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Part I
Section 1: PULMONARY PROBLEMS IN THE BURN PATIENT

The burn patient undergoes a number of dramatic physiologic and metabolic changes over the course of the injury state. These changes are so marked that the physician may have the feeling of treating a different patient every several days as the process evolves. It is essential to have a clear understanding of the pathophysiologic differences and the necessary treatment modifications needed over time following the burn. To help clarify this process, the burn injury is divided into the following phases. The pulmonary problems specific to each phase will be discussed.

	Resuscitation phase (0 to 36 hours) 

Post resuscitation phase (2 to 6 days) 

Inflammation, infection phase (7 days to wound closure) 


INITIAL AIRWAY & PULMONARY ABNORMALITIES

Resuscitation phase

Abnormalities of ventilation and oxygenation are a common finding in the immediate post burn period. There are four fairly distinct critical disease processes that must be recognized and aggressively managed. The first three are associated with the inhalation injury complex and are presented in the approximate order in which symptoms will develop.

A respiratory reference section is provided as an appendix to assist in the monitoring and support of lung function during all phases of lung injury.

AIRWAY, PULMONARY, TISSUE OXYGENATION ABNORMALITIES

	Carbon Monoxide and Cyanide toxicity 

Upper airway obstruction 

Chemical burn to the lung 

Impaired chest wall compliance 


SMOKE INHALATION INJURY COMPLEX

Pulmonary insufficiency caused by the inhalation of heat and smoke is the major cause of mortality in the fire-injured person, accounting for more than 50% of fire-related deaths. The magnitude of the problem has been much better appreciated in recent years. The use of many new synthetics in home furnishings and clothing have resulted in a much more complex form of injury, due to the extremely toxic combustion products of these advances in technology. A closed space fire can result in a severe hypoxic insult as well as lung damage from the inhalation of toxic fumes. The exposure time, the concentration of fumes, the elements release, and the degree of concomitant body burn are critical variables. These factors cause a very complex injury with morbidity and mortality risks, especially when combined with a body burn. Improved knowledge of the pathophysiology combined with an aggressive treatment plan has made it possible to improve the outcome.




Click to Enlarge the Image
Smoke inhalation complex - 12 hrs post-burn
(Edema, carbon particles in nares and airways)

THREE TYPES OF SMOKE INHALATION

	- CARBON MONOXIDE INTOXICATION
- INHALATION INJURY ABOVE THE GLOTTIS
- INHALATION INJURY BELOW THE GLOTTIS


 

Section 2: CARBON MONOXIDE TOXICITY

Carbon monoxide toxicity is one of the leading causes of death in fires. While oxygen is being used during combustion, carbon monoxide is being released, since it is a basic by-product of combustion. Carbon monoxide is rapidly transported across the alveolar membrane and preferentially binds with the hemoglobin molecule in place of oxygen. In addition, carbon monoxide shifts the hemoglobin-oxygen curve to the left, thereby impairing oxygen unloading at the tissue level. The result is a major impairment in oxygen delivery, since 98% of oxygen is carried to the tissues on hemoglobin. With prolonged exposure, carbon monoxide can also saturate the cell, binding to cytochrome oxidase, thereby further impairing mitochondrial function and adenosine triphosphate (ATP) production.

SYMPTOMS:
Symptoms of carbon monoxide toxicity are usually not present until carboxyhemoglobin exceeds 15%, i.e., 15% of the hemoglobin is bound to carbon monoxide rather than oxygen. Symptoms are those of decreased tissue oxygenation, with initial manifestations being neurologic due to the impairment in cerebral oxygenation. Major myocardial dysfunction can also develop, with evidence of myocardial ischemia or even infarction, especially with preexisting coronary artery disease. In addition, the neurologic dysfunction caused by carbon monoxide expo9sure can lead to a progressive and permanent cerebral dysfunction. Frequently, a patient will awaken transiently after severe inhalation injury only to have progressive neurologic deterioration 24 to 48 hours later. Cyanide toxicity presents in a very similar fashion to carbon monoxide, with severe metabolic acidosis and obtundation in severe cases. Diagnosis, however, is more difficult because cyanide levels are not always readily available or very reliable.

Carbon Monoxide Toxicity Table
	Diagnosis

	Increase carboxyhemoglobin level (may be normal if treatment initiated before arrival)
	Low oxygen saturation relative to PaO2
	Unexplained metabolic acidosis




	Carbon Monoxide Intoxication 

	CARBOXYHEMOGLOBIN (%) 
	SYMPTOMS 

	0-5
15-20
20-40
40-60
60 or above 
	-- Normal value
-- Headache, Confusion
-- Disorientation, fatigue, nausea, visual changes
-- Hallucination, combativeness, coma, shock state
-- Mortality 50% + chance 


Diagnosis:
	A high index of suspicion in any fire victim with a history of smoke exposure

A carboxyl hemoglobin level exceeding 10% remembering that the level upon arrival in the ED is likely going to be much lower than the peak level, as oxygen is already being delivered by EMS displacing CO.
(morbidity is related to the estimated peak level, not the first value obtained)


 

	EFFECTS OF CARBON MONOXIDE POISONING

	ALTERED JUDGMENT
CONFUSION
DISORIENTATION
LETHARGY, STUPOR
RESPIRATORY ARREST
DEATH
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TREATMENT

Rapid displacement of the CO on hemoglobin using oxygen is essential. The half life of CO-H8b breathing room air is 90 minutes, whereas the half-life when breathing 90 to 100% high-flow oxygen is 30 minutes, i.e., the concentration of carboxyhemoglobin is reduced by approximately 50% every 30 minutes if an oxygen concentration of 90 to 100% is used.

Oxygen administration is required for all major burns until carbon monoxide toxicity can be ruled out or until carboxyhemoglobin levels return to normal.

Hyperbaric oxygen (2 to 3 atm) produces an even more rapid displacement and is most useful in cases of prolonged exposure, when carbon monoxide is also present in the mitochondria, since the carbon monoxide is more difficult to displace from the cytochrome system. The drawback of hyperbaric oxygen use is the inability to "get to the patient" during this crucial period of hemodynamic and pulmonary instability. Hyperbaric oxygen is best used in cases in which the patient has severe neurologic compromise with high carboxyhemoglobin, but no major burns and is not responding to high-flow oxygen with clearance of symptoms.

Endotracheal intubation and use of 90 to 100% oxygen with mechanical ventilator assist is indicated for those patients with impaired neurologic function and a high carboxyhemoglobin. This patient group not only needs a more aggressive attempt at displacing the carboxyhemoglobin using positive pressure at a high Fi02, but is also at a high risk for aspiration, as any neurologically impaired patient would be.

Cyanide management remains controversial. In general, cardiopulmonary support is usually sufficient treatment, since the liver via the enzyme rhodenase will clear the cyanide from the circulation. Sodium nitrite is used (300mg intravenously over 5 to 10 minutes) in severe cases, especially those in which the diagnosis is made by blood levels. Methemoglobin is produced by the nitrite, which, in turn, binds the cyanide. However, methemoglobin does not transport oxygen and a tissue hypoxia can develop, which is similar to the original cyanide effect. Ordinarily, thiosulfate is also given, which, in turn, binds the cyanide to form thiocyanate. One must be reasonably sure of the diagnosis of cyanide toxicity before giving sodium nitrite.

Treatment of Carbon Monoxide and Cyanide Toxicity
	Carbon Monoxide
	Cyanide

	Awake
	Obtunded
	

	-- High Flow by Mask oxygen (FiO2 100%) until carboxyhemoglobin is > 10% 

 
	1. Intubate

2. 90 to 100% oxygen via positive pressure ventilation
3. Hyperbaria used if patient not responding to 100% oxygen (specific indications remain undefined)
	1. Cardiovascular support
2. Sodium nitrite only if not responding and high likelihood of diagnosis being correct 

	 


 

Section 3: UPPER AIRWAYS OBSTRUCTION FROM TISSUE EDEMA

(INTERNAL AND EXTERNAL)

Direct heat injury caused by the inhalation of air heated to a temperature of 150O C or higher ordinarily results in burns to the face, oropharynx, and upper airway (above the vocal cords). Even superheated air is rapidly cooled before reaching the lower respiratory tract because of the tremendous heat-exchanging efficiency of the oropharynx and nasopharynx.

Heat produces an immediate injury to the airway mucosa, resulting in edema, erythema, and ulceration. Although these mucosal changes may be anatomically present shortly after the burn, physiologic alterations will not be present until the edema is sufficient to produce clinical evidence of impaired upper airway patency. This may not occur for 12 to 18 hours. The presence of a body burn magnifies the injury to airways in direct proportion to the size and depth of the skin burn. The massive fluid requirements necessary to treat the skin burn are in part responsible, as are mediators released from the burned skin.

Another compounding injury is any face or neck burn that will accentuate the problem by producing marked anatomic distortion and, in the case of the deep neck burn, external compression on the larynx. A particularly dangerous injury is the third degree facial burn in which minimal external edema is present. The lack of external edema is due to the non-elastic third degree burn, which does not allow expansion. Intraoral edema in this case is usually massive but unrecognized unless looked for. A more superficial burn causes massive external edema but may produce much less mucosal edema and airway compromise. 

The effect of deep face burns on airway maintenance are:

	1. Airway obstruction by intraoral and laryngeal edema.
2. Anatomic distortion by face and neck edema, which increases the difficulty of endotracheal intubation
3. Oral edema decreasing clearance of intraoral secretions
4. Impaired protection of the airway from aspiration


The local edema process usually resolves in 4 to 5 days.
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	CHEMICAL COMPONENTS OF SMOKE

	COMPOUNDS
	SOURCE

	- AMMONIA
- SULFUR DIOXIDE
- CHLORINE
	CLOTHING, FURNITURE, 
WOOL, SILK

	-  HYDROGEN CHLORIDE
- PHOSGENE
	PLYVINYL CHLORIDE,
FURNITURE, (WALL, FLOOR COVERINGS)

	- ACETALDEHYDE
- FORMALDEHYDE
- ACROLEIN
	WALL PAPER
LACQUERED WOOD
COTTON, ACRYLIC

	- CYANIDE
- CARBON MONOXIDE
	POLYURETHANE -- UPHOLSTERY
NYLON (ANY COMBUSTIBLE SUBSTANCE)


 

Symptoms:
Symptoms of obstruction, namely, stridor, dyspnea, increased work of breathing, and eventually cyanosis, do not develop until a critical narrowing of the airway is present. Upper airway noise indicative of increased turbulent airflow often precedes obstruction. It is difficult to distinguish noise from a narrowed airway from that caused by increased oral and nasal secretions due to smoke irritation. The airway edema and the external burn edema process have a parallel time course so that by the time symptoms of airway edema develop, external and internal anatomic distortion will be extensive.

Diagnosis:
A history must be obtained regarding the nature of the burn. This information may not always be available from the Emergency Medical Service transport team if the patient has been transferred from another emergency room rather than the scene and if the patient cannot provide the information. Inspection of the oropharynx looking for soot or evidence of a heat injury should be done with every burn victim. A number of techniques have been used to assess further the degree of injury and determine the need for endotracheal intubation. Fiberoptic bronchoscopy or laryngoscopy will determine whether physical evidence of pharyngeal or laryngeal mucosal injury is present, namely, erythema and edema. Laryngoscopy is the most rapid and least complicated diagnostic tool. Unfortunately, unless serial studies are performed, none of these tests can accurately predict the severity of subsequent airway compromise, since the edema is progressive during the first 18 to 24 hours.
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Bronchoscope Assessment of the Airway
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Supraglottic edema 12 hours post-smoke exposure 
Endotracheal intubations required
Treatment:
Maintaining an adequate airway is essential for successful early management. There are four standard criteria (the four P’s) for the need for endotracheal intubation:

	Maintain airway patency

Protect against aspiration

pulmonary toilet to decrease mucous plugging and infection risks

Need for positive-pressure ventilation


A judgment decision must be made in the initial assessment as to whether the airway can be managed safely without an endotracheal tube. When in doubt, it is safer to intubate. There are many other indications in the burn patient besides airway edema for the need for intubation, which will be discussed.

Three major categories of patients, who are at risk for upper airways compromise, are described.

Heat and smoke Exposure Plus Extensive Face, Neck Burns. A patient with a significant inhalation injury and deep facial burns is managed by early endotracheal intubation. Management without intubation is allowed only if intubation can be safely and rapidly performed when needed. However, increasing anatomic distortion caused by face and neck burns usually makes a later intubation very difficult. Make the decision to intubate in the first 4 to 8 hours based on progression of symptoms, and the clear understanding that the edema process will get worse over the next 12 to 18 hours.

Burn Alone: No inhalation. Patients with very deep second or third degree burns to the face, particularly lips and neck, also frequently require early intubation, especially in the presence of other burns. Neck compression from burn edema and inability to handle secretions make respiratory distress a likely event and make a delayed intubation very difficult. Emergency tracheotomies are difficult, at best, to perform in these patients and lead to airways infection. The resolution of edema will require 4 to 5 days. The intubated patient can now be anesthetized over the next several days if burn excision is needed.

Heat and Smoke Inhalation: No Facial Burns. The criteria for early intubation in this group is based on the findings on initial laryngoscopy or bronchoscopy as well as the respiratory function of the patient.

 

INITIAL ASSESSMENT OF AIRWAY (to Intubate or Not to Intubate)

Diagram: Stridor Reaction

Respiratory Distress

PaO2<60 PaCO2<55
Section 4: CHEMICAL BURN TO UPPER AND LOWER AIRWAYS 

This aspect of inhalation injury is often an extension of the upper airways injury just described but is generally much more serious than that produced by heat alone. Toxic gases contained in smoke as well as carbon particles coated with irritating aldehydes and organic acids can result in injury to both upper and lower airways. The location of injury will depend on the duration of exposure, the size of the particles, and the solubility of the gases.

Breath holding and laryngospasm, as a result of airway irritation, are protective mechanisms against excessive exposure in the conscious patient. The unconscious patient, however, loses this protection, resulting in a more severe injury to the lower airways. Information as to status of consciousness at the scene should be sought in the history.

Water-soluble gases found in smoke from burning plastics or rubber, such as ammonia, sulfur dioxide, and chlorine, react with water in the mucous membranes to produce strong acids and alkalies that lead to irritation, bronchospasm and mucous membrane ulceration, and edema. Severe impairment of the ciliary mechanism of the mucosa occurs, leading to impairment of the removal of particles and mucus. Lipid-soluble compounds, such as nitrous oxide, phosgene, hydrogen chloride, and various toxic aldehydes, are transported to the lower airways on carbon particles that, in turn, adhere to the mucosa. All these agents produce cell membrane damage. There is also marked early increases in bronchial blood flow, which accentuates the edema formation.

Alveolar edema is not a major component of the early disease state.

	TOXIC ELEMENTS IN HOUSE FIRE SMOKE

	GAS
	SOURCE
	EFFECT

	Carbon Monoxide 
Carbon Dioxide
Nitrogen Dioxide

Hydrogen Chloride (phosgene)
Hydrogen Cyanide

Benzene

Aldehydes

Ammonia

 
	Any organic matter
Any organic matter
Wall paper, wood

Plastics (polyvinylchloride) Wool, Silk, Nylons (Polyurethane) 

Petroleum plastics

Wood, Cotton, Paper

Nylon
	Tissue Hypoxia 
Narcosis
Bronchial irritation
Dizziness
Pulmonary edema

Severe mucosal irritation
Headache
Respiratory failure
Coma

Mucosal irritation
Coma

Severe mucosal damage 
Extensive lung damage
Mucosal irritation



A body burn markedly potentates the inhalation-induced lung dysfunction caused by chemical injury. Mortality rate for patients with severe inhalation injury alone is 5 to 8%. Mortality rate of the combination of a major burn and smoke inhalation far exceeds that of either injury alone.
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Small airways injury from smoke. (Broncho constriction caused by the mucosal injury)
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Fatal Smoke inhalation injury (Note: Airway and alveolar collapse with massive atelectasis. Note also the mucosal cast in the opened airway
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Closer view of mucosal slough found in massive injuries. However, removal of mucosal plugs is a common finding in any significant smoke inhalation

Symptoms:
Symptoms may well be absent on admission, with the true magnitude of the degree of injury only becoming evident after 24 to 48 hours. Early symptoms usually consist of bronchospasm manifested as wheezing and bronchorrhea. An intense initial bronchorrhea caused by the irritation of the airway mucosa in combination with increased oral and nasal secretions can give the appearance of fulminant pulmonary edema. The source of these secretions, however, is not the pulmonary circulation in the vast majority of cases. Injury at the alveolar level is usually fatal. The presence of soot in the lung secretions is certainly evidence off smoke exposure but is not a necessary finding. Early bronchospasm and bronchiolar edema initiated by the irritant gases causes a marked decrease in lung compliance and increased work of breathing. Impaired clearance of secretions will accentuate the problem. The resulting ventilation-perfusion (V/Q) mismatch will create impaired gas exchange with an increasing alveolar-arterial oxygen gradient and minute ventilation. In summary, the symptom complex is as follows:

	SYMPTOM COMPLEX
Bronchorrhea, wheezing

Coughing, dyspnea

Increase work of breathing

Impaired gas exchange


Diagnosis:
	Physical evidence of exposure to smoke 

Coughing, wheezing, bronchorrhea 

Elevated carboxyhemoglobin 

Direct visualization of injury 


Diagnostic aids are history of closed space exposure, physical findings (soot, presence of symptoms), increased carboxyhemoglobin, direct visualization of injury (laryngoscopy, fiberoptic bronchoscopy), and indirect visualization, V/Q xenon scan).

A history of confinement in a closed space during the burning process is a good indicator of potential lung damage. However, single breath exposures to toxic chemicals are sufficient to produce major airways damage. An absence of a history, especially by transferring medical personnel, often means a lack of detailed information about the circumstances of injury. The true story often takes hours or days to determine. Physical findings on admission that suggest smoke exposure include a facial burn, soot in the sputum, dyspnea, coughing, wheezing, and bronchorrhea. If present, these findings are helpful. However, many patients demonstrate minimal symptoms early after injury and only when airways edema develops do symptoms become evident. An elevated carboxyhemoglogin level indicates an exposure to the elements in smoke. Often, considerable displacement of the carbon monoxide has occurred before arrival due to standard institution of oxygen at the scene.

Laryngoscopy will demonstrate the presence of mucosal irritation at and above the cords and provide information about the need for endotracheal intubation. Absence of upper airways changes almost always means absence of lower airways injury. Visualization of the upper and lower airways by fiberoptic bronchoscopy can provide information on the anatomic extent of injury but initial findings have not been found to prognosticate accurately the magnitude of injury to allow anticipation of the subsequent course.
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Chest roentgenogram upon admission of a 36-year-old patient with extensive burns, undergoing resuscitation.
NOTE: Absence of parenchymal involvement despite a severe airways injury.

 

Treatment:
Initial treatment of a chemical burn consists of an aggressive approach to upper airway maintenance and pulmonary support, which includes maintenance of small airways patency and removal of soot and the mucopurulent secretions. Careful well-monitored fluid resuscitation is necessary to avoid accentuation of the process. Under volume resuscitation will aggravate the pulmonary dysfunction as much as will over-resuscitation. The addition of positive end-expiratory pressure (PEEP) is frequently necessary to maintain small airway patency and an adequate functional residual capacity by assisting in holding the edematous airway open until edema resolution. Early endotracheal intubation and PEEP have been reported to decrease pulmonary deaths after severe burns and smoke inhalation. Prevention of airway closure is much more readily accomplished than is the reopening of collapsed airways. A large enough tube, i.e. at least a 7mm internal diameter, should be used in adults because very thick secretions develop as a result of the lung injury. If the initial tube is too small, it will be very dangerous to change once massive facial and airway edema develops. Although the nasotracheal route may be more comfortable to the patient, the size of the tube may need to be compromised and lead to later problems for secretion clearance. The continued use of additional humidified oxygen to maintain adequate oxygen delivery as well as to assist in the clearance of secretions is indicated. Elevation of the patient’s head and chest 20 to 300 is also helpful.

Bronchospasm is a frequent component of the chemical injury. However, diagnosis can be complicated by rhonchi and upper airways noises, caused by increased secretions. A helpful clue to determining the magnitude of increased airways resistance is the difference between dynamic and static compliance. The difference between the two reflects increased resistance to airflow, which will, of course, also include the endotracheal tube. Bronchospasm can be treated with bronchodilators, either parenteral or via aerosol. The beta2 sympathomimetic agents, metaproterenol (Allupent) or isoetharine (Bronkosol), are effective bronchodilators. Intravenous aminophylline, although a good bronchodilator, is frequently limited in its use because of the tachycardia seen in the early postburn period.
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Beginning about 18 to 24 hours after a burn, increasing airway resistance is often due to bronchiolar edema and airway plugging rather than bronchospasm. The impaired gas exchange often responds to further increases in PEEP in addition to bronchodilators. PEEP in excess of 10 cm H2O will produce some impairment in cardiac output if hypovolemia is also present. Prophylactic antibiotics are not indicated. The injured airways mucosa will frequently become colonized with bacteria, especially if an endotracheal tube is present. Prophylactic antibiotics will only select for the more resistant organisms. 

It is now well demonstrated that corticosteroids in the presence of a body burn increase rather than decrease the smoke inhalation morbidity and mortality. Steroids are therefore contraindicated in the presence of a burn. With inhalation injury in the absence of a burn, no benefit has been demonstrated.

Close monitoring of the adequacy of gas exchange is necessary, particularly during the early evolution of the inhalation injury. An indwelling arterial line or a pulse oximeter is required. The pulse oximeter indicates arterial oxygen saturation using a photo-sensor that detects the color of the blood flowing beneath the probe.

 

ASSESS FOR LOWER AIRWAYS INJURY (to Ventilate or Not to Ventilate With Positive Pressure) 
FigureXXXX

Section5: IMPAIRED CHEST WALL COMPLIANCE 

Respiratory excursion can be markedly impaired by a burn to the chest wall. The process is most evident with a circumferential third degree burn. The loss of elasticity in the chest wall due to the burn tissue will markedly increase the work of breathing required to maintain functional residual capacity and an adequate tidal volume. As more subeschar edema develops, compressing the chest wall, the end-expiratory intrathoracic volume begins to decrease. Edema from a second degree burn is also sufficient to alter lung mechanics. The loose aureolar tissue in the axilla and lateral chest wall will sequester large amounts of edema fluid, leading to a very heavy tense chest wall. Full thickness burns produce a more severe limitation because tissue expansion is markedly impaired and intrathoracic volume becomes compressed. The result is a significant V/Q mismatch, atelectasis, and hypoventilation. Maximum respiratory effort is frequently required just to maintain adequate gas exchange. Any process that compromises the necessary increase in inspiratory force and muscle activity, such as hypoxia, hypovolemia, pain, or sedation, will accentuate the severity of lung dysfunction.

DEEP CHEST WALL BURN
	Decreased respiratory excursion 

Impaired gas exchange 

Hypoventilation 

Increased work of breathing 

Impaired secretion clearance 


Symptoms may not be clearly evident until edema formation peaks at about 10 to 12 hours. The first clinical evidence of the chest wall restrictive defected is often labored breathing followed by a rapid respiratory deterioration, particularly in the patient who is not receiving ventilator support. Clearance of secretions can be impaired due to the inability to generate a hyperinflation. In the combined chest burn and inhalation injury, it is very difficult to distinguish the degree of impairment in total lung compliance due to the increased airway edema and bronchospasm compared with that due to the impaired chest wall. The increasing airway pressure required to expand the stiff chest wall will lead to extension of the burn into fat.
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Full Thickness chest burn impairing respiratory excursion
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Chest Wall escharotomy Mid-axillary lines to normal tissue then connected across the middle
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 HYPERLINK "http://www.burnsurgery.com/Modules/pulmonary/images/Table_1_8.gif" 

An escharotomy should be performed on admission. An extremely deep burn tissue results in tissue contraction due to desiccation, making the chest wall tight even before edema develops. Use of microcrystalline collagen to pack the incision sites can help control punctate bleeding. Larger vessels usually require suture ligatures or cautery. Escharotomies are usually not required in a second degree burn unless the burn is very deep or the edema is so massive that the burned skin is tight. Even with an escharotomy, the restrictive process can be of such magnitude that hypoventilation is clearly evident. In these patients, endotracheal intubation and positive-pressure ventilation should be initiated before obvious pulmonary deterioration.

COMMON PITFALLS IN PULMONARY SUPPORT
Using Initial Arterial Oxygen Tension to Reflect Adequacy of Oxygenation:

In the presence of carbon monoxide.

Using a Small Nasotracheal Tube in the Presence of Smoke Inhalation:

The concerns with smoke inhalation are an immediate problem of airway patency and an additional major problem of pulmonary toilet. A tube less than 7mm in an adult is too small for adequate suctioning and thick secretions will compromise ventilation at a time when it is not safe to change the tube due to face, neck, and airway edema.

Endotracheal Intubation Without Addition of Some Positive End-Expiratory Pressure:

A chest wall burn, generalized edema, inhalation injury, use of narcotics, all decrease functional residual capacity and all are common in the burn patient. PEEP applied early can help avoid atelectasis and airway collapse. Begin with 5 cm H2O and increase up to 10 cm H2O, if needed.

Fluid Restricting a Patient with a Burn Plus an Inhalation Injury:

Hypovolemia will not protect the inhalation-injured lung and will only augment the V/Q mismatch because less of the lung is perfused, especially if PEEP is required.

Underestimation of the Effect of Chest Wall Stiffness on Lung Function:

Underestimation of the increased work of breathing created by a rigid chest wall even with normal lung parenchyma leads to fatigue, airway collapse, and secondary infection. This process is particularly prone to occur in the early postanesthesia period.

Causes of Hypoxia
	Decreased PaO2 (Hypoxemia)
Impaired diffusion 
V/Q mismatch
Alveolar hypoventilation
Increased pulmonary shunt
Decreased Oxygen Content in Arterial Blood
Decreased hemoglobin content
Decreased PaO2
Carbon monoxide poisoning
Methemoglobinemia
Rightward shift in oxyhemoglobin dissociation curve
Decreased Cardiac Output
Myocardial depression
Decreased coronary perfusion
Increased peripheral vascular resistance
Increased pulmonary vascular resistance
Cardiac arrhythmia
Decreased circulating blood volume


 

	Initial treatment of hypoxia
1. Increase FIO2 to maintain SaO2 less than or equal to 90%

2. Consider positive pressure and PEEP, if large shunt

3. Initiate aggressive pulmonary toilet

4. Eliminate cause: pain, excess fluid, atelectasis, broncho-pneumonia

5. Correct systematic abnormalities, e.g., hypovolemia, sepsis, carbon monoxide



SaO2, arterial oxygen saturation; PEEP, positive end-expiratory pressure.


 

Click here to proceed to Pulmonary Problems Part II
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