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DAMAGE CONTROL?DAMAGE CONTROL?

The term damage control comes from the US 
Navy and was described in the 1940s for control 
f b l d hiof battle damage to ships.

Rapid repairs to keep the ship afloat, Rapid repairs to keep the ship afloat, 

Return to port, Return to port, 

and finally definitive repairs. and finally definitive repairs. 



HISTROYHISTROYHISTROYHISTROY

Id i i t d f j h ti tId i i t d f j h ti t•• Idea originated from major hepatic trauma.Idea originated from major hepatic trauma.
Pringle JH. V. Notes on the Arrest of Hepatic Hemorrhage Due to Trauma. Ann Surg. 1908 Oct;48(4):541-9. 



Lethal TriadLethal Triad

“bloody vicious cycle” “bloody vicious cycle” - unattended core y yy y
hypothermia and persistent metabolic 
acidosis as key events promoting a lethal 
coagulopathic state.

Elerding SC, Aragon GE, Moore EE. Fatal hepatic hemorrhage after trauma. Am J Surg. 
1979;138:883-888.

Kashuk JL Moore EE Millikan JS Moore JB Major abdominal vascular trauma-aKashuk JL, Moore EE, Millikan JS, Moore JB. Major abdominal vascular trauma a 
unified approach. J Trauma. 1982;22:672-679.

Am J Surg. 1996;172:405-410.





In 1993 Rotondo et alIn 1993, Rotondo et al. 

• 1988. 2~ 1991. 7

• > 10 packed RBC> 10 packed RBC

• Penetrating injury & abdominal injury



Trauma Induced Coagulopathy(TIC)Trauma Induced Coagulopathy(TIC)



HYPOTHERMIAHYPOTHERMIA

The effects of h pothermia incl de altered platelet f nction impaired coag lation• The effects of hypothermia include altered platelet function, impaired coagulation 
factor function, enzyme inhibition and fibrinolysis. 

• 1 °C drop in temperature is associated with a 10% drop in function 

• Hypothermia below 34 °C inhibits the initiation phase of clottingHypothermia below 34 C inhibits the initiation phase of clotting.

• Most of the coagulation enzymes are slowed by hypothermia. 

• While moderate hypothermia delays the onset of thrombin generation, the total 
amount of thrombin generation is unaffected.g



ACIDOSISACIDOSIS
• A reduction of pH from 7 4 to 7 0 has been shown in vitro to reduce• A reduction of pH from 7.4 to 7.0 has been shown in vitro to reduce 
- FVIIa activity by 90%, 
- prothrombin complex (Xa/Va) activity by 70%
- FVIIa-TF complex activity by 55%- FVIIa-TF complex activity by 55%.

• pH 7.1 -> a pronounced inhibition of the propagation phase of thrombin generation 
> clot strength ↓& fibrinogen degradation two fold ↑-> clot strength ↓& fibrinogen degradation two-fold ↑

• pH <7 -> impaired platelet aggregation and adhesion 
> the correction of pH with bicarbonate or trishydroxymethylaminomethane (THAM)-> the correction of pH with bicarbonate or trishydroxymethylaminomethane (THAM) 

does not restore platelet function.



Damage Control ResuscitationDamage Control Resuscitation

Damage Control Surgery(immediate control of hemorrhage)Damage Control Surgery(immediate control of hemorrhage)Damage Control Surgery(immediate control of hemorrhage)Damage Control Surgery(immediate control of hemorrhage)



Large volume crystalloid resuscitationLarge volume crystalloid resuscitation

M h l f t i f t ά↑↑ & i fl t t ki ↑↑• Macrophage release of tumor necrosis factor ά↑↑ & proinflammatory cytokines ↑↑

 Capillary leak ↑↑

 endothelial glycocalyx thinning ↑↑ => third space fluid losses and intravascular g y y g p
volume depletion.

• Pulmonary edema cardiac dysfunction bowel edemaPulmonary edema, cardiac dysfunction, bowel edema

• Dilusional coagulopathy



HEMODILUTIONHEMODILUTION

• Overzealous crystalloid resuscitation can exaggerate an existing coagulopathy.

• Interestingly, acute hemodilution to 50% in vitro does not impair clot formation, but 
this magnitude of hemodilution enhances the sensitivity to tPA due to the dilution of 

d tifib i l tiendogenous antifibrinolytics.



PERMISSIVE HYPOTENSIONPERMISSIVE HYPOTENSION

b h t ti th i b• become hemostatic on their own as  become more 
hypotensive

• clot disrupted by the increased pressure• clot disrupted by the increased pressure

J Trauma. 2003;54:S110 –S117





Massive Transfusion ProtocolsMassive Transfusion Protocols
• The development and implementation of massive transfusion• The development and implementation of massive transfusion 

protocols (MTPs) have been associated with a reduction in mortality 
and overall blood product use in trauma centers.

• The optimal goal is early communication to the blood bank of the• The optimal goal is early communication to the blood bank of the 
urgent need of a large volume of blood products.

• The content of MT protocols should be based on the principles of 
damage control resuscitationdamage control resuscitation.

• As such, they should provide for ratio-based blood products that are 
empirically delivered (hemostatic resuscitation) and have a process for 
the immediate availability of RBC plasma and plateletsthe immediate availability of RBC, plasma, and platelets. 

• Protocols should also include standardization of the assessment of 
coagulopathy and include assessment and treatment of acidosis, 
hypothermia and hypocalcemiahypothermia, and hypocalcemia.









Damage Control Surgeryg g y

h hh h t i tit i ti
DCS

Control hemorrhagehemorrhage andcontaminationcontamination
DCR

continued resuscitation and aggressive correction of their
coagulopathy, hypothermia, and acidosis coagulopathy, hypothermia, and acidosis in the ICU in the ICU 

returning to the operating room

g p y, yp ,g p y, yp ,

returning to the operating room
;definitive repair of their injuries 



Damage Control ResuscitationDamage Control Resuscitation

Scandinavian Journal of Surgery 103: 81–88, 2014



Damage Control Surgery = Only Staged Laparotomy?Damage Control Surgery = Only Staged Laparotomy?

Originally implemented for injured patients with “ metabolic failure” or g y p j p

“physiologic exhaustion”(hypothermia, metabolic acidosis, coagulopathy), 

damage control surgery quickly became a technique used by multiple surgical 

specialties including the following : general surgery, thoracic surgery, vascular 

surgery, orthopedic surgery, gynecologic surgery, etc.

- Trauma 8th ed. -



Indication Indication 
f D C t l Sf D C t l Sfor Damage Control Surgeryfor Damage Control Surgery





Indication for Damage ControlIndication for Damage Control
1) inability to achieve hemostasis due to a recalcitrant1) inability to achieve hemostasis due to a recalcitrant 
coagulopathy, ie, the bloody vicious cycle

(2) inaccessible major venous injury, eg, retrohepatic vena caval
disruption

(3) anticipated need for a time-consuming procedure, eg, 
pancreaticoduodenectomy, in the patient with a suboptimal 
response to resuscitation

(4) Demand for nonoperative control of extra-abdominal

life-threatening injury, eg, ruptured pelvic fracture hematoma

requiring selective arterial embolization;

(5) Inability to approximate the abdominal incision due to 
extensive splanchnic reperfusion induced visceral edema egextensive splanchnic reperfusion induced visceral edema, eg, 
following protracted shock requiring massive fluid administration;

(6) desire to reassess abdominal contents, eg, compromised 
intestinal blood supply due to extensive mesenteric wound.







No Definite Selection CriteriaNo Definite Selection Criteria

• Too Liberal -> Unnecessary staged operation -> 
li icomplication ↑

• Too Strict -> Adverse physiological outcome -> Too 
late to salvage













High energy blunt torso trauma
Systolic BP <90 once during transport to hospital
Significant pre existing medical comorbiditySignificant, pre-existing medical comorbidity
Systolic BP<90 upon arrival to the ED or trauma 
bay
-> uncertain

Cardiac arrest during transport to hospital
Preoperative temperature<34
Preoperative arterial pH<7.2
Preoperative lethal triad
>10 U pRBCs were given preoperatively>10 U pRBCs were given preoperatively
A resuscitative thoracotomy was performed in the ED or 
trauma bay
-> Significant benefit



S li BP 90 h b i i f iSystolic BP < 90 at the beginning of operation
-> Uncertain

Juxtahepatic venous injury
Abdominal vascular injury and 2 solid or hollow abdominal organ 
injuryinjury
Devascularization or destruction of the pancreas and/or duodenum
Arterial pH persistently <7.2 during operation
Intraoperative clinically-observed coagulopathy
L h l i d h b i i f iLethal triad at the beginning of operation
Lethal triad during the conduct of operation
-> Significant benefit



Thoracic Damage Control SurgeryThoracic Damage Control Surgery



Thoracic Damage Control SurgeryThoracic Damage Control Surgery

Abdominal damage control surgery• Abdominal damage control surgery 
- hemorrhage & immediate infection exposed by the GI tract

• Thoracic damage control surgery
- exsanguination- exsanguination 
- space occupying and lung-compression events

=> Arrest of hemorrhage and maintaining oxygenation by 
relieving intrathoracic positive pressures.



POSITION?POSITION?



Trauma 7th ed chapter 24Trauma 7 ed chapter 24



Posterolateral ThoracotomyPosterolateral Thoracotomy

descending thoracic aorta, esophagus, azygous vein, 
and the mediastinal trachea and bronchi



Anterolateral ThoracotomyAnterolateral Thoracotomy



Transverse Thoracosternotomyy
(Clamshell)



Clamshell ThoracotomyClamshell ThoracotomyClamshell ThoracotomyClamshell Thoracotomy

World J Surg (2013) 37:1277–1285







Thoracic Damage Control 
S T h iSurgery Technique



HILAR CONTROLHILAR CONTROL







PULMONARY HILUMPULMONARY HILUM 
TWISTTWIST



Wilson A, Wall MJ Jr, Maxson R, Mattox K. The pulmonary hilum twist as a thoracic damage 
control procedure. Am J Surg. 2003 Jul;186(1):49-52.





Lung Sparing TechniqueLung Sparing Technique



Stapled pulmonary tractotomyStapled pulmonary tractotomy





Wedge resectionWedge resection



Y Moriwaki, H Toyoda, N Harunari, M Iwashita, T Kosuge, S Arata, N Suzuki
Gauze packing as damage control for uncontrollable haemorrhage in severe thoracic Trauma. 
Ann R Coll Surg Engl 2013; 95: 20–25



• Intrathoracic packing may be effective in particular locations in the thoracic cavity• Intrathoracic packing may be effective in particular locations in the thoracic cavity 
such as the space enclosed between bones, around vertebrae, at the lung apex, and 
between the diaphragm and thoracic wall.

• It is advisable to wait for at least three hours after packing if the vital signs of the 
patient can be maintained with appropriate blood transfusion.

• The physician should continue to wait if the volume of the thoracic tube discharge 
decreases to <200ml/hr within 4 or 5 hours.

• 96–120 hours is an acceptable duration in terms of the risk of infection.

Packed gauze should be removed within three or four days• Packed gauze should be removed within three or four days.









THANK YOU FOR YOUR ATTENTIONTHANK YOU FOR YOUR ATTENTION


