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Classification of Hemorrhage

	PRIVATE 

	Class I
	Class II
	Class III
	Class IV

	Blood loss (ml)
	up to 750
	750-1500
	15-2000
	2000 or more

	Blood loss (%BV)
	up to 15%
	15-30%
	30-40%
	40% or more

	Pulse Rate
	<100
	>100
	>120
	140 or higher

	Blood Pressure

          (mmHG)
	Normal or

Increased
	Normal
	Decreased
	Decreased

	Capillary Refill Test
	Normal
	Positive
	Positive
	Positive

	Respiratory Rate
	14-20
	20-30
	30-40
	>35

	Urine Output (ml/hr)
	30 or more
	20-30
	5-15
	Negligible

	CNS-Mental Status
	Slightly anxious
	Mildly anxious
	Anxious and 

confused
	Confused-

lethargic

	Fluid Replacement

    (3:1 Rule)
	Crystalloid
	Crystalloid
	Crystalloid

+ Blood
	Crystalloid

+ Blood


Volume Resuscitation

1.
Upon arrival to the Trauma resuscitation area, major trauma patients should have at least two large bore IV lines placed.


2.
Upon arrival to the ED, cold IV fluids in the field should immediately be replaced with warm Normal Saline or Ringers Lactate.


3.
For patients with isolated head injury (penetrating or blunt), fluids should be isotonic (NS or RL) with concern for cerebral edema. (see Chapter 10)


4.
All trauma patients should have a complete evaluation of circulatory status.  Signs of shock or hypoperfusion include the following:  narrow pulse pressure, tachycardia, decreased capillary refill, hypotension, cool clammy skin, altered mental status, and/or oliguria.


5.
If hypoperfusion is noted, IV fluids should run wide open with reevaluation of circulatory status after 500 cc of Ringers Lactate.  A causative factor(s) for the hypotension or shock should be assessed.  Hypotension and bradycardia may suggest a high C-spine injury or cardiac dysfunction.


6.
Measurement of CVP and insertion of a foley catheter for monitoring urine output ( if not contraindicated) is advised for many major trauma patients, especially if potentially instabile.


7.
For all hypotensive patients, if after 2 liters of Ringers Lactate have been infused, the patient still remains hypotensive, with blood loss as the expected etiology, warm blood transfusions should be undertaken, with a continual infusion of large volumes of Ringers Lactate


8.
Persistent instability after fluid and blood replacement in the trauma patient is an obvious indication that the patient must be appropriately dispositioned to the operating room for definitive care.


9.
Fluids in the elderly patient should be guided closely by CVP monitoring.  Early Swan-Ganz placement and monitoring in elderly trauma patients is indicated, if preoperative time allows.


10.
Central line placement should not be on the side of the injured extremity or on the same side of the injured neck.


11.
Fluids in pediatric trauma patients should consist of Ringers Lactate.  For hypotensive pediatric patients, fluid should be run at 20 ml/kg x , repeat two times with a foley catheter placed for evaluation of the patient's urine output.  If no improvement with blood pressure after 20 mg/kg x 2, transfuse with warm blood.


12.
In the immediate fluid resuscitation of the trauma patient, Normal Saline or Ringers Lactate, and blood should be used (if indicated).  Hypertonic (3%) saline is used in many centers, as laboratory and clinical studies attest to its efficacy.


13.
Base line labs should consist of serial Hcts. and type and cross match of blood (See Trauma Panel).

Hemorrhagic Shock and Physiologic Considerations in Trauma
D Benson
Introduction
Rational management of the patient in traumatic shock requires an understanding of the pathophysiology of hemorrhage.  The following text will address the basic physiologic alterations that occur with hemorrhage and their ramifications for management.

Shock is defined as a state of  inadequate tissue and organ perfusion. Although there are many specific causes for shock, physiologically there are two basic types: shock resulting from impaired cardiac output (cardiogenic shock) such as occurring with myocardial infarction or several myocardial or valvular disease), or shock resulting from impaired venous return.  Factors which greatly decreased venous return include hypovolemia (hemorrhage or dehydration), as well as decreased vasomotor tone (sepsis, neurogenic).  Further, mechanical impairment of venous return from cardiac tamponade and tension pneumothorax are major concerns in the trauma patient.  This discussion will specifically address hemorrhagic shock.

Although for purposes of management, hemorrhagic shock is described in terms of Classes (see Chapter on Volume Resuscitation), physiologically there are three major stages in shock: a non-progressive or compensated stage, a progressive stage, and an irreversible stage.  In the basic sense, the non-progressive stage is a hypovolemic state where physiologic compensation is successful in maintaining perfusion to tissues and organs regardless of whether treatment measures are instituted or not; thus, the spiral of deterioration does not occur.  In the progressive stage, the vicious cycle of deterioration occurs and survival is not likely unless volume is restored within a critical time frame.  Failure to adequately restore blood volume and tissue perfusion within this time frame results in irreversible shock, and no treatment will

prevent death from multi‑organ failure.

It is important to keep in mind that with ongoing hemorrhage, compensatory mechanisms act to maintain cardiac output and arterial pressure.  Thus, early in hemorrhage blood pressure is maintained, at least initially, but other signs of central nervous system reflex activity (vaso-constriction and tachycardia) invariably manifest before arterial blood pressure deteriorates.

Hemorrhage, Cardiac Output, and Arterial Blood Pressure
Hemorrhage, whether from an arterial or venous source results in decreased venous return to the heart, decreased cardiac filling pressure, and subsequently decreased cardiac output.  Studies addressing the effects of hemorrhage on cardiac output and arterial blood pressure have shown that up to 10% of the blood volume can be removed without significant changes in arterial pressure and cardiac output.  However, as hemorrhage continues beyond this point, cardiac output begins to fall and this is eventually followed by declining arterial pressure.  Both cardiac output and arterial pressure approach zero when between 35 and 45% of the blood volume has been removed.

Central Nervous System Compensation in Hemorrhage
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Hypoperfusion and arterial hypotension results in increased sympathetic nervous system activity.  this reflex activity produces three important effects which act to maintain perfusion: 

1) arteriolar constriction and increased systemic vascular resistance

2) venous constriction and decreased venous capacitance which acts to augment venous  

    return

3) increased cardiac chronotropism and inotropism which attempts to maintain cardiac  

    output.

The importance of reflex nervous system activity in hemorrhage cannot be overstated.  In the absence of sympathetic compensation, a blood volume loss of 15 to 20% will lead to death.  In short, sympathetic reflexes allow for twice the volume loss without resulting in death.  This has potentially great significance in the patient who are being treated with alpha or beta-adrenergic blocking agents at the time they suffer from trauma and hemorrhage.

Sympathetic reflexes are geared more for the maintenance of arterial blood pressure than for cardiac output.  Cardiac output is regulated more by local and humoral agents rather than by direct nervous system control.  The baroceptor reflex is a relatively strong phenomenon whereby falling arterial pressure produces a moderate sympathetic response resulting in vasoconstriction.  A "last ditch" reflex called the CNS ischemic response occurs when the mean arterial pressure falls to roughly 30 mmHG, and results in intense vasoconstriction and tachycardia.

Reflex compensation occurring during hemorrhage appears designed to maintain blood flow to the coronary and cerebral circulation.  Although reflex sympathetic activity results in vasoconstriction in most of the organs and tissues, this does not include the vasculature of the heart and brain.  In fact, these vessels may well dilate in response to adrenergic stimulation, and because of local factors that occur during hypoperfusion (acidosis).  Further, the heart and especially the brain possess excellent autoregulation mechanisms for maintaining blood flow in their microcirculation.  Thus, blood flow to the brain and heart are normally not compromised unless mean arterial blood pressure falls below 70 mmHg, unless the quality of the circulation to these areas is affected by disease such as atherosclerosis.

Non-progressive and Progressive Hemorrhagic Shock
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As touched on above, the ability of the human organism to survive bleeding is determined by the volume of blood lost as well as the amount of time spent in this volume-deplete state.  Studies have shown that if a dog is bleed to an arterial pressure of 45 mmHg, even repletion of the lost blood volume will not produce survival.  Thus, the circulatory system can recover from hemorrhage as long as the degree of hemorrhage is no greater than a certain critical level, beyond which results in the cycle of progression.  Since this amount is not known in humans, and because it is likely that different people have different end-points, is seems best to vigorously treat hemorrhagic shock until and even beyond the point at which symptoms are no longer present.

Non-progressive shock
Persons suffering from shock which is not severe enough to cause progressive deterioration and generally recover without therapy are felt to be in compensated shock.  Factors or compensation mechanisms that are responsible for the patient's adaptation and subsequent survival include:

1)
baroceptor reflex (an almost immediate reflex)

2)
CNS ischemic response (delayed and "last ditch")

3)
angiotensin



-potent peripheral vasoconstrictor



-fall in glomerular filtration and sympathetic stimulation result in renal



 secretion of renin, which in turn acts on plasma alpha-2-globulin to form



 angiotensin



-leads to increased renal salt and water retention - increase/maintain blood 

 
 volume

4)
fluid shifts from gut, interstitium to intravascular compartment

5)
thirst and increased appetite for salt

Non-progressive and Progressive Hemorrhagic Shock (continued)
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Progressive shock
Once shock has progressed to a critical point, the circulatory system itself begins to deteriorate.  Most of this phenomenon can be explained by noting that all cells require a constant supply of oxygen and substrate for efficient operation and survival, and failure to provide these things results in impaired cellular metabolism and subsequent accumulation of toxic products - both which are harmful to the integrity of the cell.  Below are outlined the factors that are believed responsible for the progression of shock.

1)
cardiac depression



-results from decreased coronary blood flow and substrate



-is usually not significant until late



-circulating myocardial depressant factor



-lactic acidosis from anaerobic metabolism



-toxins from gut flora



-other humeral factors from dying tissues

2)
vasomotor failure



-late stage phenomenon



-occurs after 10 to 15 minutes of complete circulatory arrest



-results from decreased perfusion of vasomotor center with subsequent



 decreased CNS output activity

3)
vascular failure



-from impaired substrate to vessels themselves, impairing smooth muscle 


 contraction and vasoconstriction

4)
microcirculatory sludging

-sluggish blood flow results in local acidosis which induces agglutination 

 and thrombosis in the microcirculation

5)
increased capillary permeability



-a late phenomenon

-results from paucity of substrate available to endothelial cells as well as   

 from direct effects of circulating toxins

-results in "third spacing" or extravasation of plasma water into 

 interstitium thereby deceasing circulating blood volume

6)
release of toxins by ischemic tissues



-MTF



-endotoxin



-histamine



-serotonin



-tissue enzymes

Non-progressive and Progressive Hemorrhagic Shock
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Progressive shock (continued)
7)
cell failure



-depressed ATPase activity because of lack of substrate

-leads to cellular potassium depletion, sodium and chloride accumulation, and cell swelling



-depressed mitochondrial function and decreased cytochrome activity



 decreased cellular energy source



-lysosomal disruption leads to release of intracellular hydrolases and 



 cellular deterioration



-depression of cellular metabolism with decreased responsiveness to



 humoral/hormonal stimulation

8)
organ failure



-brain



-heart



-lung



-liver



-kidney

9)
metabolic acidosis

Irreversible shock
Irreversible shock occurs when a point has been reached when the normal physiologic mechanisms have been so severely affected, and tissue and organ damage is so profound, that even restoring cardiac output to normal will not result in survival.  The common clinical picture is that of multi-organ failure, with non-cardiogenic pulmonary edema, cardiac failure, profound third spacing, and eventually cardiac arrest or lack of perfusion even in the face of cardiac electrical activity.  Intractable hypoxemia, hypotension, and acidosis are characteristic findings in late irreversible shock in spite of mechanical ventilation with 100% oxygen concentration, aggressive fluid and blood replacement, and intravenous vasopressor administration.

Physiologic Considerations in Hemorrhage
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The following are some physiologic/hemodynamic concepts useful in the resuscitation of the trauma patient.  A good resuscitologist is an applied physiologist.

A.
Physiologic Causes of Circulatory Failure


1.
impaired cardiac function


2.
cardiogenic shock


3.
impaired venous return


4.
diminished blood volume


5.
decreased vasomotor tone


6.
increased resistance to flow

B.
Cardiac Performance


Affected Primarily By:


1.
preload


2.
afterload


3.
contractility
- dP/dt, calcium, beta 1 agonists, autonomic nervous system


Affected Secondarily By:


1.
heart rate - can increase CO 3‑fold, > 170 bpm = decreased SV and CO



(decreased filling time), temperature


2.
humoral agents


3.
neural influences


4.
myocardial metabolism


5.
drugs (negative chronotrophs)


Decreased by:


1.
hypoxia


2.
acidosis (pH < 7.1)


3.
potassium imbalance


4.
hypocalcemia and calcium channel blockade


5.
beta receptor blockade


6.
toxins


7.
diphtheria, MDPs, endotoxin


8.
tricyclic antidepressants


9.
barbiturates (methohexital, etc.)

Physiologic Considerations in Hemorrhage (continued)
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C.
Blood Pressure


1.
The Blood Pressure is by far the most useful of all vital signs.


2.
Factors Affecting Blood Pressure:



a.
Systolic BP




- preload




- contractility




- stroke volume




- afterload: compliance, resistance, & viscosity



b.
Diastolic BP




- end‑diastolic arterial volume




- stroke volume




- resistance




- capacitance




- compliance



c.
Pulse Pressure




- stroke volume




- compliance

D.
Cardiac Output


1.
Determinants of CO include:



a.
heart rate



b.
stroke volume




-preload




-afterload




-contractility



c.
CO = Heart Rate x Stroke Volume


2.
Fick principle:




CO = VO2/10(Hg x 1.36)(SaO2‑SvO2)





- VO2=O2 consumption=3 cc/min/kg





- SaO2=arterial Hg saturation





- SvO2=mixed venous Hg saturation



Example:





- BP = 80/50, CVP = 2, HR = 120





- SaO2 = 92%, SvO2 = 35%, Hg = 12





- assume VO2 = 3 cc/min/kg & 70 kg





CO
 = 3(70) / 10(12 x 1.36)(.92 ‑ .35)






 = 2.3 L/min (normal 5 liters/min)

Physiologic Considerations in Hemorrhage (continued)
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E.
Preload


1.
Venous input dictates cardiac output


2.
Frank‑Starling principle: "presystolic fiber length determines the energy 



liberated on contraction of the fiber"


3.
Left Ventricular Diastolic Pressure (LVEDP) (PCWP -need ICU


4.
Central Venous Pressure (CVP) ‑ can measure in ED



a.
central venous line is useful in resuscitation:




- if large‑bore introducer, great for fluid administration




- good for obtaining mixed‑venous blood gases




- good for measuring central venous pressure



b.
Central Venous Pressure Does Not Correlate Directly With 




Preload




i)
CVP Increased and Preload Increased In:





-right heart failure





-volume overload





-venoconstriction





-elevated intrathoracic pressure




ii)
CVP Increased but Preload Decreased In:





-pericardial tamponade





-positive‑pressure ventilation



c.
A High CVP With A Low Blood Pressure Suggests Left 




Ventricular Dysfunction




i)
single measurements have limitations




ii)
serial measurements more useful




iii)
also, need other method to evaluate LV function

F.
Afterload


1.
Force Opposing Ventricular Ejection


2.
Systolic Left Ventricular Wall Tension


3.
Affecting Factors Include:



a.
end‑diastolic radius



b.
aortic diastolic pressure



c.
arteriolar/arterial resistance



d.
arterial compliance



e.
blood viscosity

Physiologic Considerations in Hemorrhage (continued)
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G.
Stroke Work Index


1.
Useful in evaluating where the patient is on Starling curve.



All you need is:
-blood pressure






-central venous pressure






-heart rate



SWI
=
PP (MAP ‑ CVP) / CVP (HR)



PP
=
SBP ‑ DBP



MAP
=
DBP + PP/3


2.
Examples:




BP = 120/80, CVP = 2, HR = 72




PP = 40, MAP = 80 + 40/3 = 93




SWI = 40 (93 ‑ 2) / 2 (72) = 25       Normal. 
But, this man likes to hang out with his best friends wife.  Oh‑oh, he came home from work early and he's coming up the stairs... Bang-bang!  Same guy, shot and bleeding (groin wound, of course)...




BP = 70/50, CVP = 1, HR = 160




PP = 20, MAP = 50 + 20/3 = 57


SWI = 20 (57 ‑ 1) / 1 (160) = 7        Not so good. 

Let's resuscitate him with some intravenous fluid and control hemorrhage...A short time later...




BP = 118/60, CVP = 4, HR = 80




PP = 58, MAP = 60 + 58/3 = 79




SWI = 58 (79 ‑ 4) / 4 (80) = 14   Moving in the right direction.
H.
Oxygen Delivery


1.
DO2 = CO x CaO2


a.
O2 content: CaO2 = 1.36(Hg)(SaO2)+.003(PaO2)




-normal: 18-20 cc O2/100 cc blood



b.
CO = cardiac output -use Fick equation



c.
normal example: 



Fio2 = 21%, Hg = 14 gm%, BW = 70 kg,




PaO2 = 80, SaO2 = 95%, SvO2 = 75%



CaO2 = 1.36(14)(.95) +.003(80) = 18.33 cc O2 / 100 cc blood



CO = 3(70) / 10(14 x 1.36)(.95 ‑ .75) = 5.5 L/min



DO2 =
5.5 L/min x 18.33 cc O2/ 100 cc blood = 1 L/min O2
Physiologic Considerations in Hemorrhage (continued)
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I.
Determinants of Oxygenation



1.
PCO2



- ventilation




- metabolic rate



2.
PO2



- alveolar‑capillary integrity




- minute ventilation




- FiO2



- age




- O2‑Hg dissociation curve


J.
Alveolar‑arterial Oxygen Gradient



1.
A‑aDO2



-normal: 3 ‑ 16 mmHg



2.
Increased in:
-V/Q mismatch






-impaired diffusion






-R ‑> L shunt (intrapulmonary or intracardiac)




* to R/O shunt, 100% O2 for 15 min, recalc: diffusion defects & 


  
  V/Q mismatches correct (to some degree), shunts will not






-age [age correction: 2.5 + .25(age)]




-normal: PaO2 = 90, PaCO2 = 40, k = .8,  Patm = 760, PH2O =47, 


 
 room air and sea level



3.
PAO2
= .21(Patm ‑ PH2O) ‑ PaCO2/k





= .21(760 - 47) - (40/0.8)





= 150 ‑ 50





= 100



4.
A‑aDO2 = PAO2 ‑ PaO2



-obtain PaO2 from ABG's


K.
In any unstable patient:


1.
insert a central line



2.
measure CVP



3.
obtain mixed venous blood gases



4.
insert an arterial line



5.
measure arterial BP



6.
obtain arterial blood gases



7.
calculate baseline hemodynamic values



8.
follow serial values to determine response to resuscitation
