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Respiratory Failure 

Respiration is a complex physiologic process consisting of 
the uptake of oxygen and elimination of carbon dioxide, a 
process involving the movement of gases and the circula
tion of blood. Respiratory failure is a descriptive term for 
the derangement of this process so gas exchange is inade
quate. Causes of respiratory failure are myriad, as are the 
causes of the clinical subset of respiratory failure cases 
that fall under the classification of adult respiratory dis
tress syndrome. 

In the clinical setting, respiratory failure is usually de
fined by arterial blood gas (ABG) values. A combina
tion of hypoxia and hypercapnia (usually defined as 
P02 < 60 mm Hg and PC02 > 50 mm Hg in otherwise 
healthy individuals) indicates the presence of respiratory 
failure. In persons with chronic lung disease, more reli
ance must be placed on the clinical picture, as such 
patients may have preexisting ABG values outside the 
normal range. Some sources advocate basing the diagno
sis of respiratory failure entirely on clinical criteria in 
these patients.1,2 

The clinical presentation of respiratory failure varies 
with its underlying causes. Hypoxia is initially character
ized by agitation and impaired judgment and may be 
mistaken for alcohol intoxication. More severe hypoxia 
may manifest as myocardial depression and cyanosis. Cy
anosis may not be recognizable until the P02 is less than 
40 mm Hg. The hallmarks of hypercapnia are confusion 
and drowsiness, with coma and death following if the 
situation is not rapidly corrected. 

The first steps for treating respiratory failure are estab
lishment and maintenance of a patent airway, whether 
orotracheal, endotracheal, or via tracheostomy. The sec
ond step is administration of oxygen. For patients breath-

ing spontaneously, it may be done with any of several 
mask devices that provide varying concentrations of in
spired oxygen. Patients who are intubated require me
chanical ventilatory support while the underlying causes 
of the respiratory failure are elucidated and treated. All 
patients require intensive monitoring of their oxygena
tion and acid-base status, usually done via pulse ox
imetry and ABG sampling. Patients with underlying 
chronic obstructive lung disease may benefit from 
bronchodilator therapy (aminophylline and ~-agonists) 
and corticosteroids. 1 

The prognosis for patients with respiratory failure de
pends on the etiology. If prompt treatment can reverse the 
underlying process, healthy lungs may recover. Lungs 
that are diseased do not have the regenerative powers 
found in normal lungs, and the prognosis is poor. In 
addition to intensively managing the patient's illness, 
the family physician is ideally suited to help the patient 
and family make informed decisions regarding treat
ment options. 

Acute Respiratory Distress Syndrome 

First described by Ashbauh et al. in 1967 as the adult 
respiratory distress syndrome (ARDS), this condition of 
acute respiratory failure is marked by severe hypoxemia, 
diffuse pulmonary infiltrates, poor lung compliance, and 
the absence of left heart failure.3 The annual incidence in 
the United States is reported to be as high as 150,000 cases 
(0.6/1000 population), but controversy exists as to the 
validity of this figure. 4 Mortality rates range from 10% to 
90%, but most series acknowledge more than 50% mortal
ity.5 The variation reported in incidence and outcome is in 
part due to the heterogeneity of conditions lumped to
gether as ARDS. In 1993 the European American Consen-
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sus Committee on ARDS published guidelines for diag
nostic criteria and relevant outcome markers to be used in 
future research. Recognizing its occurrence in children, 
the committee returned to the term acute (rather than 
adult) respiratory distress syndrome. Diagnostic criteria 
include timing (acute onset), oxygenation [Pa02/FI02 
:s; 200 mm Hg, regardless of positive end-expiratory pres
sure (PEEP) level], chest radiograph (bilateral infiltrates 
on frontal view), and hydrostatic pressure [mean airway 
pressure (Paw) :s; 18 mm Hg, or no evidence of left atrial 
hypertension].6 

The pathogenesis includes two pathways: direct effects 
of an insult on lung cells and the indirect result of an 
acute systemic inflammatory response, including both 
cellular and humoral components. These events lead to a 
final common pathway of injury to the alveolar-capillary 
barrier with increased vascular permeability, pulmonary 
edema, right-to-left shunting, progressive lung inflamma
tion, reduction in surfactant, and alveoli collapse. Like
wise, clinical settings in which patients are at risk for 
ARDS include both direct and indirect lung injury. The 
causes of ARDS are listed in Table 86.1. Infection has been 
found to be the most common cause, with sepsis account
ing for as many as half of all cases. 

The ARDS should be considered when any patient with 
one or more known causative factors develops dyspnea 
and tachypnea. Blood gases show decreased P02, with the 
PC02 normal or decreased. After initially responding to 
supplemental O2 the patient becomes more dyspneic, and 
the hypoxia can no longer be corrected by giving O2. 
Rales and bilateral interstitial infiltrates develop. At this 
point the patient requires ventilator management in an 
intensive care unit (ICU) setting with Swan-Ganz moni
toring and involvement of a pulmonary or intensivist 
consultant, if available. 

When treating ARDS, the goal is to support the lungs 
while correcting the underlying condition causing the 
direct or indirect lung injury. Although there are no 
randomized controlled trials to support any particular 
supportive modality as superior, mechanical ventilation, 
hemodynamic management, and prevention of secondary 
complications are the mainstays of therapy. Supplemental 
oxygen and positive-pressure mechanical ventilation are 
critical supportive therapies, although prolonged expo
sure to high oxygen concentrations can produce acute 
lung injury. Also, high transalveolar pressures can result 
in significant lung damage. Current strategies to accom
plish adequate gas exchange while limiting FI02 and pla
teau pressures include the following: small tidal volumes 
« 9 ml/kg while increasing the respiratory rate), optimal 
PEEP (5-15 cm H20), adjusting inspiratory and expir
atory timing (increasing inspiratory times), and adjust
ing inspiratory flow pattern by using pressure-limited 
breaths.7 

Novel therapeutic approaches to ventilation under in
vestigation include extracorporeal membrane oxygena
tion, ventilation of liquid fluorocarbons to maintain the 
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Table 86.1. Causes of Acute Respiratory Distress Syndrome 

Direct lung injury 
Pneumonia 

Viral 
Bacterial 
Aspiration 

Gastric contents 
Fresh or salt water 

Hydrocarbons 
Inhalation 

Oxygen 
Smoke 
Corrosive chemicals (e.g., NO, CI, NH) 

Chest trauma with lung contusion 
Radiation 
Embolism 

Fat 
Amniotic fluid 

Indirect lung injury 
Sepsis 
Shock 
Major trauma 
Extensive burns 
Drugs 
Narcotics 

Sedatives 
Aspirin (rare) 
Thiazides (rare) 

Metabolic disorders 
Pancreatitis 
Uremia 

Neurologic disorders 
Head trauma 
Seizure 

Intracranial bleeding 
Eclampsia 
Disseminated intravascular coagulopathy 

Cardiopulmonary bypass (rare) 
Hypertransfusion for emergency resuscitation 

functional residual capacity (FRC), inhaled surfactant 
replacement, and inhaled nitric oxide. Systemic mea
sures under study include monoclonal antibodies to 
endotoxin lipid A, monoclonal antibodies to tumor necro
sis factor, nonsteroidal antiinflammatory drugs (NSAIDs), 
vasodilators, and antioxidant therapy with vitamin E, 
N-acetylcysteine, or superoxide dismutase. 

Pulmonary Embolism 

Pulmonary embolism is a frequent cause of morbidity 
and mortality but remains difficult to diagnose. It is 
thought that annually there are 2.5 million cases of deep 
vein thrombosis (DVT) leading to 650,000 to 700,000 cases 
of pulmonary embolism. 8 
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Risk factors exist that make pulmonary embolism and 
DVT more likely (see Chapter 81). Hereditary risk factors 
include deficiencies of serum proteins that act as inhibi
tors of coagulation. Patients with these disorders present 
during early adulthood with thromboembolic events. Other 
risk factors include malignancy, congestive heart failure, 
obesity, estrogen therapy, prolonged anesthesia, ortho
pedic and pelvic surgery, and spinal and neurologic 
trauma. DVT may occur in as many as 20% to 30% of 
hospitalized high risk patients.9,lo 

Most pulmonary emboli originate from the deep veins 
of the thigh and pelvis. Thrombi usually develop from 
vein bifurcations or valve cusps; they may also arise in the 
calf but rarely embolize. DVT may arise in the upper 
extremity, with most cases seen in patients with central 
venous catheters, although spontaneous DVT of the up
per extremity does occur.1I,IZ Right atrial thrombus during 
atrial fibrillation is also a potential source. 

Diagnosis 
Deep vein thrombosis is difficult to diagnose. Many pa
tients have no signs or symptoms. The most common 
clinical finding is unilateral leg edema, although dilated 
superficial veins, pain, cyanosis, and skin warmth may 
also be present. Evaluation may include venography, 
duplex ultrasonography, and impedance plethysmog
raphy. Venography can be used to evaluate the entire 
venous system, whereas the other methods evaluate 
only the proximal system and depend on operator skill 
and experience. lO,13 

Pulmonary embolus is similarly difficult to diagnose 
and may cause no signs or symptoms. It has become clear 
that most pulmonary emboli occur silently; in fact, half of 
the DVTs are found to have concurrent silent pulmonary 
emboli.14,15 When pulmonary emboli occur, the presenta
tion is variable; consequently, the diagnosis should be 
considered possible whenever a variety of cardiopulmo
nary disorders are suspected (Table 86.2). 

Signs and symptoms of pulmonary emboli are inconsis
tent, and no finding or combination of findings is diagnostic. 
The most common symptoms are dyspnea, pleuritic pain, 
apprehension, and cough. Hemoptysis occurs in about one
third of patients. The most common signs are tachypnea, 
rales, increased Pz heart sound, tachycardia, and fever. Only 

Table 86.2. Disorders Often Confused 
With Pulmonary Embolism 
Pneumonia 
Myocardial infarction 
Congestive heart failure 
Asthma 
Chronic obstructive pulmonary disease 
Unstable angina 
Pleurisy/pleurodynia 
Atrial arrhythmias 

one-third of patients have clinically evident lower extrem
ity phlebitis. 

Evaluation for pulmonary embolism almost always in
cludes a chest roentgenogram and an electrocardiogram 
(ECG), as they are obtained when other possible diagno
ses are considered. The chest film usually is abnormal but 
nonspecific (e.g., showing pleural effusion, infiltrate, atel
ectasis, or elevation of the hemidiaphragm). The ECG is 
also often abnormal and nonspecific. Atrial arrhythmias 
(sinus tachycardia, atrial fibrillation), ST segment and T 
wave changes, and QRS changes are often found.16,17 

Most patients with pulmonary embolism are hypoxic, 
although pulmonary emboli have been shown to occur in 
patients with a POz of more than 90 mm Hg and a normal 
alveolar-arterial oxygen gradient. Age- and disease-related 
changes in normal arterial blood gases further limit their 
usefulness for diagnosing pulmonary embolism. IS 

Pulmonary ventilation-perfusion scanning or pulmo
nary angiography must be performed to establish the di
agnosis of pulmonary embolism. Angiography should be 
used at the outset in patients at high risk of complications 
from anticoagulation, when massive pulmonary embo
lism is suspected, or when thrombolytic therapy might be 
undertaken. Ventilation-perfusion scanning may be used 
initially in other patients, but results must be interpreted 
carefully. A normal scan essentially rules out a pulmonary 
embolism. A high-probability scan (based on the size and 
number of unmatched perfusion defects) in any patient is 
correlated with an 88% chance of angiographically con
firmed pulmonary embolism; in a patient clinically thought 
likely to have a pulmonary embolism, a high-probability 
scan is associated with a 96% chance of pulmonary embo
lism. Unfortunately, scans thought to represent low and in
termediate probability are still associated with a significant 
percentage of pulmonary emboli (15% and 40%, respec
tively). Angiography may be pursued in any patient 
thought to have a pulmonary embolism based on clinical 
findings. Patients with either a positive angiogram or a 
"high risk" ventilation-perfusion scan should therefore be 
treated for pulmonary embolism.19,zo 

Prevention and Therapy 
Prevention of thromboembolic disease can be accom
plished in high risk patients. Pneumatic compression of the 
lower extremity provides some protection without bleed
ing risk. Subcutaneous heparin and oral warfarin are ef
fective and have been used extensively in preoperative 
and high risk patients.B Enoxaparin is a low-molecular
weight heparin with similarly effective preventive prop
erties. It retains the therapeutic effects of heparin with lower 
risks of adverse effects and less frequent dosing.zl,zz Some 
high risk trauma and neurosurgical patients have been 
shown to be most effectively treated with prophylactic infe
rior vena caval filters.23 

Heparin therapy is effective therapy for initial therapy 
for both DVT and pulmonary embolism. A bolus of 
5000 units IV is followed by a continuous infusion of 



500 units/kg/day. This dosage should be adjusted to 
maintain a partial thromboplastin time of 1.5 to 2.0 times 
normal. Heparin should be continued 7 to 10 days to 
stabilize the thrombus; and during this time coagulation 
studies and platelets should be monitored daily. Heparin 
causes thrombocytopenia in up to 10% of patients.B 

Thrombolytic therapy of pulmonary embolism may 
have some advantages over heparin therapy, particularly 
in critical patients with right ventricular dysfunction or 
hypotension. Pulmonary emboli resolve more rapidly 
with the thrombolytic therapy; moreover, improved 
blood flow and earlier clot lysis are noted. Disadvan
tages of thrombolysis include an increased risk of 
bleeding compared to heparin and allergic reactions.24 

Thrombolytic therapy should be considered in critical 
patients with proved emboli or as empiric therapy as a 
last ditch effort in patients for whom there is high clin
ical suspicion.25 

Oral anticoagulation with warfarin may be instituted 
on the first or second day of treatment. Dosage should be 
adjusted to obtain a prothrombin time INR of 2.0 to 3.0.13 

The current recommendation for treatment is shorter than 
in the past. Medical patients should be treated for 3 months. 
Surgical patients may be treated 4 weeks if they are mobi
lized and no predisposing factors persist.26 Warfarin has 
multiple drug interactions (e.g., with cimetidine, sulfon
amides, carbamazepine, diuretics, and alcohol) and is 
contraindicated during pregnancy. Agents causing gas
trointestinal bleeding should be avoided. Prolonged anti
coagulation or an inferior vena caval filter should be 
considered for patients with recurrent thromboembolic 
events.9,13 Pulmonary embolism can become chronic, lead
ing to pulmonary hypertension and cor pulmonale. 

Pulmonary Hypertension 
There is no uniformly accepted hemodynamic definition 
of pulmonary hypertension; however, the u.s. National 
Institute of Health Primary Pulmonary Hypertension 
Registry requires a mean pulmonary pressure of more 
than 25 mm Hg at rest and 30 mm Hg during exercise as 
criteria for inclusion. Pulmonary hypertension develops 
when local physiologic conditions such as hypoxia and 
acidosis occur, leading to vasoconstriction and elevated 
pulmonary pressure. These and other mechanisms may 
playa role in the development of pulmonary hyperten
sion secondary to other conditions, including surgical 
loss of pulmonary tissues, ventricular septal defect, left 
heart failure, obesity-hypoventilation syndrome, mitral 
valve disease, chronic obstructive lung disease, bron
chial asthma, chronic thromboembolism, and intersti
tial fibrosis. 27,28 

Primary pulmonary hypertension is diagnosed when 
no other cause for elevated pulmonary artery pressure 
is found. Patients with this disorder present during 
young adulthood with exertional dyspnea, chest pain, 
and syncope.29 

86. Selected Disorders of the Respiratory System 755 

Chest roentgenograms may show "pruning" (decreased 
vascular working), increased right lower lobe pulmonary 
artery caliber, or increased pulmonary artery transhilar 
distance. The ECG may show right axis deviation or right 
ventricular hypertrophy. Both tests are frequently normal. 
Echocardiography can provide estimates of right ventric
ular pressures, but right heart catheterization is usually 
required for diagnosis. Ventilation-perfusion scans may 
help differentiate primary from secondary pulmonary 
hypertension.3D 

Identification of pulmonary hypertension requires a 
search for and treatment of secondary causes of the dis
order. The aim of treatment is to prevent the development 
of cor pulmonale. Smoking cessation is clearly appro
priate. With primary pulmonary hypertension, calcium 
channel blockers have been shown to improve pulmo
nary artery pressures and survival.31 Anticoagulation is 
thought to prevent microthromboses, which may cause 
progression of the disorder. Warfarin has also been shown 
to improve survival.31,32 Lung transplantation or heart
lung transplantation is appropriate for some patients.32 

Pneumothorax 

A pneumothorax is described as air entering the pleural 
space from either the lung or the chest wall and resulting 
in partial or total collapse of the affected lung. There are 
three types of pneumothorax. 

Spontaneous Pneumothorax 

Primary spontaneous pneumothorax occurs suddenly in 
healthy individuals (usually tall, thin men) and may be 
the result of a ruptured subpleural bleb. An increased 
incidence of spontaneous pneumothorax has been found 
among smokers and in certain families. 33,34 Secondary 
spontaneous pneumothorax is seen in patients with un
derlying lung disease, such as chronic obstructive pul
monary disease (COPD), tuberculosis, sarcoidosis, and 
cancer. 

Clinical symptoms include sudden onset of chest pain 
on the side of the pneumothorax and dyspnea. Physical 
examination usually reveals normal vital signs except for 
a mild tachycardia. Breath sounds and tactile fremitus are 
absent or decreased on chest examination of the affected 
side, and ABG assays may reveal hypoxia. Patients with 
secondary spontaneous pneumothorax usually have more 
severe symptoms due to diminished baseline pulmonary 
function. Healthy individuals who have a small pneumo
thorax may present with mild symptoms and subtle phys
ical findings.34 The chest roentgenogram is diagnostic, 
showing a lucent area of pleural space devoid of the nor
mal vascular markings that divides the edge of the lung 
from the chest wall.33 

Treatment options depend on the size of the pneumo
thorax and the severity of symptoms. Small pneumotho
races, involving less than 15% of the hemithorax, usually 
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resolve without therapy. A large pneumothorax or a pa
tient with severe symptoms requires removal of the air by 
insertion of a large-bore chest tube that allows reexpan
sion of the lung. 

Recurrence rates for both types of spontaneous pneu
mothorax are around 50%, and the choice of treatment 
does not seem to affect these recurrence rates. Surgical 
or chemical pleurodesis is considered after two ipsilat
eral spontaneous pneumothoraces or when a 5- to 7-
day course of chest tube therapy fails to result in lung 
reexpansion.34 

Traumatic Pneumothorax 

A traumatic pneumothorax can result from penetrating or 
nonpenetrating chest trauma as well as from such inva
sive procedures as bronchoscopy, thoracentesis, central 
line placement, mechanical ventilation, and cardiopulmo
nary resuscitation. Most traumatic pneumothoraces seen 
in hospitals today are iatrogenic due to numerous inva
sive procedures. The symptoms, physical examination, 
and radiologic findings are similar to those of spontane
ous pneumothorax. Treatment depends on the size of the 
pneumothorax and symptoms. Traumatic pneumothora
ces resulting from direct trauma require tube thoracos
tomy, as a hemothorax is often present.33,34 

Tension Pneumothorax 

A tension pneumothorax can result from either a sponta
neous or a traumatic pneumothorax and is a life-threaten
ing emergency. Tension develops as air freely enters the 
pleural space during inspiration but is unable to escape 
during expiration. The result of this one-way valve is 
further lung collapse, with shifting of the trachea and 
mediastinum away from the pneumothorax. Patients with 
a tension pneumothorax are in acute respiratory distress 
and have dilated neck veins, tracheal deviation, and ab
sence of breath sounds on the affected side. They are 
in danger of impending cardiovascular collapse unless 
prompt treatment ensues. Immediate insertion of a large
bore (16 gauge) needle into the affected pleural cavity at 
the second intercostal space releases the trapped air, re
lieves the pressure, and results in rapid improvement in 
cardiac output and blood pressure. Following this emer
gent procedure, a chest roentgenogram can be obtained 
and a chest tube inserted to prevent recurrence.33,34 

Pleural Effusion 

A pleural effusion is defined as an accumulation of fluid 
in the pleural space that occurs as a result of disparity 
between fluid formation and resorption, It is not a disease 
but may be a result of more than 50 disease processes. Six 
diseases-congestive heart failure (CHF), cirrhosis with 
ascites, pleuropulmonary infections, malignancy, pulmo
nary embolism, and pancreatitis-account for more than 
90%. By using the history, physical findings, and thora-

centesis to sample and analyze the pleural fluid, the phy
sician can establish the etiology in approximately 75% of 
cases.35-37 

Patients with pleural effusions may be asymptomatic, 
although some present with pleuritic chest pain, dyspnea, 
cough, and fever. Physical examination of the chest re
veals decreased breath sounds and tactile fremitus, dull
ness to percussion, and a pleural friction rub. 

The chest roentgenogram often confirms the presence of 
an effusion with blunting of the diaphragm and costo
phrenic angle noted in the involved hemithorax. Lateral 
decubitus views and ultrasonography may reveal smaller 
effusions that are often not apparent on the upright chest 
film.33,38 

Once a pleural effusion is confirmed, the etiology is 
sought. Pleural fluid obtained by thoracentesis can be 
analyzed to help determine the cause of the effusion. The 
fluid can then be categorized as either a transudate or 
exudate based on analysis of several simple laboratory 
tests outlined in Table 86.3. There are other pleural tests 
that may aid in the diagnosis, including cytology, glucose 
assay, Gram stain, bacterial and fungal cultures, acid-fast 
bacillus (AFB) stain, amylase assay, rheumatoid factor 
assay, and lipid studies; these tests should be performed 
based on the nature of the fluid and the clinical presenta
tion.37,39It is of note that pleural tuberculosis can be diag
nosed using adenosine deaminase as a pleural fluid 
marker.36 

The major causes of a transudative effusion are CHF 
(most common), cirrhosis, nephrotic syndrome, and hypo
albuminemia. The most common groups causing exu
dative effusions are infection (most commonly bacterial 
pneumonia and tuberculosis), pulmonary embolism, neo
plasms, collagen vascular diseases, pancreatitis, and other 
intra abdominal diseases.3,26,27 Numerous authorities have 

Table 86.3. Pleural Fluid Characteristics 

Characteristic Transudate Exudate 

Pleural fluid/ < 0.5 > 0.5 
serum protein 
ratio 

Pleural fluid/ < 0.6 > 0.6 
serum LDH 
ratio 

Pleural fluid LDH Less than two- More than two-
thirds of upper thirds of upper 
limit of normal limit of normal 
serum LDH serum LDH 

pH > 7.40 < 7.40 

WBC count Usually < 1000/f..L1 Usually> 1000/f..L1 



suggested that a transudative pleural effusion requires no 
further evaluation.37,39 

Treatment of a pleural effusion should be directed at the 
underlying disease process. Appropriate antibiotic ther
apy usually results in resolution of a parapneumonic 
pleural effusion, although some effusions require chest 
tube drainage. Pleurodesis is used for management of 
recurrent malignant effusions and for transudative effu
sions that do not respond to maximal medical treatmenP6 

Many pleural effusions reflect chronic disease, thereby 
requiring family education and physician support. Hos
pice care may be beneficial for the terminal patient and 
his or her family. Some infectious diseases such as tuber
culosis require that the family physician screen and treat 
family members (see Chapter 84). 

Interstitial Lung Disease 

The interstitial lung diseases (ILDs) are a group ofhetero
geneous disorders that are classified together because of 
similar clinical, pathologic, physiologic, and roentgeno
graphic findings. In the United States the prevalence of 
ILD is estimated to be 20 to 40 per 100,000 population.4o 

Interstitial lung diseases have common histologic find
ings, including derangement of the alveolar structures in 
the lung with inflammation (alveolitis) and fibrosis of the 
alveolar walls, air spaces, and pulmonary capillaries. Be
cause the alveoli are frequently involved, the term chronic 
diffuse infiltrative lung disease has been proposed as more 
accurate.38,41 The initiating agent is unknown in most cases 
but is thought to be a toxin or antigen, which leads to alveol
itis and fibrosis. These changes result in decreased lung 
compliance and volumes as well as limited transfer of oxy
gen from air to blood. 

More than 150 ILDs have been identified and are 
classified by etiology. Sixty-five percent of them have 
an unknown etiology, with the remainder being known. A 
smaller group is responsible for most of the clinical 
cases. Table 86.4 is an abbreviated list of the more com
monly seen ILDs. 

The predominant clinical symptoms are cough and 
breathlessness. Typically, patients exhibit insidious ex
ertional breathlessness, dry cough, fatigue, and malaise. 
Less frequent complaints include chest pain, hemoptysis, 
fever, anorexia, and weight loss. A detailed history is 
the most useful diagnostic tool and should include ques
tions about the duration and progression of symptoms, 
the presence of fever or other constitutional symptoms, 
a comprehensive occupational history, a review of med
ications, and symptoms of or exposure to the human 
immunodeficiency virus (HIV). Physical examination 
may reveal bibasilar dry rates (often described as Velcro
like), clubbing, and cyanosis; the examination may also 
be normal. 

Chest roentgenography may reveal a diffuse inter
stitial, alveolar, or mixed pattern in the lung fields that 
often progresses to a "honeycomb" pattern. A normal 
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Table 86.4. Some Common Interstitial lung Diseases 

Known etiology 
Inhaled inorganic dusts 

Silicosis 
Asbestosis 
Coal worker's pneumoconiosis 
Beryll iosi s 

Hypersensitivity pneumonitis 
Farmer's lung 
Drug-induced 
Cytotoxic drugs 
Nitrofurantoin 
Amiodarone 
Gold 
Penicillamine 
Radiation pneumonitis 

Unknown etiology 
Sarcoidosis 
Collagen vascular disorders 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Idiopathic pulmonary fibrosis 
Eosinophilic pneumonitis 
Histiocytosis X 
Pulmonary hemorrhage syndrome 

chest film is present in 10% of patients despite significant 
clinical disease. ABGs may be normal or show a mild 
hypoxemia that worsens with exercise. Hypercarbia is 
rare, and hypocarbia may be present. Most laboratory stud
ies are normal except for an often elevated erythrocyte sedi
mentation rate. Pulmonary function tests demonstrate a 
restrictive pattern with reduced vital capacity, diffusing 
capacity, and total lung volume as well as a normal or 
above normal forced expiratory volume at 1 minute/ 
forced vital capacity ratio (FEVdFVC).33 

Open lung biopsy is usually required to establish the 
diagnosis. Transbronchial biopsy and bronchoalveolar 
lavage can sometimes be used to establish the diagno
sis and cause of the ILD but are not as helpful.42 Gal
lium 67 lung scans can be used to assess the disease 
activity and treatment response but are of limited use 
diagnostically. 

The goal of the treatment in ILD is to suppress the 
alveolitis and prevent further lung damage.43,44 Un
treated, most ILDs progress to end-stage lung disease 
with cor pulmonale and death due to respiratory failure. 
The mainstay of treatment for ILDs of unknown etiology 
is corticosteroids to decrease the inflammation. Immuno
suppressive and cytotoxic agents have also been used. 
Bronchodilators and oxygen therapy are often useful dur
ing the later stages of the disease. With known ILDs, 
initial treatment begins with identification and removal 
of the causative agent, followed by corticosteroids if the 
inflammation fails to resolve. 
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All patients with ILD are susceptible to bacterial lung 
infections and must be monitored closely. Smoking ces
sation and avoidance of bystander smoke should be 
encouraged. 

Pulmonary Sarcoidosis 

Sarcoidosis is a multisystem granulomatous disease of 
unknown etiology that affects all race and age groups but 
most commonly affects black women age 20 to 40 years. 
Pulmonary involvement is by far the most frequent clini
cal problem and is responsible for the bulk of the mor
bidity and mortality. Granulomas form in the alveoli, 
bronchi, and pulmonary vessels, leading to derangement 
of pulmonary function. 

The most frequent symptoms are dyspnea and cough. 
Patients may present initially with nonpulmonary symp
toms such as fever, arthralgias, malaise, and erythema 
nodosum. However, patients with sarcoidosis are fre
quently asymptomatic and are identified on the basis of 
abnormalities on a chest roentgenogram performed for 
other reasons.45 The most common radiographic findings 
are bilateral hilar lymphadenopathy and diffuse infil
trates. Ninety-five percent or more of patients have some 
abnormality on the chest radiograph. Diffusing capacity 
and vital capacity are generally adversely affected. 

It is important to distinguish pulmonary sarcoidosis 
from other granulomatous diseases and other infiltrative 
lung diseases that may have identical clinical presenta
tions. Bronchoscopy with transbronchial lung biopsy is 
the preferred diagnostic modality.46 Serum angiotensin
converting enzyme levels are elevated in 80% of patients 
and may aid in diagnosis.47 

The course of sarcoidosis is variable, with some patients 
experiencing resolution of all symptoms and others hav
ing slowly progressive disease. Corticosteroids effectively 
relieve symptoms but have not been shown to modify the 
overall course of the disease. For this reason, treatment 
with corticosteroids is usually reserved for patients with 
worsening symptoms or "organ-threatening" pulmonary 
or extra pulmonary disease. The usual treatment for symp
tomatic sarcoidosis is prednisone 40 to 60 mg/ day with 
slow tapering of the dose over several months. The 
patient may then be maintained on lower doses as re
quired; a typical dose might be 10 to 20 mg/ day or 
every other day for as long as a year. Unfortunately, as 
many as two-thirds of patients relapse after termination 
of treatment. 

Atelectasis 

Atelectasis, or lung collapse, has two common types. Sub
segmental and lobar atelectasis are defined by their clini
cal findings and radiographic appearance. 

Subsegmental (plate-like) atelectasis can be asymptom
atic or present with cough, sputum production, fever, 

dyspnea, tachypnea, and end-inspiratory crackles. Radio
graphs show linear densities in the lower lung fields. Early 
postoperative fever does not correlate well with atelecta
Sis.48,49 Risk factors for atelectasis are abdominal or chest 
surgery (23% abdominal, 44% laparoscopic cholecystec
tomy, 54-100% coronary artery bypass), inadequate preop
erative education, chronic lung disease (FEV1 < 1.5 liter), 
smoking, obesity, cardiac disease, age over 55, recent re
spiratory infection, muscle weakness, excessive secre
tions, inadequate postoperative pain relief, and sickle cell 
crisis. In the postoperative setting other pulmonary com
plications (pulmonary embolus, aspiration, pneumonia, 
bronchospasm) should be considered, especially if asso
ciated with pleuritic chest pain, hemoptysis, hypoxia, 
hypoventilation, or fever. 

During the perioperative period, pre- and postopera
tive deep breathing and coughing and postoperative pos
tural drainage have been shown to reduce atelectasis from 
42% to 12%.50 Early ambulation, voluntary deep-breath
ing exercises (sustained maximum inspiration with incen
tive spirometry: 10 deep breaths with a 3- to 5-second 
inspiratory hold every 1 to 2 waking hours) reduces pul
monary morbidity. At the preoperative physical examina
tion the family physician must explain the importance of 
these maneuvers to the patient and enlist family members 
for compliance supervision. Smoking cessation at least 
2 months prior to elective procedures if possible should 
be stressed. Intermittent positive-pressure breathing is 
not effective.51 

Lobar atelectasis produces dullness to percussion, with 
decreased vocal fremitus and breath sounds over the ef
fected lobe. The radiograph may show elevation of the 
hemidiaphragm, displacement of fissures and hilum, and 
shift of the mediastinum toward the collapsed lobe with 
homogeneous consolidation of the affected lobe. Lobar 
atelectasis in infants most often involves the right upper 
lobe. Children are more likely to collapse the left lower or 
right middle lobe. Most of these problems are post
pneumonic and usually clear within a few weeks to 
3 months. Other considerations in the differential diagno
sis of lobar collapse in children are foreign body aspira
tion (more commonly causes hyperinflation, 40% have 
atelectasis), congenital malformations of the bronchial 
skeleton, external compression from vascular or other 
structures, and chronic inflammation. Recurrent collapse 
is common in those with asthma or cystic fibrosis. In 
adults malignancies and asthma are common. Atelectasis 
should be considered when there is worsening oxygena
tion on mechanical ventilation. 

Treatment of lobar collapse requires attention to the 
diagnosis and management of underlying disease. Chest 
percussion and postural drainage with the assistance of a 
respiratory therapist or family members can be beneficial. 
Bronchoscopy is helpful for foreign body removal, persis
tent collapse not responsive to conservative measures, 
definitive diagnosis, and direct laser treatment of obstruc
tive lesions. 



Other forms of atelectasis are the patchy atelectasis of 
infectious pneumonia in toddlers, which usually clears 
with treatment. Rounded atelectasis is an uncommon pe
ripheral pseudotumor, 87% of which are related to as
bestos exposure.52 Widespread diffuse atelectasis due to 
inadequate surfactant occurs in the premature infant with 
respiratory distress syndrome or from the lung injury of 
vapor or smoke inhalation. 

Hyperventilation 
Hyperventilation may be due to drug effects, alcohol with
drawal, central nervous system (CNS) lesions, asthma, heart 
failure, pulmonary embolus, acclimatization to high alti
tude, heat, exercise, pregnancy, chronic pain, or psycho
genic causes. Other causes of hyperventilation can usually 
be excluded by the history and physical examination. 
Hyperventilation syndrome (HVS), the most common 
presentation, is psychogenic and often ill-defined (see 
Chapter 31). Risk factors for HVS are perfectionism, a 
family or personal history of anxiety or depression, grief, 
resentment, fear of serious illness, marital discord, living 
alone, and secondary gain.53 Symptoms of HVS are epi
sodic shortness of breath often at rest, air hunger or in
ability to take a deep breath, chest pain, palpitations, cold 
extremities, dizziness, lightheadedness, paresthesia (cir
cumoral or acral), tremor, sickness, abdominal distension, 
fatigue, hot sensations, diaphoresis, chills, feelings of un
reality, and dry mouth. Signs may be absent, but promi
nent upper thoracic movement, lack of costal expansion, 
decreased diaphragmatic breathing, and sighs and gasps 
may be noted. Voluntary breath-holding time is often ab
normally short « 10 seconds). The diagnosis is based on 
the above clinical findings and reproduction of symptoms 
during a hyperventilation provocation test done by hav
ing the patient take 20 deep breaths per minute for 3 min
utes. The test gives false-positive and false-negative results, 
so reproducibility is inconsistent; the test is avoided in per
sons with known ischemic heart disease. 

Treatment focuses on the patient recognizing that hyper
ventilation causes the symptoms. Controlled diaphragmatic 
breathing and relaxation training54,55 can be taught to the 
patient by the family physician and behavioral therapist. 
Associated anxiety disorders and depression may require 
behavioral or medical treatment. 

Bronchiectasis 

Bronchiectasis is the irreversible widening of small airways. 
Often a significant lung injury such as pneumonia (bacterial, 
tuberculosis, pertussis) or foreign body aspiration precedes 
symptoms by 10 to 20 years. Cystic fibrosis, Mycobacterium 
avium-intracellulare disease, bronchopulmonary aspergillo
sis, immotile cilia syndrome, <lrantitrypsin deficiency, 
hypogammaglobulinemia, rheumatoid arthritis, Sjogren 
syndrome, and Kartagener syndrome are other predispos
ing diseases. 
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Bronchiectasis presents with chronic productive cough 
(purulent, noncopious, non-foul-smelling, and often worse 
after lying down). Other findings are dyspnea, recurrent 
fever and pleurisy, hemoptysis, and sputum production 
with upper respiratory infections only. Common signs are 
crackles, squeaks, rhonchi, and wheezing.56 Lung sounds 
may vary with cough and posture or be localized and 
persistent. Different from other chronic lung disease is its 
occurrence in nonsmokers, its predominance in women 
(70%), and chest radiographic abnormalities (91%) that 
show patchy chronic or recurrent infiltrates or dilated, 
thickened airways (parallel lines, ring shadows in cross 
section) sometimes with air-fluid levels. If doubt remains, 
high resolution CT is diagnostic. 

Management includes pneumococcal and influenza vac
cination, treatment of any underlying disease (e.g., gamma 
globulin replacement for hypogammaglobulinemia), chest 
physiotherapy three or four times daily, antimicrobial ther
apy of exacerbations or prophylaxis57 (amoxicillin, tetra
cycline, or trimethoprim-sulfamethoxazole as first line 
drugs to cover Haemophilus inJluenzae and Streptococcus pneu
moniae), aerosolized bronchodilators and antiinflammatory 
agents, oxygen (P02 < 55 or symptomatic right heart fail
ure), arterial embolization for life-threatening hemoptysis, 
and surgery for those who have failed conservative therapy 
or have localized disease. 
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