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. Abstract |

ith the increasing use of synthetic chemical based products in building construction in
Wrecent decades, there has been growing concern over the health hazards to firefighters
and fire exposers from the inhalation of the toxic components of smoke. Toxic combustion
products can have profound effects on the respiratory system, causing symptoms, physiologic
changes, and chronic diseases. Prompt evaluation is important and should include chest films,
pulmonary function testing, arterial blood gas analysis, and bronchoscopy. Positive findings
require aggressive management with adequate oxygenation, ventilation, pulmonary toilet, and
fluid resuscitation. Clinicians caring for individuals who have sustained inhalation damage to their
respiratory tract need to comprehensively understand the mechanisms, natural history,
management, and prevention of acute inhalation injury, so that they can help individual patients
recover without serious complications.
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Table 1. Signs and symptoms of toxicity of reduced levels of oxygen due to fire conditions (6)

Percent of oxygen in air

Sign or symptom

20 (or above)
121015
10to 14
6108

6 (or below)

Normal

Muscular coordination for skilled movements lost

Consciousness continues but judgment is faulty and muscular effort leads to rapid fatigue
Collapse occurs quickly but rapid treatment would prevent fatal outcome

Death in 6 to 8 minutes

Table 2. Evolution of parenchymal responses to experimental smoke inhalation (4)

Phase Timing Predominant histologic characteristics
1. Exudative 0~48h Interstitial edema: alveolar edema, hemorrhage;
PMN influx;
variable type | pneumocyte changes
2. Degenerative 12~72h Type 1 pneumocyte injury, denuding basement membrane:
necrosis; hyaline membranes
3. Proliferative 48h~7d Type 2 pneumocyte hyperplasia, covering basement membrane:
mobilization of macrophages
4. Reparative >4d Type 2 pneumocyte transformation (to type 1), proceeding to complete repair
vs fibroblast proliferation and interstital fibrosis
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Respiratory Diseases in Firefighters and Fire Exposers

Table 3. Pulmonary responses to smoke inhalation (4)

Pulmonary PMN leukocyte sequestration

PMN alveolitis*

PMN activation

Lung free-radical injury

Pulmonary vasoconstriction

Microvascular alterations
Increased lung lymph
Increased lymph protein
(increased permeability)
Endothelial injury
Epithelial injury

Decreased thoracic compliance*
Increased bronchial blood flow*
Tracheobronchial casts*
Bronchorrhea*

Increased airway resistance*
Increased dead space*
Surfactant inactivation*
Hypoxemia

Increased work of breathing

* Observations in animal models and humans

Table 4. Anatomic classifcation of acute smoke Inhal

ation (4)

Anatomic level Predominant clinical

Principal physiologic

of injury presentation presentation (s)
Systemic/neurologic Obtundation Tissue asphyxia
(early onset)*
Respiratory
Conducting airways
Upper* Respiratory distress Airway obstruction +
(early onset)* Alveolar hypoventilation
Tracheobronchial Respiratory distress Airway obstruction +
(early onset)* Alveolar hypoventilation
Mild hypoxemia
Atelectasis
Parenchymal Respiratory distress Hypoxemic respiratory failure

(delayed onset)’

Pulmonary edema (ARDS)

* Usual early after smoke inhalation
" Often delayed onset
! Thermal as well as chemically medicated injury
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Figure 1. Temporal evolution of smoke inhalation can be cha-
racterized by acute and chronic effects upon airways and
lung parenchyma. Acute respiratory injuries may resolve
completely or, less often, lead to permanent dys-
function (4).
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Table 5. Effccts of carbon monoxide poisoning (5)

COHb level (%)

0~5 None or decreased exercise
tolerance, impaired driving skills

Headache, dyspnea on exertion,
fatigue, angina (in patients with
preexisting coronary artery disease)

Throbbing frontal headache,
dyspnea with moderate exertion,
weakness

Possible syncope, judgment
disturbances, confusion,
dizziness, visual dimness, nausea,
vomiting, fatigue, motor
disturbances (usually mild),
tachypnea, tachycardia

Confusion, syncope, convulsions,
coma, tachypnea, tachycardia

Syncope, seizures, coma,
Cheyne-Stokes respiration,
respiratory depression,
cardiovascular depression

Coma, convulsions, hypotension,
bradycardia, respiratory depression,
death (if exposure is prolonged)

>70 Respiratory failure, rapidly fatal

Clinical symptoms and effects

10~20

20~30

30~40

40~50

50~60

60~70
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Respiratory Diseases in Firefighters and Fire Exposers

Figure 2. Laryngoscopic findings 3 (A); 16 (B); and 78 (C) days after extubation, showing posterior commissure stenosis (arrow) of the vocal

cords, with anterior adhesion (arrowhead) (3).

Table 6. Clinical diagnosis of acute smoke inhalation injury (4)

Spectrum and time course of respiratory problems
Classic clinical predictors
Exposure characteristics
Closed space setting, entrapment
Unconscioushess
Known inhaled toxin
Respiratory signs, symptoms
Facial, cervical burns
Carbonaceous sputum
Obijective diagnostic tests

Measurement of asphyxiants (carboxyhemoglobin,
cyanide)

Arterial blood gases
Chest roentgenogram

Direct airway observation (laryngoscopy or nasopharyn-
goscopy, bronchoscopy)

Radionucilde scanning

Pulmonary function testing (spirometry, complete
flow-volume curves)
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Table 7. Basic therapeutic priorities in patients with acute smoke inhalation (4)

Respiratory problems Treatment

Asphyxia
Upper airway obstruction
Lower airway obstruction

Mild Pulmonary toilet
Bronchodilators

Therapeutic bronchoscopy (occasional)
Mechanical ventilation
Antiinflammmatory agents

Oxygen, antidotes
Early, elective endotracheal intubation (rarely, tracheostomy)

Severe (with hypoventilatory failure)

Parenchymal injury
Mild Supplemental oxygen (e.g.,low FIO,) achievable by nasal prongs/mask delivery
Severe (with hypoxemic respiratory failure) ~ Oxygenate (high FIO, via ET tube)
Increase lung volume (CPAP, PEEP)
Minimize ongoing capillary leak (e.g., experimental use of antioxidants)
? Adjustments of resuscitative fluid volumes, composition, and infusion rates
Vasoactive, inotropic drugs
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Bronchial soot Bronchial cast

Figure 3. Bronchial soot (A) on bronchoscopy and bronchial casts (B) removed from one fire victim (3).
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