
9 

Chronic Obstructive Pulmonary 
Disease Exacerbation 
GUILLERMO DOMINGUEZ-CHERIT AND DELIA BORUNDA NAVA 

Chronic obstructive pulmonary disease (COPO) is the only leading cause of 
death with a rising prevalence It is the fourth leading cause of death in the 
United States and accounts for approximately 500,000 hospitalizations and 
110,000 deaths for exacerbations each year. Patients who are admitted to the 
intensive care unite (ICU) for COPO exacerbations have an in-hospital mor
tality of 24%.1-4 It has been estimated that by the year 2020, COPO will be 
fifth among the conditions that will be the most burden to society.5 

Morbidity and mortality due to COPO vary dramatically between industri
alized countries. These variations have been attributed to different exposures 
to risk factors such as tobacco, atopy, occupational hazards, genetic factors, 
and air pollution. Outside the United States, COPO has had a similar impact 
on health and mortality throughout the developed and underdeveloped world, 
and many of the important issues surrounding COPO in the United States 
applyelsewhere.6 

Definitions 

The term COPD, as recommended by the American Thoracic Society, must be 
applied to patients who have chronic bronchitis and/or emphysema with sig
nificant airflow limitation that does not change significantly over a period of 
several months of observation, thus distinguishing these patients from those 
with asthma.5 

New definitions of acute COPO exacerbation (AECOPO) have been sug
gested, but the one widely accepted is generally considered as the presence of 
one or more of the following findings: increase in sputum purulence, increase 
in sputum volume, and worsening of dyspnea. Patients with COPO present 
acute decompensation one to three times a year, and 3% to 10% require hos
pitalization.1.2 Assessment of the magnitude of these three symptoms can de
termine the severity of an exacerbation. When all three symptoms are present, 
it is a type I exacerbation. If any two of the three symptoms are present, it is 
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type 2. Type 3 occurs when only one symptom is present with anyone of the 
following features: upper respiratory tract infection in the past 5 days, fever 
without cause, increased wheezing, cough, tachypnea, or heart rate of 20% 
above baseline.2 

Pathophysiology 

Expiratory flow limitation is the principal physiologic alteration in COPD 
that results from the following factors: narrowing of the peripheral airways,? 
mucus hypersecretion,8 impaired ciliary,9 and mucus plugging. Bronchial 
mucosal hyperplasia and edema also contribute to anatomic obstruction.7.8 as 
well as infection,10-12 and inflammation 13-17 may compound the airway nar
rowing through recruitment of neutrophils and local mediator-released 
bronchoconstriction. 18.19 

In stable COPD patients with severe airflow obstruction, shallow breath
ing and inspiratory muscle weakness are the main factors associated with CO2 
retention.20 In stable COPD patients the diaphragm is less effective than in 
normal subjects, and with increasing airflow obstruction and hyperinflation, 
the contribution to the generation of ventilatory pressure of the rib cage 
inspiratory muscles increases. 21 Abdominal muscles are recruited during ex
piration in severe COPD patients and the expiratory rise in gastric pressure is 
directly related to intrinsic positive end-expiratory (alveolar) pressure (PEEPi). 

Emphysematous lungs contribute to functional airway narrowing22-25 and 
collapse due to loss of the elastic recoil. 

Upper airway obstruction may also contribute to expiratory flow limita
tion due to functional narrowing of central airways during marked expiratory 
effort,26 glottic narrowing,27 tracheal stenosis from prior intubation,28 or nar
row-bore endotracheal tubes during mechanical ventilation.29.3o 

The airflow obstruction contributes to an incomplete alveolar emptying at 
the beginning of the next inspiration31 , therefore the preceding tidal volume 
is not completely exhaled, resulting in air trapping and hyperinflation.32 

Air trapping, hyperinflation, and development of intrinsic PEEP are most 
likely to occur with increasing severity and inhomogeneity of airway ob
struction,33.34 during dynamic airway compression,31.35 and with any change 
that minimizes expiratory time, such as hyperventilation. 36-38 

Alveolar hypoxia is a potent stimulant to local pulmonary vasoconstric
tion.39 It also causes regional bronchoconstriction, further contributing to 
airflow obstruction.40.41 Hypoxemia may interfere with respiratory muscle 
performance and contribute to respiratory muscle fatigue. 42 Arterial 
de saturation and hypercapnia both may sedate the patient, producing somno
lence and inability to cooperate with therapy.43 With profound tissue hy
poxia, lactic acidosis may ensue. 

During acute exacerbations in patients with severe COPD there are several 
factors which together can explain the worsening gas exchange and the dete
rioration of the arterial blood gas values. These factors are, in no particular 
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order: respiratory muscle fatigue,44 increases in dead space ventilation, al
veolar hypoventilation, and worsening of impaired ventilation-perfusion 
matching.45 Minute ventilation may be normal during the beginning of an 
exacerbation, but the respiratory rate is generally increased.46 There is an 
associated increase in physiologic dead space that impairs carbon dioxide 
elimination and results in acidemia, which in turn can further reduce respira
tory muscle function.47 The hypoxemia seen during exacerbations results 
mainly from the combination of two factors, alveolar hypoventilation48 and 
an increase in ventilation-perfusion mismatching.49,5o Increases in ventila
tion-perfusion heterogeneity are attributed to 

• 

• 

Reduction in the effectiveness of hypoxic vasoconstriction as a hypo
xemic protective mechanism, resulting from a raise in pulmonary artery 
pressure and the release of vasodilating inflammatory mediators,5o 

Failure to redirect perfusion away from inadequately ventilated regions 
because of the reduction in the cross-sectional area in the pulmonary 
vascular bed. 

Etiology 
The etiology of the exacerbations is mainly infectious (up to 80%).1,5,24,33 
Other conditions, such as heart failure, pulmonary embolism, nonpulmonary 
infections, and pneumothorax, can mimic an acute exacerbation or possibly 
act as triggers. Community-acquired pneumonia (CAP) is an infectious dis
ease with a broad spectrum of severity. Among the the seriously ill patients 
who require hospitalization, COPD is the most common co-morbidity. When 
COPD patients acquire AECOPD, the latter come together with CAP when it is 
caused by it The clinical manifestations meet the criteria for the diagnosis of 
AECOPD, and CAP is determined only in those cases in which a chest radio
graph is obtained and a pulmonary infiltrate is foundY-54 

Acute exacerbations are caused in approximately 50% of cases by bacte
rial pathogens, in 30% of cases by viral infections; and in the rest by atypical 
pathogens and environmental allergen exposures. 2,3 

Precipitating Factors 

The following are some precipitating factors of COPD: 

1. Smoking 

2. Infections 

3. Environmental factors 

4. Pulmonary embolism 
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5. Cardiovascular disease 

6. Failure of medications 

7. Other causes 

Smoking-Related Lung Damage 
Cigarette smoking is the most important cause of COPO. It compromises local 
airway defense mechanisms by damaging ciliated airway epithelium, increas
ing mucus viscosity, and slowing mucociliary clearance. This promotes bac
terial colonization of the lower respiratory tract. Haemophilus inJluenzae, 
Streptococcus pneumoniae, and Moraxella catarrhalis are the most common 
bacterial pathogens isolated from patients with COPO. 

Infections 
Infectious agents are the major cause of acute exacerbation on COPO. Several 
respiratory viruses are associated with 30% of exacerbations with or without 
a superimposed bacterial infection.55 

Several studies have been conducted to investigate airway infection as 
etiologic factors involved in COPO exacerbation. H. inJluenzae, S. 
pneumoniae, and Moraxella catarrhalis,56 nevertheless, can be isolated fre
quently in patients during the stable phases of COPO.57.58 Atypical bacteria, 
mostly Chlamydia pneumoniae, have been implicated in something like 10% 
of acute exacerbations.59-1i1 At present, there appears to be an agreement that 
the major pathogens isolated from sputum during acute exacerbation are what 
you have to treat 62,63 Other potential microorganisms that should be consid
ered include other Streptococcus species, enteric Gram-negative bacilli, and 
Legionella.64 The role of bacterial pathogens when they are isolated from the 
respiratory tract during an acute exacerbation has become better defined by 
application of several of the newest investigative techniques, such as 
bronchoscopic protected brush sampling with quantitative or 
semiquantitative cultures. When properly defined, up to 80% of acute exacer
bations are likely to have an infectious origin.65-67 

The major cause of acute exacerbation is infection. As we have mentioned 
before, H. inJluenzae, S. pneumoniae, and M. catarrhalis are the main patho
genic agents. Nevertheless, all these bacteria can be isolated frequently in 
patients during the stable phases of COPO. The most likely agent to be found 
in sputum during exacerbations is S. pneumoniae. Atypical bacteria, mostly 
C. pneumoniae, have been implicated in something like 10% of acute exacer
bations, even though recent studies reported Legionella spp. and Mycoplasma 
pneumoniae but no C. pneumoniae. 51 This is probably due to the difficulty in 
acute setting diagnosis, since these patients have a high prevalence of chronic 
infection with this pathogen.2.3·51 
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Other potential microorganisms that should be considered include other 
Streptococcus species, enteric Gram-negative bacilli, and Legionella. 

Fagon et al. reported evidence of bacterial infection in 50% of patients 
who required mechanical ventilation.66 

Another cause of COPD exacerbation is associated with viral infection, 
ranging from 7% to 63%. Several respiratory viruses are associated with 30% 
of exacerbations with or without a superimposed bacterial infection.41 

Influenza, parainfluenza, and coronavirus were the most frequent patho
gens to be significantly associated with exacerbations. 3.51 

Environmental Factors 

Environmental factors should be considered as precipitating causes of 
COPD.68.71 Poor air quality may account for slightly more than 5% of episodes 
of AECOPD. The recent dramatic increase in motor vehicle traffic has pro
duced a relative increase in the levels of newer pollutants, such as ozone and 
fine-particulate air pollution. 6 Several epidemiologic studies have associated 
elevated suspended particulate matter less than 101m in diameter produced 
by vehicle and industrial processes with a wide range of respiratory out
comes, including reduced pulmonary function and increased chronic respira
tory symptoms, rate of hospitalization, and mortality. Similar associations 
exist for other pollutants, notably sulfur dioxide and nitrogen dioxide. 

Pulmonary Embolism 

Another condition that may trigger AECOPD is pulmonary embolism. This 
condition either increases pulmonary vascular pressure or impairs lung func
tion. Pulmonary thromboembolic disease (PE) is the primary cause of death 
every year in the United States. Risk factors for COPD are sedentary lifestyle, 
right ventricular mural thombi, and secondary polycythemia. Another predis
posing factor that has been described is increased platelet aggregation and 
plasma b-thromboglobulin. The importance of identifying and treating pul
monary thromboembolism as a precipitating factor of AECOPD is underscored 
by the fact that mortality associated with untreated PE is as high as 30%. 

Diagnosis of pulmonary thromboembolic disease is extremely difficult in 
patients withAECOPD, in whom the evaluation ofV-Q scan find that the most 
quantity of patients have intermediate results between normal perfusion scan 
and multiple perfusion defects in areas where ventilation and chest radio
graph results are normal.72 Noninvasive testing for deep venous thrombosis of 
the lower extremity should be conducted for patients with such indeterminate 
results.73•74 Anticoagulation therapy must be initiated when positive results 
for deep venous thrombosis are obtained. It has been proposed that measure
ment of the D-dimer has a role as a diagnostic tool, with a sensitivity of 98% 
and a specificity of 39%.75 
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Cardiovascular Disease 
Congestive heart failure or cardiac arrhythmia is another cause of descom
pensation of patients with COPD. Mortality rate, as a result of coronary dis
ease, is approximately 27%Y In this setting smoking has been considered to 
play an important role. 

Failure of Medications 

Lack of compliance of pharmacologic therapy can explain AECOPD. In addi
tion, patients may take extra medication that leads to a toxic drug effect or to 
cardiac, gastrointestinal, or metabolic dysfunction that results in acute respi
ratory failure. Also, the physician must consider the pharmacologic drug in
teractions that can precipitate toxicity or loss of effect of one drug. 5 

Other Causes 

Among other causes that must be considered are sleep disorders; vocal cord 
paralysis; tumor or scarring from prior intubations; and development of spon
taneous pneumothorax, even a small pneumothorax; and pleural effusion 
independent of magnitude. 

Clinical Manifestations 

Most of the COPD patients show impairment of their permanent symptoms, 
such as an increasing cough, worsening of dyspnea, greater production of 
sputum or marked decrement in a productive cough, and an increase in puru
lence and viscosity of the sputum. Associated symptoms include an increase 
in aerophagia, a diminished appetite, orthopnea, and deterioration in sleep 
length and quality. Frequently, there is a history of upper respiratory tract 
infection. Patients generally appear in distress. Accessory inspiratory muscle 
use is seen with increasing severity grades of exacerbation. Patients may also 
show a paradoxical pattern of breathing. This sign precludes respiratory muscle 
fatigue, ventilatory failure, and respiratory arrest. Wheezing may be audible 
even without a stethoscope. Cyanosis is an insensitive manifestation, but 
when it is seen, it denotes hypoxemia. Patients who have severe acute carbon 
dioxide retention may present in a coma. Symptoms include malaise, fever, 
altered mental status, somnolence, sleepiness or insomnia, and depression. 
Vital signs demonstrate tachycardia and tachypnea, and blood pressure can 
be reduced in response to the effect of intrinsic positive end-expiratory pres
sure. Hypertension also occurs as a consequence of respiratory acidemia. 

A chest radiograph is not done routinely in the outpatient setting unless pneu
monia is suspected or if the patient is being considered for hospital admission 
based on the severity of initial symptoms. In two retrospective studies, chest 
radiograph abnormalities were reported in 16% of patients who were admitted to 
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the hospital for COPD exacerbation. Base line chest radiography and arterial 
blood gas analysis during an exacerbation are recommended. I,2,5I 

Management 

The main goals for treatment of acute exacerbation of COPD are prompt im
provement of symptoms, with reduction in relapse rates. Hospitalization and 
all available resources must be used. In this chapter we provide an overview 
of the most common therapeutic choices. 

Oxygen 

Oxygen remains the mainstay of COPD exacerbations management. Relief of 
hypoxemia and consequently of hypoxemic pulmonary vasoconstriction de
creases pulmonary vascular resistance, with net effects on ventilation/perfu
sion mismatch. 76,77 Oxygen delivery increases, possibly due to increases in 
oxygen arterial content. Although previously it waS thought that relief of 
hypoxemia increased cardiac output due to decreased right ventricle afterload, 
one study could not find hemodynamic modifications in systemic vascular 
resistances or cardiac output.78 

Oxygen administration has been feared in chronic hypercapnic patients, 
since it is known to be related to increases in hypoventilation and more 
hypercapnia, probably due to changes in physiologic dead space and sup
pression of the respiratory drive.79,8o However, hypercapnia is well tolerated, 
especially when it is chronic.81 - 83 A randomized study has shown that, al
though oxygen administration Can worsen hypercarbia and respiratory acido
sis, there is no need for ventilatory support due to these two complications, 
without respiratory acidosis reaching dangerous levels. 84 Indeed, in acutely 
ill hypoxemic patients oxygen therapy should not be withheld, since tissular 
hypoxia Can lead to metabolic acidosis and possibly to multiple organic 
dysfunction syndrome. In all hypoxemic patients, oxygen should be admin
istered at the lowest F10z possible, with special attention to oxigenation (main
taining oxygen saturation slightly over 90%), and monitoring carbon dioxide 
serum levels, pH, and patient's mental status. Nasal cannulae or Venturi masks 
Can be used to attain low FPz when needed. In severe hypoxemic patients 
with impending respiratory failure, some authors suggest that a trial with 100 
% oxygen therapy must be done before use of mechanical ventilation. 85 

Drug Treatment 

Aerosol Delivery 

Classically, aerosolized drugs in acutely ill nonintubated patients have been 
administered with pressure-driven jet nebulizers. However, recent investiga
tions have shown that inhaled therapy can be safely used with commercial 
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metered-dose inhalers (MDI) or dry-powder inhalers (DPI) without decrease 
in pharmacologic effects. Indeed, there is no clinical difference whether aero
sol therapy is administered via nebulized wet aerosols, metered-dose inhal
ers, or dry-powder inhalers.86-88 However, when using MDI, the addition of a 
spacing device increases the efficacy of drug delivery, especially in patients 
who have difficulty using it alone, enhancing lower airway drug deposition.89 

Also, some reports have described a suboptimal dose when MDI are used in 
patients with extremely impaired airway function. An increase of two- to 
fourfold in drug dosage has been recommended.9O-92 An exception to this is 
very tachypneic and dyspneic patients, in which inhalation with MDI and 
spacing devices or DPI are not feasible; in them nebulizers are still the best 
option for drug delivery. 

In mechanically ventilated patients, a review of published reports did not 
find differences among drug delivery using MDI or jet nebulizers.93 Clinical 
response to inhaled bronchodilators has been observed when metered-dose 
inhalers are used with mechanically ventilated patients.94 Nowadays, most 
modern commercial mechanical ventilators have a built-in nebulization sys
tem, so jet nebulization may be preferred over MDI, since it allows a more 
synchronized administration during mechanical inspirations and avoids ma
nipulation of ventilator circuitry. 

Bronchodilators 

As airway obstruction is a physiopathologic hallmark of COPD, bronchodilator 
therapy is indicated in acute COPD exacerbations, even in patients without clini
cal wheezing. Although systemic bronchodilators are available (such as beta 
agonists or methylxantines), inhaled delivery of beta agonists and/or anticholin
ergics is now the route of administration of choice, since bronchodilators have 
better local action with less collateral effects. Bronchodilator treatment in acutely 
ill COPD patients has been shown to decrease inspiratory muscle loading, be
cause of an increase in FEV l and a decrease in FRC (funcional residual capacity) 
and dynamic hyperinflation.95 In mechanically ventilated patients, reduction in 
expiratory resistance and dynamic hyperinflation (measured as a decrease in 
intrinsic end-expiratory positive pressure) has been described.96 

No strong evidence supports use of one beta agonist over another. Any 
chemical compound (salbutamol, albuterol, pirbuterol, etc.) may be used with 
similar clinical responses and degree of collateral effects. The widespread use 
of inhaled beta agonists has been accompanied with clinical concern of car
diac complications in elderly and myocardial ischemic patients. A study per
formed on clinically stable COPD or asthma and myocardial ischemia 
outpatients observed no ischemic events, arrhythmias, or tachycardia when 
commonly used doses of salbutamol were administered.97 However, in high
risk cardiac patients, anticholinergics may be preferred over beta agonists 
because of their low rate of cardiac collateral effects. 

Although ipratropium bromide is widely used in stable COPD patients, 
with better improvement of pulmonary mechanics than is obtained with beta 
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agonists,98,99 its use as a first-line drug in acute exacerbations is not fully 
recommended by some authors,lOo and differences in clinical responses when 
compared with beta agonists have not been observed. 101 Anticholinergic drugs 
are especially effective in patients who chronically use beta agonists and 
who present with clinical resistance to beta agonists. 

Use of a combination of beta agonists and ipratropium bromide is still contro
versial, since some reports have shown clinical improvement with combined use 
over individual use,102,103 and others have not shown difference,l04-107 

Although theophylline and its derivatives are widely used in severe obstructed 
chronic patients, at this time parenteral use of methylxanthines has not provided 
better results than those obtained with inhaled bronchodilators in acutely ill 
patients.94 However, in severely ill patients in which mechanical ventilation 
should be deferred as long as possible, theophylline compounds can be used 
parenterally as a last-resort treatment once conventional therapy has failed. Mag
nesium sulfate, although used in few reports with moderate effects on 
bronchodilation,108 is not indicated as a regular drug in COPD patients. 

Corticosteroids 

Although systemic parenteral corticosteroids have been considered a corner
stone of pharmacologic treatment in acute exacerbations of COPD,98 a sys
tematic review of the literature does not show strong evidence for their use. 109,110 
Indeed, reports advocating the use of corticosteroids are based on chronic 
stable patients and outpatient acute exacerbations. 11 1,112 Although some pa
pers showed clinical improvement in FEV I in acute exacerbation patients, I 13,114 
a more recent report found no differences when methylprednisolone was com
pared with a placebo.115 One report found an improvement in respiratory me
chanics in ventilated patients, with a decrease in airway resistance and dynamic 
air trapping after systemic methylprednisolone, although there is no refer
ence concerning complications or ventilator weaning. 116 In a report that de
scribed corticosteroid responders and nonresponders, failure of treatment 
correlated with no increases in FEV I during the first two in-hospital measures 
(a lOO-mL increase in nonfailure patients). 112 As more evidence is gathered on 
this issue, we still use methylprednisolone parenterally for at least the initial 
48 hours of intensive management. 

In stable patients, experimental evidence suggests an anti-inflammatory ef
fect of inhaled steroids in airway mucosa. l17,118 Although some clinical reports 
support the use of inhaled steroids in stable patients, since their chronic use 
increases FEV I and diminishes exacerbation rate and symptoms, I 19 some show no 
difference.12o However, at this moment no evidence supports the use of inhaled 
steroids in acute exacerbations. Further research in this field is needed. 

Antibiotics 

As infection is a recognized precipitating factor, antibiotic management in COPD 
patients seems a good choice. However, this is a controversial issue, since some 
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authors preclude its use l21 and some recommend it. 122 It is our belief that antibi
otic therapy benefits COPO exacerbated patients, since bacteria are frequently 
found in patients' lower respiratory tract.65-67 A classic large randomized double
blind study by Anthonisen et al. 123 and a recent meta-analytic report on random
ized trials between 1957 and 1992 by Saint et al. I24 have shown a small but 
clinically important effect on COPO patients who were given antibiotics (de
fined as more rapid improvement in peak flow, and fewer days in the hospital), 
when compared with those given a placebo. Also, although several antibiotics 
have been widely used in daily practice and clinical trials, at this moment evi
dence does not strongly support the use of one over another. Antibiotics should 
probably be selected individually foreach patient, based on clinical assessment 
of severity, precipitating factors, and patient's status.122 Some authors have clas
sified antibiotics for exacerbated COPO patients as first-line antibiotics l25 
(amoxicillin, trimethoprimlsulfamethoxazole, tetracycline, erythromycin), sec
ond-line (cephradine, cefuroxime, cefaclor, cefprozil), and third-line antibiotics 
(amoxicillinlclavulanate, azithromycin, ciprofloxacin), the latter having been 
associated with an increased rate of clinical response to treatment when com
pared with the other two groupS.125 In a retrospective study, Adams et al. found 
similar results. 126 

Other authors l27 have suggested an easy approach to the use of antibiotics 
in these patients. (See Table 9.l.) 

Although microbial identification is important and noninvasive sputum col
lection techniques are advisable in all exacerbated COPO patients, invasive tech
niques (such as transtracheal aspirates,128.129 bronchoscopic aspirates, and/or 
protected specimen brushing65.66.130.l31 and lung biopsies) are indicated in only a 
few patients, ( e.g., when the patient has culture-negative nonresponding com
munity-acquired pneumonia, or ventilator-associated pneumonia132-135). Indeed, 
because some COPO patients have airway colonization by bacteria without clini
cal signs of infection and/or exacerbation, there is still no clear significance for a 
positive culture in a COPO patient's sample.13I 

OtherOrugs 

Respiratory stimulants have been used in COPO patients under the rationale that 
stimulation of central respiratory centers will increase respiratory drive and avoid 
respiratory acidosis. However, this group of drugs has a very narrow therapeutic 
threshold, with production of generalized convulsions as the commonest compli
cation.136 Most drugs used are analeptic (although they have been discarded as 
therapeutic agents, because of the increased rate of convulsions) and peripheral 
stimulants (doxapram, almitrine bismesylate). The latter are still under clinical 
research. At this moment there is no clear indication that they should be used in 
COPO patients,137-139 since stimulation of central respiratory centers has not been 
shown to decrease the rate of mechanical ventilation. 140 

Factors associated with poor treatment outcome include severity of underly
ing diseases, type of pathogens with their susceptibility, and resistance patterns.6 
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Table 9.1. Risk Stratification in Acute Exacerbation of Acute Bronchitis 

Group II III IV 

Clinical Acute Acute Acute Chronic 
State tracheo- exacerbation exacerbation suppurati ve 

bronchitis of chronic of chronic airway 
bronchitis bronchitis with desease 

risk factors 
Risk None None Multiple* Most have 

Factors bronchiectasis 
Probable Viral, rarely H. inJluenzae Same as group II. Same as group 
Pathogens M. pneumoniae Haemophilus spp, Also consider ill plus 

C. pneumoniae M. catarralis, Gram negatives, multiresistant 
S. pneumoniae especially in Gram 

patients with negatives, 
severely impaired particularly 
lung function P. aeruginosa 

First No antibiotics Amoxicilin, Fluoroquinolone Antipseudo-
Choice tetracycline, monal 

TMP/SMX fluoroquin-
olone 
( ciprofloxacin) 

Alternatives Macrolide or Second-generation Amoxicilinl Consider 
tetracycline cephalosporin, clavulanate, oral parenteral 
(for persistent second-generation second- or third- therapy with 
symptoms) macrolide, generation anti pseudo-

amoxicilinl cephalosporin, or monal 
clavulanate, second-generation agents 
fluoroquinone macrolide 

Source: Modified from reference 127. 
*FEVI < 50% predicted, frequent exacerbations, significant co-morbid conditions, malnutri
tion, chronic steroid use, mucous hypersecretion, duration of COPD > 10 years, previous 
pneumoniae. TMP/SMX= trimethoprim Isulfamethoxazole. 

Hemodynamic Support 
Fluid Management 

COPD patients often have chronic pulmonary hypertension, which in tum 
may worsen with acute increases in pulmonary artery pressure (due among 
other factors to hypoxic vasoconstriction, dynamic lung hyperinflation, and, 
in mechanically ventilated patients, extrinsic PEEP), which can lead to right 
ventricular failure. As with other right ventricular failure patients, hemody
namic stability and cardiac output in COPD patients rely upon mean systemic 
pressure. Mean systemic pressure can be modified with increased vascular 
volume or by decreased unstressed volume and compliance of vessels. 141 Since 
the latter two are not easily modified with pharmacologic treatment, intrave
nous fluid management remains the initial step in hemodynamic support in 
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these patients. These patients frequently are peripherally edematized, and 
fluids are strictly restricted in fear of left ventricular failure. This restriction 
may lead to decreased venous return, decreased cardiac output, and finally 
worsening of right ventricular failure, so cautious but aggressive fluid man
agement is a step that must not be overlooked in these patients. 

However, since pulmonary hypertension increases right atrial pressure, clini
cal management of COPD patients is difficult even with monitoring of right atrial 
pressure. Although a fluid challenge is advised in hemodynamically ill patients, 
special care must be taken, since fluid overload may complicate patients with 
stiff ventricles and poor or borderline left ventricular function. Indeed, one study 
found a prevalence of right ventricular failure in terminal COPD patients of 66%; 
left ventricular failure was found in only 6%.142 At this moment, there are no 
guidelines for invasive pulmonary artery catheterization in this group of patients 
or consensus on this procedure. However, patients who are severely hypotensive, 
who require inotropic support, who have severe congestive heart failure, or who 
have renal failure may benefit from invasive monitoring. 

Inotropics and Vasodilators 

In patients whose hemodynamic instability does not respond to fluid man
agement, inotropic support may be advisable. Although right ventricular fail
ure in other nosologic entities has been treated with norepinephrinel43-145 or 
dobutamine, we could not find controlled trials of inotropic drugs in hemo
dynamically unstable COPD patients. However, since patients with pulmo
nary embolism have a clinical hemodynamic derangement similar to that of 
COPD patients, in-field management has been transpolated, so nitroglycerine 
or dobutamine may be used, since both have been shown to increase right 
ventricular function, increase cardiac output, and have a minimal effect on 
pulmonary or renal vasoconstriction. Nitroglycerine may add further increases 
in right ventricular performance when associated with dobutamine. 146 Digi
talis has no clinical use in right ventricular failure, unless it is associated with 
left ventricular failure or arrhythmias treated with digitalis. 147-149 

Although several vasodilator drugs have been used in clinical trials,150-158 
there is currently no indication for systemic vasodilator therapy. Inhaled ni
tric oxide, a local pulmonary vasodilator with a short-term effect and lack of 
systemic vasodilator properties, is now extensively used in several clinical 
scenarios. Recent clinical trials show variable results in COPD patients, so no 
conclusion can et be made about its use.159-162 

Physiotherapy 

Although mucus hypersecretion has not been linked with mortality,163 clear
ance of secretions improves respiratory mechanics, accelerates recovery from 
acute exacerbations, and improves comfort. 

Chest physical therapy has a doubtful place in secretion management; a 
report did not find clinical differences in sputum volume or arterial gases 
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when patients with chest physiotherapy (expansion exercises, postural drain
age and vibrations) were compared with patients treated conventionally.l64 
Postural drainage has not proved efficacious when used alone. 165 Indeed, some 
studies have shown that postural drainage, percussion, directed cough, and 
vibrations produced a significant fall in FEV I not observed with postural 
drainage and directed cough alone. 166-167 In some guidelines, therefore, they 
recommended chest physiotherapy in patients with large volumes of airway 
secretions (>25 mLld), particularly those with bronchiectasis.:l.2K Bronchos
copy may be used in any patient with abundant central airway secretions and 
in atelectasis that does not respond to conventional therapy. 

Although mucolytic drugs are not currently indicated in COPD patients, 
recent reports describe a decreased rate of COPD exacerbations with orally 
administered N-acetylcysteine in ambulatory patients.168-171 However, its use 
in acutely ill COPD patients remains to be established. 

Nutritional Support 
Indeed, malnutrition has been recognized as a negative factor that increases 
mortality. 172-176 Weight gain has been associated with decreased mortality.177 Nu
tritional status tends to decline markedly during acute illness in COPD pa
tients,173,178-179 and patients may not recover to their previous nutritional state 
during convalescence, leading to a step-wise decline over time. 174 Recent studies 
have shown that skeletal muscle mass determines muscle dysfunction in COPD 
patients. 18o Even nutritional status has been associated with successful wean
ing.181 Short-term studies of oral supplement feeding or enteral feeding have 
found increased body weight, immunologic markers, and respiratory muscle func
tion.182-184 One recent report analyzed nutritional support in hospitalized patients 
with acute exacerbation, which found favorable results on lung function. 185 

Special care must be taken with carbohydrate administration in hypercarbic 
spontaneously breathing patients, since carbohydrate-rich diets elevate total 
oxygen consumption and CO2 production, which in tum may complicate pa
tients with worsening hypercapnia and even respiratory failure. 186-188 Also, in one 
study of mechanically ventilated patients, in which enteral nutrition with a fixed 
carbohydrate content was given, an association was found between total caloric 
intake and production of CO2, The authors recommend that enteral alimentation, 
when needed, provide total calories of from 1.25 to 1.3 times the resting energy 
expenditure of the patient.189 Respiratory quotients must be between 0.7 and 0.8, 
and carbohydrate in the diet should be about 40%. 

Noninvasive Mechanical Ventilation 

Indications 

Frequently, patients with COPD, in spite of adequate and aggressive treatment, 
require mechanical ventilatory support. The frequency of this support varies 
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enormously between series, being as high as 74% in some. l90 This ventilatory 
support may be of two types: invasive and noninvasive. During this decade great 
breakthroughs in this field have happened, and although before intubation was 
recommended for invasive mechanical ventilation, noninvasive positive pres
sure mechanical ventilation (NIPPV) techniques have become clinically impor
tant. Even if there are several different methods of noninvasive ventilation, such 
as negative pressure ventilation, clinical results with these modalities have been 
only occasionally reported. 191,192 However, NIPPV using nasal or facial masks has 
proved its efficacy in several clinical studies and has been shown to be successful 
in up to 65% of cases. 193-195 

According to the consensus statement of the American Association of Res
piratory Care,196 initiation of noninvasive ventilation is recommended when 
at least two of the following criteria are present: 

• 
• 

• 

Ventilatory distress with moderate to severe dyspnea 

pH of less than 7.35 with PaC02 above 45 mmHg 

Ventilatory rate of 25 breaths per minute or more 

Also, an informal indication for noninvasive ventilation is to avoid or 
decrease complications associated with invasive ventilation, such as those 
related to placement of the endotracheal tube itself and long-term sequelae, 
such as increased risk of ventilator-associated pneumonia. 

An important issue in patients with COPD is that noninvasive ventilation 
preserves patients' ability to communicate, which helps decrease their sense 
of isolation and thereby decreases their level of anxiety, which leads to the 
administration of fewer analgesics and sedatives. 

With all of this we will be easily able to understand that noninvasive 
ventilation in these patients decreases hospital morbidity, facilitates the wean
ing process from mechanical ventilation, and decreases both the length of 
stay in the ICU and costs. 

The mechanism of action through which noninvasive ventilation works is 
the same as that for invasive ventilation. Supraatmospheric pressures are ap
plied intermittently through the airways, thus increasing transpulmonary pres
sure and insufflating the lungs. Exhalation is a passive process related to the 
elastic recoil properties of the lung. The major salutary effects of NIPPV 
appear related to its ability to decrease the work of breathing and thereby 
improve alveolar ventilation while simultaneously resting ventilatory mus
culature. Improvement in gas exchange with NIPPV positive airway pressure 
is due to an increase in alveolar ventilation without any observable change in 
ventilation-perfusion matching. 197 Transdiaphragmatic pressure, diaphrag
matic pressure-time product, and diaphragmatic EMG amplitude are all de
creased by the application of mask pressure support ventilation (PSV) to 
patients with exacerbations of COPD.198 Externally applied expiratory pres
sure decreases the work of breathing more than PSV alone by partially over
coming the auto-PEEP that is frequently present in these individuals. The net 
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result of expiratory positive pressure is to allow triggering of the ventilator 
with less negative inspiratory force. In this sense, NIPPV may prevent the 
development of muscle fatigue by providing support during ventilatory cri
sis and preventing intubation and its related complications. 

Selection of the Patient 

Selection of the patient is important, since the patient must cooperate with 
NIPPY. The patient must in fact decide or participate in the decision of the 
kind of interface to be used, whether the nose or orofacial mask is chosen, or 
even the full-face mask. It is also indispensable that the physician and patient 
be in close communication. This will help decrease the anxiety of being 
subjected to this type of ventilatory support. One critical item in this ventila
tory method is the interface for the application of noninvasive ventilation; 
this can be accomplished via a facial or nasal mask. The nose mask has less 
dead space, causes less claustrophobia, minimizes the potential complica
tions in case of vomiting, and allows both expectoration and the intake of 
fluids orally without the need to remove the mask. However, facial masks are 
preferable in dyspneic patients, because this kind of breathing through the 
mouth decreases the resistance implied by the passage the air through the 
nose. Also, opening the mouth while breathing with the nose mask may cause 
a leak in the tidal volume and may decrease the effectiveness of this method. 
However, no study has directly compared the efficacy of one or the other type 
of masks. We believe that the face mask is the one that is best for patients with 
ventilatory distress and dyspnea. 

The patient should be comfortable, given the fact that this plays an important 
role in tolerating noninvasive ventilation. Therefore the mask should be adjusted 
in the most comfortable way, trying to avoid chafing in sites of pressure of the 
mask, because this might be enough to cause ventilation to fail. It is important to 
use masks that are soft in pressure points. Although it is very important to have 
adequate adjustment of the mask, small leaks of air are possible if ventilatory 
tidal volume is adequate. This adjustment may be difficult in patients with teeth 
prosthetics and in those who wear a beard. The use of a nasogastric tube is indi
cated only in those patients who develop gastric distension or in those in whom 
an enteral portal is essential for feeding. 

As to the ventilatory modality, several different techniques have been de
scribed and studied, among which are volume-controlled ventilation, pres
sure-controlled ventilation, and continuing positive pressure in the airways 
(CPAP). (Even if technically it is not a form of ventilatory assistance, it might 
prove useful in the case of flare-ups in the patient with COPO.) 

Randomized, controlled trials ofNIPPV in COPO exacerbations have shown 
efficacy using assist-control,193 PSV,190 bilevel positive airway pressure,194 
and BiPAp195 modes of NIPPV. Assist-control volume-cycled ventilation de
livered by mask reduces the work of breathing to a greater extent than PSV199 
but is no more effective than mask PSV in preventing intubation among COPO 
patients. 200 
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PSV usually is better tolerated by patients than assist-control mask venti
lation because of greater patient-ventilator synchrony and the ability of the 
patient to independently regulate the depth and pattern ofbreathing.200 Bilevel 
positive airway pressure has become the preferred mode of NIPPV administra
tion in COPD patients because it is generally as comfortable as PSV but 
produces greater improvements in gas exchange and reduces the work of 
breathing more effectively than PSV alone. 196.201 

Similar rates of success have been shown in patients who have been sub
jected to noninvasive mechanical ventilation, both pressure-limited and vol
ume-cycled, although patients feel more comfortable with pressure-limited 
modes of ventilation, with fewer complications. 200 Inspiratory pressure sup
port improves spontaneous ventilation and allows adequate synchronization 
between the patient's effort and the ventilator. In the same way, pressure sup
port minimizes peak pressures at mask level and decreases the amount of air. 
However, tidal volume may vary according to the changes in resistance of the 
airways and compliance, even if this variability does not cause a serious 
problem in managing these patients. 

Physiologic effects of support pressure with a mask include improvement in 
tidal volume, gas exchange, ventilatory rate, heart rate, oxygenation, and dia
phragm activity, all of which involves a reduction in arterial CO2 and a concomi
tant improvement in pH. All of this can be seen in the first hours after beginning 
ventilation. The use of CPAP as the only method of support (5 to 10 cm of water) 
may be beneficial in patients who are having flare-ups of their COPD. The reason 
for its application lies in the finding that CPAP decreases ventilatory work in 
patients with COPD, mainly by counteracting the effect of auto-PEEP. Some 
studies related to acute COPD patients treated with CPAP have found clinically 
important CO2 and dyspnea score decreases, comparable to those ofNIPPV-treated 
patients; however, further research is needed to establish comparisons. 

Selection of the Ventilator 

Several types of ventilators are available today, with pressure-limited and/or 
volume-cycled modes. Even if some portable ventilators have support pressure, 
common ventilators for intensive care have been used. These microprocessor
controlled ventilators currently in use in the intensive care unit (ICU) offer a 
number of advantages over portable units such as the BiPAP ventilator02,203: 

• 
• 
• 

Precise and/or high concentrations of oxygen can be delivered. 

Separate inspiratory and expiratory tubing minimizes CO2 rebreathing. 

Large mask leaks or patient disconnection can be more readily detected. 

• Monitoring and alarm features are more sophisticated. 

However, specific ventilators for this context have the advantage of being 
compact, portable, and less expensive. 
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Initial Approach 

We recommend starting with low pressures with the idea of facilitating accep
tance by the patient. 

A great deal of cooperation is required from the patient so that he/she can 
synchronize with the ventilator. Therefore patients should not be sedated or 
paralyzed with the idea of facilitating the coupling with the ventilator, be
cause the patient's airway should allow adequate air flow to the lungs and the 
patient should be able to maintain respiratory efforts. Even though this may 
be easily obtained with the patient awake and cooperating, it might be diffi
cult in a patient who is uncooperative or who is confused or somnolent. This 
does not mean that the patients who are confused may not be candidates for 
noninvasive ventilation. Recent studies have shown that the opening of the 
glottis is a key point to allow the passage of tidal volume and that there are 
both active and passive mechanisms in the soft palate and in the larynx that 
permit adequate access for the passage of air to the trachea. 

Special care must be paid to explaining the procedure to the patient so that 
he/she cooperates with ventilation. A close-fitting mask must be used. Facial 
masks are recommended over nasal masks when ventilation is initiated. Close 
surveillance by all personnel in care of the patient and monitoring in the ICU 
are strongly advised. 

In this way, the initial inspiratory support pressures may go from 4 to 10 cm 
of water, and expiratory pressures may go from 4 to 5 cm of water [e.g., from 8 
to 12 cm of water for inspiratory positive airway pressures (IPAP) and 2 to 4 
cm of water for expiratory positive airway pressures (EPAP) If the decision is 
made to start with the volume-cycled mode, the starting tidal volumes must 
be from 10 to 15 mLlkg of ideal body weight. Afterward, we must choose 
between a spontaneous cycle mode or controlled assistance mode so as to 
allow triggering of the ventilator through the patient's effort. We recommend 
plugging in an oxygen cannula directly into the entry port located at the 
mask, titrating oxygen flow according to oxymetric desired values. We can 
later increase tidal volume gradually according to the patient's tolerance 
until we reach small reductions in PaC02 (5 to 10 mmHg). Initial EPAP of 4 to 
5 cm of water is selected to minimize the effects of the auto-PEEP in these 
patients. Some authors recommend increasing EPAP if oxygenation is not 
adequate. Adequately managed patients normally have rapid synchroniza
tion with the ventilator and show a decrease in their respiratory rate, heart 
rate, and PaC02 during the first hours of ventilation. In the absence of these 
improvements, intubation and invasive mechanical ventilation are advisable. 

Weaning from NIPPV 

Weaning from NIPPV may be accomplished either by progressively decreas
ing the levels of positive pressure support or by permitting the patient to be 
off of the mask for increasing lengths of time; a combination of both strate-
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gies can also be used. In general, it is useful to wean patients by progressively 
lengthening the period of spontaneous breathing without NIPPV. Once the 
crisis is over, the patients may be weaned relatively quickly from the ventila
tor. Anyway, noninvasive ventilation may be reinstalled easily and quickly if 
the patients show signs of fatigue or intolerance to spontaneous breathing. In 
some cases we recommend nocturnal noninvasive pressure until recovery. 
Occasionally, some patients may be candidates for ventilation at home. 

Mechanical Ventilation 

Indications 
In spite of initial aggressive management, the COPD patient may eventually 
require support by mechanical ventilator. This is usually accomplished by 
endotracheal intubation and ventilation via a volume-limited ventilator. The 
indications for mechanical ventilation are ventilatory failure due to extreme 
fatigue of the respiratory muscles (usually evidenced clinically or by rising 
Paco2), inadequate oxygenation, or intubation following an emergent event 
such as cardiac arrest, seizures, or emergency surgery. 

Since these patients are frequently hypoxemic and/or acidotic, administration 
of 100% oxygen via an appropriate delivery system is initiated prior to intuba
tion. As the equipment for intubation and ventilation is being assembled, an 
anesthesia mask is used with manual assistance via an Ambu bag. Oral endotra
cheal tubes with the largest diameter possible (greater than 8 mm) are preferred to 
improve the ability to remove tenacious secretions and lower the added resis
tance of the artificial system.204 To minimize the trauma of intubating a spontane
ously breathing patient, placing the endotracheal tube over the bronchoscope 
has benefits if performed by a skilled bronchoscopist. Accurate placement of the 
tube and immediate removal of thick secretions are among them. Whatever method 
of intubation is used, close monitoring of vital signs and oxygen saturation 
during the procedure are important. 

Maximizing Ventilator Controls 
A wide variety of mechanical ventilators is available, and the specific modes 
of ventilation may vary somewhat among them. Nevertheless, basic prin
ciples exist that should be familiar to all responsible for care of patients with 
acute respiratory failure (ARF) and COPD. 

Frequently, endotracheal intubation and mechanical ventilation for respira
tory failure require the patient to be sedated initially and sometimes even para
lyzed so that complete control of ventilation is possible while the underlying 
cause of the respiratory failure is addressed. Sedation of the patient allows deliv
ery of the tidal volume, respiratory rate, and inspiratory airflow without increas
ing metabolic demands, although prolonged sedation must be balanced against 
the possibility of developing respiratory muscle weakness or atrophy. Initially, 
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the preferred mode of ventilation is the assist control (AC) mode, which allows 
the patient triggered breaths. Even the most closely watched patient may make 
inspiratory efforts against a closed valve as the sedative wears off, which further 
increases the stress to the patient. The continuous mandatory ventilation (CMV) 
mode does not offer this small amount of flexibility and is usually not used. 

The use of different modes of ventilation in COPD patients is purely em
pirical, with no large studies demonstrating the benefits of one mode over the 
other or even defining precisely which patients benefit most from assisted 
mechanical ventilation. The following are guidelines based on studies in the 
medical literature and the combined experience of the authors. 

Once the patient is intubated, the first settings to address are the tidal volume, 
respiratory rate, and inspired oxygen concentration. The tidal volume initially 
set should be in the range of 10 to 12 mL/kg. For COPD exacerbations, we 
recommend that the initial ventilatory rate be set to no more than 10, the inspired 
oxygen concentration be 100%, and inspiratory flow be in the range of 60 to 100 
Llmin. Following intubation, bedside mechanics should be measured, allowing 
further adjustments in ventilator settings. The patient may require sedation, and 
sometimes a paralytic agent is necessary. Bedside mechanics should include 
measurements of auto-PEEP, expired volume, and peak and static pressures.205.207 
To attempt to control the respiratory rate by setting the ventilator higher than the 
patient's own desired rate often worsens hyperinflation and auto-PEEP. To mini
mize auto-PEEP and improve gas exchange, we recommend that adjustments in 
inspiratory flow, tidal volumes, and respiratory rates be made that favor long 
expiratory times.20S,209 The higher flow rates favor better gas exchange, controlled 
lower respiratory rates (8 to 10 per minute) help prevent alkalosis while permit
ting longer exhalation times, and oxygen relieves hypoxemia. The ventilator is 
adjusted based on results of the initial measurements of bedside mechanics, by 
increasing inspiratory flow, decreasing respiratory rate, and adjusting tidal vol
ume to minimize auto-PEEP. It may be necessary to decrease the tidal volume or 
adjust the inspiratory flow rate to keep the peak airway pressure less than 50 cm 
H20, where risk of barotrauma is least. 210 

After the initial ventilator settings have been adjusted to favor optimal 
ventilatory mechanics and gas exchange, arterial blood gas analysis is ob
tained, and further adjustment of the inspired oxygen concentration or change 
to a different mode of ventilation is then made as the clinical situation war
rants. Other modes of ventilation require increasing degrees of patient assis
tance, so paralytic agents should not be used. 

Auto-PEEP 

Mechanically ventilated patients with severe airflow obstruction, as stated 
earlier, develop auto-PEEP because the lungs do not have time during exha
lation to reach their relaxed volume. As a result, airflow continues until the 
next breath is initiated, resulting in air trapped within the lung and an el
evated airway pressure at end-exhalation. Measurement of auto-PEEP is per-
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formed on the mechanical ventilator by occluding the expiratory port of the 
ventilator at the end of the exhalation period. The pressure equilibrates 
throughout the system, and the value of the PEEP is measured from the venti
lator manometer. Most patients with severe COPD on mechanical ventilators 
have some degree of auto-PEEP during ARE This has the potential not only 
to decrease cardiac output but also to interfere with other hemodynamic mea
surements, such as blood pressure, central venous pressure, and wedge pres
sures. Z09 1t is not known exactly how much auto-PEEP is deleterious. Levels 
greater than 10 em HzO have been associated with adverse hemodynamic 
effects, although this depends on the patient's fluid status and cardiac func
tion. The amount of auto-PEEP should be subtracted from the pressure mea
surements during calculations of static lung compliance on the ventilator. Z05 

For airflow to begin, the ventilator must generate a pressure greater than 
the level of auto-PEEP. 205 Similarly, when the patient breathes through the 
ventilator circuit, he or she must pull a pressure more negative than the auto
PEEP level to trigger the ventilator and begin airflow. This adds to the burden 
of the respiratory muscles, which are already at a mechanical disadvantage 
from the associated hyperinflation. Some researchers have indicated that the 
increased burden from auto-PEEP can be alleviated with the addition of small 
amounts of exogenous PEEP through the ventilator circuit. Although this 
does increase the hyperinflation slightly, levels of external PEEP less than 
the level of auto-PEEP have been reported to prevent some airway collapse 
and allow more even exhalation,2II·212 much the way patients spontaneously 
use pursed lip breathing.2I3•214 Thus exogenous PEEP is best used when the 
patient is making spontaneous efforts. Since the addition of exogenous PEEP 
can lead to deleterious hemodynamic effects, it must be used with extreme 
caution and close monitoring of circulatory variables. 

Sedation and Paralytic Agents 

Sedatives and paralytic agents may be needed initially as the patient is placed 
on the mechanical ventilator long enough to start treatment of the underlying 
disease states, but they should not be used so long as to promote respiratory 
muscle atrophy. Prolonged use of sedatives and paralytic agents in ICU pa
tients has been associated with profound muscle weakness and atrophy, which 
can further prolong the dependence on mechanical ventilation.215 Mild seda
tion, however, may be required for longer periods to alleviate anxiety. We 
favor the use of short-acting benzodiazepam derivatives, since they have the 
fewest long-term side effects in COPD patients. 

Ventilator Modes 

Ventilatory modes most commonly used in the care of COPD patients are 
CMV, synchronized intermittent mandatory ventilation (SIMV), continuous 
positive airway pressure (CPAP), and PSv. Since the AC mode of ventilation 
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allows the patient to increase the respiratory rate by making inspiratory ef
forts that trigger a ventilator breath, the patient does perform some of the 
work of breathing.2l6,217 With auto-PEEP, the effort the patient must make to 
trigger the ventilator may be much greater than would be estimated by exam
ining the ventilator sensitivity value. Therefore some patients may make a 
great effort but still be unable to trigger the ventilator. 

The other modes of ventilation commonly used in COPD patients-SIMV, 
CPAP, and PSV-are used when the intention is to give the patient more control 
of the breathing rhythm. The various combinations of ventilator settings permit 
a degree of flexibility in tailoring each patient's ventilatory support. When using 
the SIMV mode with COPD patients, one must remember that higher set respira
tory rates suppress the patient's ventilatory drive and risk additional hyperinfla
tion if insufficient time is allowed for exhalation, Also, use of SIMV at significantly 
lower set rates (4 to 6/min) in these patients increases their ventilatory workload, 
sometimes to the point of exhaustion. 

Since PSV is an aid to spontaneous ventilation, it is often used during 
weaning. Combined with the SIMV mode, however, it may allow ventilatory 
support with lower airway and intrapleural pressures in the COPD patient. It is 
generally accepted that modes of ventilation designed to increase auto-PEEP 
in order to improve oxygenation, such as high-frequency jet ventilation or 
inverse-ratio ventilation, are to be avoided in patients with respiratory failure 
due to severe COPD. 

Weaning from Mechanical Ventilation 

Patients with COPD who require mechanical ventilation need ventilatory 
assistance until the precipitating factors and physiologic consequences of 
the acute episode are corrected so that respiratory work is minimized. Con
comitantly, the respiratory muscles need a period of relative rest to overcome 
muscular fatigue so that function of the ventilatory pump is restored.218 In 
general, restoration of respiratory muscle function requires approximately 24 
to 48 hours of mechanical ventilation. 218-220 After the precipitating causes of 
ARF, such as bronchospasm or infections, have been controlled, consider
ation should be given to removing the patient from the ventilator. Three out 
of four patients are successfully weaned within the first 72 hours.221 

The first step in this process is to evaluate the overall balance between the 
patient's ventilatory needs and ventilatory reserve. This is generally accom
plished by combining the physician's clinical assessment of the patient with 
simple bedside physiologic measures. All such schemes attempt to incorpo
rate simple measurements that give information about the mechanics of breath
ing, ventilatory requirements, gas exchange, and respiratory drive. In general, 
these measures are predictive of weaning success. However, it should be re
membered that as many as 29% of patients who do not fulfill these criteria can 
still be readily extubated. Indeed, in patients with COPD who require pro
longed mechanical ventilation, initial measures of standard weaning criteria 
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have a poor correlation with ultimate weaning success.222-225 Clinical im
provement and successful progression to weaning can occur without improve
ment in these weaning parameters.226 

A more prolonged and concerted effort may be required to achieve suc
cessful weaning in the small group of patients who fail early attempts to 
extubate. In these patients it is not likely that the choice of a specific mode of 
weaning is of particular relevance. T-piece trials,226.227 IMV,227-23o and PSV231 
have all been used with success. However, no outcome-based study has dem
onstrated the superiority of one mode over another.227 The choice should be 
based upon such factors as the experience and familiarity of staff with a par
ticular mode as well as patient comfort and tolerance. 

T-Piece Method 

Once the initial support phase of mechanical ventilation has passed, simple 
weaning variables should be measured. At the same time, the patient should 
be placed on a brief period (15 to 30 minutes) of spontaneous T-piece breath
ing for purposes of assessment.221 The proper conduction of such a trial re
quires that patients be adequately prepared. They should be seated 
comfortably in a chair or in Fowler's position if they must be kept in bed. 
Ideally, the trial should take place early in the day, when the patient is well 
rested. The patient should be well rid of the effects of sedation or paralytic 
agents. The process and intent of the trial should be carefully explained to 
the patient. The airway should be carefully cleared by having the patient 
attempt to cough and by suctioning. Once the patient is fully prepared, the 
ventilator is discontinued and the patient is attached to 40% to 50% oxygen, 
which is warmed, humidified, and attached to the patient's endotracheal tube 
via a T-piece connector. The flow rate is adjusted so that there is still evidence 
of the humidified gas escaping from the end of the tube during inspiration. 
This ensures that the patient is not taking room air. The patient is then coached 
to breathe comfortably with slow, deep inspiratory efforts and a slow breath
ing frequency.232 The trial is continued as long as the patient appears comfort
able, maintains an acceptable cardiac rhythm and rate, maintains an acceptable 
respiratory rate (e.g., less than 25 to 30 breaths/min), and continues to have 
adequate oxygenation (e.g., saturation more than 90%). At the end ofthe trial 
a blood gas sample is obtained and the patient is returned to the ventila
tor.221.226 The trial is considered successful if the patient remains comfortable, 
has stable pulse and respiratory rate, and maintains adequate oxygenation 
(e.g., Pao2 greater than 60 mmHg and saturation more than 90%), without 
significant CO2 retention (e.g., less than 5 mmHg Paco2 increase or fall in pH). 

Those who demonstrate the ability to sustain unassisted ventilation dur
ing such a trial and who have met the standard bedside weaning criteria can 
be immediately extubated and expected to do well 90% of the time.223 Those 
who do not meet the standard weaning criteria but who are able to sustain T
piece breathing without problems should be considered for extubation at this 



9. Chronic Obstructive Pulmonary Disease Exacerbation 123 

point. Those who appear to do poorly during the initial trial should undergo 
a repeat T-piece trial several hours later because patients may demonstrate 
changes early after first discontinuing mechanical ventilation that are not 
necessarily reflective of their more sustained performance.224-226.233-235 Ulti
mately, the decision to extubate the patient is a clinical judgment that is 
tempered by the patient's ability to sustain spontaneous breathing and by the 
resources immediately available to handle clinical deterioration. Extubation 
may relieve the patient of a significant source of airway resistance, especially 
if the endotracheal tube is of narrow bore. If adequately trained personnel are 
readily available, then the risk of reintubation under controlled circumstances 
should be minimal. 236.237 The potential risks and morbidity of unnecessary 
continued mechanical ventilation cannot be accurately determined, but me
chanical ventilation is clearly not without risk or discomfort. 

If the first trial is not successful, the patient is started on short periods of T
piece breathing (e.g., 5 to 10 minutes) interspersed with 2-hour periods of rest 
on a support mode of mechanical ventilation.223.228 The duration of T-piece 
trials is then progressively increased as tolerated until the patient is able to 
support continuous spontaneous breathing. If the patient is not carefully at
tended during the T-piece run, there is no back-up mode of ventilatory assis
tance and there are operative ventilator alarms. 

Another approach is to leave the patient connected to the ventilator and 
using the CPAP mode but with a low level of actual CPAP. This practice 
should not be used in an attempt to obviate the need for careful direct moni
toring of the patient and should be used with caution, since it is not equiva
lent to T-piece breathing because of the internal resistance of the ventilator 
circuits, which can be considerable, especially with demand-flow systems.236.237 
The application of CPAP at low levels (5 to 15 cm HP) has been suggested to 
overcome this problem and to reduce the inspiratory work of breathing. 238 
However, it is not clear if this approach offers any advantage over T_piece.239 

Pressure-Support Method 
psv allows the patient to breathe spontaneously; the patient determines the 
overall respiratory pattern, including both the initiation and the termination 
of inspiration. 240 Since the patient is still connected to the ventilator, the 
monitoring, alarm, and back-up ventilation functions can be left intact. The 
work of breathing is partially offset by the ventilator through the administra
tion of additional inspiratory flow adjusted to maintain a preset inspiratory 
airway pressure. As such, the work of each breath is performed partially by the 
patient and partially by the ventilator.240.241 This allows the patient to develop 
a larger tidal volume (and thus lower breathing frequency) for the same spon
taneous effort. 242 PSV is usually started at a level that results in an adequate 
tidal volume and breathing frequency. This usually requires about 15 to 25 
cm Hp of pressure support243 to achieve a tidal volume of approximately 10 
to 12 mL/kg. The level of pressure support is then gradually decreased as 
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long as the generated tidal volume is adequate and the respiratory rate is not 
too rapid. At low levels (5 to 10 cm HP), the pressure support is probably 
serving principally to overcome the internal resistances of the ventilator244 

and the patient should be considered for extubation. 

Intermittent Mandatory Ventilation Method 
Intermittent mandatory ventilation (IMV) has been used to wean such pa
tients. The method has been well described elsewhere.229.23o.245 During IMV 
there are no prolonged periods of rest, because the mandatory breaths are 
interspersed with spontaneous breaths. As the IMV rate is lowered signifi
cantly, the patient may begin to tire and experience significant respiratory 
muscle fatigue. If this is allowed to occur or goes unrecognized, then the 
training effect may be lost and a considerable period (24 to 48 hours) may be 
required to return the patient to the previous status. 219 Further, the internal 
resistance of the ventilator circuit through which the patient must breathe can 
be considerable and may result in an unacceptable superimposed load and 
work of breathing.246 

Of greater importance than the mode of weaning are all the other factors 
that determine the patient's overall condition. Morganroth et al. reported that 
successful weaning accompanied improvement in what they called an "ad
verse factor score," which attempted to quantify the patient's overall status.226 
In difficult-to-wean patients this was more predictive than standard measures 
of ventilatory performance. 

Nutritional support should be designed to provide protein and caloric 
intake adequate to meet needs while avoiding excesses. The patient's cardio
vascular and volume status should be optimized. Contraction alkalosis must 
be avoided because this will suppress respiration. Electrolyte abnormalities 
that may affect muscle function, such as hypophosphatemia, hypokalemia, 
hypomagnesemia, and hypocalcemia, must be corrected. Underlying endo
crinopathies such as hypothyroidism247 or adrenal insufficiency should be 
suspected when appropriate. 221 Adequate pharmacologic therapy must be 
maintained, including bronchodilators, steroids, and antibiotics as needed. 
Prophylactic measures against thromboembolism and gastric bleeding should 
also be considered.248 With a concerted effort the vast majority of patients 
should be successfully weaned; only about 2% of all patients should be ex
pected to remain truly ventilator dependent. 249 

Tracheostomy should be considered if the process is anticipated to be 
lengthy, primarily to enhance patient comfort and mobility.250 Tracheostomy 
also may allow the patient to eat. 

References 
1. Soto FJ, Varkey B. Evidence-based approach to acute exacerbations of COPD, Curr 

Opin Pulm Med 2003;9: 117-24. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 125 

2. Dewan NA. COPD Exacerbations: to X-ray or not to X ray. Editorial. Chest 
2002;122:1118-21. 

3. Sherk PA, Grossman RF. The chronic obstructive pulmonary disease exacerbation. 
Clin Chest Med 2002;21. 

4. INTERNET CITATION: Management of Acute Exacerbation of Chronic Obstructive 
Pulmonary Disease. Summary, Evidence Reportffechnology Assessment: Number 19. 
AHRQ Publication No. 00-E020, September 2000. Agency for Healthcare Research 
and Quality, Rockville, MD. http://www.ahrq.gov/clinic/epcsums/copdsum.htm 

5. Dominguez-Cherit G, Mendez M, Pedroza J. Chronic obstructive pulmonary disease. 
In: Parrillo JE, Dellinger RP, eds., Critical Care Medicine: Principles of Diagnosis and 
Management in the Adult, 2nd ed. St. Louis: Mosby, 2001, pp. 738-53. 

6. Nava S, Ceriana P, Navalesi. Non-invasive Mechanical Ventilation in Chronic Ob
structive Pulmonary Disease, Yearbook of Intensive Care and Emergency Medicine 
200 1/ Vincent JL 

7. Hogg JC, Macklem PT, Thurlbeck WM, et al. Site and nature of airway obstruction in 
chronic obstructive lung disease. N Engl J Med 1968;278: 1355-60. 

8. Reid LM. Pathology of chronic bronchitis. Lancet 1954; 1 :275. 
9. Wanner A. The role of mucus in chronic obstructive pulmonary disease. Chest 

1990;97(suppl): lIS. 
10. Glezen WP, Decker M, Perrotta DM. Survey of underlying conditions of persons 

hospitalized with acute respiratory disease during influenza epidemics in Houston, 
1978-1981. Am Rev Respir Dis 1987;136:550. 

11. Tager I, Speizer FE. Role of infection in chronic bronchitis. N Engl J Med 1975;292:563. 
12. Monto AS, Higgins MW, Ross HW. The Tecumseh study of respiratory illness. Am 

Rev Respir Dis 1975;111:27. 
13. Snider GL. Changes in COPD occurrence. Chronic obstructive pulmonary disease: A 

definition and implications of structural determinants of airflow obstruction for epide
miology .. Am Rev Respir Dis 1989; 140(suppl):S3. 

14. McLean KH. The pathogenesis of pulmonary emphysema. Am J Med 1958;25:62. 
15. Cosio M, Ghezzo H, Hogg JC, et al. The relations between structural changes in small 

airways and pulmonary-function tests. N EnglJ Med 1978;298: 1277. 
16. Wright JL, Lawson LM, Pare PD, et al. The detection of small airways disease. Am 

Rev Respir Dis 1984;129:989. 
17. Hogg Je. Mechanisms of airways obstruction in COPD. Pulm Perspect 1990;7:1. 
18. McCusker K. Mechanisms of respiratory tissue injury from cigarette smoking .. Am J 

Med 1992;93(suppl): 18S. 
19. Katgely B, Ulmer WT. Histamine generation by bacteria in sputum of patients with 

chronic obstructive airway disease. Klin Wochenschr 1988;66:92. 
20. Gorini M, Misuri G, Corrado A, et al. Breathing patterns and carbon dioxide 

retention in severe chronic obstructive pulmonary disease. Thorax 1996;51:677-
83. 

21. American Thoracic Society. Skeletal muscle function in chronic obstructive pulmo
nary disease: a statement of the American Thoracic Society and European Respira
tory Society. Am J Respir Crit Care Med; 1999; 159:S I-S40. 

22. Mead J, Turner JM, Macklem PT, et al. Significance of the relationship between 
lung recoil and maximum expiratory flow. J Appl PhysioI967;22:95. 

23. Douglas A, Simpson D, Merchant S, et al. The measurement of endomural bron
chial (or "squeeze") pressures in bronchitis and asthma .. Am Rev Respir Dis 
1966;93:693. 



126 G. Dominguez-Cherit and D. Borunda Nava 

24. Stevens PM, Orman BF, Graves G Jr. Contributions of lung recoil and airway 
resistance to forced expiratory flow limitation. Am Rev Respir Dis 1969;100:54. 

25. Pride NB, Permutt S, Riley RL, et al. Determinants of maximal expiratory flow 
from the lungs. J Appl PhysioI1967;23:646. 

26. Robinson DR, Chaudhary BA, SpeirWAJr. Expiratory flow limitation in large and 
small airways. Arch Intern Med 1984;144:1457. 

27. Higenbottam T, Payne J. Glottis narrowing in lung disease. Am Rev Respir Dis 1982; 
125:746. 

28. Heffner JE, Miller KS, Sahn SA. Tracheostomy in the intensive care unit. Part 2: 
Complications. Chest 1986;90:430. 

29. Sahn SA, Lakshminarayan S, Petty TL. Weaning from mechanical ventilation. 
JAMA 1976;235:2208. 

30. Wright PE, Marini JJ, Bernard GR. In vitro versus in vivo comparison of endotra
cheal tube airflow resistance. Am Rev Respir Dis 1989;140:10. 

31. Broseghini C, Brandolese R, Poggi R, et al. Respiratory mechanics during the first 
day of mechanical ventilation in patients with pulmonary edema and chronic airway 
obstruction. Am Rev Respir Dis 1988;138:355. 

32. Kimball WR, Leith DE, Robins AG. Dynamic hyperinflation and ventilator depen
dence in chronic obstructive pulmonary disease. Am Rev Respir Dis 1982; 126:991. 

33. Marini JJ. Should PEEP be used in airflow obstruction? Am Rev Respir Dis 1989; 
140:1. 

34. Haluskza J, Chartrand DA, Grassino AE, et al. Intrinsic PEEP and arterial Pco2 in 
stable patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 1990; 
141:1194. 

35. Gay PC, Rodarte JR, Hubmayr RD. The effects of positive expiratory pressure on 
isovolume flow and dynamic hyperinflation in patients receiving mechanical venti
lation .. Am Rev Respir Dis 1989;139:621. 

36. Gribbin HR, Gardiner IT, Heinz GJ III, et al. Role of impaired inspiratory muscle 
function in limiting the ventilatory response to carbon dioxide in chronic airflow 
obstruction. Clin Sci 1983;647:487. 

37. Bergman NA. Intrapulmonary gas trapping during mechanical ventilation at rapid 
frequencies. Anesthesiology 1972;37:626. 

38. Garrard CS, Lane DJ. The pattern of breathing in patients with chronic airflow 
obstruction. Clin Sci 1979;56:215. 

39. Fishman AP. Vasomotor regulation of the pulmonary circulation. Annu Rev Physiol 
1980;42:211. 

40. Libby DM, Briscoe WA, King TKC. Relief of hypoxia-related bronchoconstriction 
by breathing 30 percent oxygen. Am Rev Respir Dis 1981; 123: 171. 

41. Astin TW, Penman RWB. Airway obstruction due to hypoxemia in patients with 
chronic lung disease. Am Rev Respir Dis 1967;95:567. 

42. Jardim J, Farkas G, Prefaut C, et al. The failing inspiratory muscles under normoxid 
and hypoxic conditions. Am Rev Respir Dis 1981;124:274. 

43. Gibson GE, Pulsinelli W, Blass JP, et al. Brain dysfunction in mild to moderate 
hypoxia. Am J Med 1981;70:1247. 

44. Cohen CA, Zagelbaum G, Gross D, et al. Clinical manifestation of inspiratory 
muscles fatigue. Am J Med 1982;73:308-16. 

45. Jeffrey AA, Warren PM, Flenley DC. Acute hypercarbic respiratory failure in 
patients with chronic obstructive lung disease: Risk factors and guidelines for 
management. Thorax 1992;47:34-40. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 127 

46. Aubier M, Murciano D, Milic-Emili J. Effects of administration of O2 on ventila
tion and blood gases in patients with chronic obstructive pulmonary disease during 
acute respiratory failure. Am Rev Respir Dis 1980;122:747. 

47. Juan G, Calverley P, Talamo C. Effect of carbon dioxide on diaphragmatic function 
in humans beings. N Engl J Med 1984;310:874. 

48. Garay SM, Turini GM, Goldring RM. Sustained reversal of chronic hypercapnia in 
patients with alveolar hypo ventilation syndromes. Long term maintenance with 
noninvasive nocturnal mechanical ventilation. Am J Med 1981 ;70:269-74. 

49. Derenne JP, Fleury B, Pariente R. Acute respiratory failure of chronic obstructive 
disease. Am Rev Respir Dis 1988;138:1006. 

50. Barbera JA, Roca J, Ferrer A, et aI. Mechanisms of worsening gas exchange during 
acute exacerbations of chronic obstructive pulmonary disease. Eur Respir J 1997; 
10: 1285-91. 

51. Lieberman D, Lieberman D, Gelfer Y, et al. Pneumonic vs non-pneumonic acute 
exacerbations of COPD. Chest 2002; 122: 1264-70; Blasi F, Legnani D, Lombardo 
VM, et al. Chlamydia pneumoniae infection in acute exacerbations COPD. Eur 
RespirJ 1993;6:19-22. 

52. Marrie TJ, Durant H, Yates L. Community-acquired pneumonia requiring hospital
ization: 5-year prospective study. Rev Infect Dis 1989; 11 :586-99 

53. Pachon J, Prados MD, Capote F, et al. Severe community-acquired pneumonia: 
etiology, prognosis and treatment. Am Rev Respir Dis 1990;142:369-73 

54. Torres A, Serra-Battles J, Ferrer A, et al. Severe community-acquired pneumonia: 
epidemiology and prognostic factors. Am Rev Respir Dis 1991 ;144:312-8. 

55. Sethi S. Infectious etiology of acute exacerbations of chronic bronchitis. Chest 
2000; 117:380S-5S. 

56. Murphy TS, Sethi S. Bacterial infection in chronic obstructive pulmonary disease. 
Am Rev Respir Dis 1992;146:1067-83. 

57. Tager I, Speizer FE. Role of infection in chronic bronchitis. N Engl J Med 1975;292: 
563-71. 

58. Schreiner A, Bjerkestrand G, Digranes A, et al. Bacteriological findings in the 
transtracheal aspirate from patients with acute exacerbation of chronic bronchitis. 
Infection 1978;6:54. 

59. Gump DW, Phillips CA, Forsyth BR, et al. Role of infection in chronic bronchitis. 
Am Rev Respir Dis 1976;113:465-73. 

60. Buscho RO, Saxta D, Shultz PS, et al. Infections with viruses and Mycoplasma 
pneumoniae during exacerbation of chronic bronchitis. J Infect Dis 1978;137: 
377-83. 

61. Smith CB, Golden C, Kanner R, et al. Association of viral and Mycoplasma 
pneumoniae infections with acute respiratory illness in patients with chronic ob
structive pulmonary disease. Am Rev Respir Dis 1980; 121 :225-32. 

62. Blasi F, Legnani D, Lombardo VM, et al. Chlamydia pneumoniae infection in acute 
exacerbations COPD. Eur Respir J 1993;6:19-22. 

63. Miyashita N, Niki Y, Nakajima M, et al. Chlamydia pneumoniae infections in patients 
with diffuse panbronchiolitis and COPD. Chest 1998; 114:969-71. 

64. Eller J, Ede A, Schaberg T, et al. Infective exacerbation of chronic bronchitis: relation 
between bacteriologic etiology and lung function. Chest 1998; 113: 1542-8. 

65. Monso E, Ruiz J, Rosell A, et al. Bacterial infection in chronic obstructive pulmonary 
disease: a study of stable and exacerbated outpatients using the protected specimen 
brush. Am J Respir Crit Care Med 1995;152:1316-20. 



128 G. Dominguez-Cherit and D. Borunda Nava 

66. Fagon JY, Chastre J, Trouillet JL, et al. Characterization of bronchial microflora during 
acute exacerbation of chronic bronchitis. Am Rev Respir Dis 1990; 142: 1004-8. 

67. Pela R, Marchesani FF, Agostinelli C, et al. Airways microbial flora in COPD patients 
in stable clinical conditions and during exacerbation: A bronchoscopic investigation. 
Monaldi Arch Chest Dis 1998;53:262-7. 

68. Califomia Department of Public Health. Clean air for California: initial report of the air 
pollution study project. State of California Department of Public Health, San Fran
cisco, CA, 1955. 

69. Dockery DW, Pope AC, Xu X, et al. An association between air pollution and 
mortality in six U.S. cities. N Engl J Med 1993;329:1753-9. 

70. Delfino RJ, Becklake MR, Hanley JA. The relationship of urgent hospital admis
sion for respiratory illness to photochemical air pollution levels in Montreal. Environ 
Res 1994;67:1-19. 

71. Higgins IT, D' Arcy JB, Gibbon DI, et al. Effects of exposures to ambient ozone on 
ventilatory lung function in children. Am Rev Respir Dis 1990;141:1136-46. 

72. PIOPED Investigators: Value of ventilation/perfusion scan in acute pulmonary 
embolism: Results ofthe PIOPED. JAMA 1990;263:2753-59. 

73. Lensing AW, Pradoni P, Brandjes D, et al. Detection of deep venous thrombosis by 
real time B-mode ultrasonography. N Engl J Med 1989;320:342-5. 

74. Wheeler HB, O'Donnell JA, Anderson FA, et al. Occlusive impedance phlebogra
phy: A diagnostic procedure for venous thrombosis and pulmonary embolism. 
Prog Cardiovasc Dis 1974;17:199-205. 

75. Bounameaux H, Cirafici D, DeMoerloose P, et al. Measurement of the D-dimer in 
patients as a diagnostic aid in suspected pulmonary embolism. Lancet 1991 ;37: 196-
200. 

76. Hunt JM, Copland J, McDonald CF, et al. Cardiopulmonary response to oxygen 
therapy in hypoxaemic chronic airflow obstruction. Thorax 1989;44:930. 

77. MacNee W, Wathen CG, Flenley DC, et al. The effects of controlled oxygen therapy 
on ventricular function in patients with stable and decompensated cor pulmonale. 
Am Rev Respir Dis 1988;137:1289. 

78. Esteban A, Cerda E, De La Cal MA, et al. Hemodynamic effects of oxygen therapy 
in patients with acute exacerbations of chronic obstructive pulmonary disease. 
Chest 1993;104:471. 

79. Robinson TD, Freiberg DB, Regnis JA, et al. The role of hypoventilation and 
ventilation-perfusion redistribution in oxygen-induced hypercapnia during acute 
exacerbations of chronic obstructive pulmonary disease. Am J Respir Crit Care 
Med 2000;161:1524. 

80.Hanson CW 3rd, Marshall BE, Frasch HF, et al. Causes of hypercarbia with 
oxygen therapy in patients with chronic obstructive pulmonary disease. Crit Care 
Med 1996;24:23. 

81. Meissner HH, Franklin C. Extreme hypercapnia in a fully alert patient. Chest 
1992; 102: 1298. 

82. Potkin RT, Swenson ER. Resuscitation from severe acute hypercapnia. Chest 
1992;102:1742. 

83. Carroll GC, Rothenberg DM. Carbon dioxide narcosis. Chest 1992;102:986. 
84. Agusti AG, Carrera M, Barbe F, et al. Oxygen therapy during exacerbations of 

chronic obstructive pulmonary disease. Eur Respir J 1999;14:934. 
85. Wasserman K. Uses of oxygen in the treatment of acute respiratory failure second

ary to obstructive lung disease. Monaldi Arch Chest Dis 1993;48:509. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 129 

86.Mandelberg A, Chen E, Noviski N, et al. Nebulized wet aerosol treatment in 
emergency department-is it essential? Comparison with large spacer device for 
metered-dose inhaler. Chest 1997; 112: 1501. 

87. Laursen LC. Clinical efficacy and safety of Turbuhaler as compared to pressurized 
MDIs-beta 2-agonists. J Aerosol Med 1994;7:S59. 

88. Berry RB, Shinto RA, Wong FH, et al. Nebulizer vs spacer for bronchodilator 
delivery in patients hospitalized for acute exacerbations of COPD. Chest 
1989;96:1241. 

89. Tobin MJ, Jenouri G, Danta I, et al. Response to bronchodilator drug administra
tion by a new reservoir aerosol delivery system and a review of other auxiliary 
delivery systems. Am Rev Respir Dis 1982;126:670. 

90. Nilsestuen J, Fink J, Witek T Jr, et al. AARC clinical practice guidelines: selection 
of aerosol delivery device. Respir Care 1992;37:891. 

91. Newhouse MT, Dolovich M. Aerosol therapy of reversible airflow obstruction. 
Chest 1987;9l:58S. 

92. Newhouse MT, Dolovich MB. Control of asthma by aerosols. N Engl J Med 
1986;315:870. 

93. Coleman DM, Kelly HW, McWilliams BC. Therapeutic aerosol delivery during 
mechanical ventilation. Ann Pharmacother 1996;30:644. 

94. Fernandez A, Lazaro A, Garcia A, et al. Bronchodilators in patients with chronic 
obstructive pulmonary disease on mechanical ventilation. Utilization of metered
dose inhalers. Am Rev Respir Dis 1990;141:164. 

95. Duranti R, Misuri G, Gorini M, et al. Mechanical loading and control of breathing 
in patients with severe chronic obstructive pulmonary disease. Thorax 1995 ;50: 127. 

96. Bernasconi M, Brandolese R, Poggi R, et al. Dose-response effects and time 
course of effects of inhaled fenoterol on respiratory mechanics and arterial oxygen 
tension in mechanically ventilated patients with chronic airflow obstruction. Inten
sive Care Med 1990;16:108. 

97. Rossinen J, Partanen J, Stenius-Aamiala B, et al. Salbutamol inhalation has no 
effect on myocardial ischaemia, arrhythmias and heart-rate variability in patients 
with coronary artery disease plus asthma or chronic obstructive pulmonary dis
ease. J Intern Med 1998;243:361. 

98. American Thoracic Society. Standards for the diagnosis and care of patients 
with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 1995;152: 
S77. 

99. Rennard SI, Serby CW, Ghafouri M, et al. Extended therapy with ipratropium is 
associated with improved lung function in patients with COPD. A retrospective 
analysis of data from seven clinical trials. Chest 1996; 110:62. 

100. Demirkan K, Kuhl D, Headley AS, et al. Can we justify ipratropium therapy as 
initial management of acute exacerbations of COPD? Pharmacotherapy 1999; 19:838. 

101. Karpel JP. Bronchodilator responses to anticholinergic and beta-adrenergic agents 
in acute and stable COPD. Chest 1991;99:871. 

102. The COMBNENT Inhalation Solution Study Group. Routine nebulized ipratropium 
and albuterol together are better than either alone in COPD. Chest 1997;112:1514. 

103. Shrestha M, O'Brien T, Haddox R, Gourlay HS, Reed G. Decreased duration of 
emergency department treatment of chronic obstructive pulmonary disease exacer
bations with the addition of ipratropium bromide to beta-agonist therapy. Ann 
Emerg Med 1991;20:1206. 

104. Koutsogiannis Z, Kelly AM. Does high dose ipratropium bromide added to 



130 G. Dominguez-Cherit and D. Borunda Nava 

salbutamol improve pulmonary function for patients with chronic obstructive air
ways disease in the emergency department? Aust N Z J Med 2000;30:38. 

105. Moayyedi P, Congleton J, Page RL, et al. Comparison of nebulised salbutamol and 
ipratropium bromide with salbutamol alone in the treatment of chronic obstructive 
pulmonary disease. Thorax 1995;50:834. 

106. Kuhl DA, Agiri OA, Mauro LS. Beta-agonists in the treatment of acute exacerba
tion of chronic obstructive pulmonary disease. Ann Pharmacother 1994;28: 1379. 

107. Ferlllindez A, Munoz J, de la Calle B, Alia I, et al. Comparison of one versus two 
bronchodilators in ventilated COPD patients. Intensive Care Med 1994;20: 199. 

108. Skorodin MS, Tenholder MF, Yetter B, et al. Magnesium sulfate in exacerbations of 
chronic obstructive pulmonary disease. Arch Intern Med 1995; 155:496. 

109. Wood-Baker R, Walters EH. Corticosteroids for acute exacerbations of chronic ob
structive pulmonary disease. Cochrane Database Syst Rev 2000;(2):CD001288. 

110. Jantz MA, Sahn SA. Corticosteroids in acute respiratory failure. Am J Respir Crit Care 
Med 1999;160:1079. 

111. Thompson WH, Nielson CP, Carvalho P, et al. Controlled trial of oral prednisone 
in outpatients with acute COPD exacerbation. Am J Respir Crit Care Med 1996; 
154:407. 

112. Koyama H, Nishimura K, Mio T, et al. Response to oral corticosteroid in patients with 
chronic obstructive pulmonary disease. Intern Med 1992;31: 1179. 

113. Niewoehner DE, Collins D, Erbland ML. Relation ofFEV1 to clinical outcomes during 
exacerbations of chronic obstructive pulmonary disease. Department of Veterans Af
fairs Cooperative Study Group. Am J Respir Crit Care Med 2000;161:1201. 

114. Albert RK, Martin TR, Lewis SW. Controlled clinical trial of methylprednisolone in 
patients with chronic bronchitis and acute respiratory insufficiency. Ann Intern Med 
1980;92:753. 

115. Emerman CL, Connors AF, Lukens TW, et al. A randomized controlled trial of methyl
prednisolone in the emergency treatment of acute exacerbations of COPD. Chest 
1989;95:563. 

116. Rubini F, Rampulla C, N ava S. Acute effect of corticosteroids on respiratory mechanics 
in mechanically ventilated patients with chronic airflow obstruction and acute respira
tory failure. Am J Respir Crit Care Med 1994; 149:306. 

117. Balbi B, Majori M, Bertacco S, et al. Inhaled corticosteroids in stable COPD patients: 
Do they have effects on cells and molecular mediators of airway inflammation? Chest 
2000;117:1633. 

118. Yildiz F, Kaur AC, Ilgazli A, et al. Inhaled corticosteroids may reduce neutrophilic 
inflammation in patients with stable chronic obstructive pulmonary disease. Respira
tion 2000;67:71. 

119. Burge PS, Calverley PM, Jones PW, et al. Randomised, double blind, placebo con
trolled study of fluticasone propionate in patients with moderate to severe chronic 
obstructive pulmonary disease: the ISOLDE trial. BMJ 2000;320:1297. 

120. Senderovitz T, Vestbo J, Frandsen J, I. Steroid reversibility test followed by in
haled budesonide or placebo in outpatients with stable chronic obstructive pulmo
nary disease. The Danish Society of Respiratory Medicine. Respir Med 1999; 
93:715. 

121. Hirschmann Jv. Do bacteria cause exacerbations of COPD? Chest 2000; 118: 193. 
122. Murphy TF, Sethi S, Niederman MS. The Role of bacteria in exacerbations of CO PD. 

A constructive view. Chest 2000;118:204. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 131 

123. Anthonisen NR, Manfreda J, Warren CPW, et al. Antibiotic therapy in exacerbations of 
chronic obstructive pulmonary disease. Ann Intern Med 1987; 106: 196. 

124. Saint S, Bent S, Vittinghoff E, et al. Antibiotics in chronic obstructive pulmonary 
disease exacerbations: A meta-analysis. JAMA 1995;273 :957. 

125. Destache CJ, Dewan N, OTIonohue WJ, et al. Clinical and economic considerations in 
the treatment of acute exacerbations on chronic bronchitis. J Antimicrob Chemother 
1999;43:107. 

126. Adams S, Melo J, Anzueto A. Effect of antibiotics on the recurrence rates of chronic 
obstructive pulmonary disease. Chest 1997; 112:22S. 

127. Grossman RF. Use of guidelines and risk stratification in acute exacerbation of chronic 
bronchitis. Semin Respir Crit Care 2000;21: 113-22. 

128. Irwin RS, Erickson AD, Pratter ME, et al. Prediction of tracheobronchial colonization 
in current cigarette smokers with chronic obstructive bronchitis. J Infect Dis 
1982;145:234. 

129. Bjerkestrand G, Digranes A, Schreiner A. Bacteriologic findings in transtracheal aspi
rates from patients with chronic bronchitis and bronchiectasis. Scand J Respir Dis 
1975;56:201. 

130. Monso E, Rosell A, Bonet G, et al. Risk factors for lower airway bacterial colonization 
in chronic bronchitis. Eur Respir J 1999;13:338. 

131. Martfnez JA, Rodriguez E, Bastida T, et al. Quantitative study of the bronchial 
bacterial flora in acute exacerbations of chronic bronchitis. Chest 1994; 105:976. 

132. Baughman RP, Pina E. Infections in acute exacerbation of chronic bronchitis: What are 
they and how do we know? Semin Respir Crit Care Med 2000;21:87. 

133. Sanchez Nieto 1M, Torres A, Garda C6rdoba F, et al. Impact of invasive and noninvasive 
quantitative culture sampling on outcome of ventilator-associated pneumonia: A pilot 
study. Am J Respir Crit Care Med 1998;157:371. 

134. Jourdain B, Novara A, Jolly Guillou ML, et al. Role of quantitative cultures of endot
racheal aspirates in the diagnosis of nosocomial pneumonia. Am J Respir Crit Care 
Med 1995;152:241. 

135. Meduri GU, Chastre 1. The standardization ofbronchoscopic techniques for ventilator
associated pneumonia. Chest 1992; 102:557S. 

136. Gay P. Pharmacologie des stimulants respiratoires. Bull Eur Physiopathol Respir 
1979;14:775. 

137. Powles ACP, Tuxen DU, Mahood CB. The effect of intravenously administrated 
almitrine, a peripheral chemoreceptor agonist on patients with chronic airflow obstruc
tion. Am Rev Respir Dis 1983;127:284. 

138. Me10t C, Naeije R, Rothschild T, et al. Improvement in ventilation-perfusion matching 
by almitrine in COPD. Chest 1983;83:528. 

139. Naeije R, Melot C, Mols P, et al. Effects of almitrine in decompensated chronic respi
ratory insufficiency. Bull Eur Physiopathol Respir 1981; 17: 153. 

140. Moser KM, Luchsinger PC, Adamson JS, et al. Respiratory stimulation with intrave
nous doxapram in respiratory failure. N Engl J Med 1973;288:427. 

141. Goldberg HS, Rabson J. Control of cardiac output by systemic vessels. Am J 
Cardiol1981;47:696. 

142. Vizza CD, Lynch JP, Ochoa LL, et al. Right and left ventricular dysfunction in 
patients with severe pulmonary disease. Chest 1998; 113:576. 

143. Martin C, Perrin G, Saux P, et al. Effects of norepinephrine on right ventricular 
function in septic shock patients. Intensive Care Med 1994;20:444. 



132 G. Dominguez-Cherit and D. Borunda Nava 

144. Hirsch LJ, Rooney MW, Wat SS, et a1. Norepinephrine and phenylephrine effects 
on right ventricular function in experimental canine pulmonary embolism. Chest 
1991;100:796. 

145. Angle MR, Molloy DW, Penner B, et a1. The cardiopulmonary and renal hemody
namic effects of norepinephrine in canine pulmonary embolism. Chest 1989;95: 
1333. 

146. Juilliere Y, Feldmann L, Perrin 0, et a1. Beneficial cumulative role of both nitro
glycerin and dobutamine on right ventricular systolic function in congestive heart 
failure patients awaiting heart transplantation. Int J Cardiol1995 ;52: 17. 

147. Mathur PN, Powles ACP, Pugsley SO, et a1. Effect of long-term administration of 
digoxin on exercise performance in chronic airflow obstruction. Eur J Respir Dis 
1985;66:273. 

148. Brown SE, Pakron FJ, Milne N, et a1. Effects of digoxin on exercise capacity and 
right ventricular function during exercise in chronic airflow obstruction. Chest 
1984;85:187. 

149. Mathur PN, Powles ACP, Pugsley SO, et a1. Effect of digoxin on right ventricular 
function in severe chronic airflow obstruction. Ann Intern Med 1981;95:283. 

150. Mols P, Huynh CH, Dechamps P, et a1. Acute effects of nifedipine on systolic and 
diastolic ventricular function in patients with chronic obstructive pulmonary dis
ease. Chest 1993;103:1381. 

151. Kalra L, Bone MF. Effect of nifedipine on physiologic shunting and oxygenation 
in chronic obstructive pulmonary disease. Am J Med 1993;94:419. 

152. Gassner A, Sommer G, Fridrich L, et a1. Differential therapy with calcium antago
nists in pulmonary hypertension secondary to COPD. Hemodynamic effects of 
nifedipine, diltiazem, and verapami1. Chest. 1990;98:829. 

153. Agostoni P, Doria E, Galli C, et a1. Nifedipine reduces pulmonary pressure and 
vascular tone during short- but not long-term treatment of pulmonary hypertension 
in patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 
1989;139:120. 

154. Corriveau ML, Rosen BJ, Keller CA, et a1. Effect of posture, hydralazine, and 
nifedipine on hemodynamics, ventilation, and gas exchange in patients with chronic 
obstructive pulmonary disease. Am Rev Respir Dis 1988; 138: 1494. 

155. Corriveau ML, Vu-Dinh Minh, Dolan GF. Long-term effects of hydralazine on 
ventilation and blood gas values in patients with chronic obstructive pulmonary 
disease and pulmonary hypertension. Am J Med 1987;83:886. 

156. Keller CA, Shepard JW Jr, Chun DS, et al. Effects of hydralazine on hemodynam
ics, ventilation, and gas exchange in patients with chronic obstructive pulmonary 
disease and pulmonary hypertension. Am Rev Respir Dis 1984;130:606. 

157. Brent BN, Matthay RA, Mahler DA, et al. Relationship between oxygen uptake 
and oxygen transport in stable patients with chronic obstructive pulmonary dis
ease. Physiologic effects of nitroprusside and hydralazine. Am Rev Respir Dis 
1984;129:682. 

158. Brent BN, Berger HJ, Matthay RA, et a1. Contrasting acute effects of vasodilators 
(nitroglycerin, nitroprusside, and hydralazine) on right ventricular performance in 
patients with chronic obstructive pulmonary disease and pulmonary hypertension: 
A combined radionuclide-hemodynamic study. Am J Cardiol1983 ;51: 1682. 

159. Baigorri F, Joseph D, Artigas A, et a1. Inhaled nitric oxide does not improve cardiac 
or pulmonary function in patients with an exacerbation of chronic obstructive 
pulmonary disease. Crit Care Med 1999;27:2153. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 133 

160. Germann P, Ziesche R, Leitner C, et al. Addition of nitric oxide to oxygen improves 
cardiopulmonary function in patients with severe COPD. Chest 1998;114:29. 

161. Yoshida M, Taguchi 0, Gabazza EC, et a1. Combined inhalation of nitric oxide and 
oxygen in chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
1997;155:526. 

162. Blanch L, Joseph D, Fernandez R, et a1. Hemodynamic and gas exchange re
sponses to inhalation of nitric oxide in patients with the acute respiratory distress 
syndrome and in hypoxemic patients with chronic obstructive pulmonary disease. 
Intensive Care Med 1997;23:51. 

163. Peto R, Speizer FE, CochraneAL, et a1. The relevance in adults of air-flow obstruc
tion, but not of mucus hypersecretion, to mortality from chronic lung disease. Am 
Rev Respir Dis 1983;128:491. 

164. Anthonisen P, Riis P, Sogaard-Andersen T. The value oflung physiotherapy in the 
treatment of acute exacerbations in chronic bronchitis. Acta Med Scand 
1964;175:715. 

165. Oldenburg FA, Dolovich MB, Montgomery JM, et a1. Effects of postural drainage, 
exercise and cough on mucus clearance in chronic bronchitis. Am Rev Respir Dis 
1979;120:739. 

166. Wollmer P, Ursing K, Midgren B, et a1. Inefficiency of chest percussion in the 
physical therapy of chronic bronchitis. Eur J Respir Dis 1985;66:233. 

167. Campbell AH, OTonell JM, Wilson F. The effect of chest physiotherapy upon the 
FEV, in chronic bronchitis. Med J Aust 1975;1:33. 

168. Grandjean EM, Berthet P, Ruffmann R, et a1. Efficacy of oral long-term N
acetylcysteine in chronic bronchopulmonary disease: A meta-analysis of published 
double-blind, placebo-controlled clinical trials. Clin Ther 2000;22:209. 

169. Pela R, Calcagni AM, Subiaco S, et a1. N -acetylcysteine reduces the exacerbation 
rate in patients with moderate to severe COPD. Respiration 1999;66:495. 

170. Hansen NC, Skriver A, Brorsen-Riis L, et a1. Orally administered N-acetylcysteine 
may improve general well-being in patients with mild chronic bronchitis. Respir 
Med 1994;88:531. 

171. Dueholm M, Nielsen C, Thorshauge H, et a1. N-acetylcysteine by metered dose 
inhaler in the treatment of chronic bronchitis: A multi-centre study. Respir Med 
1992;86: 89. 

172. Gray DK, Gibbons L, Shapiro SH, et a1. Nutritional status and mortality in chronic 
obstructive pulmonary diseases. Am J Respir Crit Care Med 1996;153:961. 

173. Donahoe M, Rogers RM. Nutritional assessment and support in chronic obstruc
tive pulmonary disease. Clin Chest Med 1990; 11 :487. 

174. Wilson DO, Rogers RM, Wright EC, et a1. Body weight in chronic obstructive 
pulmonary disease. The National Institutes of Health Intermittent Positive-Pres
sure Breathing Trial. Am Rev Respir Dis 1989;139: 1435. 

175. Rochester DF. Body weight and respiratory muscle function in chronic obstructive 
pulmonary disease. Am Rev Respir Dis 1986; 134:446. 

176. Vandenbergh E, Van de Woestijne KP, Gyselen A. Weight changes in the terminal 
stages of chronic obstructive pulmonary disease. Am Rev Respir Dis 1967;95:556. 

177.Schols A, Slangen J, Volovics L, et a1. Weight loss is a reversible factor in the 
prognosis of chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
1998;157:1791. 

178. Driver AG, McAlevy MT, Smith JL. Nutritional assessment of patients with chronic 
obstructive pulmonary disease and acute respiratory failure. Chest 1982;82:568. 



134 G. Dominguez-Cherit and D. Borunda Nava 

179. Hunter AMB, Carey MA, Larsh HW. The nutritional status of patients with chronic 
obstructive pulmonary disease. Am Rev Respir Dis 1981; 124:376. 

180. Bernard S, LeBlanc P, Whittom F, et al. Peripheral muscle weakness in patients with 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med 1998; 158:629. 

181. Bassili HR, Deitel M. Effect of nutritional support on weaning patients off me
chanical ventilators. J Parenter Enteral Nutr 1981 ;5: 161. 

182. Whittaker JS, Ryan CF, Buckley PA, et al. The effects of refeeding on peripheral 
and respiratory muscle function in malnourished chronic pulmonary disease pa
tients. Am Rev Respir Dis 1990;142:283. 

183. Fuenzalida CE, Petty TL, Jones ML, et al. The immune response to short-term 
nutritional intervention in advanced chronic obstructive pulmonary disease. Am 
Rev Respir Dis 1990;142:49. 

184. Wilson DO, Rogers RM, Sanders MH, et al. Nutritional intervention in malnourished 
patients with emphysema. Am Rev Respir Dis 1986;134:672. 

185. Saudny-Unterberger H, Martin JG, Gray-Donald K. Impact of nutritional support 
on functional status during an acute exacerbation of chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 1997;156:794. 

186. Rose W. Total parenteral nutrition and the patient with chronic obstructive pulmo
nary disease. J Intrav Nurs 1992;15:18. 

187.Dark DS, Pingleton SK, Kerby GR. Hypercapnia during weaning. Chest 
1985;88:141. 

188. Covelli HD, Black JW, Olsen MS, et al. Respiratory failure precipitated by high 
carbohydrate loads. Ann Intern Med 1981;95:579. 

189. Talpers SS, Romberger DJ, Bunce SB, et al. Nutritionally associated increased 
carbon dioxide production. Chest 1992; 102:551. 

190.Brochard L, Mancebo J, Wysocki M, et al. Noninvasive ventilation for acute 
exacerbations of chronic obstructive pulmonary disease. N Engl J Med 1995;333: 
817. 

191. Montserrat JM, Marto JA, Alarcon A, et al. Effect of negative pressure ventilation 
on arterial blood gas pressure inspiratory muscle strength during exacerbation of 
chronic obstructive lung disease. Thorax 1991;46:6, 

192. Corrado A, Gorini M, Villela G, et al. Negative pressure ventilation in the treatment 
of acute respiratory failure: An old noninvasive technique reconsidered. Eur Respir 
J 1996;9:1531. 

193. Bott J, Carroll MP, Conway JH, et al. Randomized controlled trial of nasal ventila
tion in acute respiratory failure due to chronic obstructive airways disease. Lancet 
1993;341:1555. 

194. Wysocki M, Tric L, Wolff MA, et al. Noninvasive pressure support ventilation in 
patients with acute respiratory failure: A randomized comparison with conven
tional therapy. Chest 1995;107:761. 

195. Kramer N, Meyer TJ, Meharg J, et al. Randomized, prospective trial of noninvasive 
positive pressure ventilation in acute respiratory failure. Am J Respir Crit Care 
Med 1995;151:1799. 

196. Bach JR, Brougher P, Hess DR, et al. Consensus, statement: Noninvasive positive 
pressure ventilation. Respir Care 1997;42:365. 

197. Diaz 0, Iglesia R, Ferrer M, et al. Effects of noninvasive ventilation on pulmonary 
gas exchange and hemodynamics during acute hypercapnic exacerbations of chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 1997;156:1840. 

198. Brochard I, Isabey D, Piquet J, et al. Reversal of acute exacerbations of chronic 



9. Chronic Obstructive Pulmonary Disease Exacerbation 135 

obstructive lung disease by inspiratory assistance with a face mask. N Engl J Med 
1990;323: 1523. 

199. Girault C, Richard J-C, Chevron V, et al. Comparative physiologic effects of 
noninvasive assist-control and pressure support ventilation in acute hypercapnic 
respiratory failure. Chest 1997; 111: 1639. 

200. Vitacca, M, Rubini, Foglio, K, et al. Non-invasive modalities of positive pressure 
ventilation improve the outcome of acute exacerbations in COLD patients. Inten
sive Care Med 1993;19:450. 

201. Appendini L, Patessio A, Zanaboni S, et al. Physiologic effects of positive end
expiratory pressure and mask pressure support during exacerbations of chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 1994;149:1069. 

202. Kacmarek RM. Characteristics of pressure-targeted ventilators used for noninvasive 
positive pressure ventilation. Respir Care 1997;42:380. 

203. Ferguson, GT, Gilmartin, M. CO2 rebreathing during BiPAP respiratory assis
tance. Am J Respir Crit Care Med 1995;151:1126. 

204. Gottfried SB, Rossi A, Higgs BD, et al. Noninvasive determination of respiratory 
system mechanics during mechanical ventilation for acute respiratory failure. Am 
Rev Respir Dis 1985;131 :414. 

205. Kimball WR, Leith DE, Robins AG. Dynamic hyperinflation and ventilator depen
dence in chronic obstructive pulmonary disease. Am Rev Respir Dis 1982; 126:991. 

206. Gottfried SB, Rossi A, Higgs BD, et al. Noninvasive determination of respiratory 
system mechanics during mechanical ventilation for acute respiratory failure. Am 
Rev RespirDis 1985;131:414. 

207. Hubmayr RD, Gay PC, Tayyab M. Respiratory system mechanics in ventilated 
patients: Techniques and indications. Mayo Clin Proc 1987;62:358. 

208. Connors AF, McCaffree DR, Gray BA. Effect of inspiratory flow rate on gas 
exchange during mechanical ventilation. Am Rev Respir Dis 1981; 124:537. 

209. Tuxen DV, Lane S. The effects of ventilatory pattern on hyperinflation, airway 
pressures, and circulation in mechanical ventilation of patients with severe air-flow 
obstruction. Am Rev Respir Dis 1987;136:872. 

210. Peterson GW, Baier H. Incidence of pulmonary barotrauma in a medical ICU. Crit 
CareMed 1983;11:67. 

211. Smith TC, Marini JJ. Impact of PEEP on lung mechanics and work of breathing in 
severe airflow obstruction. J Appl PhysioI1988;65:1488. 

212. Van den Berg B, Starn H, Bogaard JM. Effects of PEEP on respiratory mechanics 
in patients with COPD on mechanical ventilation, Eur Respir J 1991 ;4:561. 

213. Thoman RL, Stoker GL, Ross JC. The efficacy of pursed-lips breathing in patients 
with chronic obstructive pulmonary disease. Am Rev Respir Dis 1966;93:100. 

214. Mueller RE, Petty TL, Filley GF. Ventilation and arterial blood gas changes in
duced by pursed lips breathing. J Appl PhysioI1970;28:784. 

215. Segredo V, Caldwell JE, Matthay MA, et al. Persistent paralysis in critically ill 
patients after long-term administration of vecuronium. N Engl J Med 1992;327:524. 

216. Kanak R, Fahey PJ, Vanderwarf C. Oxygen cost of breathing, Chest 1985 ;87: 126. 
217. Marini JJ, Rodriguez M, Lamb V. The inspiratory workload of patient-initiated me

chanical ventilation. Am Rev Respir Dis 1986; 134:902. 
218. Grassino A, Macklem PT. Respiratory muscle fatigue and ventilator failure. Ann 

Rev Med 1984;35:625. 
219.Braun NMT, Faulkner J, Hughes RL, et al. When should respiratory muscles be 

exercised? Chest 1983;84:76. 



136 G. Domfnguez-Cherit and D. Borunda Nava 

220. Kaelin RM, Assimacopoulos A, Chevrolet JC. Failure to predict six-month sur
vival of patients with COPD requiring mechanical ventilation by analysis of simple 
indices, Chest 1987;92:971. 

221. Morganroth ML, Grum CM. Weaning from mechanical ventilation, J Intensive 
CareMed 1988;3:109. 

222. Fiastro JF, Habib MP, Shon BY, et al. Comparison of standard weaning parameters 
and the mechanical work of breathing in mechanically ventilated patients, Chest 
1988;94:232. 

223. Gilbert R, Auchincloss JH Jr, Peppi D, et al. The first two hours off a respirator, 
Chest 65:152.1974. 

224. Conti G, De Blasi R, Pelaia P, et al. Early prediction of successful weaning during 
pressure support ventilation in chronic obstructive pulmonary disease patients. 
Crit Care Med 1992;20:366. 

225. Yang KL, Tobin MJ. A prospective study of indexes predicting the outcome of 
trials of weaning from mechanical ventilation. N Engl J Med 1991;324:1445. 

226. Morganroth ML, Morganroth JL, Nett LM, et al. Criteria for weaning from pro
longed mechanical ventilation, Arch Intern Med 1984;144:1012. 

227. Tomlinson JR, Miller KS, Lorch DG, et al. A prospective comparison of IMV and 
T-piece weaning from mechanical ventilation. Chest 1989;96:348. 

228. Fishman AP. Chronic cor pulmonale. Am Rev Respir Dis 1976;114:775. 
229. Downs JB, Klein EF Jr, Desautels D, et al. Intermittent mandatory ventilation: a 

new approach to weaning patients from mechanical ventilators, Chest 1973;64:33l. 
230. Downs JB, BlockAJ, Vennum KB. Intermittent mandatory ventilation in the treat

ment of patients with chronic obstructive pulmonary disease. Anesth Analg 
1974;53:437. 

231. Brochard L, Harf A, Lorino H, et al. Inspiratory pressure support prevents dia
phragmatic fatigue during weaning from mechanical ventilation. Am Rev Respir 
Dis 1989;139:513. 

232. Smith K, Cook D, Guyatt GH, et al. Respiratory muscle training in chronic airflow 
limitation: a meta-analysis. Chest 1992;145:533. 

233. Sassoon CSH, Te IT, Mahutte CK, et al. Airway occlusion pressure. Am Rev 
Respir Dis 1987;135:107. 

234. Natanson C, Shelhamer JH, Parrillo JE. Intubation of the trachea in the critical care 
setting, JAMA 1985;253:1160. 

235. Rashkin MC, Davis T. Acute complications of endotracheal intubation: relation
ship to reintubation, route, urgency and duration. Chest 1986;89: 165. 

236. Henry WC, West GA, Wilson RS. A comparison of the oxygen cost of breathing 
between a continuous-flow CPAP system and a demand-flow CPAP system, Respir 
Care 1983;28:1273. 

237. Banner MJ, Lampotang S, Boysen PG, et al. Flow resistance of expiratory posi
tive-pressure valve systems. Chest 1986;902:212. 

238. Petrof BJ, Legare M, Goldberg P, et al. Continuous positive airway pressure 
reduces work of breathing and dyspnea during weaning from mechanical ventila
tion in severe chronic obstructive pulmonary disease. Am Rev Respir Dis 
1990;141:281. 

239. Swinamer DL, Fedoruk LM, Jones RL, et al. Energy expenditure associated with 
CPAP and T-piece spontaneous ventilatory trials. Chest 1989;96:867. 

240. MacIntyre NR. Respiratory function during pressure support ventilation. Chest 
1986;89:677. 



9. Chronic Obstructive Pulmonary Disease Exacerbation 137 

241. Banner MJ, Kirby RR, MacIntyre NR. Patient and ventilator work of breathing and 
ventilatory muscle loads at different levels of pressure support ventilation. Chest 
1991;100:531. 

242. Annat GJ, Viale JP, Dereymez CP, et al. Oxygen cost of breathing and diaphrag
matic pressure-time index. Chest 1990;98:411. 

243. Kimura T, Takezawa J, Nishiwaki K, et al. Determination of the optimal pressure 
support level evaluated by measuring transdiaphragmatic pressure. Chest 1991;100: 
112. 

244. Hughes CW, Popovich J Jr. Uses and abuses of pressure support ventilation. J Crit 
Illness 1989;4:25. 

245.Downs JB, Perkins HM, Modell JH. Intermittent mandatory ventilation. Arch 
Surg 1974;109:519. 

246. Christopher KL, Neff TA, Bowman JL, et al. Demand and continuous flow inter
mittent mandatory ventilation systems. Chest 1985;87:625. 

247. Siafakas NM, Salesiotou V, Filaditaki V, et al. Respiratory muscle strength in 
hypothyroidism. Chest 1992;102:189. 

248. Cannon LA, Heiselman D, Gardner W, et al. Prophylaxis of upper gastrointestinal 
tract bleeding in mechanically ventilated patients. Arch Intern Med 1992;147:2101. 

249. Sluiter HJ, Blokzijl EJ, van Dijl W, et al. Conservative and respirator treatment of 
acute respiratory insufficiency in patients with chronic obstructive lung disease. 
Am Rev Respir Dis 1972;105:932. 

250. Heffner JE, Miller KS, Sahn SA. Tracheostomy in the intensive care unit. Part 1: 
Indications, technique, management. Chest 1986;90:269. 


