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PART III

Section1: PULMONARY PROBLEMS IN THE INFLAMMATION-INFECTION PHASE

(7 DAYS TO WOUND CLOSURE)
Pulmonary problems remain a major cause of morbidity and mortality during this phase. Pulmonary failure and pulmonary sepsis exceed burn wound sepsis as a cause of mortality. There are three major processes occurring during this period that will be discussed.
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These three processes are closely interrelated. The burn patient is very prone to infection, particularly after a smoke-inhalation injury. The hypermetabolic state produces a marked increase in oxygen needs and carbon dioxide production. The increased work demands on the lung as a gas-exchanging organ can exceed the adequacy of lung function. Adult respiratory distress syndrome (ARDS) is a severe complication of the sepsis process, which is very difficult to reverse in the burn patient.

NOSOCOMIAL PNEUMONIA
Pathophysiology
	Colonization of the naso-oropharynx by pathogens 

Aspiration of infected tracheobronchial secretions 

Impairment of immune defenses 


The term "nosocomial pneumonia" refers to the pneumonia that develops in the hospital with no evidence of lung infection present on admission, i.e., it is hospital-acquired. Although another form of nosocomial infection, namely, wound infection, is more common, the mortality rate for pneumonia is much higher. Burn patients with a combination of inhalation injury and a major body burn have the greatest risk of pneumonia, with a rate exceeding 50%. The high incidence is due to the presence of virulent organisms in the intensive care unit environment and the immunosuppressed state of the burn patient. 

The major events occurring in the majority of nosocomial lung infections are:

Colonization:

Colonization or bacterial overgrowth of the oro- and nasopharynx with potential pathogens occurs in about 50% of critically burned patients. Nearly 100% of major burn patients with a major respiratory problem have colonized their oropharynx with pathogens. There are a number of routes and events by which colonization occurs.

	Transmission of pathogens on the hands of hospital personnel 

Endogenous organisms from the burn wound 

Endogenous organisms colonizing GI tract via reflux 

Reserves of pathogens in burn unit, e.g. respiratory therapy equipment 

Administration of broad spectrum antibiotics 


	Other Patients Hand Transfer

	Gastrointestinal Tract (Aspiration) ----> 
	<----- Burn Wound (Hand Transfer)

	Change Normal Flora with Antibiotics  ---->
	<----- Respiratory Therapy Equipment

	Bacterial Contamination of Lung


Tracheobronchial Aspiration:

Aspiration of infected secretions is the next step following colonization.

CAUSES OF TRACHEOBRONCHIAL ASPIRATION
	Pharmacologic impairment of gag reflex 

- sedation
- paralysis
Anatomic impairment to clearance of secretion 

- oropharnyngeal edema
- endotracheal tube
- nasogastic tube
Direct contamination of lower airways 

- suction catheter
- lavage fluid
- leak around endotracheal cuff
- increased lung water
- decreased systematic immune defenses
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Endotracheal and oral gastric tube in place increases make of lower airways contamination
Impaired Cough: Impairment of this reflex is a common occurrence in the burn patient. A decrease in the state of consciousness markedly suppresses both the initiation of the reflex and the quality of the cough. This will be the case with the need for narcotics for pain control and during recovery from anesthesia. The ability to take a large inspiration, necessary for an adequate cough, will be impaired by a chest burn and also by muscle weakness from catabolism. The presence of an endotracheal tube, although maintaining an adequate airway, can decrease the ability to generate a sufficient propulsive force to clear secretions effectively. Any aspirated, infected oral secretions will then have the opportunity to proliferate.

Impairment of Containment: The post burn immunodeficiency state involving both the cellular and humoral component of resistance will impair the ability of the lung defenses to contain infection. Another major factor that impairs the containment process is increasing lung water. The movement of edema fluid allows a rapid spread of bacteria to uninvolved areas both as a vehicle for carrying bacteria and as an impairment of the sequestration and containment process.

DIAGNOSIS

The early precise diagnoses of the pneumonia is often very difficult. The usual criteria for diagnosing pneumonia are fever, leukocytosis, purulent sputum, new or increasing infiltrates on radiographs, and pathogens growing from the sputum.

These criteria are of much less value in the burn patient where other sources of infection and burn inflammation can initiate a sepsis syndrome. For example, approximately 75% of intensive care unit patients have a colonized upper airway, usually with gram-negative organisms. The purulent sputum may simply be aspirated oropharyngeal secretions. Pulmonary infiltrates are also a common finding in the post burn patient. Approximately 30% of new infiltrates in the surgical intensive care unit patient turn out not to be pneumonia. Based on these facts, clinical criteria alone are not sufficiently accurate to allow a precise diagnosis of the presence or absence of nosocomial pneumonia.

Protocol for Diagnosis of Nosocomial Pneumonia

	Look for physical findings
- leukocytosis, T° purulent sputum

	Proceed to noninvasive testing 

- quality deep sputum sample
- gram stain of smear
- if not oral secretions, submit for culture
- chest x-ray, looking for new infiltrate

	Proceed to either: 

- Empiric antibiotic treatment based on smear and x-ray if immediate treatment indicated, then modify according to culture and response to therapy OR

	Initiate invasive diagnostic testing if sputum specimen inadequate or empiric antibiotics are a risk of renal problems. (use of fiber optic bronchoscopic assessment and obtaining of sputum) 

Treat according to findings


 

Section 2: PREVENTION AND TREATMENT

Since eradication of an established pneumonia in the burn patient is very difficult, prevention is of primary importance.

Preventive measures focus in four areas:

PREVENTION
	Improving systemic defenses 

Improving local lung defenses 

Minimizing oropharyngeal colonization 

Minimizing tracheobronchial aspiration 
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BILATERAL  TRACHEOBRONCHITIS
Improving Systemic Host Defenses:

Adequate oxygen delivery to all tissues 

Optimize nutrition especially protein 

Improving Local Lung Defenses:

	Optimizing secretion clearance 

Good cough 

If long term need for tube - consider early tracheotomy 

Maintains chest wall muscles 

Continuous postural drainage - consider rotation bed to 45 degrees 


Maintaining an adequate cough mechanism is of utmost importance in the patient at risk for pneumonia, particularly in the absence of positive-pressure support, since there is a greater risk of hypoventilation and atelectasis. Analgesics and sedation must be used carefully. It is necessary to provide adequate pain relief, especially if splinting due to a chest wall burn in present. In addition, adequate sleep is required to maintain muscle activity. Oversedation and analgesia are, of course, counterproductive unless mechanical ventilatory support is being provided.

An endotracheal tube, although adequate for maintenance of a patent and protected airway, impairs the ability to clear thick secretions by coughing. It is very difficult to propel secretions the length of the tube. If continued intubation is expected to be necessary for many weeks, conversion to a tracheostomy performed in the first 7 to 10 days will greatly assist the clearance of secretions. The tracheostomy should not be placed through burned tissue. If the neck is burned, early excision and grafting of the neck area is indicated, and the subsequent tracheostomy can be performed through the skin graft in 24 to 48 hours.

Chest wall muscle mass must be maintained. Adequate nutrition and oxygen delivery are obvious requirements. Frequent position changes, hyperinflation, and postural drainage will be necessary to move the small and moderate airway secretions to the proximal airways so that cough clearance can occur. Ambulation is the ideal approach. The intubated, ventilated patient with a lung injury who cannot ambulate is best managed using side-to-side position change. The side-to-side rotating bed is ideal for this purpose because the need for pushing on the painful burn areas to move the patient is eliminated.

Sources of Infection in Airway and Lung
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Minimize Risk of Tracheobronchial Aspiration:

	Avoid over-sedation 

Head elevated 

Remove tubes as soon as possible 


Minimize Oropharyngeal Colonization

	Compulsive hand washing 

Surveillance for possible bacterial reservoirs 

Careful use of antibiotics 

Vigorous mouth care 


 

Section 3: METABOLISM-INDUCED RESPIRATORY
FATIGUE (POWER FAILURE)

Pathophysiology:
The increase in oxygen consumption and carbon dioxide production during this period will require increased gas exchange relative to that seen in the previous periods. A 50 to 100% increase in carbon dioxide production will be seen with burns in excess of 50% total body surface. In addition, the severe catabolism, initiated by the inflammatory response, can lead to not only extremity weakness, but also weakness of the chest wall muscle. Chronic pain and anxiety will lead to sleep deprivation and fatigue. Common causes of impaired oxygenation during this period are heart failure leading to lung edema and hypoventilation-induced atelectasis as fatigue develops. The major problem during this period is, however, usually not hypoxemia but rather hypercapnia because carbon dioxide removal is directly dependent on alveolar minute ventilation. 

A doubling of carbon dioxide production means a doubling of alveolar ventilation to maintain a normal PaCO2. Increased ventilation means increased work of breathing, especially if a decrease in compliance or an increase in dead space is also present. Large tidal volumes are necessary to maintain adequate alveolar ventilation because small tidal volumes ventilate little more than airway dead space. Increased tidal volumes require an increased inspiratory force and the added work must be sustained 24 hours a day. If fatigue develops, impaired clearance of secretions will also occur, which can lead to nosomial pneumonia as well as hypercapnia.

Diagnosis:
	Shortness of breath 

Increasing respiratory rate 

Decreasing tidal volume 

Use of accessory muscles 

Signs of patient patient fatigue - weak cough 

Hypercarbia 

Diffuse atelectasis on X-ray 


Alveolar ventilation - total ventilation - dead space ventilation

Is the Cause an Increased Carbon Dioxide Production or Increased Dead Space?

If mechanical factors are not present, the differential diagnosis includes: an increase in carbon dioxide production, and an increase in dead space ventilation, VD/VT.

Increased dead space can be due to a decrease in regional lung perfusion relative to ventilation, often due to lung over expansion. Vascular occlusion from pulmonary emboli must also be considered. The distinction can be made by directly measuring carbon dioxide production and then calculating VD/VT. Thus, diagnosis includes:

	Assessing tidal volume, vital capacity, inspiratory force 

Measuring carbon dioxide production: VDVT, respiratory quotient 


Serial measurements of tidal volume, vital capacity, and inspiratory force will allow one to detect early deterioration. In addition, the measurements of carbon dioxide production will allow one to determine whether the production is in excess of that predicted for the burn size alone. Oxygen consumption can also be measured directly using available spirometric techniques or the Fick method and the respiratory quotient directly calculated.

	CAUSES OF HYPERCAPNIA

	Extra-pulmonary 

Impaired Ventilatory Response to CO2 

    - Central nervous system-depressant drugs, head trauma, starvation, hypothyroidism, hypophosphatemia, metabolic alkalosis
    - Increased CO2 Production
    - Increased temperature (6% - 10% per C)
    - Increased muscle activity: shivering, seizures
    - Increased respiratory quotient from excess carbohydrate calories
    - Sepsis
Pulmonary
Airway obstruction 

Impaired Chest Wall Motion 

    - Chest wall trauma, instability
    - Chest wall pain, splinting
    - Neuromuscular disorders
    - Increased Dead space Ventilation
    - Shallow breathing
    - Vascular obstruction, pulmonary emboli
    - Low cardiac output, hypovolemia, impaired perfusion
    - Positive-pressure ventilation
    - Increased airway pressure, impaired perfusion

	 


 

	Hypercarbia in patients receiving mechanical ventilation

	Correct Mechanical Problems
    Endotracheal tube leak, plugging
    Air leak from lung, chest tubes
    Leak in ventilator
    Airways plugging 

Correct Increased Dead space
    Treat hypovolemia
    Decrease mean airway pressure
    Control pulmonary emboli

Correct Increased CO2 production
    Control fever
    Decrease activity
    Control sepsis
    Avoid excess CHO leading to increasing RQ

	CHO, carbohydrate, RQ, Respiratory Quotient


 

	Mechanism of Power Failure

	Increased oxygen demands
Increased energy demands
Increased CO2 production
Catabolism induced weakness

	Increased Work of Breathing

	Fatigue and Anxiety

	Decreased cough
Decreased tidal volumes
Atelectasis, pneumonia
Added catechol release

	Respiratory Distress
    - hypoxemia
    - lung sepsis

	 


Treatment
	Optimize nutrition (avoid excess CO2 production) 

Maintain adequate rest periods 

Consider partial ventilatory assist to avoid fatigue
               (tracheostomy useful) 


Protection of the lung against processes that will impair function is the best form of support. Controlling edema and infection while maintaining nutrition and adequate rest as well as chest wall exercise are key components. Excess carbon dioxide production should be controlled by avoiding excess carbohydrate calories and controlling excessive hyperthermia. The nutrient mix should be well controlled in order to avoid too few or too many calories. Fatigue and early evidence of respiratory compromise should be treated with assisted ventilatory support. An increase in VDVT due to low blood volume or excessive positive end-expiratory pressure (PEEP) can be in part corrected by volume loading.

Partial ventilatory support via a tracheostomy may be useful, especially if the anticipated problem will last several weeks, as is the case with a large body burn. Adequate rest must be assured as well as control of pain and anxiety, which can lead to a further increase in catechols and resulting hypermetabolism. The patient receiving an anesthetic must be accurately evaluated preoperatively to determine intraoperative ventilatory needs. In addition, added ventilatory support should be provided in the early postoperative period until the patient can resume sufficient spontaneous ventilation.

 

Section 4: ADULT RESPIRATORY DISTRESS SYNDROME (LOW PRESSURE PULMONARY EDEMA) 
ARDS is the name given to the clinical manifestation of a number of indirect lung injury states characterized by dyspnea, severe hypoxemia, and decreased lung compliance with radiographic evidence of diffuse bilateral pulmonary infiltrates. Alveolar consolidation with fluid, protein, and inflammatory cells in the presence of a normal capillary or wedge pressure is also a characteristic finding, i.e., low pressure pulmonary edema. The altered permeability results in a rapid movement of fluid from plasma to interstitial space with even a normal capillary (wedge) pressure. The causes and differential diagnosis of ARDS are presented.

Adult Respiratory Distress Syndrome
	Causes
	Differential

	Tissue inflammation 

Infection-sepsis 

Non-lung trauma 
	High pressure edema 

Inhalation injury 

Pneumonia 

Focal atelectasis 


 

Pathophysiology and Diagnosis
The lung damage is the result of a systemic process initiated by burn tissue, infection or inflammation rather than a direct lung injury. However, the term "ARDS" is commonly but inappropriately used to describe direct lung injury processes, such as an inhalation injury. There are probably several distinct ARDS state, each with a different cause. Although the pathophysiology may be extremely complex and the etiologic agents varied, the presenting signs and symptoms for the ARDS states are nearly identical. The hypoxemia produced is characteristically refractory to an increase in fractional inspired oxygen, indicating increased shunting. In addition, the degree of shunt is not directly correlated with the degree of increased water content, as is the case with cardiogenic edema.

	Diagnosis

	Progressive hypoxemia, shunt 

Decreased lung compliance 

Bilateral diffuse lung infiltrate 
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Typical histologic findings with ARDS which includes alveolar inflammation, thickened septal from protein leak (pink), congestion and decreased alveolar volume

There is definitely a significant ventilatory impairment or airways component to the disease process not related to water. There is a decrease in dynamic compliance and functional residual capacity resulting in increased ventilation to perfusion mismatch, probably due to mediator-induced broncho constriction.

ARDS Treatment Summary
Initial Onset 

Administer oxygen: maintain oxygen saturation more than 90%
Determine and delete source of lung response
Maintain perfusion but avoid volume overload
Phase 2 (2-7 days post-onset) 

Administer oxygen; maintain oxygen saturation more than 90%
May need positive airway pressure (PEEP, CPAP)
Avoid volume overload (consider pulmonary artery catheter)
Phase 3 (10 days plus) 

Requires positive pressure ventilation; add PEEP
Needs pulmonary artery catheter
Adjust PEEP, tidal volume to improve static compliance and arterial oxygen tension but not impair oxygen delivery
Maintain wedge pressure below 15mmHg, preferably 10 to 12 mmHg.
Maintain blood volume and hemoglobin
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Typical patterns of ARDS with diffuse internal infiltrates

	Positive end-expiratory pressure

	Advantages 

    - Increases functional residual capacity
    - Recruits additional lung units improving compliance
    - Reduces pulmonary shunt fraction
    - Allows for a decrease in FIO2
    - Can decrease preload in congestive heart failure
Disadvantages
    - Increase mean airway pressure leading to reduced venous return
    - Can increase VD/VT by impairing perfusion to hyper expanded lung
    - Can increase pulmonary vascular resistance and right-heart dsyfunction
    - Altered renal blood flow with increase in ADH release
    - Barotrauma caused by increased pressure
Primary Indications
    - Treat hypoxemia when patient already receiving an FIO2 of less than or equal to 0.5 and with bilateral diffuse pulmonary infiltrates
    - Treat a shunt of less than or equal to 20% in patient with diffuse disease
    - To maintain FRC after airway injury such as smoke inhalation

	VD/VT, physiologic dead space ratio; ADH, antidiuretic hormone; FRC, functional residual capacity.


 

Common Pitfalls
Underestimation of Risks for Pneumonia:
Once resuscitation is completed and the patient has become stabilized and is beginning to be more active, there is a tendency to be lulled into complacency regarding pulmonary support. The patient remains at high risk for pneumonia for several weeks.

Underestimation of Increased Ventilatory Requirements in Perioperative Period:
Maintenance of a "normal" minute ventilation in the perioperative period is not adequate in a patient generating up to twice the normal amount of carbon dioxide. Hypercapnia in the intraoperative or early postoperative period with its resultant massive catecholamine release can almost always be avoided by maintaining preoperative ventilatory needs in the intra- and postoperative period.
Underestimation of the Workload of Breathing 

During the Hypermetabolic State:
A two- to threefold increase in minute ventilation is a substantial work load. Ventilatory assist may be needed and should be initiated before respiratory deterioration.
Underutilization of the Tracheostomy:
Although a tracheostomy is usually not indicated in the first several days and is contraindicated through burn tissue, its use for chronic respiratory support is very advantageous. A tracheostomy through a non-burn or excised and grafted skin can improve pulmonary toilet, improve rehabilitation efforts by physical therapy, and will improve comfort.
 

THIS CONCLUDES THE END OF PULMONARY PROBLEMS
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