACTURES
Y N N Y
> OTHER HIGHER PRIORITY INJURIES -
N Y

!

IDEALLY < 72 HOURS FROM INJURY

:

PULMONARY DERANGEMENTS
Respiratory rate =20
Incentive spirometry <50% of
predicted
Numerical pain score =5/10
Poor cough

» FAILURE TO WEAN

Must be clinically determined to
be related to the rib fractures
Unable to progress to
spontaneous breathing trial after
48 hours

Able to obtain spontaneous
breathing trial for 60 minutes but
develops =2 of the following

« Increased resp. rate =35
« Increased heart rate =140

Oxygen saturation <90%
RSBl =105

Anxiety

Diaphoresis

Agitation

Of note: Ventilator weaning
should be at the discretion of the
treating bedside physician.

» HIGHER PRIORITY INJURIES
+ Pre-operative spinal injury
Open Abdomen
Significant vascular trauma
Pelvic external fixation

32



post SSRF
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Management of specific injuries
I Penetrating thoracic Injury




Management of specific injuries

I Pulmonary tractotomy
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REBOA (Resuscitative Endovascular
Balloon Occlusion of the Aorta)

— . ~
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NCTH (Non-compressible torso hemorrhage)

=

* — -_“_'

Table 1. Non-compressible torso hemorrhage, which consists of one of the anatomii
et al.>.

Anatomic criteria

1. Pulmonary injury (massive haemothorax, pulmonary va

2. Solid organ injury = grade 4 (liver, kidney, spleen)

3. Named axial torso vessel

4. Pelvic fracture with ring disruption

1 - Santo Amaro University, Discipline of General Surgery and Trauma, Sao Paulo, SP
Center, Baltimore, MD, USA. 3 - University of New South Wales, School of Medicine,




Left subclavian
artery

Ascending
aorta

Descending

aorta

Aortic zone |
Left subclavian
to celiac trunk
Diaphragm

liac trunk
Aortic zone Il
Celiac trunk to

lowest renal artery

Superior
mesenteric artery

Right

renal artery renal artery

Aortic zone IlI
Lowest renal artery
to aortic bifurcation

Abdominal

aorta
Inferior

REBOA [\ mesenteric artery
|

Right common 4 Left common
iliac artery & 7 iliac artery




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

Balloon inflation to occlude the aorta flow

to lowest renal a.
=» No occlusion

Zone 1: from left subclavian a.
to celiac trunk

Zone| =2 Abdominal

or truncal hemorrhage

- Xyphoid

Zone |l

e m- Umbilicus

Zone 3: from the lowest renal a.

.' to aortic bifurcation
’_ =>» Pelvic hemorrhage




Blunt trauma without open wound

* Pneumothorax or hemothorax

- Clean thoracostomy

N
=AUSAoI=N }
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Clean thoracostomy

e Q.
(D Continuous while having a chest tube
2 Once before and once after placing the chest tube
(3) Only once before chest tube placement

4) No antibiotics required

- = O =
—EosoEl=E

41



Clean thoracostomy

* A.

v No antibiotics required -

* Freeman JJ, Asfaw SH, Vatsaas CJ, et al. Antibiotic prophylaxis for tube thoracostomy placement in trauma: a practice management guideline from the Eastern Association for

M
[
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Penetrating trauma (without esophageal injury)

* Prophylactic intravenous antibiotics should be
administered

- Cefazolin 2 g IV Q8h
Use for 24 hours after surgery

* Sanabria A, Valdivieso E, Gomez G, Echeverry G. Prophylactic antibiotics in chest trauma: a meta-analysis of high-quality studies. World J Surg. 2006;30(10):1843-1847.

— = O =
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Chest trauma with esophageal injury

* Broad-spectrum intravenous antibiotics

* Covering aerobes and anaerobes
* Ampicillin/sulbactam (3 gm QID)
* Piperacillin/tazobactam (3.375 gm QID)
* Clindamycin (900 mg TID) + Ciprofloxacin (400 mg BID)
e Carbapenem

— = O =
—EosoEl=E
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Chest trauma with esophageal injury

+ Antifungal coverage
* Long-term antacid therapy
 Steroids or other immunosuppressive therapy
* HIV infection
* Known esophageal candidiasis

- Fluconazole 400 mg QD




Cardiac injury

* Cardiac laceration or rupture
» Cardiac operation with/without CPB

» Standard preoperative antibiotics should
be administered

— Cefazolin
(Redose interval: 4 hours)
—> or Vancomycin

* FrequentMR S A infections
* Patients previously colonized with M R S A
* Penicillins orcephalosporins allergy

46



Resuscitative thoracotomy

I e Recommended before any cardiothoracic surgery
* Procedure should not be delayed for antibiotic administration

+ Enteric gram-negative bacilli
* Aminoglycoside (gentamicin 5 mg/kg IV)
* Fluoroquinolone (ciprofloxacin 400 mg IV or levofloxacin 500 mg IV)

* Weare S, Gnugnoli DM. Emergency Room Thoracotomy. [Updated 2023 Jul 24]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2023 Jan.



Pulmonary and tracheobronchial injury

* Lung contusion:
* For treatment of advanced pneumonia
* Not prophylaxis
* Traumatic pulmonary pseudocyst:
* Still controversial
* Infected?

* TBI:
* Non-operative management
— Broad-spectrum antibiotic coverage

E—
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Chest wall pain after trauma

Impaired function, recovery, and quality of life

Prolonged opioid use/opioid-induced adverse events

Morbidity
* Pneumonia

* |leus

Health economic impact

* Increase length of stay, time to discharge, readmission rates

* Increase cost of care

49



Pain management

* NSAIDs
 AAP
* Opioids

e Gabapentin

* |V & Epidural PCA

* Intercostal nerve block
* Paravertebral catheter

e Subcutaneous catheter

- Multimodal management

THo O ==
natienal medical center



Physiotherapy and rehabilitation
* Early physiotherapy = reduced respiratory complications and length of stay
* Encourage physiotherapy as early as possible

* Rehabilitation is an essential component of successful treatment of thoracic trauma
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Trauma..

ER OP. ICU Consult op. Rehab.



PRESCEIRC
o=z
— 4

) A .

¥ Zojut

2UX] 5 2lehHst ol

HIEAS

QAME X|H '23.07.21.
i\\\‘

yas
HE [EELT]
44 Qlarst, Saxtele
A 16 E :
% b El £ 2 a3 £ e o g 2 2 £ e El E % g 2 £
o [ ] o [ ) o [ ]
2F

2-.‘ ﬁ g‘] AJ-‘;'J E-‘ X] 3‘3 4* : - @ | @ 4| Q.44

L9 % %:3PgFLoeg
2 M A MEFEYEN FF AR 245

2. &
3. HRAEE  FIS ‘ =
(B == \ :
B9 @ yzs o 24
[Hgeol [H2Eo} (H2Eol
i, Euxtols =R SR, HA
§l 7)2hg MSFo)Rol Uk WE ANYFE,
2|88 |s][=2]|3|= 72 ° | % | 4 | = |3 | = | u|a|s[s|z]=
o 2] ° °® | @
% % | @ [} ®

A7 Z22) 27|55l whel U o) dMlE| 2 A% il N -
ﬂ-"' ‘;’_ : @ MHE7| @ AHe| Q YH|

2023 7491 21

ﬁﬂmm ’Jﬂ““@

V)

;
b '..'T‘_’_;‘ T—.i‘l
it m-

\ﬂ - :
j— >d —:’:—1] il 2 %?{} il ol < s ' 2 ool
L V= (el LEE

0%

j [degol
Qfarst, FExtolst e|atst, sExtolst

¥ o b
—— ARl o Byie| Cigd 2, 01H HOIZ 48
| 8 | @ + | 8| 2| = 72| 8 | # g |2 | = 72| 8 | # 8| 2| =
=4 ] L] 2] e 3]




M2 A Q| AHIES

I = HHYME sz 1770a

[B71R%] AFRY2EH

(B MBI | K'Y

(B8] FRARaYY
(AN] seN
(7] ARy

(M) SUSYBH(NMC)

(2] ZHMcE e

HA7|u ] O i

(&) eRrey

G
(M8 JHYgEN
(BF] HPYH

[Fi] RAciEd

(€] 3yanagd

() REPIHN

(A% NSy

uuuuuuuuuuuuuuuuuuuuu



40.7

11

- —gF/He/HMF - -Fa/ti/Ed/EE

ze

L/ 58E/

- -HT - -NE - -/

2021

2019

2017

2015

19.9 15.7 14.62

30.5

- -H3
- -Hg

12.4

20.4

30.2

30.8

16.7 13.1 10.2

27.4

-~ QI

15.8

14.7

15

26

25.9 15.5 21.1

40.7

T TaF/dEyM =T

15.5 13.6

29.4 16

RS E A

56



57

22 )

medical center

=22

E

—
=
natic



N
=AUSAoI=N }

NMC A=-0|8 X 22 d2E=ZAF OFF
=

& O|gx 7|1XF | @ £9Q120231122 1257

| 22 g2.87 7128 = ZH. ALY X|Hel0| =37

B =2Y5Y0IRH USOH £

ZESAOZANMC) A=0|™ EX| Lf 2tAf = A7 108 30
U SIiHoZEE YR ERE O 0[] M2} NMC AlZ.0|H =N 2fEHE
AFRle S5ix) ZALOf 2 X|H Q10| 0]0{Zt = QA SHCH 56








