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Trauma and critical patients:
When anesthetizing critically ill patients, the primary goal is to optimize tissue perfusion and oxygen delivery to all vital organ systems while inducing unconsciousness, an appropriate degree of analgesia, and muscle relaxation. 

The ultimate goal of therapy should be optimal physiological function rather than restoration of measured hemodynamic parameters to normal. Values generally considered normal for healthy anesthetized patients are associated with higher rates of mortality in high-risk patients.

Traumatized or critically ill patients are often near cardiopulmonary collapse or arrest. Causes of acute circulatory failure in these patients include severe myocardial ischemia, malignant dysrhythmias, hypoxemia associated with severe lung damage or airway obstruction, hemorrhagic shock, acid-base or electrolyte abnormalities, profound vagal tone such as is associated with the oculocardiac reflex, and electrocution.

Septic shock: 
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SIRS is a global activation of the immune system and release of many cytokines, resulting in a generalized increase in vascular permeability, neutrophil infiltration, and capillary microemboli

In cats, lung function is often impaired early in SIRS because of rapid fluid accumulation. In dogs, the order of organ dysfunction is commonly gastrointestinal tract, followed by liver, kidney, and then lung. Patients suffering from noncardiogenic pulmonary edema may have this condition exacerbated by rapid crystalloid fluid administration. 
Persistent  microcirculatory perfusion failure may lead to sludging of blood and increased immune cell and platelet aggregation. Along with the release of inflammatory mediators, these conditions result in poorly regulated coagulation and propagation of the inflammatory response. Toxic oxygen free radicals can cause further cellular damage, persistent edema, and increased oxygen diffusion distance between cells and capillaries.
If oxygen delivery to tissues is chronically impaired, the systemic inflammatory state can lead to multiple organ dysfunction syndrome (MODS), traditionally defined as irreversible shock
Appropriate antibiotic administration, aggressive cardiovascular support, and monitoring of the susceptible organs must be undertaken early.
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Hemorrhagic shock:

As hemorrhage ensues, plasma renin levels elevate, the antidiuretic hormone level increases, and the sympathetic nervous system activates to produce tachycardia and arteriolar vasoconstriction. These mechanisms can maintain blood pressure until about 40% of normal blood volume is lost

Once blood loss exceeds 40% of blood volume, compensatory organ mechanisms fail over time, and shock becomes irreversible. Prolonged poor tissue perfusion causes tissue ischemia, loss of cell membrane integrity, and cell death.

The primary treatment of hemorrhagic shock is aggressive fluid therapy. Large-bore intravenous catheters should be placed in each cephalic vein and/or jugular veins, and warm, crystalloid solutions, blood, and/or hemoglobin-based oxygen-carrying solutions infused. When rapid infusion of large volumes of crystalloids decreases the concentration of serum total solids to below 3.5 to 4.0 g/dL, simultaneous colloid solution administration is advantageous in maintaining intravascular volume.

All colloids can affect coagulation, but rapid hemodilution with larger volumes of crystalloids can, as well. In dogs administered less than 30 mL/kg hetastarch, clotting time, clot retraction, platelet count, and whole clot lysis are not significantly affected.1 Hetastarch does, however, decrease all three components of the factor  VIII-related complex.

Hypertonic saline may be beneficial in the early treatment of hypovolemic and hemorrhagic shock.1 2 Intravenous administration of small volumes (4 to 6 mL/kg) of 7.5% hypertonic saline has beneficial cardiovascular effects in hypovolemic dogs and cats. A second potential benefit of hypertonic saline administration is minimization of the risk of cerebral edema in patients with head trauma

Contraindications for hypertonic saline administration include hypernatremia, cardiogenic shock, renal failure, hyperosmolarity, uncontrolled hemorrhage, and thrombocytopenia (if in dextran).
Massive blood loss will eventually require transfusion of whole blood or packed red blood cells to replace oxygen transport capacity. Hemoglobin-based oxygen-carrying solutions(e.g., Oxyglobin [bovine hemoglobin glutamer 200]) can serve to increase oxygen capacity; however, the effects are usually brief, requiring additional blood-product transfusion.

The rule of thumb is that 2.2 mL of blood/kg body weight increases the recipient's PCV by 1%; however, this depends somewhat on the hematocrit of the donor blood.


Spinal shock:

This is a common sequela to spinal cord injury or blunt trauma, which can disrupt sympathetic nervous system outflow. The patient's extremities will feel warm (peripheral vasodilation), and even though hypotension is present, heart rate is slow because of sympathetic denervation. 
These patients are relatively hypovolemic; that is, intravascular capacity greatly exceeds intravascular volume. Organ perfusion may or may not be adequate, and vascular resistance is drastically reduced. These patients are more susceptible to hypothermia because they cannot constrict peripheral vasculature. 

Fluids should be administered to increase vascular volume.
If areterial pressure is low and a pulse cannot be palpated, mixed inotropic-pressor-type drugs should be given to increase blood flow to vital organs.
If there is any question as to adequacy of contractility, pressors should not be used before inotropes.
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Cardiogenic Shock:

This type of shock occurs when the ability of the heart to maintain cardiac output is insufficient to meet the body's demand. The circulatory compromise is caused entirely by cardiac dysfunction. Once overwhelming cardiac disease progresses and a patient can no longer compensate, signs of failure appear. If therapy does not improve systemic perfusion and the patient's ability to meet metabolic needs, the patient will die.

Patient monitoring: 

Lactate can be used as a surrogate measure for perfusion. In low flow situations, tissue hypoxia results in increased anaerobic metabolism and subsequent increased lactate production

Note: In dogs, serum-base deficits increase by 1.1 to 1.5 mEq/L for every minute of circulatory arrest; the arterial lactate concentration increases by 0.3 mmol/L/min (with epinephrine administration) and 0.6 mmol/L/min (without epinephrine administration) of arrest and cardiopulmonary resuscitation.

Bicarbonate therapy use is controversial: bicarbonate administration is not without risk. Its potential adverse effects include negative inotropy, paradoxical cerebrospinal fluid acidosis, hypercarbia, alkalosis, vasodilation, hyperosmolarity, electrolyte disturbance (e.g., hypokalemia and hypocalcemia), shifting of the oxyhemaglobin- dissociation curve (i.e., decreased oxygen delivery because of increased affinity of hemoglobin for oxygen), and volume overload caused by sodium.
The standard formula used to calculate bicarbonate replacement is milliequivalents of bicarbonate = base deficit X 0.3 X body weight (kg). This formula is used for correcting metabolic acidosis in the extracellular fluid compartment.

To avoid a vascular alkalosis, the dose should not be administered faster than it can be redistributed from the vascular space to the interstitial space. If administered too quickly, severe hypotension and death may result. A more conservative approach is to calculate the deficit, but administer only one-third of the dose at a time
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Head Trauma:
The hallmark of severe closed head injury is loss of consciousness associated with increased intracranial pressure and brain ischemia

Anesthetic agents that increase cerebral blood flow (e.g., halothane, nitrous oxide, and ketamine) are not recommended for
use in these patients. Because barbiturates produce rapid induction, decrease cerebral metabolic requirement for oxygen (CMR02 ) , and decrease cerebral blood flow, they may be reasonable agents for patients with severe head injury
Intubation and modest hyperventilation (arterial carbon dioxide partial pressure [PaC02 ] values of 28 to 32 mm Hg) may protect against
dangerous increases in cerebral blood flow and pressure. 
Care should be exercised not to negatively impact arterial blood pressure and cardiac output with positive-pressure ventilation
If the PaC02 is allowed to decrease below 25 mm Hg. there is a danger that the affected area of the brain may become ischemic because of excessive constriction of cerebral arterioles.
The use of hyperosmotic solutions may help to minimize intracranial pressure caused by tissue edema.
Cervical trauma may injure the innervation to respiratory muscles (phrenic and intercostal nerves) such that oxygen therapy, tracheal intubation, and mechanical ventilation may be necessary. Spinal injury may also cause autonomic dysfunction, resulting in gastric bloat, bradycardia, and electrolyte imbalances. Thermoregulation may also be seriously impaired.

Thermal burn trauma:

Inhalation of carbon monoxide can cause severe tissue hypoxia even though mucous membranes and arterial oxygen partial pressure
(Ра02 ) may be near normal.
Blood oxygen content can be drastically reduced because carbon monoxide has 200 times more affinity for hemoglobin than does oxygen.
After intubation, the animal should be placed in an oxygen cage or ventilated mechanically with oxygen. After the airway has been secured, the burn patient will require large volumes of fluid. Fluid loss because of increased capillary permeability, protein loss into the interstitial tissues, and evaporative losses can be extensive, especially within the first 12 to 24 h after injury.
Burn patients are hypermetabolic and will often have increased temperatures, increased catabolism, and increased oxygen requirements.
Tachypnea and tachycardia are common, and parenteral nutrition is usually necessary to overcome metabolic losses. Burn patients are hypermetabolic and will often have increased temperatures, increased catabolism, and increased oxygen requirements. Tachypnea and tachycardia are common, and parenteral nutrition is usually necessary to overcome metabolic losses.
If there are no contraindications, ketamine may provide some degree of somatic analgesia

Anesthetic Management of Trauma and Critically ill Patients
Most classes of anesthetic agents may be used in trauma and critically ill patients; however, the dosage requirement is usually reduced.
Release of endogenous enkephalins, endorphins, and other amino peptides to reduce pain and stress may produce mild sedation and analgesia, reducing the dose requirement of anesthetic agents.
Trauma patients are often acidotic and hypoproteinemic, so the induction dose requirement may be greatly decreased (of certain drugs such as barbiturates)  and should be anticipated by clinicians.

Local blocks: Performing epidural or intrathecal blocks is contraindicated in patients that are septic or have a bleeding diathesis. Epidural or
spinal blocks are contraindicated in hypovolemic patients because of the potential for profound sympathetic blockade induced
by these techniques when using local anesthetics.

Fluids:
With regard to non-blood fluid resuscitation, i f membrane permeability is normal, fluids containing colloids (albumin, dextran, and hydroxyethyl starch) expand plasma volume (PV) rather than interstitial fluid volume (IFV) or intracellular volume (ICV).
Each gram of intravascular colloid can draw and hold approximately 20 mL of water (e.g., 16 to 17 mL of water per gram of hydroxyethyl starch) in the vascular space. 
To estimate the effects of fluid infusion on PV, the following formula can be used:

PV = volume infused X (PV/Vd ) , where Vd = distribution volume.

In mature animals, total body water accounts for 60% of the total body weight. The ICV is 40%, the extracellular volume (ECV) is 20%, the IFV is 16%, and the PV is 4% of total body weight.

Examples:
If an acute blood loss of 500 mL is to be replaced using the preceding formula and 5% dextrose, which contains no
sodium, the remaining water after glucose metabolism, distributes throughout the total body water. 

For a 70-kg dog where plasma volume of 500 mL is to be replaced, the volume of 5% dextrose infused is 500 mL = volume infused X (3 L/42 L), or approximately 7 L .

In contrast, 500 mL of blood loss can be replaced with lactated Ringer's solution (LRS), for which the V d is equal to the E C V or only 20% of the body weight (3 L/14 L ) with just 2.3 L of LRS.

[bookmark: _GoBack]The immediate effect of 7.5% HS is to increase plasma volume by 2 to 4 mL for each milliliter infused.
However, following equilibration, 7.5% saline increases PV by only approximately 1.0 mL for each milliliter infused.

It is unclear whether dopamine is advantageous in the treatment of oliguric renal failure. Dopamine appears to be no better than saline in protecting renal function. In fact, dopamineinduced natriuresis may cause intravascular volume depletion, making the kidney even more susceptible to ongoing ischemic injury.

Kidneys and compensation:
This shift from compensation to decompensation may be prevented or exacerbated by pharmacological manipulations. The cortical-to-medullary redistribution of renal blood flow is designed to protect vulnerable medullary oxygen supply and demand balance at the expense of urine formation. Reduced GFR may reduce medullary tubular workload and oxygen consumption. Oliguria may be viewed in some circumstances (e.g., anesthesia) as a sign of normal protective compensatory mechanisms at work. Thus, an acute reduction in urine output could be either the result of acute renal failure or the consequence of normal compensatory mechanisms induced to prevent oliguria

Questions:

1. Which of the following are potential adverse effects of Sodium barcabonate administration?
A. negative inotropy
B. paradoxical cerebrospinal fluid acidosis
C. hypercarbia
D. vasodilation
E. hyperosmolarity
F. hypokalemia and hypocalcemia
G. shifting of the oxyhemaglobin- dissociation curve (i.e., decreased oxygen delivery because of increased affinity of hemoglobin for oxygen)
H. All of the above
I. None of the above

2. Although low-dose dopamine may increase urine production, it neither prevents nor improves acute renal failure. T or F?

3. Although low-dose dopamine does increase diuresis, it may actually increase the risk of acute renal failure in normovolemic and hypovolemic patients T or F?

4. Because barbiturates produce rapid induction, decrease cerebral metabolic requirement for oxygen (CMR02 ) , and decrease cerebral blood flow, they may be reasonable agents for patients with severe head injury. T or F? 

5. Spinal injury may result in autonomic dysregulation and loss of _____(sympathetic)_________ discharge. 

6. Inhalation of carbon monoxide can cause severe tissue hypoxia even though mucous membranes and arterial oxygen partial pressure (Ра02 ) may be near normal. T or F? 

7. CO has __(200)__ times greater affinity for Hb than does oxygen.

8. Which drug has been reported to cause adrenal insufficiency with the use of a continuous infusion? Etomidate

9. Local anesthetics administered epidurally may result in sympathetic blockade. T or F?
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