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Part II

Section 1: Pulmonary Problems in the Early Post-Resuscitation Period 

(Day 2-6)
There are five major abnormalities that can be seen during this period that will impair pulmonary function. Recognition of these potential problems will allow preventive measures to be initiated before severe dysfunction results. A major impediment to an aggressive surgical approach to the burn wound during this period is pulmonary dysfunction.

Major Pulmonary Abnormalities

	Continued Upper Airway Obstruction 

Decreased Chest Wall Compliance 

Tracheobronchitis from Inhalation Injury 

Pulmonary Edema 

Surgery - and Anesthesia-Induced Lung Dysfunction 


 

CONTINUED UPPER AIRWAY OBSTRUCTION

Pathophysiology:

	Continued airways edema 

Mucosal damage with slough 

Increased oral secretions 

Bacterial colonization 


Upper airway and facial edema caused by the heat-induced tissue and mucosal damage begins to resolve between 2 and 4 days, with superficial injuries. However, with full-thickness burns, edema, both external and in the oropharynx and larynx, will resolve more slowly. Occasionally, excision of deep neck eschar is necessary to allow expansion of the underlying soft tissue, which then restores venous drainage and allows edema resolution. The upper airway mucosal damage leads to increased production of oral secretions along with secondary bacterial colonization of the damaged tissue.

Treatment:

	Continued endotracheal intubation until edema resolves 

Head elevated position 

Avoid excessive tube motion 

Vigorous oral hygiene (add Nystatin if on antibiotics) 

Avoid cuff over-inflation (< 25cm H20) 

Consider tracheostomy thru unburned tissue or neck graft if airway safety of concern 


Continued airway maintenance with an endotracheal tube may be required. Placement of the patient in the head-elevated position 30o to 45o will allow faster resolution of edema. Aggressive mouth care to avoid mucosal infection, particularly with anaerobes, is necessary because aspiration of the infected saliva will lead to airways infection.

The decision when to extubate is a difficult one because there is no good test for determining the adequacy of airway patency. Laryngoscopy to determine the presence of cord edema is helpful, as is deflation of the cuff after suctioning of the oropharynx, to determine if air moves around the tube. The latter test is useful if an air leak is present around the tube. However, the lack of an air leak may simply reflect a large tube in a small trachea. Edema of the false cords and oropharynx as well as external compression from a neck burn can also impair the airway even if minimal cord edema is present. Therefore one must be prepared to re-intubate because no test of airway patency is foolproof. Given this fact, extubation should not be performed unless re-intubation is feasible. 

There is certainly a concern about maintaining a tube in place too long because laryngeal damage can result. However, loss of the airway can be fatal if residual edema substantially impedes re-intubation.

WHEN TO EXTUBATE
	Direct evidence of mucosal edema resolution (visualization) 

Evidence of adequate facial edema resolution to allow for re-intubation 

Evidence of adequate cough and ability to protect the airway 
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Persistent Facial Edema precludes safe re-intubation if needed

 

Section 2: Decreased Chest Wall Compliance

Pathophysiology

	Continued impairment in chest wall compliance 

Increasing work of breathing 

Further impairment with anesthesia from early excision 


 

The impaired expansibility of the chest wall caused by deep burns is improved but certainly not eliminated by escharotomy. A significant impairment in compliance will persist as a result of the loss of elasticity in burn tissue. In addition, tissue edema itself, which will remain for many days, impairs expansion and, in turn, decreases functional residual capacity and vital capacity. Work of breathing and energy requirements will remain increased. This process is particularly relevant for operative procedures requiring general anesthesia. The effect of impaired chest wall compliance on hemodynamic function will be accentuated with the use of an anesthetic that results in any element of myocardial depression, since the increased positive mean airway pressure is already impairing cardiac output. In addition, general anesthesia invariably impairs diaphragmatic activity, thereby further increasing the amount of positive pressure required to maintain a constant tidal volume. The process resolves as edema is reabsorbed in a partial thickness burn or as full-thickness burn is removed.

Treatment

	Careful fluid resuscitation 

Semi-erect position 

Assure adequacy of escharotomy 

Ventilator support 

Early excision of deep chest wall burn 


Maintenance of a semi-erect position will assist in movement of edema away from the chest wall to more dependent tissues. Continued careful volume replacement will minimize further edema formation. Mechanical ventilator assistance with positive pressure may be needed to help maintain functional residual capacity and minimize atelectasis as well as diminish oxygen demands during this period of impaired energy stores. Early excision of the full-thickness wound will improve chest wall motion by removing both edema and noncompliant tissue.
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Persistent Chest Wall Edema
Section 3: TRACHEOBRONCHITIS FROM INHALATION INJURY

Pathophysiology
	Ongoing mucosal injury 

Increased secretions 

Increased risk of infection 

Airway plugging, hypoxemia 


The chemical burn to the airways results in a spectrum of clinical manifestations during this period. At the very least, a mucosal irritation will persist for several days causing a bronchorrhea, increased cough, and mucus production. The damaged ciliary function of the airways lining leads to a high risk for infection manifested first (in the next 3 to 4 days) by a bacterial tracheobronchitis followed by a bronchopneumonia. Bacterial colonization is inevitable. Characteristically with a severe injury, the damaged mucosa becomes necrotic at 3 to 4 days post-injury and begins to slough. Increased viscous secretions can lead to distal airway obstruction, atelectasis, and a high risk of a rapidly developing bronchopneumonia.

As airways inflammation and bronchial blood flow increases over the next several days, a diffuse interstitial edema can develop. Even modest volume overload will markedly potentiate the edema process. The magnitude of the pulmonary infection is in large part dependent on the status of host defenses and the aggressiveness of pulmonary support. The combination of the chemical lung burn and a body burn markedly potentiate the morbidity and mortality of either process. If infection can be controlled and secretions cleared, the acute process will resolve over the next 7 to 10 days. However, the risk of infection persists for several weeks, extending well into the inflammation period.

Symptoms:

In the first several days after injury, remaining soot continues to be present in the airways secretions. Diffuse rhonchi are usually present, once inflammation develops. Wheezing also frequently persists as a result of continued bronchospasm and bronchial edema, the latter being the more prominent cause. Continued coughing and pulmonary toilet as well as the residual airways edema and some bronchospasm increase the work of breathing, which can lead to fatigue and hypoventilation. Secretions then become tenacious and more difficult to clear. Rales compatible with an edema process will noted in the most severe airways injuries, especially with concomitant volume overload. Evidence of bacterial tracheobronchitis is common, followed by bronchopneumonia in a substantial number of patients. The characteristics of the symptom complex are as follows:

SYMPTOMS OF TRACHEOBRONCHITIS
	Sputum changing from loose to mucopurulent 

Evidence of necrotic tissue in sputum 

Increased work of breathing 

Altered gas exchange 

Infiltrates on radiographs: Late finding 


Do not underestimate the magnitude of injury by initial presentation, since lung function may be deceptively good on day 2 only to deteriorate rapidly on day 3 to 4.

Diagnosis:
	Persistent symptoms of airway damage, compromise in gas exchange 

Direct visualization of lower airways 

Chest x-ray will underestimate damage 


Diagnosis of severity of injury is based on the course of the disease process than on initial findings from laryngoscopy, fiberoptic bronchoscopy, which basically only indicate that an injury is present. Chest radiographs during this period, in general, underestimate the severity of lung damage because the injury is usually initially confined to the airways.

Clinical evidence of continued respiratory compromise; namely, dyspnea, tachypnea, diffuse wheezing, and rhonchi precede radiographic changes. The first evidence on radiography of lung damage is usually that of either diffuse atelectasis, pulmonary edema, or bronchopneumonia. Altered gas exchange reflected in blood gas analysis and assessment of changes in sputum characteristics are useful parameters to monitor.

Chest radiographic findings invariable underestimate the magnitude of the chemical inhalation-induced airways injury. Parenchymal changes are late findings.

Treatment:
	Aggressive pulmonary toilet with frequent postural drainage (consider rotation bed) 

Infection surveillance (daily sputum smears) 

Bronchodilators 

May need positive pressure to maintain FRC 

Avoid aggressive diuresis in an attempt to correct airways edema (will not work) 


The clearance of soot, mucopurulent exudate, and sloughing mucosa is essential to avoid progression of the lung injury. An endotracheal tube may be necessary if clearance of secretions is inadequate. Ventilator assist may also be necessary if the patient is fatiguing and if gas exchange is worsening. Continued readjustments in tidal volume, rate, and positive end-expiratory pressure (PEEP) are necessary to maintain gas exchange while minimizing barotrauma. Sedation (narcotic infusion) or paralysis may be necessary if the patient’s spontaneous ventilatory attempts further impair lung function while on ventilator support. Bronchodilators, particularly those provided by aerosols, are also very helpful, along with frequent changes in position for postural drainage. Continuous rotating beds are ideal for the patient with an inhalation injury and a large body burn where side to side patient movement is difficult because of pain and stiffness from tissue edema. The constant postural drainage assists in removing airway plugs. To be effective the movement must be at least 45° from side to side, best accomplished by a rotation bed.

Infection surveillance is crucial during this early period in order to detect a bacterial bronchitis prior to development of a pneumonia. Sputum smears and monitoring of the character of the sputum are useful early guides. Systemic antibiotics are not given prophylactically but initiated when a bacterial process becomes evident.
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Figure: Rotating bed, which provides postural drainage after major burns, especially with smoke inhalation injury

[image: image4.jpg]




Typical sputum smear of a trachobronchitis on day 3-4 demonstrating neutrophils and gram positive organisms in clusters and chains (Begin antibiotic therapy)
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Tracheal mucosa demonstrating loss of most of the epithelium, a high infection risk
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Persistent small airways edema and broncho-constriction decreasing lung compliance

Do not wait until obvious radiographic evidence of bronchopneumonia is present because the process, once well established, will be difficult to reverse. Broad-spectrum antibiotics can be used until the specific sensitivities return and a more tailored antibiotic regimen can be instituted.

 

Section 5: PULMONARY EDEMA (High Pressure)

Pathophysiology:
	Fluid shifts leading to hypervolemia 

Underlying cardiac disease 

Impaired renal clearance of excess fluid 


The most common cause of pulmonary edema during this period is that from fluid shift-induced volume overload, especially in the presence of a smoke inhalation injury. An increase in pulmonary capillary hydrostatic pressure occurs leading to excess fluid crossing from plasma to interstitium. Volume overload is frequently due to a combination of systemic resorption of tissue edema at a rate faster than that which can be cleared by the kidney and a continued excess infusion of salt-containing fluid at a rate faster than needed. The stress response and/or positive pressure ventilation will impair renal clearance of the excess fluid by increasing antidiuretic hormone and aldosterone release and suppressing atrial naturietic factor.

Wedge pressure usually exceeds 20 mmHg in the early stages. Severe plasma hypoproteinemia (value less than 50%) will exaggerate the process, whereas a lesser degree of plasma hypoproteinemia is compensated for by a comparable decrease in interstitial protein content. The excess fluid crossing the plasma membrane will first migrate to the hilar area and accumulate in the loose interstitium around the larger airways and vessels. Dyspnea, diffuse rhonchi, and wheezing are the result of the interstitial edema process, whatever the cause. Only mild hypoxia is usually evident at this stage. The impaired oxygen exchange is in large part correctable by increasing the fractional inspired oxygen in air. The interstitial edema will also increase the lung stiffness (decreased static compliance) leading to a decrease in functional residual capacity.

If the edema process continues after the interstitium has filled with fluid, alveolar edema will occur. 

Edema in dependent lung occurs first. The alveolar flooding causes shunt fraction to increase, leading to significant hypoxemia as well as a decrease in lung volume and functional residual capacity. Compliance decreases and atelectasis increases, further increasing the shunt. Alveolar edema produces moist rales. However, these findings may be difficult to differentiate clinically from the bronchorrhea induced by an inhalation injury.

Diagnosis:

	Deteriorating gas exchange

Increased loose secretions with rales on auscultation (to be distinguished from large airway rhonchi)

Wedge pressure exceeding 20 mmHg 

X-ray findings: 

-bronchovascular cuffs
-blood flow redistribution
-cardiomegaly
-alveolar edema if severe


The usual clinical findings seen with pulmonary edema are a reliable diagnostic clue. If an inhalation injury has occurred, increased secretions, rhonchi, and wheezing are already present, making the determination of an added cardiogenic pulmonary edema difficult. Additional information utilizing a pulmonary artery catheter for determination of wedge pressure may be necessary.

Treatment:

There are two main objectives of treatment:

1. Maintain adequate oxygenation to systemic tissues 

2. Correct the process producing lung edema 

The optimum management for the pulmonary edema alone is "drying the patient out". However, this process may impair tissue oxygenation during this very vulnerable period for the wound and lead to problems greater than the lung edema. A relative hypovolemia will also increase operative risks. It is usually best to make appropriate adjustments in fluid infusion rate and protein replacement to minimize the progression of the process while utilizing positive pressure, if intubated (Table 5-8). Low-dose dopamine will assist in the diuresis by increasing blood flow and by its antialdosterone effects. The continued losses from the burn wound can result in a gradual decrease in blood volume. Therefore vigorous diuresis is normally not needed to correct the hypervolemia and actually is more likely to produce a hypovolemic state. If hypervolemia persists, furosemide can be used. If heart failure is present, as evident from a high filling pressure and low cardiac output, beta agonists can be added.

Those patients meeting the criteria for acute respiratory failure require endotracheal intubation and positive pressure ventilation. Positive pressure plus the addition of PEEP will redistribute the alveolar fluid so that some gas exchange can occur, leading to a decrease in shunt fraction.

The increased pressure will also impair preload and, in turn, decrease capillary pressure. Afterload reduction may be necessary to improve cardiac output. The edema process is usually readily reversible with control of capillary pressure or left-sided filling pressures. Mortality is dependent on the status of the underlying disease process.

TREATMENT HIGH PRESSURE EDEMA

	Maintain 02 saturation > 90%; consider PEEP 

Monitoring needs to be increased (pulmonary artery line helpful) 

Decrease fluid and salt intake 

Careful diuresis watching for: 

-Hypovolemia
-Hypokalemia
-Hypomagnesemia
Consider low dose dopamine for naturesis effect 

Add inotrope and/or afterload reduction if heart failure persists 


 

SURGERY- AND ANESTHESIA-INDUCED LUNG DYSFUNCTION
Two processes, one due to wound manipulation and the second due to the anesthesia, can produce lung dysfunction with wound excision and grafting procedures:

	Mediator-induced lung dysfunction 

Volume overload 

Anesthesia-induced hypoventilation 


The manipulation of burn tissue during excision can produce at least a transient decrease in lung compliance from released tissue mediators such as thromboxane. A transient endotoxemia or bacteremia can also occur with its alteration in lung function. However, wound inflammation and infection are much less during this period than later, which is the reason why excisional therapy is safer during the 2 to 5 day period. Repeated excision and grafting procedures, especially on large body burns, usually results in a situation in which the patient is either recovering from an inhalation anesthetic or is preoperative. These patients often remain intubated between excision procedures if there is a concomitant inhalation injury and the burn is large. Most general anesthetics will cause a deterioration in an already marginal respiratory status, putting the patient at high risk for pneumonia and further lung failure during the subsequent phase of injury. Muscle relaxants will further compound this problem. Ketamine anesthesia will help by decreasing some of the anesthesia-induced respiratory depression. Early recognition of the increased risks of a relative hypoventilation in the early postanesthesia period is essential. Ventilatory support systems should be added early to avoid the problem rather then attempting to treat the complications.

PULMONARY EFFECTS OF ANESTHESIA, EXCISION
	Inflammatory mediator induced broncho-constriction 

Post-excision hyperthermia increasing CO2 production 

Anesthesia induced decrease in FRC and inspiratory force impairing secretion clearance 

Anesthesia induced hypoventilation 


 

COMMON PITFALLS
Extubating Too Soon:
Resolution of facial edema does not always correspond with resolution of airways edema. In addition, there are many pulmonary problems in the burn patient necessitating an artificial airway. Look at the whole picture!

Underestimating the Lower Airways Injury:
Once the initial airways edema is resolving, a quiet period (calm before the storm) is often present that predates the bacterial tracheobronchitis and resulting bronchopneumonia. An appreciate of impending problems will result in more aggressive preventive measures.

 

YOU MAY PROCEED TO PART 3 OF THIS MODULE HERE
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