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ATLS “C” - ETIOLOGIES OF SHOCK
• Hemorrhagic
• Cardiac Compressive
• Cardiogenic
• Neurogenic
• Septic

“Definitive control of hemorrhage and 
restoration of adequate circulating volume are 
the goals of treating hemorrhagic shock”
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We’re talking about hypotensive trauma patients





J Trauma Acute Care Surg 2018; 84:819
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Any seasoned trauma provider will tell you they tighten up when they see an x-ray like this



J Trauma Acute Care Surg 2019; 86:658

178 (13%) of 1339 Patients Admitted in 
Shock (SBP <90, HR >120, or BD >5) 

32% Mortality

J Trauma Acute Care Surg 2016; 80:717
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In this day and age, mortality is extremely high.



PELVIC STABILIZATION
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This can begin in prehospital arena
Don‘t overtighten





TWO ISSUES

• Excessive Crystalloid

• Permissive Hypotension



Damage Control: Keep a Badly Damaged Ship 
Afloat After Major Penetrating Injury to the Hull



Plug Gaping Holes
Extinguish Fires
“Dog Down” Watertight 

Doors

Keep Ship Afloat
 Assess Overall Damage
 Establish a Plan for Definitive Repair

Damage Control: Keep a Badly Damaged Ship 
Afloat After Major Penetrating Injury to the Hull



1976- Lucas & Ledgerwood
1981- Feliciano et al

DAMAGE CONTROL

1983- Stone et al

1993- Rotondo et al

Multitrauma, 
Coagulopathy

Liver Packing



Kashuk J, Moore EE et al. J Trauma 1982; 22:261



“Damage control resuscitation addresses 
the entire lethal triad immediately upon 
admission to a combat hospital”

J Trauma 2007; 62:307
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DCR principles include: compressible hemorrhage control; hypotensive resuscitation; rapid surgical control of bleeding; avoidance of the overuse of crystalloids and colloids, prevention or correction of acidosis, hypothermia, and hypocalcemia; and hemostatic resuscitation (early use of a balanced amount of red blood cells (RBCs), plasma, and platelets



• Avoid / Treat Hypothermia
• Permissive Hypotension (Selective)
• Limit Isotonic Crystalloid
• Hemostatic Resuscitation
• Bleeding Control
• Aggressive Hemostatic 

Resuscitation, POC Testing
• Correction of Acidosis, Hypocalcemia

DAMAGE CONTROL 
RESUSCITATION
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• First Described 1918: Restrict Crystalloid, 
Maintain BP Below Normal, Until Hemostasis

Cannon WB JAMA 1918; 70:618

• Aggressive Fluid May Increase Hydrostatic 
Pressure, Dislodge Clots, Lead to Dilutional 
Coagulopathy and Hypothermia

• Animal Studies- Survival Benefit
• Human Studies- ALI; ACS; Inc Vent Days, 

LOS

PERMISSIVE HYPOTENSION

J Trauma Acute Care Surg 2018; 84:802
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ATLS 10e

Fluid resuscitation and avoidance of 
hypotension are important principles in the 
initial management of patients with blunt
trauma, particularly TBI.

In penetrating trauma with hemorrhage, 
delaying aggressive fluid resuscitation until 
definitive control of hemorrhage may 
prevent additional bleeding.



J Trauma Acute Care Surg 2015; 78:687

• Controlled (250 mL prn, SBP >70) vs Standard 
Resuscitation (2L +prn, SBP >110)

• Penetrating Trauma 9% vs 9%
• Blunt 3% CR vs 18% SR
• Worse Renal Function in CR
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DCR principles include: compressible hemorrhage control; hypotensive resuscitation; rapid surgical control of bleeding; avoidance of the overuse of crystalloids and colloids, prevention or correction of acidosis, hypothermia, and hypocalcemia; and hemostatic resuscitation (early use of a balanced amount of red blood cells (RBCs), plasma, and platelets



J Trauma Acute Care Surg 2018; 84(Suppl 1):S3-S13
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• Organ Hypoperfusion---Oxygen Debt

• Hemorrhagic Shock---Renal Failure 
(Lesson Learned in Wartime)

HYPOTENSIVE RESUSCITATION
CAVEATS

J Trauma Acute Care Surg 2018; 84(Suppl 1):S3-S13
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• Late Use of Fluids
• Weak Evidence, Not Generalizable

• Restrictive Volume Administration
• Weak Evidence

• Hypotensive Targets
• No Proven Benefit

Principles may only apply in mature trauma 
systems with short transport times, rapid 
access to surgery, and only crystalloid is 
being used

HYPOTENSIVE RESUSCITATION

J Trauma Acute Care Surg 2018; 84(Suppl 1):S3-S13
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• 85 mmHg seems too low for a prolonged 
period Emerson et al, Ann Surg 1945; 122:745

• 110 mmHg may be “Lower Limit of 
Normal” Eastridge et al, J Trauma 2007; 63:291

• Higher targets in TBI (>100-110 mmHg 
systolic) Brain Trauma Foundation 2016

• 90 mins may be Upper Limit Li et al, 
Anesthesiology 2011; 114:111

BLOOD PRESSURE TARGET

Further Research is Needed
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J Trauma Acute Care Surg 2013; 74:1207

If Not Hypotensive, >500 mL Crystalloid Assoc w/ 
Higher Mortality and Coagulopathy
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Presentation Notes
he detrimental effects of excessive crystalloid administration have been known for many decades. Moore and Shires described the detrimental effects of poor nutrient and oxygen diffusion as the interstitial space accumulated fluid from overzealous fluid administration in their 1968 plea for “moderation.”43 In the 1980s, as Shoemaker et al described “supernormal resuscitation,” Fietsam et al reported a series of 4 patients all receiving >25 L of crystalloid in the first 16 hours of surgical care resulting in abdominal compartment syndrome.44–46 Furthermore, large volume crystalloid infusion may be counterproductive in reversing the acidosis portion of the lethal triad.2,47,48 Large volume crystalloid infusions lead to increased intracellular swelling, reducing the efficiency of intracellular processes that may lead to disordered glucose regulation.49 The proinflammatory state of hemorrhagic shock is well known, and recently our understanding that crystalloid resuscitation potentiates rather than blunts this has grown. High-volume resuscitation leads to increased macrophage release of tumor necrosis factor α as well as other proinflammatory cytokines.50 This leads to further capillary leak and need for ongoing resuscitation. Moreover, increased inflammatory cytokines are thought to contribute to the multiorgan dysfunction associated with large volume crystalloid resuscitation.48,51 The endothelial glycocalyx (EG) has recently been recognized as a complex of proteoglycans, glycosaminoglycans, and plasma proteins that are essential for maintaining the osmotic integrity of the endothelium.52,53 The EG is thinned with hemorrhagic shock and crystalloid administration potentiates this thinning leading to further third space fluid losses and intravascular volume depletion.53
As a result of this multiorgan damage at the cellular level, few organs are spared. Pulmonary complications are thought to result from the increase in accumulation of fluid in the lung observed in patients and animals resuscitated with crystalloid.54,55 Crystalloid administration can also lead to cardiac dysfunction. The Starling curve demonstrates that volume expansion increases cardiac output to a certain point, past which further expansion results in decreasing cardiac performance.56 Although any fluid, given in excess, will cause this effect, the overzealous use of crystalloid is often to blame. In addition to the Starling curve effects, crystalloid administration has been associated with cardiac dysfunction in the form of arrhythmias and lower than expected cardiac output, despite appropriate filling pressures.57–59 These effects may be related to the intracellular swelling discussed earlier. The gastrointestinal tract is very sensitive to excessive crystalloid infusions with the increased sodium and water load readily causing enteric edema. This edema leads to increased abdominal pressure and a greater oxygen diffusion distance causing relative tissue ischemia as well as an increased risk of abdominal compartment syndrome.56,60 Bacterial translocation, prolonged ileus, and an increased risk of anastomotic leak follow bowel edema.50,51 Indeed, in a recent randomized trial, Brandstrup et al showed that a restrictive resuscitation regimen resulted in a significantly reduced incidence of postoperative cardiac, pulmonary, and anastomotic complications.61 They also observed a decrease in mortality from 5% to 0%, although this did not reach statistical significance with a P value of .12. Finally, as mentioned earlier, aggressive crystalloid resuscitation can lead to a dilutional coagulopathy further contributing to the lethal triad and increasing mortality in the hemorrhaging patient. Barak et al found that limiting operative crystalloid resuscitation to less than 3 L had less coagulation disturbances than those who received more than 3 L of crystalloid resuscitation.62 Indeed, multiple human and animal studies have also demonstrated that crystalloid resuscitation in the bleeding patient leads to increased coagulopathy, increased blood loss, and increased mortality when compared to a more fluid restrictive strategy
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J Trauma Acute Care Surg 2017; 83: 464

12 Level I Trauma Centers
Laparotomy <90 Minutes



J Trauma Acute Care Surg 2017; 83: 464



J Trauma Acute Care Surg 2016; 81: 685





STABLE = NORMAL

Tachycardia is NOT normal; Sign of Class II 
hemorrhage (15-30% blood volume loss)
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