


Hemorrhagic Shock



Objectives

At the conclusion of this presentation 
the participant will be able to:

• Define hemorrhagic shock.
• List common causes of hemorrhagic shock in the trauma patient.
• Recognize the signs and symptoms of hemorrhagic shock.
• Explain the importance of early control of hemorrhage in trauma 

patients.
• Describe initial management of hemorrhagic shock.
• Describe ongoing evaluation of the trauma patient with hemorrhagic 

shock.



Hemorrhagic Shock

What is the 
definition of shock?

Inadequate tissue 
perfusion

Presenter
Presentation Notes
Points to emphasize:
The key to effectively treating shock is recognizing it is present.
Shock is not defined by blood pressure. 
No single finding or lab test to recognize shock.  
Shock is present when there are clinical finding of poor tissue perfusion.

Hemorrhage is defined as acute loss of blood volume.

While there are several types of shock, we will be focusing on hemorrhagic shock, which is a type of hypovolemic shock.

Other types of shock include:
Obstructive (Tension pneumothorax and cardiac tamponade)
Cardiogenic
Or Distributive shocks: Neurogenic, Septic, and Anaphylactic 

Image is from personal collection.



Historic Trauma Trimodal Death Distribution
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Presenter
Presentation Notes
The trimodal death distribution of trauma was first described by Trunkey in 1983.    

Immediate deaths occur within minutes and consist of major lacerations to the brain, brainstem, aorta, spinal cord, and heart.  These are nonsurvivable injuries in which only injury prevention can affect outcome. 

Early deaths occurred within the first few hours and consist of potentially survivable injuries such as epidurals, subdurals, hemopneumothorax, pelvic fractures, long bone fracture, and abdominal injuries.  Access to trauma center care is important for this group.

Late deaths  can occur up to weeks later in the intensive care unit and include deaths from sepsis and multiple organ failure.  Improved resuscitation and critical care can improve these outcomes.





Heart 
Rate

Stroke 
Volume

Cardiac 
Output

Contractility

Afterload
Preload

Presenter
Presentation Notes
Cardiac output, which is defined as the volume of blood pumped by the heart per minute, is determined by multiplying the heart rate by the stroke volume.

Stroke volume, which is about 70 mL per beat in an average sized adult, is defined by the amount of blood pumped with each cardiac contraction. This is classically determined by the following:
Preload defined as the amount or volume of venous return to the heart. The more return the greater the stretch.
Myocardial contractility is stretch. The greater the stretch the more powerful the contraction, up to a certain point (Frank-Starling Law).
Afterload (systemic or peripheral vascular resistance). The resistance of forward flow of blood.

Hemorrhagic shock primarily affects the PRELOAD.

Pearl:
Loss of preload also affects contractility. Less volume means less stretch which equates to less force.




Injuries Associated with Massive Hemorrhage

• Chest
• Aorta
• Vena Cave
• Hemothorax

• Abdomen 
• Spleen
• Liver

• Pelvis
• Long bone

• Femur
• Humerus

• External bleeding
• Various external sources 

such as the scalp
• Don’t forget to exam the 

posterior surfaces!

Don’t 
underestimate 
the bleeding 

from soft 
tissue 
injury

Presenter
Presentation Notes
Hemorrhage is the most common cause of shock in trauma patients.

The chest, abdomen, pelvis, long bones and external sources are where lift threatening hemorrhage occurs. Sometimes referred to as 4 and on the floor.  

Pearl: 
Isolated head injuries don’t cause hemorrhagic shock; if you suspect hemorrhagic shock in the presence of a head injury look for another source of bleeding.
Possible blood loss
Humerus or Tibia = 750 ml
Femur = 1500 ml
Pelvis = > 3 L

Soft tissue can cause a great deal of fluid loss.  These injuries can cause a SIRS response with the release of cytokines increasing vascular permeability contributing to.






Confounding Factors 

• Patient's age
• Pre-existing disease/meds
• Severity of injury
• Access to care
• Golden hour
• Duration of shock
• Amount of prehospital 

fluid
• Presence of hypothermia

Presenter
Presentation Notes
Confounding factors in response to hemorrhage
Of all of these confounders, duration of shock is the most important predictor of survival, which of course is related to access to care from the time of injury to treatment (golden hour).    

Someone who is severely injured within minutes of a trauma center, with prompt access to care, has a much higher likelihood of survival than the person with a less severe injury but who has delayed access to care (rural, etc.).   

Image from STN collection.



Classic Signs & 
Symptoms of Shock

• Changing mentation/confusion
• Rapid shallow breathing
• Hypotension
• Tachycardia
• Weak Pulse
• Cool, clammy, skin
• Prolonged capillary refill
• Narrowed pulse pressure
• Decreased urine output

Presenter
Presentation Notes
These are the classical signs and symptoms of shock. They can be difficult to appreciate early in shock and can be missed until the patient begins to decompensate.  

Of these signs and symptoms, tachycardia and skin signs should be considered as being caused from hemorrhagic shock until it can be ruled out.

Image is from STN collection.



Hemorrhagic Shock

Classes of Shock



Presenter
Presentation Notes
Four Classes of Hemorrhagic Shock
The classification of hemorrhage into four classes based on clinical signs is a useful tool for estimating the percentage of acute blood loss. These will be discussed individually.

The blood volume in an adult is approximately 7% of ideal body weight.  Meaning 80 kg adult would have approximately 5.5 Liters of blood. (80 kg x 7% = 5.6)

Possible blood loss
Humerus or Tibia =750 ml (13%): Class 1
Femur = 1500 ml (26%): Class 2
Pelvis = > 3 L  (54%): Class 4

On click – notice it’s Class III that is typically what is defined as “Shock”.��Pearl:�The key to treating shock is recognizing it is present! Remember patients don’t all of a sudden get sick, we all of a sudden notice it.




Heart Rate and Blood Pressure

Heart rate
• Assess for rate and 

quality.
• Check central vs distal.
• A rapid heart rate and 

poor skin signs should 
be considered shock 
until it can be ruled out.

Blood pressure
• Does not define shock.
• Can be normal until 

class 3 of hemorrhagic 
shock.

• An increase in BP does 
not mean there is an 
increase in cardiac 
output.



Pulse Pressure / Respiratory Rate

• Respiratory rate
• Increased rate of 

breathing can occur for 
various reasons.

• Rule out respiratory 
cause:
• Tension pneumothorax

• Can be normal until class 
3 of hemorrhagic shock

• Pulse Pressure
• Narrowed pulse pressure 

suggests significant blood 
loss.

• Result of increasing diastolic 
pressure from compensatory 
catecholamine release.

• Watch for a trend!

100/60 100/64 100/68 100/74

Presenter
Presentation Notes
In hemorrhagic shock, the release of endogenous catecholamines increases peripheral vascular resistance but does little to increase organ perfusion. This in turn increases diastolic blood pressure.  If the systolic BP drops or stays the same, this will cause a reduction or narrowing of the pulse pressure.

Normal pulse pressure is around 40-50.  

An accurate respiratory rate is essential, respirations between 20-30 in an adult may be indicative of a patient in shock. High flow oxygen should be applied until the underlying cause is identified. EtCO2 will help evaluate ventilation. Rates below 10 indicate the need to assist ventilations, rates above 30 can be seen late in shock and require intervention.  

Pearl:�High respiratory rates are usually associated with lower tidal volumes.  




Urine Output and Mental Status

Urinary Output
• Used to monitor renal 

perfusion and guide 
resuscitation efforts.
• 0.5 mL/kg/hr

• Better indicator than BP.
• Hematuria can indicate 

retroperitoneal bleeding.

Changes in mental status
• One of the first signs of 

shock.
• Indicator of perfusion.
• Could be affected by 

drugs and alcohol.
• Hypoxia or head injury 

until proven otherwise.

Presenter
Presentation Notes
A urinary cath allows the trauma nurse to closely monitor urinary output and assess for hematuria.  A catheter should NOT be inserted if blood is noted at the urinary meatus until a urethral injury is ruled out.

Remember also that UOP is affected by glycosuria, ETOH, diuretics. Interpret with caution in the presence of these.

Mentation change is one of the first signs of shock.

Although shunting of blood to the brain and heart is preserved in early shock, hypoxia to the brain progressively worsens with oxygen deficit accumulation.

Never assume that altered mentation is due to drugs or alcohol alone. Consider hypoxia from inadequate perfusion and or head injury until proven otherwise.





Base Deficit (BD)

• Sensitive measure of inadequate 
perfusion

• Normal range -3 to +3
• Performed as part of an ABG
• Admission BD correlates to blood 

loss
• Worsening BD:

• Ongoing bleeding
• Inadequate volume replacement

Presenter
Presentation Notes
Base Deficit is performed on blood gases, and it is the amount of base required to titrate whole blood to a normal pH.

It is considered a reliable marker for shock and the need for transfusion.

Example moving from -7 to -4 is an improvement, because you are moving towards the normal range.

DISCUSS THE ABG RESULTS ON THE RIGHT.



Hemorrhagic Shock

Assessment



Assessment

Primary Assessment
• Airway 
• Breathing 
• Circulation 
• Disability
• Exposure

Presenter
Presentation Notes
It’s important to follow an organized approach to assessing the trauma patient. This is done using the primary survey and in order includes:

Airway – Open and clear the airway. Secure as needed.  
Breathing – Assesses breathing.  Apply oxygen and ensure adequate ventilation and oxygenation.  SpO2 goal is above 95%.  Consider a tension pneumothorax as the cause for shock (obstructive).

Circulation – STOP THE BLEEDING. For external bleeding using direct pressure, pack the wound, or apply a tourniquet if bleeding is from the extremity.  Pelvic binder or a sheet for pelvic fractures and surgical intervention or angioembolism for internal bleeding.  Splint long bone fractures. Establish IV access (18 g or larger).  Ensure appropriate volume resuscitation. 
 
Disability – assessing mental status here will help establish a baseline and can help monitor resuscitation efforts.
Exposure – exposing helps identify bleeding.  Keeping the patient warm is very important after exposing to prevent hypothermia which can lead to acidosis and coagulopathy.
Pearl:
The Trendelenburg position was originally used to improve surgical exposure of the pelvic organs. It is credited to German surgeon Friedrich Trendelenburg (1844-1924). After World War I, use of the Trendelenburg position became common practice in managing patients with shock.   There is no research to support its use in shock.

Image from STN collection.





Diagnostic Tools

• Focused Abdominal 
Sonography for Trauma 
(FAST)

• Chest X-ray (CXR) 
• Pelvic X-ray
• Diagnostic peritoneal 

lavage (DPL)
• Computed Tomography 

(CT)

Presenter
Presentation Notes
FAST, CXR, and a pelvic x-ray are adjuncts to the primary survey. They can help identify sites of life-threatening hemorrhage.

DPL is rarely used but is still listed as an option to identify abdominal bleeding.  

Pearls:
A CT can be done but should not delay transfer.
The patient should be stable before going to CT.

Image is from personal collection.



Shock Index (SI)
• SI = HR / SBP
• Elevated early in shock
• Normal 0.5 - 0.7
• SI > 0.9 predicts:

• Acute hypovolemia in presence of 
normal HR & BP

• Marker of injury severity & mortality
• Post-intubation hypotension

• Caution in Geriatrics
• May underestimate shock due to higher 

baseline SBP
• Uses

• Prehospital use → triage 
• Predict risk for mass transfusion

Presenter
Presentation Notes
Shock index (SI) is the ratio of heart rate in bpm to systolic blood pressure in mm Hg. 

It is commonly used to assess the amount of blood loss and degree of hypovolemic shock. 

The shock index is useful for raising early suspicion of hypovolemia even when the heart rate and blood pressure remain normal.

Pearl:
If the HR is higher than the SBP be suspicious. This works because it is 1 (i.e.. > 0.9)   HR 100 / SBP 100 = 1








Hemorrhagic Shock

Treatment



ATLS:
After 20 years of high-volume 
fluid resuscitation
• Chasing tachycardia
• Using Crystalloid > Blood
• Little evidence of improved 

survival 

Treatment

Current consensus:
Damage Control Resuscitation
• Permissive Hypotension
• Hemostatic Resuscitation
• Damage Control Surgery

Presenter
Presentation Notes
The old system of giving two liters of fluid followed by more fluid and finally blood but no plasma or platelets has shown no increase in survival but rather has probably contributed to early death from hemorrhage.

The shift is towards Damage Control Resuscitation, which includes permissive hypotension, hemostatic resuscitation and damage control surgery.

We will discuss all these individually.

Notice the two bags of saline per previous ATLS/ATCN/TNCC procedures.

Image is from personal collection.



Damage Control Resuscitation

Permissive 
Hypotension

Hemostatic 
Resuscitation

Damage 
Control 
Surgery

Presenter
Presentation Notes
Damage control resuscitation (DCR) is a concept that has been popularized by the military.

With DCR, systolic blood pressure is maintained around 90 mm Hg and isotonic crystalloid use is limited or nonexistent as blood products are transfused at a fixed ratio of one unit of fresh frozen plasma (FFP) for every unit of packed red blood cells.  

DCR differs from current resuscitation approaches by achieving correction of coagulopathy through early hemostatic resuscitation, via set transfusion protocols based on physiologic variables in severely injured trauma patients.  

The concept centers on the fact that coagulopathy can present early after injury, with earlier diagnosis and interventions to correct it in the most severely injured patients.  



Permissive Hypotension

• Restricted fluid administration
• Avoid “popping the clot”
• Accepting limited period (< 2 

hours) of suboptimum end 
organ perfusion

• Titrate to Mean Arterial 
Pressure (MAP)

Presenter
Presentation Notes
Permissive hypotension is allowing the SBP or MAP to remain at a minimum level that still allows for perfusion for up to two hours to prevent popping the clot.

Most often, the MAP is used to titrate to in the hospital setting.



BP Measurements
Systolic Diastolic Pulse Pressure MAP

120 80 40 93
115 75 40 88
110 75 35 87
105 70 35 82
100 70 30 80
95 65 30 75
90 60 30 70
85 55 30 65
80 50 30 60
75 50 25 58
70 45 25 53
65 40 25 48
60 35 25 43

Normal 
MAP

70-100

Coming 
Soon?
New 

Target
MAP 
50-70

Presenter
Presentation Notes
This chart is helpful to show the relationship of Systolic, Diastolic to pulse pressure and MAP.

It appears that there is a survival benefit for keeping the MAP somewhere between 50-70, but this has only been shown in animal studies.

The lowest MAP that is still safe in trauma is not yet known.

Some authors speculate it could be as low as 50-70, but most studies identify 70 as the ideal MAP.

What is known is that keeping the SBP below 100 is optimal in all non-head injured patients with hemorrhage.



Hemostatic Resuscitation

• Early diagnosis in ED
• 1:1:1 ratio ( pRBC to Plasma to 

Platelets)
• Use of the following products:

• Cryoprecipitate
• Minimal crystalloids
• Stop the bleeding

Presenter
Presentation Notes
Hemostatic resuscitation has become a popular form of transfusion therapy. 

The concept of giving plasma and platelets early, along with red cells, is an attempt to closely approximate whole blood.

Massive Transfusion Protocols help achieve 1:1:1 ratios and should guide hemostatic resuscitation.





Coagulopathy

Hypothermia

Acidosis

Trauma
Triad of
Death

Presenter
Presentation Notes
There is a recognition that the onset of hypothermia, acidosis and coagulopathy in trauma places the patient at high risk for death.
 
The three conditions share a complex relationship; each factor can compound the others, resulting in high mortality if the cycle continues uninterrupted.
 
Causes of hypothermia:
Heat loss in the pre-hospital environment
Severe hemorrhage in trauma, diminishing oxygen delivery
Cold to room temperature fluid administration
Exposing the patient and not keeping them warm   
This in turn can halt the coagulation cascade, preventing blood from clotting. 

In the absence of blood-bound oxygen and nutrients (hypoperfusion), the body's cells burn glucose anaerobically for energy (lactic acidosis), which in turn increases the blood's acidity causing metabolic acidosis. 

Such an increase in acidity can reduce the efficiency of the heart muscles (myocardial performance), further reducing the oxygen delivery.

Pearl: Blood test to help identify this, include a base deficit, ABG (pH), and lactic acid.




Hypothermia
Defined:  

• Core Temp < 35C  (95F)
Action:

• ↓ coagulation factors
• ↑ platelet dysfunction

Classification:
• Mod 32-34 C (90-93 F)
• Severe <32 C (< 90 F)

T < 32C = 100% mortality 
in the face of trauma

Moderate
To Severe

Hypothermia
Occurs

In <10% of
Trauma

Presenter
Presentation Notes
Hypothermia occurs when heat loss exceeds body's ability to generate heat.   
 
Coagulation activity decreases by 10% for every 10-degree temperature drop.  But the greater negative action is the effect on platelet function. 

There are many predisposing factors:

Environmental
skin exposure, wet clothing, external temp, air movement

Extremes of age
very young, elderly

Injuries
Burns, open wounds, head injury, spinal cord injury

Meds
Alcohol, Muscle relaxants, Sedative hypnotics, Anesthetic agents, paralytics�
Treatment related
Body cavity exposure
Fluid resuscitation
Massive transfusions
Immobilization



Acidosis
• Effects:

• Altered hemostasis
• Myocardial depression

• Correlates with:
• Depth of shock
• Degree of tissue injury

• Assessed:
• pH
• Base Deficit
• Lactate

• pH < 7.2 
• Initial BD > 6

• Predicts transfusion
• Increased ICU days
• Risk for MSOF

• Initial BD > 7.5
• ↑ mortality

Presenter
Presentation Notes
Refractory acidosis is a marker of physiologic derangement.

Controlling hemorrhage and correcting the underlying injury is the optimal treatment.

Acidosis is part of the triad that promotes coagulopathy.  As pH drops below 7.2, there is a 20% prolongation of the PT and PTT.

Acidosis correlates to the depth of shock and tissues injury.

It is most often assessed by ABG,  BD and Lactate.






Trauma Coagulopathy Theory
Trauma Hemorrhage Shock

Resuscitation

Dilution

Hypothermia

Acute Coagulopathy of 
Trauma & Shock (ACoTS) 

or
Acute Trauma Coagulopathy (ATC)

Acidosis

Fibrinolysis

Factor
consumption

Trauma Induced 
Coagulopathy (TIC)

Pre-existing 
Disease

Meds
Genetics

Inflammation

Now termed…

Activation 
Protein C

Presenter
Presentation Notes
The human coagulation system can be rapidly overwhelmed by severe injury.

The cause or causes of trauma-induced coagulopathy (TIC) may be multi-factorial and still poorly understood. 

Shock can lead to acidosis, hypothermia and inflammation, all of which can affect coagulation. None of this is new. 

However, recent work has postulated a theory of tissue hypoperfusion leading to a primary coagulopathy termed acute coagulopathy of trauma shock (ACoTS) or Acute Trauma Coagulopathy. 

Direct loss and consumption of coagulation factors, dilution, hypothermia, acidosis and fibrinolysis all diminish hemostasis.

Each of these mechanisms can occur independently, but all occur more frequently and severely with worsening degrees of injury, and their interaction can drive the coagulation system beyond functional limits.



Treatment Goals

• Provide adequate ventilation 
(Airway)

• Provide adequate oxygenation 
(Breathing)

Circulation
• Stop the bleed
• Retore circulating volume
• Involve a surgeon
• Transfer to appropriate level of 

care!!

Presenter
Presentation Notes
We will discuss the importance of stopping the bleeding and restoring circulating volume next.

Image from STN collection.



Mechanical Means for Controlling Hemorrhage

• Direct pressure
• Packing the wound
• Splinting long bone fracture
• Operative intervention
• Angioembolism

For more information on “Stop the Bleed” initiative, please visit: www.stopthebleed.org

Presenter
Presentation Notes
Packing the wound: Hemostatic Dressings
Research advancing quickly
Made from Kaolin
Actions:
Direct compression
Activation of clotting Factor VII
Adhesion
Hemostatic dressings are key to avoiding coagulopathy and controlling bleeding early.
Primarily used for non-extremity hemorrhage, but also useful in severely mangled limbs.
Used in a higher volume in the military, but it has expanded to civilian use, especially with the STOP THE BLEED initiative.

For more information on the federally supported “Stop the Bleed” initiative, please visit: www.bleedingcontrol.org.

Pearl: Promote that attendees attend a Stop the Bleed Course/help instruct Stop the Bleed.


https://www.stopthebleed.org/


Pelvic Binders or a Sheet
• Reduces pelvis volume
• Tamponade effect
Tourniquets
• Good outcomes
• Safe and effective

Mechanical Means for Controlling Hemorrhage

Presenter
Presentation Notes
Pelvic fractures are a significant cause of mortality after blunt trauma. Early control of hemorrhage is associated with improved outcomes.  Application of a binder or sheet significantly reduces the potential space for bleeding and provides a tamponade effect.

Tourniquets
Hemorrhage from arterial injuries involving the extremities has been difficult to control. Recent experience in the military has proven that tourniquets are safe and effective. Use of tourniquets has allowed patients to arrive to the hospital without massive bleeding. The use of tourniquets has not been associated with increased delayed amputation rates or the development of compartment syndrome.  

Images from STN collection.



Fluid Resuscitation

Presenter
Presentation Notes
Picture does not reflect current guidelines. This will be hard for practitioners who have been setting up rooms and giving liters of crystalloid. So, use this as another opportunity to stress one liter of warm fluid.

Image from STN collection.



Principles of IV Access 

• Fastest, simplest route best 
(antecubital or forearm)
• Large bore, minimum 18g 

short catheter
• Flow limited by IV gauge 

and length
• Warm fluids to prevent 

hypothermia

• Consider Intraosseous (IO) 
early as rescue device

• Femoral  or 
Subclavian/Internal Jugular 
are preferred central line 
sites

Presenter
Presentation Notes
IV fluids, RBC, and plasma should be warmer via a warming device such as the level 1. (Platelets and cryo should not be placed in the warmer)

Several IO devices are available, the appropriate device at your facility should be discussed.  

Pearls:
Consider drawing blood when establishing IV access.  
Type and cross should have priority over all other blood work.
Subclavian lines require a post insertion CXR to verify placement and assess for a pneumo/hemo thorax.





Intraosseous Devices
• Temporary access
• Children & adults
• Insertion can be done quickly
• Sites vary depend on the device
• Common site (lower leg and upper arm)
• Avoid fracture/injury sites
• Fluid/blood/meds can be administered
• Flow rates up to 6 L/hr with pressure bag
• Risk: extravasation →  compartment syndrome

Presenter
Presentation Notes
Three intraosseous devices have been approved by the Food and Drug Administration for use in adult trauma patients when intravenous access cannot be obtained.

Sites of insertion are the sternum (FAST1), proximal tibia and humerus (Big Injection Gun), and proximal and distal tibia and humerus and the femur for children (EZ-IO). 

Insertion generally requires less than one minute, and flow rates up to 125 mL/min can be achieved. 

The devices are used for emergency resuscitation and should be removed within 24 hours of insertion or as soon as practical.

Contraindications include fractures or other trauma at the insertion site, prosthetic joints near the site,  IO within the last 48 hours (previous attempts to insert an intraosseous device at the same site), osteoporosis or other bone abnormalities, infections at the proposed site, and inability to identify pertinent insertion landmarks. 




Fluid Administration Balance

Too little…
• Ongoing shock
• Continued acidosis
• Coagulopathy
• Myocardial dysfunction
• Renal failure
• Death

Too much…
• Increased bleeding
• Clot disruption
• Dilution coagulation factors
• Compartment syndromes
• Transfusion concerns

• Inflammation
• Immunosuppression
• Transfusion Related Acute 

Lung Injury (TRALI)

Presenter
Presentation Notes
The correct balance of fluid administration is narrow.  

Many fear under resuscitating which can lead to death.   

As a result, for the past 20 years, heavy fluid administration has resulted in severe complications, such as clot disruption, further bleeding, compartment syndromes and TRALI with minimal improvement in outcomes.  



Fluid Resuscitation Guidelines

• Class I
• Body can compensate within 

24 hours
• Monitor for the need for 

crystalloids or blood products
• Class II 

• Crystalloid infusion required
• Blood products may be 

needed

• Class III
• Crystalloid infusion required
• Blood products will  be 

necessary
• Class IV 

• Aggressive management to 
avoid death

• Institute the massive 
transfusion protocol

Limit crystalloids to 1 liter in adults

Presenter
Presentation Notes
These are guidelines for bleeding patients. Too much fluid just to normalize BP can cause increased bleed. More on permissive hypotension in a minute. The goal is to maintain tissue oxygenations.

Crystalloids
Isotonic Fluids (LR, 0.9% Saline) – backbone of crystalloid resuscitation
Hypertonic (3%, 6%, 23% Saline) – being used more frequently
Colloids 
Protein (5%, 25% Albumin or gelatin solutions)
Non-protein (starches and dextrans)
Blood Products
Traditional (PRBC, FFP and Platelets)
Whole blood
Hemoglobin-based oxygen carrying solutions

Pearls:�Fluid resuscitation is not the treatment for bleeding.  The bleeding must be controlled!



Crystalloids (Isotonic Solutions)

Balanced electrolyte solutions are 
similar to extra cellular fluid (ECF).
Rapidly equilibrates across 
compartments.

Only 25% 
remains in 

IVS after 17 
minutes!

Presenter
Presentation Notes
Fluid resuscitation typically begins with isotonic crystalloid solutions (fluids similar to extracellular fluid (ECF), such as normal saline and lactated Ringer’s solution. 

These solutions have the advantage of being inexpensive, plentiful, and easy to administer. 

For patients who are hypovolemic (rather than hemorrhaging), isotonic crystalloids may be all the fluid that is required. 

These solutions do not linger long in the bloodstream, with rapid equilibration of administered volume across the interstitial and intravascular compartments and relatively rapid transit into the cells. 

Patients with normal renal function can tolerate relatively large amounts of administered crystalloid solution without harm and will maintain normal blood chemistry.

Pearl:
When crystalloid is infused, it undergoes an exponential departure from the intravascular space with a half-life of only 17 minutes, yielding an eventual distribution of intravascular to interstitial fluid of between 1:3 and 1:10. This is why one must infuse a much larger volume of crystalloids than the perceived blood loss to stabilize MAP in operative hemorrhage, which can cause a hemodilution and lead to coagulopathies.




NS vs. LR
Normal Saline
• Na,Cl 
• Fluid of choice for blood
• Con: 

• Hyperchloremic acidosis
• Retention/overload and electrolyte 

imbalance with large quantities

Lactated Ringers
• Na, Cl, K, Ca, Lactate 
• Fluid of choice per ATLS
• Con:

• Immune modulation

Presenter
Presentation Notes
The lactate in LR acts as a buffering solution and is ideal for trauma patients in shock. Lactate is converted to bicarbonate in the liver which buffers acidosis. Even in low flow states and or cirrhosis, lactate is converted.  

Large volumes of normal saline may be deleterious because this fluid is actually slightly hypertonic and can predispose the patient to hyperchloremic metabolic acidosis.

LR has been implicated in activating neutrophils and potentially priming the immune system, but is felt to be more a theoretical than practical concern. 

It is generally believed that LR is better in trauma than NS, because it provides a better buffer for metabolic acidosis. 




Blood Administration
Traditional Management

Fluid Blood
Give 2 Liters

↓    →
Continue IV’s wide open

PRBC 5-10 u
↓

Wait for labs
↓

Plasma
↓

Platelets

Emerging Management
Fluid Blood

Minimize 1:1 or 1:2 
(Plasma: RBC)

Protocolize
↓

Massive
Transfusion

Protocol

Presenter
Presentation Notes
Massive transfusion is defined as 10 or more units required within 24 hours, or more than four in one hour.

Traditional management included two liters of crystalloid. If the patient had not stabilized, then fluids were continued, and packed red blood cells were started. Labs were drawn and they dictated blood component usage, but often lagged the patient's dynamic response to resuscitation.

Plasma and Platelets were often not given until after 10 or more units of PRBC were given. Meanwhile, excessive fluid was also given which diluted coagulation factors even further.  

Emerging management learned from the military includes minimizing fluids while administering blood components, in a configuration that mimics whole blood based on protocol rather than lab values. 




Massive Transfusion

• Best when guided by a 
protocol

• RBC’s and Plasma must be 
warmed

• Monitor closely for 
coagulopathy or 
confounding factors:
• Hypothermia
• Acidosis
• Hypocalcemia

• Protocol example: Assessment of 
Blood Consumption (ABC Score)
• Pulse >120
• SBP < 90
• + FAST
• Penetrating trauma to the torse 
* Two more would indicate the need to 
activate the MTP

Presenter
Presentation Notes
Every trauma center must have a Massive Transfusion Protocol, tracked by the registry. It is often an audit filter in order to track the clinical outcomes and adhesion to the process/procedure. 

The ABC score will over predict who will actually require an MTP; however, it does a great job of identifying who will not require an MTP.




Autotransfusion

• Consider for patients with 
massive hemothorax
• Indicated for isolated chest 

injury
• Diaphragmatic injury is a 

contraindication to 
autotransfusion

• Often requires an  
anticoagulant to 
be added (i.e. Sodium citrate)

• Do not delay definitive 
treatment to set up the 
autotransfuser

• Follow the manufacture's 
recommendations/
organizational policy for 
the device in your facility

Presenter
Presentation Notes
Do you have the supplies for autotransfusion?
Have you ever used them?
Do you add sodium citrate?
Do you know where the filters are to reinfuse?




Massive 
Transfusion 

Protocol (MTP)

Dr. Alex Guerrero,  https://www.intertrauma.com

Presenter
Presentation Notes
Review the MTP for your hospital. Unless you are a busy Level 1 Trauma center, this may be a relatively uncommon procedure. 
Customize to your setting.
How do you get the blood?
What are the blood types in the first cooler or two?
Calcium monitoring?
What comes in the cooler?
Where are your fluid warmers?
How do you document?
Is one nurse responsible for documenting?
Who follows patient to the OR?
When does the MTP end?



Packed Red Blood Cells Plasma Platelets
Action Carries Oxygen

No clotting factors
Replenishes normal plasma and 
blood volume

Coagulation Factors Aggregation

1 unit ~300 ml (Hct 55%) ~250 ml ~25 ml individual unit
~150 pooled unit

Dose ↑ Hgb by 1 g/dl
↑ Hct by 3 %
In the non-bleeding pt

↑ coags by 2.5%
(Need at least 4 u 
for significant change)

1 unit Apheresis (pooled)
↑ 25,000-50,000 per u

Storage -4 C

Progression:
Emerg Uncrossmatched

(immediate)
Type Specific (20 min)
Cross Matched (60 min)

Non-Trauma Center
• Frozen
• Thaw time
• 2 u in 30 minutes
Trauma Center
• Room Temp
• Good for 5 days
• Monitor wastage

Room temp
Agitated

Advantages of Blood Products

Presenter
Presentation Notes
RBC’s carry oxygen!  RBC and Plasma must be warmed to prevent hypothermia.  Crossmatched RBCs are preferred, however, Type O should be available in emergent situation.

Pearl: If time permits, a review of blood components is helpful in understanding the differentiation of components that form whole blood.









Response to Resuscitation
Rapid  Responders Transient Responders Minimal or No 

Response
Vital Signs Return to normal Improves initially then 

deteriorates
No change 

Blood Loss 
(Estimated)

< 15% 15 – 40% > 40%

Blood products 
required

Low Moderate to High High

Blood preparation Type and Crossmatch Type Specific Massive 
Transfusion

Operative 
Intervention/ 
Angioembolism

Unlikely Likely Immediate 

Need for surgeon Required Required Required

Presenter
Presentation Notes
The need for a surgeon is required for all level of responders.  A surgical consultation or evalauation is required even for rapid responders as sugical intevention may be necessary. In facilities without immediate access to a surgeon, transfer should not be delayed.  Be proactive with arranging transfer; lack of obvious injury does not rule out internal injury. Start the process; if the patient responds to initial resuscitation, additional tests may be performed if available at your facility, while awaiting transport.

Pearls:
Some patients with blunt traumatic injury to the spleen or liver may be managed non-operatively, however, they must have immediate access to an OR if needed.
Extremes of age should be factored in and will be covered in specific lectures (Geriatric, Pediatric)
Remember outcomes are tied to the timeliness of definitive care.



• pH
• Serum Lactate
• Base Deficit
• Hemodynamic stability
• Echocardiography
• StO2 (NIRS)

• Mentation
• Skin Perfusion
• Pulse
• Blood Pressure
• Pulse Pressure
• Shock Index
• Urine Output

Initial Assessment Resuscitation Endpoints

Assessment vs. Resuscitation Endpoints

Presenter
Presentation Notes
Initial assessment is performed with the primary physical exam including vital sign assessment on patient arrival.

Resuscitation Endpoints are more sophisticated and require ongoing assessment during the ED to OR to ICU phases of care. 

Resuscitation endpoints have been described in a variety of ways.     

The ultimate end point of any resuscitation is an awake, functional, hemodynamically stable patient. 

This target becomes obvious in the later stages of resuscitation, after successful surgical source control of hemorrhage.    

At that point, the clinician can strive for normality in vital signs, temperature, laboratory measures, and organ system function.




Hemorrhagic Shock

Laboratory Tests



Type and Crossmatch

O+ Males
O- Females/

Peds

ABO & Rh
Compatible

ABO & Rh 
Type

Antibodies

Immediate 10 minutes 60 minutes

Presenter
Presentation Notes
Transfusing RBCs allows for volume replacement AND oxygen caring captaincy.  

Emergency uncrossmatched blood is ideally available in the resuscitation room prior to patient arrival.

O Positive blood is reserved for male trauma. It is roughly 36% of the donor pool and is therefore more readily available.

O Negative blood  is reserved for childbearing females and children. It is a scarcer blood supply (roughly only 8% of the donor pool).

When drawing blood, it imperative to ensure a type and crossmatch is done.  This will allow for fully crossmatched blood to be available for those patients that stabilized quickly, otherwise for those at risk for exsanguination uncrossmatched will be administered.



Hemoglobin / Hematocrit
• Unreliable estimation of acute 

blood loss

• Lag time of several hours

• Baseline value for comparison 
only

• May be dilutional or falsely 
elevated

Presenter
Presentation Notes
In real time, laboratory data lags behind the clinical situation. 

The fastest measure of blood composition to turn around—the hemoglobin—is not a good indicator of the depth of hemorrhage, because it expresses a concentration of red cells, which will not change in a patient who is losing whole blood.    

Use of the hematocrit to estimate acute blood loss is unreliable and inappropriate. Changes in hematocrit show a poor correlation with blood volume deficits and red cell volume deficits in acute hemorrhage. In fact, loss of whole blood is not expected to change the hematocrit because the relative proportions of plasma and red cell volume are unchanged. The decrease in hematocrit occurs when the kidneys begin to conserve sodium (as described previously), which takes 8 to 12 hours to become evident. Another factor that drops the hematocrit in acute hemorrhage is the administration of crystalloid intravenous fluids. 

The administration of crystalloid intravenous fluids is expected to produce a dilutional decrease in the hematocrit, even in the absence of blood loss, and thus a decrease in the hematocrit during volume resuscitation is a dilutional effect, and it is not an indication of ongoing blood loss. 



Arterial pH   

Part of the arterial blood gas (ABG)

Acidosis  - Serum  pH  < 7.20

Ongoing Marker of Severe Physiologic Derangement

• Decreased cardiac contractility
• Decreased cardiac output 
• Vasodilation and decreased BP
• Decreased hepatic and renal blood flow

Presenter
Presentation Notes
If the pH is low (under 7.35) and the bicarbonate levels are decreased (<24 mmol/l), metabolic acidosis is diagnosed.

A pH < 7.20 is associated with generalized myocardial depression. Treatment with bicarbonate is rarely advocated; rather, fixing the underlying injury is the recommended action.

Concerns regarding myocardial contractility with lactic acidosis are often cited as reasons for administration of sodium bicarbonate. 

Although sodium bicarbonate increased pH and serum bicarbonate concentrations, it did not improve hemodynamics or catecholamine responsiveness. 

Specifically, the effects of bicarbonate are indistinguishable from saline with regard to heart rate, CVP, pulmonary artery pressure, mixed venous oxyhemoglobin saturation, systemic oxygen delivery, oxygen consumption, arterial blood pressure, pulmonary artery occlusion (wedge) pressure, and cardiac output.



Lactic Acid

Wikipedia.org

Lactate Clearance:
Liver 60%
Kidney 30%
Heart ≈5%
Skeletal Muscle ≈5%

• Lactate or “lactic acid” is a normal product of 
cellular metabolism.

• Lactate itself is NOT toxic to cells or tissue.
• Normal level of venous lactate is < 2.2 mmol/L

• Initial response occurs due to shift to 
anerobic metabolism.

• Indirect measure of oxygen debt

Presenter
Presentation Notes
Trend to show effectiveness of resuscitation efforts.
Ability to clear lactate within 24 hours: predictive of survival.
Inability to clear lactate within 12 hours: predictive of multisystem organ failure.

Lactate is produced in cells when Pyruvate can not enter the TCA (Krebs) Cycle because of low oxygen tension (anaerobic metabolism). 

Pyruvate is generated through glycolysis.

Indirect measure of oxygen debt.
Normal value = 1.0 mEq/L.
Values > 1.0 correlate to magnitude of shock.
Lactate Levels > 5 = ↑ mortality.




International Normalized Ratio (INR)

• Test of clotting (extrinsic pathway)
• Internationally accepted method of reporting prothrombin 

(PT) results worldwide

Population Value
Normal 0.8 - 1.2
Anticoagulant Use 2.0 - 3.0

Trauma > 1.5 = coagulopathy

Presenter
Presentation Notes
What is the INR?
Prothrombin times vary across labs due to variations in the reagents used to perform the test. 

The INR was devised to standardize the results. 

INR is commonly used to monitor the effects of Warfarin.

It has applicability in trauma by its ability to help identify Trauma Induced Coagulopathy EARLY. 



Thromboelastographic (TEG)

• Whole blood test
• Measuring hemostasis

• Clot initiation to clot 
lysis

• Net effect of your 
components

Presenter
Presentation Notes
Thromboelastography (TEG) is a blood test which assesses global hemostatic and fibrinolytic function and has existed for more than 60 years. Previously it has been used extensively in cardiac and transplant surgery. The same test commonly used in Europe is called thromboelastometry (ROTEM).

TEG monitors the whole dynamic process of hemostasis, from clot formation to clot dissolution, as opposed to the conventional endpoint tests, such as platelet count, protime, partial thromboplastin time, and fibrinogen. 

The procedure allows for a global assessment of hemostatic function, beginning with the interaction of platelets with the protein coagulation cascade, from the time of initial platelet-fibrin interaction, through platelet aggregation, clot strengthening and fibrin cross linkage, to eventual clot lysis.

TEG has the advantage over traditional lab tests in that it can be done quickly at the bedside and interpreted by the clinician.  

Full test results are known within 30-40 minutes.  However, in most cases, the key data points (wave form) can be seen within 5-10 minutes.

Hospitals are embracing this technology, and many have installed flat screen monitors on the walls of each area of resuscitation (ED, OR, ICU) where results can be always displayed. 

It is estimated that in the future, TEG monitoring will largely replace traditional lab tests because of the speed needed during resuscitation and the fact that it provides individualized management of the patient's care.  Allows for targeted hemostatic resuscitation.

It allows for prediction for the need for transfusion, and the targeting of which blood component to use.  

In the ICU, it can be used to identify the hyper-fibrinolytic patient.  

It can also be used to assess low molecular weight heparin (LMWH) monitoring in high risk ICU patients.



Hemorrhagic Shock

Other Considerations



Tranexamic acid (TXA)
• TXA is an anti-fibrinolytic that inhibits both plasminogen activation 

and plasmin activity.
• This prevents clot break down and promotes new clot formation.
• Inexpensive ($80/dose) and proven safety profile.

Example of TXA Protocol
• Administer within 1-3 hours of injury
• 1 unit of blood
• 1 gram bolus of TXA 
• 1 gram infusion over 8 hours

Presenter
Presentation Notes
Tranexamic acid is a synthetic derivative of the amino acid lysine that exerts its antifibrinolytic effect through the reversible blockade of lysine binding sites on plasminogen molecules.

CRASH 2 Trial
The CRASH-2 trial was an international randomized controlled trial of the early administration of tranexamic acid (TXA) to bleeding trauma patients. 
The trial recruited 20,211 patients from 274 hospitals in 40 countries. 
The results show that TXA reduces mortality in trauma patients with or at-risk of bleeding, with no apparent increase in side effects. 
If given within three hours of injury, TXA reduces the risk of death due to bleeding by about a third. 
TXA administration has been shown to be highly cost-effective in high, middle or low income countries. 

MATTERS Trial:
The use of TXA with blood component-based resuscitation following combat injury results in improved measures of coagulopathy and survival, a benefit that is most prominent in patients requiring massive transfusion.
Treatment with TXA should be implemented into clinical practice as part of a resuscitation strategy following severe wartime injury and hemorrhage.




Fresh Whole Blood

• Whole blood closely 
matches the losses 
experienced with the 
hemorrhage

• Better concentration of 
coagulation factors 
• Whole blood requires less 

additives
• Being studied for use in 

civilian trauma

army.mil

Presenter
Presentation Notes
Possible benefits showing:
Short length of stay
Reduction in complication
ARDS
AKI
Thrombotic events

The image is of a “walking blood bank” as soldiers line up to give fresh whole blood when it is needed.




Recombinant Factor VIIa

• Off label use in trauma: Refractory 
bleeding in trauma

• Activates Extrinsic coagulation cascade
• Correct before use:

• Hypofibrinogenemia
• Cryoprecipitate

• Thrombocytopenia
• Platelets

• Hypothermia
• Correct Temperature

• Acidosis
• Consider Bicarbonate

• Include in the Massive Transfusion Protocol 
(Example)
• Do not use too early or too late
• Administer between 8 - 20 PRBC’s​​
• Recommended dose: 100 mcg/kg​​
• Expensive:​​

• 100mcg 
X 70kg =7,000mcg = $7,700​​

• Repeated at 1–2 hour intervals if 
required

Presenter
Presentation Notes
The use of Factor VIIa remains a topic of considerable debate.  While their does appear to be a reduction in the quantity of transfused products, long term mortality and possible increased morbidity have raised questions about its usefulness in the MPT.

Numerous anecdotal reports reveal support of Factor VIIa in trauma.

One large randomized control trial (RCT) has been completed and showed decreased blood use, incidence of MSOF and ARDS, but not a significant change in mortality.

There is debate also about the timing of the drug and selection of patients to receive the drug.

The drug appears to be less effective in the setting of acidosis but remains effective in all but the most severely hypothermic settings.

Recent reports have noted a concern for increased thromboembolic events. This should be weighed against the need for the drug.

Placement of Factor VIIa in the Massive Transfusion Protocol is under debate. It should not be placed too early or too excessively late.

Recommendations are to administer the drug somewhere between the 8-20 units of PRBC.

The drug is very expensive and should be used with deliberation.




Fibrinogen Concentrate (FC)
• Produced from pooled human plasma

• Standardized fibrinogen concentration per vial (900 – 1300 mg of fibrinogen)
• Key role in clot formation due to fibrin production

• Conversion to fibrin is catalyzed by thrombin
• Induces platelet activation and aggregation by binding to glycoprotein 

GPIIb/IIIa receptors 
• Literature in trauma 

• Positive relationship between plasma fibrinogen levels and survival 
• Reduction in transfusion requirements 
• Dosing strategy of 2 – 4 grams utilized in TIC

Presenter
Presentation Notes





Prothrombin Complex Concentrate (PCC)

• Mechanism 
• Replenishes vitamin K dependent clotting factors (II, VII, IX, X) 
• Promotes conversion of fibrinogen to fibrin and cross-linked fibrin clot formation

• Reduced thrombin formation 
• Expected when procoagulant activity is < 30% 
• Occurs with blood loss > 150 – 200% of estimated blood volume 

• Fibrinogen in trauma  
• Inadequate fibrinogen levels due to dilutional effects
• Hyperfibrinolysis 
• Fibrinogen synthesis inhibition 
• Fibrin polymerization interference

Presenter
Presentation Notes





Near Infrared Spectroscopy (NIRS)
Skeletal muscle StO2 

• Measures hemoglobin oxygen saturation in 
tissue

• Tracks systemic O2 delivery
• Continuously and Noninvasively
• Comparable results to BD and Lactate

• Predicts MSOF
• Predicts Mortality
• Research ongoing as 

resuscitation endpoint

Presenter
Presentation Notes
Skeletal muscle oxygenation at the periphery is easily measured and has been suggested as an end point of resuscitation.

StO2 and Base Deficit are comparable in predicting death and identifying poor perfusion, and predicting the development of multi system organ failure.

StO2 has the added benefit of being measured noninvasively and continuously.

Transcutaneous probe is applied to the thenar eminence of the hand.












Summary

• Use an organized approach to assessing trauma patients
• Recognize the presence of shock
• Stop the bleeding
• Appropriate use of diagnostic tools 
• Assess for coagulopathy early
• Limit the use of crystalloids to 1 liter
• Use a Massive Transfusion Protocol
• Use damage control resuscitation techniques
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