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• Influenza vaccines should be offered to all COPD
patients and pneumococcal vaccine should be given to
all patients more than 65 (and to younger patients with
FEV1< 40%).

• Exercise training programs (eg, “pulmonary reha-
bilitation”) should be offered to all patients.

• Importance of medication compliance should be
stressed.

• Chronic use of systemic glucocorticoids is
discouraged.

• End-of-life and advance directive discussions should
occur.

• Subspecialty referral for surgical treatments such as
bullectomy, lung volume reduction surgery, and lung
transplantation can be considered in select patients.

• There are perioperative considerations for patients
with known COPD. (See Chap. 102.)

CARE TRANSITIONS

• The optimal duration for patients admitted with
COPD exacerbation has not been established.
Common discharge criteria are listed in Table 75-8.

• Home visits by a visiting nurse may permit earlier dis-
charge for patients with COPD exacerbations without
increasing readmission rates.

• All patients should undergo a follow-up outpatient
visit 4–6 weeks after discharge.

• Exercise training programs (eg, “pulmonary rehabili-
tation”) should be recommended to all patients.
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76 ACUTE RESPIRATORY
FAILURE
Abigail R. Lara and William J. Janssen

EPIDEMIOLOGY/OVERVIEW

• Respiratory failure is a syndrome of severe impairment
in pulmonary gas exchange that results as a final
common pathway for a diversity of clinical disorders.

• ARF develops over minutes to hours. In comparison,
chronic respiratory failure develops over several days.

• ARF is classified as:
� Hypoxemic or Type I respiratory failure

� Characterized by a PaO2 of < 60 mm Hg with a
low or normal PaCO2

� Most common form of ARF
� Associated with nearly all types of diseases of the

lung
� Elevated A-a gradient

� Hypercapnic or Type II respiratory failure
� Defined by a PaCO2 of > 50 mm Hg
� pH ≤ 7.30
� Associated hypoxemia is common
� Usually a normal A-a gradient (see Table 76-1)

• The incidence of ARF in the United States is
137/100,000 hospitalizations. There is an 88-fold
increase between young and older age groups (age
5–17 years vs. age ≥ 80 years).

• Mortality of ARF in all comers is 36%, with increased
risk of death found with the following associations:
� Older age
� Multiple organ system failure (MOSF)
� HIV
� Cancer
� Chronic liver disease
� Trauma
� Drug overdose

• Associated causes of ARF (Table 76-2).

TABLE 75-8 Indications for Discharge to Home

Condition/regimen stable for at least 12 hours
Patient and/or home care giver able to carry out care plan at home
Inhaled beta-2-agonist treatment is not more frequent then every 4 hours
Not hypoxic on room air, or on stable oxygen supplementation regimen
Patients who were previously able to ambulate are able to do so
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PATHOPHYSIOLOGY

• Gas exchange occurs primarily across the alveolar
capillary units.

• Oxygen diffuses across the alveolar membrane
into the capillaries in order to bind to hemoglobin
(oxygenation).

• Carbon dioxide diffuses in the opposite direction—
traveling from the blood into the alveoli where it is
exhaled (ventilation).

• In healthy states, oxygenation, blood flow, and venti-
lation compliment each other. Thus, there is no
alveolar-arterial difference.

• ARF arises when there is a derangement in one or more
components of the respiratory system which include:
� CNS
� Chest bellows component

� Peripheral nervous system
� Respiratory muscles
� Chest wall

� Airways
� Alveoli

• There are three major physiologic causes of ARF
� V/Q mismatch: the most common cause of ARF. It

occurs when gas exchange becomes ineffective at
the alveolar unit because of damage to the alveoli
itself, or owing to increased perfusion of blood flow
which has occurred because of an obstruction (ie,
PE) which diverts blood flow to normally ventilated
areas of the lung. V/Q mismatch is characterized by
� Increased A-a gradient
� Correction of hypoxemia with administration of

100% FiO2
� Hypoventilation: implies a decreased drive to

breath (often caused by CNS depression) or a
decreased inability to breath (caused by diseases

affecting the respiratory muscles or chest wall). It
is characterized by
� Hypercapnia
� Hypoxemia
� Normal A-a gradient

� Shunt: is defined as the presence of hypoxemia
despite administration of 100% FiO2. It occurs
when deoxygenated blood (mixed venous blood)
bypasses normally ventilated alveoli and mixed
with oxygenated blood, thus leading to a reduction
in the arterial blood content of oxygen. Conditions
in which shunt should be considered
� Atrial septal defect
� Ventricular septal defect
� Patent ductus arteriosus
� Arteriovenous malformation in the lung
� Severe atelectasis, pulmonary edema, pneumonia
� Hypercapnia occurs only when shunt is > 60%

CLINICAL PRESENTATION,
DIFFERENTIAL, MAKING
THE DIAGNOSIS

• ARF is a medical emergency, which can pose an
immense challenge for healthcare providers. Patients
may present with a multitude of signs and symptoms
that often do not reflect the severity of the underlying
physiologic state.

• Diagnosis of ARF begins with the clinical suspicion
of its presence followed by confirmation based on
an ABG.

• A careful history can often help lead to the underlying
cause of the respiratory failure. (See Table 76-2.) 

• Physical examination
� General appearance

TABLE 76-1 Classification of ARF

HYPOXEMIC RESPIRATORY FAILURE HYPERCAPNIC RESPIRATORY FAILURE
Other names: Other names: 

• Type I ARF • Type II ARF
• Respiratory insufficiency • Ventilatory failure

• Pump failure
Definition: Definition:

• The failure of both the heart and lungs to provide • The failure of the lungs to adequately eliminate CO2
adequate O2 to meet metabolic demands

Criteria: Criteria:
• PaO2 < 60 mm Hg on FiO2 > 50% • Acute ↑ in PaCO2 > 50 mm Hg
• PaO2 < 40 mm Hg on any FiO2 • Acute ↑ above normal baseline in COPD with a ¨
• SaO2 < 90 concomitant ↓ in pH < 7.30

Pathophysiologic causes: Pathophysiologic causes:
• R → L shunt • Pump failure (drive, muscles, WOB)
• V/Q mismatch • ↑ CO2 production
• Alveolar hypoventilation • ↑ Dead space
• Diffusion defect • R → L shunt
• Inadequate FiO2
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� Anxiety
� Asterixis
� Tachypnea
� Diaphoresis
� Cyanosis
� Accessory muscle use

� Intercostal muscle retraction with inspiration
� Head and neck examination

� Nasal flaring
� Elevated JVP

� Cardiac examination
� New heart murmur

TABLE 76-2 Potential Causes of ARF

Pulmonary

Obstructive lung disease Disorders of lung parenchyma
• Aspiration • Acute lung injury/ARDS
• Bronchoconstriction (ie, asthma/COPD) • Transfusion-related acute lung injury
• Edema/inflammation (ie, pneumonia) • Atelectasis
• Epiglottis • Pneumonia
• Foreign objects • Pulmonary edema
• Secretions • PE

Restrictive lung disease Intrathoracic abnormalities
• Flail chest • Empyema
• Kyphoscoliosis • Hemothorax
• Morbid obesity • Pleural disease/effusion
• Rib fracture • Pneumothorax
• Severe burns
• Interstitial lung disease 

CNS Depression

Drugs Primary CNS disorders
• Alcohol intoxication • Cerebral ischemia
• Anesthetics • Cerebral vascular accidents
• Barbiturates • Cerebral tumors/lesions
• Cocaine/heroin • CNS infections
• Methadone • Head trauma
• Narcotics • Central sleep apnea
• Tranquilizers • Pickwickian syndrome

• Increased intracerebral pressure

Neuromuscular

Drugs Poisons/toxins/infections
• Antibiotics • Pesticides
• Ca channel blockers • Botulism
• Anticholinesterases • Mushrooms
• Curare/nondepolarizers • Paraquat
• Dexamethonium • Petroleum distillates
• Methyl alcohol • Rabies
• Paralytics • Tetanus

Primary neuromuscular disorders • Poliomyelitis
• Guillian-Barré syndrome • Polymyositis (viral mediated)
• High spinal cord injury/disease • Rabies
• Multiple sclerosis • Tetanus
• Muscular dystrophy
• Myasthenia gravis
• Myotonia
• Phrenic nerve injury
• Polymyositis
• Systemic lupus erythematosus
• Status epilepticus

Cardiovascular

• Cardiac arrest • Hypovolemia
• CHF with pulmonary edema • Cardiovascular shock
• Congenital heart disease

Other

• Anxiety • Metabolic acidosis
• Excess O2 in chronic CO2 retainers • Metabolic alkalosis
• Hypothyroidism • Postop complications
• Malnutrition/fatigue
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� Gallop rhythm
� Pulsus paradoxus

� Pulmonary examination
� Rales
� Wheezing
� Paradoxical respiratory motion
� Consolidation by percussion

� Neurologic examination
� Delirium

� Peripheral examination
� Extremities for perfusion

LABORATORY STUDIES

• ABG measurement is the cornerstone for the initial
assessment of ARF. Trends in the values of the ABG are
often helpful in determining the pathophysiology. The
clinician must know how much oxygen the patient is
receiving at the time the ABG is drawn in order to inter-
pret the A-a gradient appropriately. Note that it may take
up to 20 minutes before a change in FiO2 is reflected in
the ABG. (See Table 76-3.)

• Initial laboratory studies which should be obtained
quickly and help not only in making the diagnosis but
also in the triage of the patient include
� Complete blood count which may indicate anemia

and/or infection
� Serum chemistry panel, which can be used to define

the duration of the event, as well as to provide clues
to the etiology of the respiratory failure

� Other: serum creatinine kinase and troponin levels
give an indication of cardiac insults. Significant
derangements in thyroid function or abnormal urine
toxicology screens may explain abnormalities in res-
piratory drive

IMAGING AND OTHER LABORATORY TESTS

• Chest radiographs (CXR)
� The CXR remains the mainstay for the initial evalu-

ation of ARF. Indicators of disease include
� Alveolar filling processes: cardiogenic vs. non

cardiogenic pulmonary edema
� Consolidation: pneumonia
� Loss of costovertebral angles: pleural effusion
� Tracheal deviation and/or lucency: pneumothorax

� There can be a lag period of 12–24 hours before the
disease process becomes evident on the CXR.

� Whenever possible, compare old chest films with
current films.

• ECG
� Should be performed in all patients to evaluate the

possibility of a cardiovascular etiology or complica-
tion from hypoxia (demand ischemia)

• CT scan
� The availability of CT scans, as well as the ease and

rapidity of the study, has made it invaluable to help-
ing with the diagnosis. CT scans are most helpful in
the acute setting in defining
� PE
� Small, but clinically significant pneumothorax
� Extent of alveolar space disease
� Interstitial lung disease

• Echocardiogram
� Should be performed in all patients in whom a car-

diac source of respiratory failure is suspected.
• Pulmonary function testing (PFTs)

� In the acute setting, PEF may be used to help guide
therapy.

� Previous results if available will be helpful in deter-
mining the etiology of respiratory failure.

TABLE 76-3 Typical Changes in ABGs in ARF

MECHANISM OF ARF pH PaCO2 PaO2 SERUM HCO3 P(A-a)O2

CNS component ↓ ↑ ↓ WNL ↑∗

Chest bellows component ↓ ↑ ↓ WNL ↑∗

Airway Component

ASTHMA EXACERBATION
Acute ↑ ↓ WNL (or ↓) WNL ↑
Severe or respiratory muscle fatigue ↓ ↑ ↓ WNL ↑

COPD EXACERBATION

No CO2 retention ↓ ↑ ↓ WNL ↑
CO2 retainer ↓ ↑↑ ↓ ↑ ↑

Alveolar Component

Before respiratory muscle fatigue ↑ ↓ ↓↓ WNL ↑↑
After respiratory muscle fatigue ↓ ↑ ↓↓ WNL ↑↑

∗If atelectasis or an alveolar filling defect is present.
↓, Decreased; ↑, Increased; WNL, within normal limits.
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� Respiratory failure is relatively uncommon in
obstructive diseases if the FEV1 is > 1 L, or in
restrictive diseases where the FVC is > 1 L. (See
Table 76-4.)

• Pulmonary artery catheterization
� Utilized in cases where cardiogenic vs. non

cardiogenic causes is unclear.
� Should be performed only in the ICU by personnel

who are trained in the insertion and interpretation of
the waveforms.

� Recent data suggest that the use of pulmonary artery
catheters in patients with respiratory failure because
of acute lung injury did not lead to an improvement
in survival and lead to more complications.

TRIAGE AND ADDITIONAL MANAGEMENT

• Once the diagnosis of ARF has been established, the
next step is to determine the level of care. In general,
most patients with ARF should be admitted to a respi-
ratory care floor or the ICU.

• Triage of the patient to the appropriate level of care is
determined by the following:
� Airway management
� Delivery of oxygen (nasal canola, high-flow, non

invasive positive pressure ventilation (NIPPV),
mechanical ventilation)

� Continuous ECG monitoring
� Intensity of nursing care

• Initial management should be directed at reversing
life-threatening hypoxia and correcting the precipitat-
ing clinical condition.

• Supplemental oxygen via nasal cannula or facemask
should be administered in attempts to maintain a PaO2
of ≥ 60 mm Hg; if this cannot be achieved or if hyper-
capnia develops, then mechanical ventilation should
be applied.
� Types of mechanical ventilation (see Chap. 81)

� ET intubation
� Noninvasive position pressure ventilation

• Bi-level-positive airway pressure (BiPAP)
• Continuous positive airway pressure (CPAP)

• Drug therapy
� Bronchodilators

� Are indicated for rapid reversal of airflow limita-
tion from bronchospasm

� Beta-2-agonists are most effective and may be
administered by metered-dose inhaler or continu-
ous nebulization

� Albuterol is the inhaled beta-2-agonist of choice
Dosing is as follows:
• Adults: 2.5–5 mg in 4 mL normal saline given via

nebulizer every 20 minutes for up to three doses
• If incomplete response (peak flow 50% to 80%

of predicted or personal best), give 2.5–10 mg
every 1–4 hours

• If poor response, then the addition of an anti-
cholinergic or 10–15 mg/h of albuterol by con-
tinuous nebulization may be attempted

• Side effects may be seen at higher doses includ-
ing, tremor, anxiety, sinus tachycardia, and atrial
fibrillation/flutter
� Inhaled anticholinergics (such as ipratropium)

may be used in addition to albuterol to help
augment and prolong the bronchodilator effect

� Corticosteroids
� Indicated in cases of severe bronchospasm that

does not respond to bronchodilators
� Methylprednisolone and prednisone are the drugs

of choice because of their potent glucocorticoid
effect

� Dosing: adults 120–180 mg/d IV in 3–4 divided
doses for 48 hours, then 60–80 mg/d until PEF is
70% of predicted/personal best

� Insufficient data exist for use in causes of ARF
other than COPD or asthma

� Inhaled nitric oxide
� Used in cases of refractory hypoxemia to help cor-

rect the V/Q mismatch
� Although it is well known to improve oxygena-

tion, no studies demonstrate a benefit in mortality
� Heliox

� A low-density gas made of an admixture of nitro-
gen and oxygen (helium 80% and oxygen 20%),
which can improve gas exchange by improving
laminar flow through the airways.

� Most frequently utilized in cases of severe asth-
matic bronchoconstriction and may help prevent
intubation by buying time for other medications to
work.

DISEASE MANAGEMENT STRATEGIES

• Regardless of the causes of ARF, the principles of
management should be centered on the following:
� Treatment of the precipitating cause. For example

� Antibiotics for pneumonia
� Bronchodilators and corticosteroids for

bronchospasm

TABLE 76-4 Classification of Pulmonary Abnormalities
based on Spirometry

OBSTRUCTIVE RESTRICTIVE MIXED
FEV1 ↓ ↓ or normal ↓
FVC ↓ or normal ↓ ↓
FEV1/FVC ↓ Normal or ↑ ↓
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� Diuretics for pulmonary edema
� Anticoagulation for PE

� Reduction in WOB 
� Improve airflow by decreasing bronchoconstric-

tion, adding NIPPV, or instituting ET intubation
and mechanical ventilation.

� NIPPV should be considered in all patients with
mild-to-moderate respiratory failure. The patient
should have an intact airway, intact protective
reflexes, and with a clear mental status.

� NIPPV has been shown to decrease the need for
invasive ventilation.

� Maintenance of adequate gas exchange and preven-
tion of further tissue damage by ensuring adequate
oxygen delivery to tissues and correction of acidosis

� Relief of suffering (air hunger)
• Evidence-based medicine strategies should be insti-

tuted whenever possible. The National Guideline
Clearinghouse provides online supplements to a
variety of categories at www.guideline.gov. 

CARE TRANSITIONS

• All patients with ARF, regardless of underlying etiol-
ogy, should be admitted to an ICU until they can be
stabilized and their clinical course is determined.

• Transfer of patients to the intensive care setting from
either the emergency room or the general medicine ward
should not occur until the airway has been secured.

• Patients can be considered for transition to lower
intensity care using the following guidelines:
� Appropriate treatment of the underlying cause of

respiratory failure has been instituted and improve-
ment has occurred

� Return of normal PaO2 and PaCO2 levels, or to the
patient’s premorbid baseline

• In those patients who have experienced a prolonged
course of respiratory failure, or whose progress is
delayed, a long-term care facility with experience in
cardiopulmonary rehabilitation should be considered.
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77 COMMUNITY-ACQUIRED
PNEUMONIA
Adrienne L. Bennett

EPIDEMIOLOGY/OVERVIEW

• Community-acquired pneumonia (CAP) is an acute
infection of the lower respiratory tract involving the
pulmonary parenchyma in patients who have not been
hospitalized during the previous 6 weeks.

• CAP is the leading infectious cause of death and the
seventh leading cause of death overall in the United
States (National Center for Health Statistics 2003),
with a recent increase in mortality rates.

• CAP is diagnosed in ~4 million patients per year,
resulting in ~1.4 million hospitalizations annually,
and is one of the most common diagnoses cared for by
hospitalists.

• The mean hospital LOS for CAP patients is ~5.5
days, with a mean in-hospital mortality of ~5%.

• CAP hospitalizations cost ~$9 billion/year, and the
primary determinants of cost are unnecessary admis-
sions and LOS.

• CAP is one of the diagnoses for which processes of
care are measured and reported in an effort to improve
clinical outcomes.
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