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INTRODUCTION

The American Thoracic Society has recommended that the diagnosis of chronic
obstructive pulmonary disease (C.0.P.D.) be used for patients with emphysema and/or
chronic bronchitis who have significant airflow limitation which does not change
markedly over periods of several months of observation, thus distinguishing these
patients from those with asthma (1). The clinical characteristics and modes of therapy
may overlap with asthma, but there are important differences which warrant the
separate consideration of C.0.P.D. Furthermore, there are important differences in
C.0.P.D. patients with respect to therapeutic strategies when comparing stable
patients and those who have acutely decompensated. This presentation will focus on
the management of patients with C.0.P.D. who present with acute respiratory failure.

Definitions:

Respiratory failure represents an impairment in the overall respiratory system
which leads to significant gas exchange abnormalities. By convention this is usually
defined in terms of blood gas criteria: P,0, <50 mmHg breathing room air and/or
P,CO, >50 mmHg (2). Acute respiratory failure is present when a patient with
C.O.P.D. has these gas exchange abnormalities along with an abrupt exacerbation of
their dyspnea and other symptoms. In addition to the patient’s subjective
deterioration, objective evidence of acute decompensation may be present such as
impaired or deteriorating mental status, acidosis, documented decline in P,O, or rise
in P,CO, from baseline, or deterioration of blood gas values during evaluation and
therapy, including a rise in P,CO, of more than 10 mmHg in response to supplemental
oxygen (see below). As thus defined, patients with acute exacerbations of C.0O.P.D.
and acute respiratory failure represent a group who are critically ill, unstable, and in
need of hospitalization. All will require careful observation and intensive treatment,
whether this is provided in a formal intensive care unit, a "step-down" unit, or on a
general ward. Some of these patients may require mechanical ventilation. Clinical
experience would also suggest that some patients who present with acute symptoms
who appear to be in significant distress may be considered in this context and
managed accordingly prior to the onset of overt gas exchange abnormalities.

Background:

Although some cigarette smokers never develop clinically significant airways
disease (3,4), C.0.P.D. is acommon disorder with significant mortality and morbidity,
of which 82% is attributable to cigarette smoking (5). Symptomatic improvement (6)
and retardation of the rate of decline in lung function (3,6) can be accomplished with
smoking cessation. Unfortunately, however, there are no reliable early predictors
which would identify susceptible individuals (7) and smoking cessation rates remain
disappointing (8-11). Clinically significant C.0.P.D. may affect as many as 10 million
people in the United States (12). In 1986 there were over 400,000 hospital



admissions for C.0.P.D. (13); the length of hospital stay averages 9 days (14). As
approximately 30% of emergency room visits for C.0.P.D. result in hospitalization
(15), it is likely that there are in excess of one million E.R. visits for C.0.P.D. annually
and many of these represent recurrent episodes (16). '

The total mortality due to C.0.P.D. in 1986 was over 70,000 dead in the
United States (5), representing the third most common cause of death (13). The most
recent available comparative data showed that in 1989 the death rate from C.O.P.D.
was four times that of H.l.V. infection in the United States (17). Death rates appear
to be increasing (13,18), especially in women (13,19). Although the overall case
fatality rate for patients admitted because of C.0.P.D. is about 7% (18), the mortality
for those admitted with C.0.P.D. and acute respiratory failure is 28% (20,21).
Furthermore, many of those with acute respiratory failure require I.C.U. care and
approximately 36 % require mechanical ventilation (20,21). Mechanical ventilation may
be prolonged (22) and some patients remain ventilator-dependent indefinitely (23-25).
Thus, acute respiratory failure due to C.0.P.D. is an all too common problem with
significant mortality, morbidity, and cost which will continue to challenge the critical
care physician for some time to come. ‘

PATHOPHYSIOLOGY

Airway obstruction

The principal physiologic alteration in C.0.P.D. is expiratory flow limitation (1).
This is generally well tolerated during periods of compensated stability such that
significant abnormalities are evident only during maximal expiratory efforts or exercise
(26-28). While the expiratory limitation is relatively constant over time ("fixed
obstruction"), acute changes in expiratory resistance may occur and lead to inspiratory
dysfunction, deterioration in gas exchange, respiratory muscle fatigue, and
cardiovascular alterations which we recognize as acute respiratory failure.

Expiratory obstruction results from narrowing of the peripheral airways (29)
from mucous hypersecretion (30), impaired ciliary clearance (31) and mucous plugging
(29,30). Bronchial mucosal hyperplasia and edema also contribute to anatomic
obstruction (29,30). Infection (32-34) and inflammation (35-39) may compound the
airway narrowing through recruitment of neutrophils and local mediator-released
bronchoconstriction (40,41). Emphysematous lungs lose elastic recoil, which
decreases the driving pressure during exhalation (42-44) and minimizes the stromal
support of the airways, both of which contribute to functional airway narrowing
(45-48) and even collapse (a form of Starling resistor or "flutter valve"). Although
bronchial smooth muscle contractionis typically associated with asthma, patients with
C.0.P.D. may also experience some degree of bronchospastic airways obstruction, as
evidenced by acute responses to inhaled adrenergic or cholinergic stimulants or



methacholine challenge (49-51). Upper airway obstruction may also contribute to
expiratory flow limitation due to functional narrowing of central airways during marked
expiratory effort (52), glottic narrowing (53), tracheal stenosis from prior intubation
(54), or narrow bore endotracheal tubes during mechanical ventilation (55,56).

Gas exchange and ventilation

These airways alterations are distributed heterogeneously and consequently
ventilation is very inhomogeneous so that some regions are relatively underventilated
(low ventilation/perfusion, V/Q) resulting in alveolar hypoxia and hypoxemia (57,58).
Other areas are relatively overventilated relative to perfusion (57) and breathing
pattern alterations may occur (59,60), both of which contribute to increasing
physiologic dead space (61). These changes in gas exchange predispose to hypoxemia
and hypercapnia; to compensate, the patient must significantly increase minute
ventilation. Increasing minute ventilation is difficult in such patients and comes at the
expense of a marked and disproportionate increase in the oxygen cost of breathing
(62,63).

OXYGEN COST OF INCREASING MINUTE VENTILATION
IN NORMAL SUBJECTS AND COPD PATIENTS
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Airtrapping, hyperinflation, and auto-P.E.E.P

The inhomogeneous distribution of airflow obstruction (64) may create regions
with such high resistances (and thus prolonged expiratory time constants) that
alveolar emptying is incomplete at the beginning of the next inspiration (65). The
result is that the preceding tidal volume is not completely exhaled, leading to air-
trapping and hyperinflation (66). Because these alveoli are incompletely emptied, they
are distended above the resting volume. Thus, at the end of the expiratory phase there
is still a tendency for the alveoli to recoil inward and thus a positive end-expiratory
alveolar pressure (P.E.E.P.) exists in those areas where air-trapping is occurring. This



is referred to as intrinsic P.E.E.P. (67) or auto-P.E.E.P. (68). Air-trapping,
hyperinflation, and the development of auto-P.E.E.P. will be most likely to occur with
increasing severity and inhomogeneity of airways obstruction (69,70), during dynamic
airways compression (65,71), and with any change which minimizes expiratory time,
such as during hyperventilation (72-74). Increasing respiratory frequency decreases
the time available for exhalation (T;) by decreasing total cycle time (T{o7). For
obstructed patients receiving mechanical ventilation, prolonging the inspiratory phase
(T,) using slow inspiratory flow rates or large tidal volumes will encroach upon T; and
predispose to air-trapping.

Consequences of Hyperinflation and Auto-PEEP

Respiratory Mechanics
Increased elastic load
Inspiratory threshold load

Barotrauma
Reduced cardiac preload
Risk of pneumothorax

Respiratory Muscle Inefficiency
Shortened operating length
Flattened diaphragm contour

The consequences of hyperinflation may be significant. The end-expiratory lung
volume becomes higher than the true resting lung volume; this is recognized as
hyperexpansion on the chest X-ray and as an increase in residual volume (RV) and
functional residual capacity (FRC). This means that tidal breathing is occurring higher
on the pressure-volume curve of the respiratory system; thus, greater inspiratory
pressures are required to generate the same inspiratory volume. This increase in
elastic load contributes to the increase in inspiratory work (75,76). Furthermore, the
presence of auto-P.E.E.P. requires that inspiratory airway pressure must first be
lowered below this threshold load before airflow can begin (67). Thus, air-trapping
significantly adds to inspiratory work. Hyperinflation also causes the inspiratory
muscles to be shorter at the beginning of inspiration (77). The diaphragm can
accommodate to this shorter length and thus readjust its length-tension relationship
(78) so that maximal force generation is relatively well preserved during chronic
hyperinflation (79). However, during acute hyperinflation the inspiratory muscles are
shorter (80) and must contract at less-than optimal length leading to a loss of force
generating capacity (81). Further, hyperinflation may flatten the diaphragmatic
contour, causing the diaphragm to become less efficient (82) and increasing elastic
load (83). These effects on inspiratory muscles render them less efficient both
mechanically and energetically, predisposing to fatigue (84,85). Further, the increased
inspiratory load may contribute to the onset of a more shallow, rapid breathing pattern
(69-61); this in turn, worsens the dead-space/tidal volume ratio and further
potentiates hypercapnia.



Cardiovascular function

Alveolar hypoxiais a potent stimulant to local pulmonary vasoconstriction (86).
This is adaptive to the extent that this redistributes blood flow to areas where
ventilation is better maintained. However, if the puimonary capillary bed has been
truncated through emphysematous destruction or if the redistribution to other regions
exceeds the capacity to recruit additional capillary area, then pulmonary vascular -
resistance will increase. This in turn places a strain on the relatively pressure-
intolerant right ventricle. Ultimately this may lead to pulmonary hypertension or overt
right heart failure. In this condition, the heart becomes more pre-load dependent (87).
Auto-P.E.E.P. may impair right ventricular preload (67-69,88). This may be
particularly evident in the setting of volume depletion, which is especially common
when patients have been ill for several days with decreased nutrient and fluid intake
prior to seeking medical attention. Tachycardia is also common in these patients due
to endogenous and pharmacologic adrenergic stimulation; this contributes to reduced
diastolic filling and hence diminished preload (89). These circumstances may lead to
significant reductions in cardiac output and even hypotension, especially with the
institution of mechanical ventilation (68).

Hemodynamic Compromise Due to Auto-P.E.E.P.
Demonstration by Brief Interruption of Mechanical Ventilation
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Other effects of hypoxia

Alveolar hypoxia also causes regional bronchoconstriction, further contributing
to airflow obstruction (90,91). Hypoxemia may interfere with respiratory muscle
performance and contribute to respiratory muscle fatigue (92). Arterial desaturation
and hypercapnia both may anesthetize the patient, producing somnolence and inability
of the patient to cooperate with therapy (93). With profound hypoxia, lactic acidosis
may ensue.

Respiratory drive

Patients with C.0.P.D. have increased neural drive (59,94) even though these
patients may be less responsive to changes in arterial pH or CO, relative to normal
individuals (95,96). Although it has commonly been observed that some C.O.P.D.
patients with acute respiratory failure exhibit increases in PCO, during oxygen
administration (97-99), it is not entirely clear that this occurs due to suppression of
hypoxic drive (99,100). Hypoxic drive suppression has been reported during prolonged
mechanical ventilation (100). However, in spontaneously breathing C.0.P.D. patients
with acute decompensations, it is less clear whether this is due to loss of hypoxic
drive as such patients exhibit a rise in PCO, without a decrease in minute ventilation
(99). The change is more often ascribed to alterations in ventilation/perfusion
matching induced by relief of hypoxic vasoconstriction (99,101-103). Furthermore,
it should be noted that stable C.0.P.D. patients rarely exhibit significant CO, retention
during oxygen administration (104) and when they do, it is usually on the order of
only 3-5 mmHg (98,99). During acute episodes of respiratory failure on the other
hand, changes in CO, due to ventilation/perfusion alterations with oxygen therapy are
more pronounced, averaging 10-13 mmHg (98,99,105). Increases in arterial PCO, in
excess of this would have to be taken as evidence of clinical deterioration.

Increases in PaC0, During Oxygen Breathing
Stable COPD < 5 mmHg
Acute COPD 10-13 mmHg

Decompensating patient > 15 mmHg

Respiratory muscle dysfunction

During an acute exacerbation, the respiratory muscles must work against.
substantially increased loads to accomplish greater levels of ventilatory work. As
noted, the muscles must do so while operating at a mechanical disadvantage as
the diaphragm is shorter and flattened. Other inspiratory muscles must be



recruited and the breathing pattern shifts towards greater rib cage and less
abdominal displacement. Further, expiratory muscles are recruited and contribute
significantly to the total work of breathing. To compound matters, hypoxia (92),
acidosis (106), hypercapnia (107), low cardiac output (108,109), malnutrition
(110-112), and electrolyte abnormalities such as hypophosphatemia (113,114),
hypomagnesemia (115), hypocalcemia (116) or hypokalemia (117) may contribute
to respiratory muscle dysfunction and fatigue.

The decompensating patient thus experiences increasing resistive and elastic
work, marked increases in ventilatory requirements and the work of breathing (both
inspiratory and expiratory), greater oxygen consumption and carbon dioxide
elimination requirements, respiratory muscle inefficiency and fatigue, worsening
gas exchange, and significant cardiovascular changes. The net effect of such
changes is often a overwhelming cascade which culminates in overt respiratory
failure.

PRECIPITATING CAUSES OF ACUTE EXACERBATIONS
Infection

The presence of a change in cough or sputum, fever, or leukocytosis
(though not specific) should suggest acute infection. Infection of the lower airways
is particularly common in these patients and may account for as many as half of all
episodes of acute respiratory failure (118). C.0.P.D. patients appear to become
infected with common respiratory pathogens (such as mycoplasmal and chlamydial
agents, influenza and parainfluenza viruses, rhinoviruses, and coronaviruses) with a
frequency which is similar to otherwise normal subjects in the same population
(119,120). However, viral or mycoplasmal infection may be less well tolerated by
C.0.P.D. patients (34), or perhaps more importantly, may predispose to bacterial
colonization of the lower airways and acute bacterial bronchitis (121). When this
occurs, the most common potentially pathogenic bacteria isolated are S.
pneumoniae, H. influenza, N. catarrhalis (121,122). Despite the frequent
occurrence of these agents in the sputum of patients with acute exacerbations of
C.0.P.D., it remains difficult, if not impossible, to determine if an isolate is truly
causing disease in a given patient (33). When present, bacterial bronchitis is
thought to worsen airways function both through direct effects of purulent material.
blocking the airways, but also through local release of histamine by the infecting
micro-organisms and/or recruited inflammatory cells (41,123,124). Invasive
parenchymal infection may be present in a minority of patients with acute -
worsening of symptoms, however, the presence of pneumonia may portend a
worse prognosis, a more prolonged course, and a greater need for intensive
antibiotic therapy. Opportunistic infection can occur and should be considered in
patients who have been on prolonged corticosteroid therapy, especially |f they fail
to respond to empiric antibiotic therapy (125-127).



Heart failure

Left-ventricular heart failure can cause or mimic an acute exacerbation of
C.0.P.D. (12,118). The diagnosis may be difficult as C.0.P.D. patients with acute
respiratory failure may experience orthopnea and have edema or central venous
congestion due solely to their lung disease. Further, the radiographic pattern may
not be characteristic due to the presence of bullous disease, vascular pruning, and
hyperinflation with the resulting more vertical alignment of the heart shadow. The
presence of diffuse infiltrates or pleural effusions should heighten the index of
suspicion for the presence of heart failure. We have found that comparison of
current films with older chest films is particularly valuable in this regard.

Pulmonary embolism

Patients with C.O.P.D. are prone to pulmonary embolism and this in turn
may precipitate acute respiratory failure. Unfortunately for the clinician, pulmonary
embolism may be particularly difficult to diagnose (128,129). The use of
ventilation/perfusion lung scanning in patients with severe C.0.P.D. is particularly
problematic. The diffuse yet inhomogeneous ventilation/perfusion abnormalities
induced by the underlying disease diminishes the overall clinical utility of lung
scanning since relatively few patients will have scans of sufficient specificity to be
clinically useful, that is, either "high probability" or "normal" (130-133). The
presence of deep venous thrombosis should be sought when the diagnosis is
suspected since non-invasive methods may be used and anticoagulation would be
indicated if studies were positive. However, nearly 30% of patients with
pulmonary emboli have no detectable evidence of deep vein thrombosis (134,135).
Thus, pulmonary angiography remains the primary diagnostic tool in many cases.
This procedure, though invasive, is safe when properly performed; the mortality
rate is 0.5% using modern techniques, even in the presence of significant
pulmonary hypertension (136). Thrombolytic therapy should be considered only in
those patients with an established diagnosis and hemodynamic compromise
(137,138). '

Other causes

Pneumothorax will be found in less than 1% of C.0.P.D. patients who
present acutely (139,140) and is easily missed on the chest film when severe
bullous disease is present (141). It should be considered nonetheless as correction
of even a small pneumothorax may lead to profound clinical improvement in the
tenuous patient (142). Inability or unwillingness of patients to use their
medications may contribute to worsening of their status. Drug interactions or
unwanted side-effects such as sedation should also be considered. Smoking may
increase and drugs such as cimetidine or erythromycin may lower serum
theophylline concentrations. Co-incident use of f-agonists and steroids may lead to
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significant hypokalemia, which may interfere with respiratory muscle function
(117). The over-use of diuretics may also cause problems due to potassium loss
and hypokalemic effects on muscle function as well as volume-contraction
metabolic alkalosis and subsequent suppression of respiratory drive (140).Non-
specific airway irritants such as air pollutants or cigarette smoke may also
contribute to or cause acute decompensations (143-145).

APPROACH TO MANAGEMENT

Oxygen therapy

The single most important therapeutic intervention in C.0.P.D. patients with
acute respiratory failure is the correction of hypoxemia (12,97). Given the adverse
consequences of hypoxia (see above), the beneficial effects oxygen administration
include: reversal of global hypoxia, especially to critical organs such as brain and
heart, elimination of lactic acid production, cardiac afterload reduction through
relief of reactive pulmonary vasoconstriction, improved cardiac output, diuresis,
correction of cardiac dysrhythmias, reduction in minute ventilation requirements,
diminished work of breathing, decreased oxygen consumption, lower carbon
dioxide production, relief of dyspnea, improved respiratory muscle endurance, and
bronchodilation (86,89-93,101,146,147).

The goal of oxygen therapy should be to achieve an acceptable level of
arterial oxygen content, which will occur at O, saturation levels of about 90%
(12). Because the principal mechanism for hypoxemia in this setting is
ventilation/perfusion mismatching (57), correction of hypoxemia can usually be
accomplished through the administration of low levels of supplemental oxygen, for
example 2-4 L/min of oxygen via nasal cannula (98). Oxygen is begun at 1-2 L/min
and is incrementally advanced until an arterial saturation of about 90% is achieved.
Controlled oxygen can also be administered using low-F,0, Venturi masks using the
same approach of starting at low levels and advancing as needed. We prefer the
use of nasal canula as this does not interfere with administration of inhaled
medications, suctioning, expectoration, talking, eating, or drinking. Further, most
patients in this condition find any type of mask to be confining and claustrophobic.
There need not be concern about the patients pattern of breathing ("mouth" vs
"nose") as long as the patient does not have complete nasal obstruction; oxygen
instilled into the nasopharynx will be entrained with the inspiratory airstream in any
event. Simple face masks with low flow oxygen are unacceptable due to the
excessive dead space ventilation.

It has long been recognized that the PCO, level may increase following the

administration of oxygen (97-99). As discussed above, contrary to earlier
teachings, the mechanism by which this occurs is primarily through alterations in
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ventilation/perfusion relationships rather than via suppression of the so-called
hypoxic respiratory drive (12,99-103). Thus, it is reasonable to expect a modest
increment in the PCO, in some patients following the administration of oxygen and
it is reasonable to give only as much supplemental oxygen as is necessary to raise
the oxygen saturation to about 90%. The practice of removing oxygen from a
hypoxic patient has no justification based upon our current understanding (12).
Further, even the brief or intermittent removal of oxygen can lead to levels of
hypoxia significantly in excess of pre-treatment levels and re-establishment of
adequate oxygenation may not occur immediately upon restoring supplemental
oxygen.

Response to O, Administration with C.0.P.D.
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This is not to say that PCO, levels should not be monitored. Blood gases
should be obtained over the course of management to both insure that adequate
oxygen is being administered and to gauge the patient’s response to overall
therapy. Oximetry is unreliable in this regard as excessive oxygenation may be
missed and no information about PCO, is available (148). End-tidal CO, monitoring
has not reached a level of technical reliability to be useful in this circumstance
(149) .In this regard it should be remembered that patients who are truly at their
baseline rarely exhibit increases in PCO, in response to oxygen therapy (104,150),
and when they do it is only on the order of 3-5 mmHg (98,99,150). During an
acute illness, changes in PCO, ascribable solely to oxygen administration are
usually only about 10-13 mmHg (98,99,105). Any increase in PCO, at all should
be taken as evidence that the patient is in fact not at baseline (150) and increases
in excess of 10-13 mmHg should be interpreted as representing overall
deterioration. '



Adrenergic bronchodilators

The use of inhaled adrenergic stimulants in C.0.P.D. patients with acute
respiratory failure is well established(12,118,140). Despite the fact that stable
patients have little or no demonstrated pulmonary function response to adrenergic
challenge, most will demonstrate both objective and symptomatic response to
these agents during acute exacerbations (151-153). In general it is preferable to
use agents which are #-selective in order to attempt to minimize side-effects;
however, it is likely that greater advantage is achieved in this regard by using
proper administration technique rather than through the choice of a particular drug
(see below). Inhaled B-agonists are often required in higher doses and more
frequently during acute exacerbations (see below). Initial treatments can be given
every hour for 3-4 doses as long as the patient is carefully monitored; as the
- patient improves, the dosing interval is prolonged to every 4 or 6 hours (118).

- Shorter acting agents may be considered during the initial phases of management.
In general, patients with C.0.P.D. tend to be older and to have a higher incidence
of underlying cardiovascular disease than asthmatics; as such we avoid non-8-
selective agents such as isoproterenol or epinephrine as well as avoiding parenteral
or oral routes of administration in patients with C.0.P.D.

Cholinergic bronchodilators

The respiratory airways contain both adrenergic and cholinergic receptors.
Atropine and its related congeners causes bronchodilation through competitive
inhibition of the parasympathetic innervation of bronchial smooth muscle (154).
Further, the muscarinic receptors to which atropinergic agents bind are distributed
predominantly in the larger, proximal airways, unlike the adrenergic receptors
which are found predominantly in the peripheral airways. This differential mode of
action and anatomic distribution serves as the principal rationale for the use of
atropine and its related compounds alone or in combination with other agents
(50,154). These differences might be particularly salient during an acute
exacerbation when aerosol deposition to the lower airways is least achievable.

Atropine causes bronchodilation but because it is a tertiary amine (and thus
lipid soluble) it is rapidly absorbed from the respiratory tract and causes significant
side-effects. It also tends to dry the airways. For these reasons, atropine is'-no
longer recommended as a bronchodilator. Ipratropium bromide is an atropine-like
compound which is a quaternary amine (and thus lipid insoluble) which has similar
bronchodilating properties, but which is not systemically absorbed. Systemic side-
effects are thus practically non-existent (154). Though not available in the United
States in solution form for jet nebulization, the drug can be given to mechanically
ventilated patients using an adapter in the inspiratory circuit (155).
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Ipratropium has similar bronchodilating activity compared to f-agonist agents
in C.0.P.D. patients who are stable (156,157) and during acute exacerbations
(151,153,156). The dose of ipratropium must be doubled in the acute setting to
achieve maximal effect (153). There is conflicting evidence with regard to presence
of any additive benefit to using both ipratropium and a f-agonist in combination for
patients with acute exacerbations of C.0.P.D. (152,158). It may be that any
additive effect may occur only in the early stages of treatment (158). f-agonists
may cause transient hypoxemia through their effects on the distribution of
pulmonary blood flow and ventilation; ipratropium does not appear to cause
hypoxemia in this setting (151,159,160). Ipratropium also appears to have a longer
duration of action than some f-agonists (157). For these reasons it would seem
reasonable to consider using ipratropium as a first line agent, as alternative therapy
in those with tenuous oxygenation, or in combination with S-agonists during the
first few hours of treatment.

Aerosol delivery

The use of aerosolized medications, especially f-agonist agents is well
established as a means of promoting both objective and symptomatic improvement
in patients with C.0.P.D. (see above). However, there are several important
aspects to be considered for hospitalized C.0O.P.D. patients with acute respiratory
failure including the method of aerosolization and dose administered.

Aerosol medications can be delivered using metered-dose inhaler (M.D.l.),
metered-dose inhaler with a spacing adaptor (M.D.l.-spacer), or using pressure-
driven jet nebulization (nebulizer). Although intermittent positive pressure
breathing devices (I.P.P.B.) have previously been used for this purpose, there is
little, if any, role for |.P.P.B. as a method of delivering medications in current -
practice (161).

Lower airway deposition is responsible for clinical efficacy (162).
Oropharyngeal deposition, on the other hand, leads to systemic absorption which
produces little bronchodilation at these doses while producing significant unwanted
side-effects (163,164). Even though each of these methods is inherently inefficient
in terms of lower airway deposition, each is capable of delivering adequate drug to
the lower airway to promote clinically significant bronchodilation (163-167). In
achieving this goal, however, the method chosen, technique employed,
administered dose, and relative degree of airways obstruction may all be important
(163,164). Methodologic short-comings may be overcome by increasing the
administered dose. However, if a large fraction of this is wasted (e.g. vented to the
room) or results in oropharyngeal deposition, then the net result will be no
additional clinical improvement and/or an unacceptable level of side-effects (164).

Metered-dose inhaler delivery is convenient and relatively inexpensive;
however, a significant number of patients cannot learn to use the device properly,
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even with instruction (168,169). The addition of a spacing device can largely
overcome user-dependent methodologic problems, as well as enhancing lower
airway deposition (168) while minimizing oropharyngeal deposition and side-effects
(170). Compressor driven nebulization has traditionally been used in acutely ill
patients, but because it is inherently less efficient much larger doses must be
administered as compared to M.D.l. (163). There is no demonstrable clinical
advantage to nebulization over M.D.I. (particularly with a spacing device) in stable
outpatients with either asthma (171,172) or C.0.P.D. (173,174). Similarly, in the
acute management of patients in the emergency room there is no significant
difference between the two methods of aerosol delivery (175,176). Indeed, the
use of M.D.l. can lead to significant cost savings relative to nebulization (177).

Several studies have shown similar results in patients hospitalized with acute
exacerbations of C.0.P.D. (178-180). However, standard maintenance doses
delivered using M.D.l. to hospitalized patients produces less bronchodilation than
nebulization (181). Because extremely impaired airways function reduces the
fraction of administered aerosol delivered to the lower airway (170,182), higher
doses can be required during an acute illness to produce equivalent bronchodilation
(163,165,183). When higher doses of drug are administered via M.D.l. with a
spacer during an acute exacerbation of C.0.P.D., then similar results can be
obtained as compared to nebulization (180) at less cost (177). To achieve these
results, the dosage of drug administered via M.D.l. may need to be increased by
two to four fold (163,165,180). Thus, it would seem reasonable to use metered-
dose inhaler delivery with a spacer and with an appropriate dosage adjustment in
many hospitalized patients. However, it should be noted that most studies
comparing these techniques have excluded patients with severe ililness and there
are no reliable data which compare these two delivery systems in C.0.P.D.
patients with acute respiratory failure. As nebulization may be superior to M.D.l. in
patients with very severe obstruction (167,184) or when patients cannot fully co-
operate with proper M.D.l. use (163,165), it would seem prudent to continue to
use nebulization in at least some patients who present with acute respiratory
failure.

Aminophylline

Controversy continues to surround the use of theophylline and
aminophylline (185). The methylxanthines are mild to moderate bronchodilating
agents (186-190). Theophylline has other activities which affect the respiratory
system including enhanced diaphragmatic contractility and endurance (191-196),
better right ventricular performance (197), and improved mucociliary clearance
(198). However, the drug has the potential for serious toxicity, a narrow
therapeutic window, and its clearance and bioavailability may be altered
considerably during an episode of acute respiratory failure (199-202). For these
reasons it has generally been recommended that the drug be given as an
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intravenous infusion for seriously ill patients such as those with acute respiratory
failure (185) and that drug levels be used to adjust dosing (199,200). It has been
suggested that one potential advantage to the use of intravenous aminophylline is
that more steady concentrations are achieved and that this might serve to provide
more even bronchodilation between aerosol treatments (203). Nonetheless, one
placebo-controlled trial of intravenous aminophylline failed to demonstrate benefit
in C.0.P.D. patients with acute exacerbations; however, it is important to recall
that the study by Rice, et al, excluded patients requiring mechanical ventilation
(204).

Given the overall risk/benefit profile of this drug, it would seem prudent to
always err on the side of more conservative drug levels. It is our current practice
use intravenous aminophylline as a continuous infusion (.05-.10 mg/kg/hr) while
monitoring drug levels and attempting to establish steady concentrations between
10 and 15 mg/L (note that this is lower than previous convention which was to
use a range of 10-20 mg/L). Loading doses should probably not be given unless
the pre-infusion drug level has been measured.

Antibiotics

Antibiotics have long been in used in general practice to treat acute
exacerbations of C.0.P.D. and most general reviews of the subject continue to
recommend their use (12,118,140). However, the evidence favoring their use in
patients who do not have proven, invasive infection (i.e. pneumonia) is lacking;
several carefully performed, placebo controlled trials have shown no benefit in
patients with acute exacerbations of C.0.P.D. (205,206). This is not surprising
since bacterial isolates are not invariably identified and may or may not be truly
pathogenic when present, and since other infectious agents such as viruses or non-
specific irritants may cause precipitations in many cases (see above). Several
authors have expressed concern about withholding antibiotics in severely ill
patients, arguing that the patient’s respiratory reserve may be so tenuous that
even marginal benefits might be important (207). When bacterial pathogens are
isolated they are usually found to be S. pneumoniae, H. influenza, or M.
catarrhalis (124). Antibiotics which would be useful in this setting are generally
well-tolerated (205,206). Given these considerations it would seem prudent to use
simple, broad-spectrum antibiotics in those C.0.P.D. patients with acute
respiratory failure, especially if signs suggesting infection are present (such as
fever, leukocytosis, purulent sputum). Agents such as trimethoprim-
sulfamethoxazole, ampicillin, amoxicillin, a tetracycline, or erythromycin are
generally effective and well-tolerated. More expensive agents such as oral
cephalosporins and quinolones are probably as effective. Oral agents can be used
in most cases. Parenteral antibiotics should be used in those who cannot tolerate
oral therapy, in those who are immunocompromised, or for suspected pneumonia.
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Corticosteroids

Only a small percentage of patients with stable C.0.P.D. benefit from the
long-term use of corticosteroids (208,209) and it is difficult to identify such
patients without an empiric trial (210). In the setting of acute respiratory failure
requiring hospitalization, however, one important study has shown that, on
average, patients benefit from the administration of systemic corticosteroids (211).
Albert, et al, studied 44 patients with C.0.P.D. who were admitted with acute
respiratory failure. All patients received standardized therapy and were
prospectively randomized to receive either placebo or intravenous
methylprednisolone, 0.5 mg/kg (approximately 40 mg) every 6 hours for 72 hours.
Patients receiving steroids showed significantly greater improvement in F.E.V.,.

No convincing effect was apparent in the first 12 hours and the study was not
extended beyond 72 hours. No other reliable studies are available in patients with
C.0.P.D. who are hospitalized with acute respiratory failure. Studies in hospitalized
asthmatics would suggest that there is no benefit to doses of methylprednisolone
in excess of the dose used in the study by Albert et al. (212). There is no data
which addresses the issue of how long to continue steroid therapy beyond 72
hours in patients with C.0.P.D. Common practice would suggest that patients who
were not previously receiving maintenance doses of oral steroid can either receive
no further steroid or an abbreviated tapering course of prednisone beyond the initial
period of intravenous therapy. The use of steroids for a patient with C.0.P.D. who
requires hospitalization should never be taken as evidence that the patient should
receive long-term steroid therapy. There is no indication for the use of inhaled
steroids in the acute setting; indeed, patients do not tolerate many of these agents
well, if at all, during acute exacerbations.

STEROID THERAPY FOR COPD PATIENTS
WITH ACUTE RESPIRATORY FAILURE
(METHYLPREDNISOLONE 0.5mg/kg q8hr)

I

@
o

O STEROID
® PLACEBO

(<]
o
T

FEV1 (ZCHANGE)
N
o o
T T

o

Q-

'-

o—

O+

Oo—
)‘oo—.
e o

0 12 24 36 48 60 72
TIME (HOURS)
ALBERT, ANN INT MED 92:753,1980

15



Physiotherapy

Chest physiotherapy includes assisted cough, suctioning, chest percussion,
postural drainage, and fiberoptic bronchoscopy. Generally, the patient who has an
effective spontaneous cough will be able to successfully clear their airways of
secretions. However, some patients who have ineffective spontaneous cough or
whose secretions are particularly copious or thick may derive modest benefit from
some form of chest physiotherapy (213,214). However, while these techniques
may increase the volume of sputum produced in some patients (214), there is little
data which suggests that this improves gas exchange, shortens the duration of
symptoms or hospitalization, or improves survival (215-217). Further, these
techniques may actually cause decrements in PO, during and after treatment
(215,216,218) and significant cardiac arrhythmias can occur in as many as 11%
(218). Thus, these techniques should be used sparingly and only in patients who
cannot spontaneously cough and who have significantly thick or copious
secretions, who can co-operate with the treatment, who can tolerate the
treatment, and who demonstrate some objective and subjective benefit after an
initial trial. Assessment of benefit should be made based upon secretion clearance,
lung mechanics, and blood gas data. If no improvement occurs after initial trials of
physiotherapy, then it should be stopped.

Bronchoscopy has been used as an adjunct to removal of secretions in
patients receiving mechanical ventilation. However, the literature suggests that
bronchoscopy is no different than standard measures in managing airway
secretions or resolving atelectasis (219). It may be reasonable to employ
bronchoscopy as a diagnostic tool to exclude or remove an obstructing lesion such
as a tumor or aspirated foreign body in selected patients. However, beyond an
initial evaluation in patients with significant radiographic volume loss or atelectasis
which does not clear with standard therapy, bronchoscopy is serving only as an
expensive suctioning catheter.

Mucolytics

Oral mucolytics have been reported to shorten the duration of expectoration
in episodes of acute bronchitis (220,221); however, they have no proven benefit in
the setting of acute respiratory failure. Although conventional teaching
suggests that sputum expectoration can be improved through the administration of
fluids, this has not be shown to occur when it has been tested (222). Fluid
management should be directed at correcting volume and/or electrolyte deficits.
Aerosolized mucolytics such as acetylcysteine produce intense bronchial irritation,
cough and bronchospasm in most patients. This agent cannot be recommended in
the majority of cases and probably should be avoided in patients who are breathing
spontaneously. Dilute acetylcysteine may be used in a small number of selected
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patients who are receiving mechanical ventilation and who have significant,
bronchoscopically proven mucous inspissation which has not responded to
standard measures. The patient is first given a bronchodilator treatment and then
10% acetylcysteine diluted 1:10 in 10 ml of normal saline is injected into the
airway. This is followed by saline lavages and further suctioning.

Nutritional support

The topic of nutritional support in the critical care setting was fully explored
by Dr. Claibe Yarbrough in his recent Internal Medicine Grand Rounds (223). This
section will be confined to observations pertinent to those patients with C.0.P.D.
Malnutrition is common in patients with C.0.P.D. (110,224-228) and tends to be
particularly prevalent in those with emphysema (226) and those with the most
severe lung function (227,228). Nutritional status tends to decline markedly during
acute illness in C.0.P.D. patients (224,225,228) and patients may not recover to
their previous nutritional state during convalescence, leading to a step-wise decline
over time (229). Malnutrition is associated with impaired respiratory muscle
function (110,111) and immune status (224,225). Improvement in the patient’s
nutritional state has been associated with improvement in indices of respiratory
muscle function in both stable (112) and acutely-ill patients (110,230). One study
(though retrospective and non-randomized) has suggested that nutritional support
may be an important determinant of weaning success (231). Thus, there are data
which support the theory that nutritional intervention would be of benefit to
C.O.P.D. patients with acute respiratory failure.

EFFECT OF NUTRITIONAL STATUS ON
RESPIRATORY MUSCLE PERFORMANCE
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Nonetheless, there are a paucity of data which demonstrate conclusively
that nutritional intervention effects outcome in these patients. Indeed, it could be
said that, "there is no such thing as a free lunch." Caloric administration in any
amount or type will lead to an increase in total oxygen consumption and carbon
dioxide production, both of which will increase ventilation requirements (232). In
susceptible patients, the administration of nutritional support may lead to
worsening hypercapnia (233) or overt respiratory failure (234). The respiratory
quotient (RQ) is the ratio of carbon dioxide produced relative to oxygen consumed
during metabolism (VCO,/VO,). Because the RQ associated with carbohydrate
oxidation (RQ=1.0) is higher compared to other substrates such as protein
(RQ=0.8) or lipid (RQ=0.7), some have raised concerns about providing nutritional
support in high carbohydrate concentrations to patients with severely impaired lung
function (234,235). The practical significance of recommendations to provide a
greater fraction of caloric intake in the form of lipid has been questioned
(229,236). In those cases where nutritional support has been reported to cause
worsening hypercapnia (233,234), the total caloric supplementation being provided
was very high (usually 2000-2500 kcal/day or more). Talpers, et al has shown that
when mechanically ventilated patients are provided isocaloric diets of varying
carbohydrate composition (40-75% of calories as carbohydrate), there is no
significant difference in carbon dioxide production. However, these investigators
did observe significant increases in carbon dioxide elimination with progressive
increases in total calories provided with constant carbohydrate composition (236).
This suggests that total calories rather than carbohydrate composition is of greater
relevance.

EFFECT OF CARBOHYDRATE COMPOSITION VS
TOTAL CALORIC INTAKE ON CO2 PRODUCTION
TALPERS, CHEST 102:551(1992)
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Based upon these observations it would seem reasonable to provide
nutritional support to C.0.P.D. patients as soon as possible during an episode of
acute respiratory failure. The goal of therapy should be to provide adequate, but
not excessive, nutrition. In general, this can best be accomplished using enteral
alimentation where possible to provide total calories of from 1.25 to 1.3 times the
resting energy expenditure (R.E.E.) of the patient (236). The R.E.E. can be derived
in one of several ways: (1) calculated using the Harris-Benedict equations (237),
(2) determined by indirect calorimetry, where oxygen consumption, VO,, and RQ
are measured using a metabolic cart (238,239), or (3) estimated using the Fick
relationship from pulmonary artery catheter measurements of cardiac output,
hemoglobin, and arterial and mixed venous O, saturations to determine VO, ,
where R.E.E. (kcal/day) = VO, (mi/min) X 7.0 = Q X [Hb] X (Sa0, -Sv0O,) X
95.18 (240).

MECHANICAL VENTILATION

Supportive mechanical ventilation

Mechanical ventilation may be required in many, but not all, C.O.P.D.
patients with acute respiratory failure. The indications for intubation are largely
based upon clinical judgement. Blood gas values, especially the combination of pH
and PO,, are of some use in predicting which patients will ultimately require
intubation (98). However, it is not possible to establish blood gas criteria which
alone would determine the need for intubation. Important in this regard are such
considerations as the patient’s mental status, hemodynamic function, response to
initial treatment, and appearance of fatigue or distress. The direction and rate of
change in blood gas values are probably of greater value than absolute values. The
patient’s wishes regarding the use of life-support interventions should be
considered if known. Clearly, where ambiguity exists with regard to the latter, it is
generally wiser to institute mechanical ventilation if it is felt to be medically
indicated.

Mechanical ventilation is initiated after endotracheal intubation. This should
be performed expeditiously, but without undue haste; ventilation and oxygenation
can almost always be maintained in the short-term with properly applied bag-
assisted ventilation using 100% oxygen. Intubation should be performed with the
largest size endotracheal tube possible to facilitate the later weaning process (56).
The goal of mechanical ventilation is to provide ventilatory support for a period
sufficient to allow reversal of the acute process and respiratory muscle rest and
recovery. For these reasons, it is desirable to provide support using a mode in
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which the ventilator performs the bulk of the work of breathing. This can be
accomplished using controlled ventilation (C.M.V.). Although other modes of
ventilation such as assist/control or intermittent mandatory ventilation (I.M.V.) may
not ablate the patient’s respiratory work altogether (241), when used in the proper
fashion they serve as effective means of supportive ventilation. Indeed, if the
patient’s respiratory drive is ablated through physiologic (respiratory alkalosis) or
pharmacologic (sedation/paralysis) means, then each of these modes become
functionally equivalent.

Initial Ventilator Settings for COPD

Tidal volume 10-12 mi/kg
Breathing frequency 8-10 breaths/min
Inspiratory flow rate 100 L/min
Oxygen concentration 100%

The management and manipulation of the volume ventilator during an
episode of acute respiratory failure were discussed by Dr. Alan Pierce in his
excellent Grand Rounds (242); the reader is referred there for a more
comprehensive discussion of this subject. The initial tidal volume should be
approximately 10-12 mi/kg as these patients are already significantly hyperinflated
and breathing near TLC where the risk of barotrauma is greatest (243). The
respiratory frequency should be held to 8-10 breaths/min to avoid excessive
alkalosis and reduced cerebral blood flow (244). A high inspiratory flow rate of
around 100 L/min should be used as this tends to maximize gas exchange and
respiratory mechanics (245). All three of these strategies will also have the
salutary effect of maximizing the time available for exhalation, thus reducing air-
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trapping, hyperinflation, and auto-P.E.E.P. (see above). Reducing tidal volume and
increasing inspiratory flow rate reduce inspiratory time; reducing respiratory rate
prolongs the total cycle time. These parameters may need to be individualized as
needed based upon patient tolerance and comfort as well as subsequent blood gas
values. While the higher inspiratory flow rate may require fairly high peak proximal
airway pressures in this setting, in general the beneficial effects with regard to
improved gas exchange and minimization of auto-P.E.E.P. outweigh this problem.

Measurement of Auto-P.E.E.P. During Mechanical Ventilation
The End-Expiratory Hold Maneuver
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Estimation of Hyperinflation During Mechanical Ventilation

LUNG TIDAL VENTILATION <= APNEA >
VOLUME

The total volur.ne exhaled from the end-inspiratory volume (V) during a period of apnea
uncludgs the ut;al volume (V) and the volume trapped at end-exhalation (V) due to
dynamic hyperinflation (from Tuxen and Lane, Am Rev Resp Dis 136:872,1987).

The patient is usually begun at a high F,0, in order to insure adequate
oxygenation; however, this can generally be reduced promptly based upon blood
gas and/or oximetric data. Frequently only modest levels of oxygen
supplementation are needed since the primary mechanism of hypoxemia is
ventilation/perfusion mismatching. The FO, should be reduced to the lowest level
needed to maintain oxygen saturation around 90%.
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Mechanical Ventilation for COPD:
Indicators of Improvement

Peak airway pressure
Minute ventilation
Dead space
Auto-PEEP
Airtrapping

A-a0, gradient

Improvement will be accompanied by a reduction in peak airway pressure,
decline in minute ventilation requirements relative to PCO, (dead-space ventilation),
improvement in A-a0, gradient, decline in auto-P.E.E.P., and reduction in
airtrapping. Auto-P.E.E.P. is assessed by performing an end-expiratory hold
maneuver (68). One should recall that most patients with severe C.0.P.D. will have
some degree of auto-P.E.E.P. (5-10 cm H,0) even when stable (70). Although
determination of absolute intrathoracic gas volumes is not practical in the I.C.U.,
the degree of hyperinflation above the patient’s true end-expiratory lung volume
(FRC) can be estimated by briefly turning the respiratory frequency down so that
expiratory time is greatly extended; the difference between the delivered tidal
volume and the total volume exhaled during this prolonged expiratory phase is an
indication of the volume trapped during ongoing ventilation (88,246,247). Neither
of these methods may be possible if the patient is agitated or making significant
respiratory effort. Paralytic agents should not be used solely for the purpose of
making such assessments.

Aerosol delivery during mechanical ventilation

Aerosolized medication delivery is possible for patients receiving mechanical
ventilation using either nebulization or metered-dose inhalers. The nebulizing device
is placed in-line with the inspiratory circuit limb leading to the patient rather than in
the connecting piece or Y-adapter (248-251). The medication solution is then
nebulized by a gas source driven either by the ventilator or by an external
pressurized gas source (compressed air or 100% oxygen). External nebulizing
techniques produce continuous nebulization and thus are much quicker to
administer, reducing therapist time and delivering the drug more rapidly to the
patient. However, as the gas source is usually not of the same O, fraction as the
ventilator, the patient’s actual F,O, during the nebulization will likely be quite
different from the ventilator’s setting. Further, the externally supplied gas will likely
lead to differences in delivered inspiratory flow rate and volume than would be
expected from the ventilators settings. Thus, extreme caution must be exercised
when interpreting physiologic or blood gas data collected during nebulization.

Many modern ventilators have a nebulization circuit which can be used to drive the
in-line nebulization. This usually obviates the variations in FO, encountered when
externally-driven nebulization is used. However, it is important to realize that some
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ventilators use continuous nebulization while others use intermittent nebulization
which cycles only with each inspiration. Continuous nebulization generally results
in more rapid deposition of aerosol (248,251) and more complete deposition to the
patient (251) as compared to intermittent nebulization. Use of a higher flow rate
to drive the nebulizer (e.g. 8 L/min) results in more rapid drug delivery and better
deposition (252).

METERED—DOSE INHALER (MDI) vs JET NEBULIZATION (NEB)
ADMINISTRATION OF FENOTEROL DURING MECHANICAL VENTILATION
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Medication can also be delivered to mechanically ventilated patients using
metered-dose inhalers to achieve significant bronchodilation (155,249,253,254).
An adapter with a reservoir (249) is placed in-line with the inspiratory circuit limb;
the M.D.l. is attached and activated at the very end of the expiratory cycle or just
at the beginning of inspiration. The machine is allowed to cycle through several
breaths between each actuation. The use. of in-line M.D.l. produces similar levels
of bronchodilation and is as well tolerated as compressor-driven nebulization
(253,254). Further, the use of the M.D.l. requires less time to deliver and may
result in cost savings (254). As noted above, the dose administered using M.D.l. in
mechanically ventilated patients likely must be increased above standard
maintenance doses (183,253,254); however, the ideal number of activations has
yet to be determined for any of the medications available in M.D.I. form.

Weaning from mechanical ventilation

Patients with C.0.P.D. who require mechanical ventilation will need
ventilatory assistance until the precipitating factors and physiologic consequences
of the acute episode are corrected so that respiratory work requirements are
minimized (12,55). Concomitantly, the respiratory muscles will need a period of
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relative rest to overcome muscular fatigue so that function of the ventilatory pump
is restored (255). In general, restoration of respiratory muscle function requires
approximately 24-48 hours of mechanical ventilation (255-257). By this point,
consideration should be given to removing the patient from the ventilator. Indeed,
3 out 4 patients will be successfully weaned within the first 72 hours (258). The

- first step in this process is to evaluate the overall balance between the patient’s
ventilatory needs and ventilatory reserve. This is generally accomplished by
combining the physician’s clinical assessment of the patient with simple bed-side
physiologic measures. A variety of such measures, referred to as "weaning
parameters," have been described. All such schemes attempt to incorporate simple
measurements which give information about the mechanics of breathing, ‘
ventilation requirements, gas exchange, and respiratory drive. In general, these
measures are predictive of weaning success. However, it should be remembered
that the majority of patients will be readily extubated without complication in the
first 72 hours and as many as 29% of patients who do not fulfill these criteria can
still be readily extubated (55). Indeed, in patients with C.0.P.D. who require
prolonged mechanical ventilation, initial measures of standard weaning criteria have
a poor correlation with ultimate weaning success (259-263) and clinical
improvement and successful progression to weaning occur without necessarily
being accompanied by improvement in these weaning parameters (264).

Commonly Used Weaning Parameters

Resting minute ventilation (V) < 10-15L
Vital capacity (VC) > 10 ml/kg
Max. inspiratory pressure (MIP) < -20 cmH,0
F,0, for 0, 90% saturation < 0.60

Max. voluntary ventilation (MVV) > 2 X Ve
Ratio of f/V; (breaths/min/L) < 100

Once the initial support phase of mechanical ventilation has passed, then simple
weaning parameters can be measured. At the same time, the patient should be placed
on a brief period (15-30 minutes) of spontaneous T-piece breathing for purposes of
assessment (258). The proper conduction of such a trial requires that the patient be
adequately prepared. The patient should be seated comfortably in a chair or in
Fowler’s position if he must be kept in bed. The trial should ideally 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 cleared by having the patient attempt
to cough and by suctioning. Once the patient is fully prepared, then the ventilator is
discontinued and the patient is attached to 40-50% oxygen which is warmed,
humidified and attached to the patient’s endotracheal tube via a T-piece connector.
The flow rate of 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
entraining room-air. The patient is then coached to breath comfortably with slow,
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deep inspiratory efforts and a slow breathing frequency (265). The trial is continued
as long as the patient appears comfortable, maintains an acceptable cardiac rhythm
and rate, maintains a respiratory rate which is acceptable (e.g. less than 25-30
breaths/minute), and continues to have adequate oxygenation (e.g. saturation >90%).
At the end of the trial a blood gas sample is obtained and the patient is returned to
the ventilator (258,264). The trial is considered successful if the patient remains
comfortable, has stable pulse and respiratory rate, maintains adequate oxygenation
(e.g. PO, >60 mmHg, and saturation >90%), and there is no significant CO,
retention (e.g. < 5 mmHg PCO, increase or fall in pH).

Those who demonstrate the ability to sustain unassisted ventilation during 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 (258). Those who did not meet
the standard weaning criteria but who nonetheless were able to sustain T-piece
breathing without problem should be considered for extubation at that point. Those
who appear to do poorly during the initial trial should undergo a repeat T-piece trial
several hours later as patients may demonstrate changes early after first discontinuing
mechanical ventilation which are not necessarily reflective of their more sustained
performance (259-262,266). Ultimately, the decision to extubate the patient is a
clinical judgement which tempers the patient’s ability to sustain spontaneous
breathing and the resources immediately available to handle clinical deterioration.
Extubation may relieve the patient of a significant source of airways resistance,
especially if the endotracheal tube if of narrow bore (55,56). If adequately trained
personnel are readily available, then the risk of re-intubation under controlled
circumstances should be minimal (267,268). The potential risks and morbidity of
unnecessary continued mechanical ventilation cannot be accurately determined, but
clearly mechanical ventilation is not without risk or discomfort.

A more prolonged and concerted effort may be required to achieve successful
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 (12). T-piece trials (264,269), intermittent mandatory ventilation (I.M.V.)
(269-272), and pressure support ventilation (P.S.V.) (273) have all been used with
success. However, no outcome-based study has demonstrated the superiority of one
mode over another (269). The choice should be based upon such factors as the
experience and familiarity of staff with a particular mode as well as patient comfort
and tolerance. :

T-piece allows the patient to breath spontaneously and completely free from the
ventilator while simultaneously requiring that a member of the patient care team be
present to coach, encourage, and monitor the patient. Using this technique, the
patient is started on short periods of T-piece breathing (e.g. 5-10 minutes)
interspersed with two-hour periods of rest on a support mode of mechanical
ventilation (258,264). The duration of T-piece trials is then progressively increased as
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tolerated until the patient is able support continuous spontaneous breathing. If the
patient is not carefully attended during the T-piece run, there is no back-up mode of
ventilatory assistance and there are no operative ventilator alarms.

It has been fashionable to attempt to obviate the later problem by leaving the
patient connected to the ventilator and using the C.P.A.P. mode but with a low level
of actual C.P.A.P. This practice should not be used in attempt to obviate the need for
careful direct monitoring of the patient and should be used with caution since it is not
equivalent to T-piece breathing because of the internal resistance of the ventilator
circuits, which can be considerable, especially with demand-flow systems (274,275).
The application of C.P.A.P. at low levels (5-15 cm H,0) has been suggested to
overcome this problem and to reduce the inspiratory work of breathing (276).
However, it is not clear if this approach offers any advantage over T-piece (277).

Pressure support ventilation allows the patient to breath spontaneously; the
patient determines the overall respiratory pattern, including both the initiation and
termination of inspiration (278). As 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 administration of additional
inspiratory flow adjusted to maintain a pre-set inspiratory airway pressure. As such,
the work of each breath is performed partially by the patient and partially by the
ventilator (278,279). This allows the patient to develop a larger tidal volume (and thus
lower breathing frequency) for the same spontaneous effort (280). Pressure support
is usually started at a level which results in an adequate tidal volume and breathing
frequency. This will usually require about 15-25 cm H,0 pressure support (281) to
achieve a tidal volume of approximately 10-12 mi/kg. The level of pressure support
is then gradually decreased as long as the generated tidal volume is adequate and the
respiratory rate is not too rapid. At low levels (5-10 cm H,0) the pressure support is
likely serving principally to overcome the internal resistances of the ventilator (282)
and the patient should be considered for extubation.

Intermittent mandatory ventilation (I.M.V.) has been used to wean such patients
and the method has been well described elsewhere (270-272). We have not found
this method to be particularly useful in difficult to wean patients. During I.M.V. there
are no prolonged periods of rest as the mandatory breaths are interspersed with
spontaneous breaths. As the |.M.V. rate is lowered significantly, 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 significant
period (24-48 hours) may be required to return the patient to his previous status
(256). Further, the internal resistance of the ventilator circuit through which the
patient must breath can be considerable and may result in a.unacceptable
superimposed load and work of breathing (283).
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Of greater importance than the mode of weaning employed are all of the other
factors which determine the patients overall condition. Morganroth et al reported that
successful weaning accompanied improvement in what they called an "adverse factor
score” which attempted to quantify the patient’s overall status. In difficult to wean
patients this was more predictive than standard measures of ventilatory performance
(264). Regardless of which mode of weaning is chosen, we prefer to conduct all
weaning activities during the daytime. At night the patient is allowed to sleep and the
respiratory muscles are rested using a support mode of ventilation. Unnecessary
nocturnal interruptions such as phlebotomy, X-rays, weighing or dressing changes
should be avoided. During the day, a program is planned which incorporates the
weaning trials as well as the patient’s normal daily activities. As much as possible,
patients should be encouraged to perform the majority of these tasks for themselves
{e.g. bathing, shaving, eating, dressing). Sedatives and paralytic agents should be
avoided or at least minimized (284). Mobility should be encouraged so that the patient
is out of bed as much as possible and even ambulating with ventilatory assistance
when possible. In this context, invasive monitoring should be minimized. The patient
should be kept fully informed of plans, progress, and goals. Communication should
be facilitated as much as possible, including the use of writing pads, communication
boards, and even assisted speaking devices or fenestrations in those with
tracheostomy. Tracheostomy should be considered if the process is anticipated to be
lengthy, primarily to enhance patient comfort and mobility (285). Tracheostomy also
may allow the patient to eat.

Nutritional support has been discussed elsewhere, but should be designed to
provide adequate protein and caloric intake to meet needs while avoiding excesses
which serve only to increase the ventilatory burden through increased oxygen
consumption and carbon dioxide production (225,234,236). The patient’s
cardiovascular and volume status should be optimized. Contraction alkalosis must be
avoided as this will suppress respiration. Electrolyte abnormalities which may affect
muscle function such as hypophosphatemia (113,114), hypokalemia (117),
hypomagnesemia (115), and hypocalcemia (116) must be corrected. Underlying
endocrinopathies such as hypothyroidism (286) or adrenal insufficiency should be
suspected when appropriate (258). Adequate pharmacologic therapy must be
maintained, including bronchodilators, steroids, and antibiotics as needed. Prophylactic
measures against thromboembolism and gastric bleeding should also be considered
(139,287). With a concerted effort the vast majority of patients should be
successfully weaned; only about 2% of all patients should be expected to remain truly
ventilator dependent (23-25).

Non-invasive ventilatory assistance
In recent years there have been a number of reports of largely uncontrolled

empiric trials in which mechanical ventilatory assistance has been used to
intermittently provide respiratory support for stable patients in an effort to prevent
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nocturnal decompensation or improve overall status (288-293). These.reports have
included patients with restrictive neuromusculardisorders for whom nocturnal support
was required or patients with obstructive lung disease in whom the intent was to
provide rest for the respiratory muscles. The forms of mechanical assistance used
with these techniques are variations of modes available with standard mechanical
ventilators. These forms of therapy have been touted largely because they are "non-
invasive". This is to say that what all of these modalities have in common is that the
interface between the mechanical assist device and the patient is achieved with some
form of mask rather than a tube.

There are now reports of using these techniques in the setting of acute
respiratory failure (288,294-298). These reportsinclude myriad permutationsinvolving
the following variables: patient population; type of mask (full-face vs nasal); method
of ventilatory assistance (including full support such as C.M.V. or assist/control
volume-cycled modes and pressure-cycled modes such as I.P.P.V., inspiratory
pressure assistance such as pressure support ventilation or |.P.A.P., expiratory
positive pressure, or E.P.A.P., and continuous positive pressure such as C.P.A.P. or
P.E.E.P.); level or intensity of positive pressure; duration of use (continuous or
intermittent); and total duration of application.

The rationale for using standard support modes of ventilatory assistance is the
same whether a mask or tube is used; the patient’s ventilation is supported allowing
the respiratory system time to recover and regain respiratory muscle function. The
two most consistently reported techniques for providing supportive ventilation in
C.0.P.D. patients with acute respiratory failure are the use of controlled ventilation
via a nasal mask (295,297,298) or the use of inspiratory pressure support via a tightly
sealed full-face mask (296,299,300). When a nasal mask is used, it is usually of the
type used with nasal C.P.A.P. for patients with obstructive sleep apnea (297). Some
of these patients require chin supports to keep the mouth closed. When a full-face
mask is used it is of the type used to deliver C.P.A.P. to non-intubated patients or a
full-face anesthesia mask (296,299,300). A nasogastric tube is usually placed when
a full-face mask is used to minimize gastric distention and the risk of aspiration
(299,300). In all cases, the mask is tight fitting. Controlled ventilation is applied using
standard mechanical ventilators and standard settings are used (295,297).
Alternatively, inspiratory pressure support can be supplied using the pressure support
mode on newer ventilators or using the |.P.A.P. component of the Bi-PAP devices.
Pressure support levels are adjusted to achieve adequate minute ventilation,
respiratory rate, and tidal volume; this usually requires 20-30 cm H,O of pressure
support (296,299). Ventilatory assistance is usually provided intermittently; treatment
periods of 1-6 hours are interspersed with periods with the mask removed
(296,297,299). '
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In addition to these techniques, the use of externally applied continuous positive
pressure (C.P.A.P., P.E.E.P., or Bi-P.A.P.) has been advocated by some. The rationale
for continuous positive pressure in patients with C.0.P.D. is that external positive
pressure may offset the threshold elastic load caused by intrinsic P.E.E.P. which the
patient must overcome during inspiration (69,75,3017). In addition, positive pressure
applied during expiration may minimize dynamic airway compression and reduce air-
trapping and hyperinflation in much the same way as occurs during pursed-lips
breathing (302,303). However, this approach should be considered cautiously as
application of P.E.E.P. in any form may lead to further increases in FRC, pushing the
patient closer to TLC and the consequent risks of barotrauma (69).

Up to 30-50% of patients reported in the literature were not able to tolerate the
mask-delivered ventilation (295,296,299). Approximately two thirds those who were
able to tolerate the technique showed improvement in breathing pattern and gas
exchange parameters and were successfully managed with this technique without
resorting to mechanical ventilation (296-300). It is important to note however, that
those who were successfully managed with non-invasive techniques tended to have
better initial respiratory status. In studies in which an attempt was made to compare
the therapy to standard methods, there has been no difference with respect to overall
outcome (295,296). Also, patients who avoided intubation showed objective
improvement within the first hour or two of therapy (300).

CLINICAL RESPONSE OF COPD PATIENTS
TO MASK VENTILATION DURING ARF
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These methods are not without their problems. Complications include gastric
distention, aspiration, conjunctivitis, skin lesions, and sinus and nasal drying and
congestion (295,300). Use of masks interferes with the patients ability to
expectorate, eat, drink, speak, and receive aerosol medications. The technique is
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generally not indicated for patients who are agitated, unable to co-operate with
therapy, or who have significant difficulties with managing their airway secretions
(298).

Given our present state of knowledge, it would seem that mask-delivered
ventilatory support cannot be recommended as initial management for the majority of
patients who are in need of mechanical assistance. It should probably be restricted to
co-operative patients for whom intubation is felt to be contraindicated based upon the
patient’s overall prognosis and expressed wishes. When it is employed, it should be
done only in settings where the patient can be adequately monitored. If the patient
does not show early objective improvement (i.e. within the first 1-2 hours), then
intubation and use of conventional ventilation should be considered in those for whom
this is not otherwise precluded. The technique has also been used emperically in some
patients felt to need ventilatory assistance in the immediate post-extubation period.
If used as palliation for patients in end-of-life circumstances, these methods should
only be used to the extent that they make the patient more comfortable.

PROGNOSIS

The clinical paradox of applying group statistics in an effort to make prognostic
decisions for individuals is nowhere better demonstrated than in patients with severe
C.0.P.D. As a group they tend to do well in the short-term (though a significant
minority die or experience important morbidity) while the long-term outcome for the
group is quite poor (though a significant minority may do quite well).

Acute mortality

The acute mortality for C.0.P.D. patients admitted with acute respiratory failure
reported in the literature ranges from as low as 6% (304) to as high as 61% (22).
However, when studies including comparable and representative groups of patients
are considered, the mortality is remarkably consistent, ranging from 22 to 36%
(20,21,23,25,257,305-308) with an overall average of 28% (20,21).

Several factors influence the likelihood of surviving an acute episode of
respiratory failure. Some of these factors would be known prior to the onset of such
an episode and thus would be useful in making anticipatory decisions (e.g. Living Will
preparation) while other factors which relate to the severity of the acute illness and
which clearly influence survival would only become known after the patient presents
and treatment has been initiated. Severity of underlying lung function (20,21,23), pre-
morbid functional status. (20,21,23,305,309), and co-existing illnesses are the most
useful anticipatory predictors of outcome. The expected mortality of C.0.P.D. patients
with an acute episode of respiratory failure is 72% if the baseline F.E.V., is less than
25% of predicted or 74 % if the baseline functional status is such that the patient is
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confined to home or bed (23). Conversely, if the patient has neither of these baseline
characteristics, the expected mortality is 29%; if the patient has an F.E.V., over 40%
of predicted and is working or living independently the mortality is only 10% (23). The
presence of baseline hypercarbia or cor pulmonale may also predict higher mortality
(310). The patient’s age does not appear to affect the outcome of an episode of acute
respiratory failure independent of these other factors (311). The advent of acute
respiratory failure in patients with concomitant illnesses such as malignancy or class
IIl or IV cardiomyopathy is generally associated with mortality rates in excess of 90%
(312,313).

EFFECT OF FUNCTIONAL STATUS AND BASELINE LUNG FUNCTION
ON MORTALITY FROM ACUTE RESPIRATORY THERAPY WITH COPD
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50%

33%
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Menzies, et al, Chest 95:398(1989)

Features of the acute episode which reflect severity of illness may also have
prognostic importance. Patients who present with severe acidosis (pH less than 7.25)
have greater mortality (314-317). The presence of parenchymal or systemic infection
(pneumonia and/or sepsis) in this setting, while often considered "reversible" actually
is associated with a significantly worse prognosis (257,318). Patients whose iliness
is precipitated by an acute exacerbation of chronic bronchitis can be expected to do
exceptionally well, with 94% being discharged alive (304). Conversely, those patients
who do not appear to have any definable acute decompensation, who are manifesting
the inexorable progression of end-stage illness, can be expected to do quite poorly
(21,306). Patients who require prolonged mechanical ventilation have a significantly
worse prognosis (22); however, it is not clear whether this can be attributed to the
mechanical ventilation or if, as is more likely, this does not simply reflect the selection
of sicker, less functional patients (21). Furthermore, it does not appear that the use
of mechanical ventilation per se independently affects survival (21).
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Duration of mechanical ventilation

Fortunately, the majority of C.0.P.D. patients with acute respiratory failure can be
managed with "conservative therapy,” a term which belies the intensity of such
management and which usually is used to denote the absence of mechanical
ventilation. However, approximately 35% of patients will require (or receive)
mechanical ventilation (20). The duration of mechanical ventilation is extremely
variable and difficult to predict. The majority of patients require only a few days of
ventilatory support (258), but the average duration is from 10 to 20 days for those
requiring more than 48-72 hours of ventilaiton (23,257). Very prolonged mechanical
ventilation can. be required and about 2% become ventilator dependent indefinitely

(23,25).
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Patients discharged alive after an episode of respiratory failure tend to have
long-term survival which mirrors the natural progression of C.0.P.D. with similar lung
function impairment (21,304,319). The long-term survival of those discharged alive
is approximately 58% (range 54-75%) at one year (23,25,305,308) and 30% at five
years (305,320). Thus, of all patients admitted with acute respiratory failure due to
C.0.P.D. 72% will be discharged alive, 42% will be alive one year later, and 22% will
be alive at five years.

OUTCOME FOR COPD PATIENTS WITH
ACUTE RESPIRATORY FAILURE

HOSPITALIZED
(100%)

DIE ACUTELY DISCHARGED ALIVE
(28%) (72%)

ALIVE AT 1 YEAR
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Terminal care of the end-stage patient

Given appropriate information regarding prognosis and therapeutic options,
patients who are considered to have end-stage disease may elect to forgo certain
interventions, including mechanical ventilation, during the final stages of their disease
or with the onset of acute respiratory failure. In such circumstances, the therapy the
patient receives may nonetheless be quite intense and may legitimately be conducted
in an intensive care unit. All reasonable efforts to correct or reverse acute problems
should be made. The patient should be reassured that the decision to withhold
mechanical ventilation does not equate with the withholding of other indicated
therapy. Further, relief of the sensation of air hunger may be accomplished through
the administration of modest doses of opiates without necessarily causing significant
worsening of ventilatory function or unwarranted sedation (321,322). Anxiolytics
such as diazepam do not appear to improve dyspnea, but may cause unwanted
sedation (323). '
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APPENDIX: DRUG DOSAGE GUIDELINES FOR
C.O.P.D. PATIENTS WITH ACUTE RESPIRATORY FAILURE

Aerosolized bronchodilators:

Metered-Dose Inhaler ~ Nebulizer Solution
(with spacer) (unit dose equivalent)
Drug mg/puff dose* dose final volume
(puffs) (mg) (ml)
Albuterol .09 2-6 2.5 3 mi
Metaproterenol .65 2-6 15 2.5 mi
Isoetharine .34 2-4 5 2.5 mi
Terbutaline 20 2-6 N/A N/A
Ipratropium 02 2-6 N/A N/A

* upper dose limit not formally approved or established

Corticosteroids:

Methylprednisolone 40 mg |.V. every 6 hours for 72 hours.

Then either D/C or taper rapidly with oral prednisone starting at 40-60 mg/day

Aminophylline:

Aminophylline continuous infusion at .05-.10 mg/kg/hr.

Moniltor- drug levels and adjust to 10-15 mg/L.

34



10.

11.

12.
13.

14.

15.

16.

17.

BIBLIOGRAPHY
Dantzker DR, Pingleton SK, Pierce JA, et al. Standards for the diagnosis and care of patients with
chronic obstructive pulmonary disease (COPD) and asthma: Official statement of the American
Thoracic Society. Am Rev Respir Dis 136:225-244, 1987.
Seriff NS, Khan F, Lazo BJ. Acute respiratory failure. Med Clin North Am 57:1539-1550, 1973.
Fletcher C, Peto R. The natural history of chronic airflow obstruction. Br Med J 1:1645-1648, 1977.

Madison R, Mittman C, Afifi AA, et al. Risk factors for obstructive lung disease. Am Rev Respir Dis
124:149-153, 1981.

Centers for Disease Control. Chronic obstructive pulmonary disease mortality - United States, 1986.
JAMA 262:1301-1302, 1989. :

Tashkin DP, Clark VA, Coulson AH, et al. The UCLA population studies of chronic obstructive
respiratory disease. Am Rev Respir Dis 130:707-715, 1984.

Habib MP, Klink ME, Knudson DE, et al. Physiologic characteristics of subjects exhibiting accelerated
deterioration of ventilatory function. Am Rev Respir Dis 136:638-645, 1987.

Tonnesen P, Norregaard J, Simonsen K, et al. A double-blind trial of a 16-hour transdermal nicotine
patch in smoking cessation. N Engl J Med 325:311-315, 1991. :

Hughes JR, Gust SW, Keenan RM, et al. Nicotine vs placebo gum in general medicine practice. JAMA
261:1300-1305, 1989.

Hjalmarson AIM. Effect of nicotine chewing gum in smoking cessation. JAMA 252:2835-2838, 1984.

Fisher EB, Jr., Daire-Joshu D, Morgan GD, et al. Smoking and smoking cessation. Am Rev Respir Dis
142:702-720, 1990.

Schmidt GA, Hall JB. Acute on chronic respir'atory failure. JAMA 261:3444-3453, 1989.
Higgins MW. Chronic airways disease in the United States. Chest 96:328S-334S, 1989.

Mushlin Al, Black ER, Connolly CA, et al. The necessary length of hospital stay for chronic pulmonary
disease. JAMA 266:80-83, 1991.

Murata GH, Gorby MS, Kapsner CO. A multivariate model for predicting hospital admissions for
patients with decompensated chronic obstructive pulmonary disease. Arch Intern Med 152:82-86,
1992.
Murata GH, Gorby MS, Kapsner CO. A multivariate model for the prediction of relapse after outpatient
treatment of decompensated chronic obstructive pulmonary disease. Arch Intern Med 152:73-77,
1992.

Boring CC, Squires TS, Tong T. Cancer Statistics, 1993. CA 43:7-26, 1993.

35



18.
19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.

32,
33.
34.
35.

36.

Tager IB, Segal MR. Temporal trends in chronic obstructive lung disease case fatality in hospitalized
US veterans: 1980-1987. Chest 99:1126-1133, 1991.

Tobin MJ. Combating acute respiratory failure in your patient with COPD. J Crit lliness 6:596-606,
1991.

Hudson LD. Respiratory failure: Etiology and mortality. Respir Care 32:584-592, 1987.

Hudson LD. Survival data in patients with acute and chronic lung disease requiring mechanical
ventilation. Am Rev Respir Dis 140:5S19-S24, 1989.

Spicher JE, White DP. Outcome and function following prolonged mechanical ventilation. Arch Intern
Med 147:421-425, 1987.

Menzies R, Gibbons W, Goldberg P. Determinants of weaning and survival among patients with COPD
who require mechanical ventilation for acute respiratory failure. Chest 95:398-405, 1989.

Stoller JK. Establishing clinical unweanability. Respir Care 36:186-198, 1991.
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 105:932-943,

1972.

Mead J, Lindgren |, Gaensler EA. The mechanical properties of the lungs in emphysema. J Clin Invest
34:1005-1016, 1955.

Hyatt RE, Schilder DP, Fry DL. Relationship between maximum expiratory flow and degree of lung
inflation. J Appl Physiol 13:331-336, 1960.

Hyatt RE. The interrelationships of pressure, flow, and volume during various respiratory maneuvers
in normal and emphysematous subjects. Am Rev Respir Dis 83:676-683, 1961.

Hogg JC, Macklem PT, Thurlbeck WM, et al. Site and nature of airway obstruction in chronic
obstructive lung disease. N Engl J Med 278:1355-1360, 1968.

Reid LM. Pathology of chronic bronchitis. Lancet 1:275-278, 1954.

Wanner A. The role of mucus in chronic obstructive pulmonary disease. Chest 97:11S-15S, 1990.
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
136:550-555, 1987.

Tager |, Speizer FE. Role of infection in chronic bronchitis. N Engl J Med 292:563-571, 1975.

Monto AS, Higgins MW, Ross HW. The Tecumseh Study of Respiratory lliness. Am Rev Respir Dis
111:27-36, 1975.

Snider GL. Emphysema: The first two centuries - and beyond. Am Rev Respir Dis 146:1334-1344,
1992.

McLean KH. The pathogenesis of pulmonary emphysema. Am J Med 25:62-74, 1958.

36



37.

38.

38.

40.

41.

42.

43.

44,

45,

486.

47.

48.

49.

50.

51.

52.

53.

54,

Cosio M, Ghezzo H, Hogg JC, et al. The relations between structural changes in-small airways and
pulmonary-function tests. N Engl J Med 298:1277-1281, 1978.

Wright JL, Lawson LM, Pare PD, et al. The detection of small airways disease. Am Rev Respir Dis
129:989-994, 1984.

Hogg JC. Mechanisms of airways obstruction in COPD. Pulm Perspect 7:1-3, 1990.

McCusker K. Mechanisms of respiratory tissue injury from cigarette smoking. Am J Med 93:18S-21S,
1992.

Katgely B, Ulmer WT. Histamine generation by bacteria in sputum of patients with chronic obstructive
airway disease. Klin Wochenschr 66:92-95, 1988.

Butler J, Caro CG, Alcala R, et al. Physiological factors affecting airway resistance in normai subjects
and in patients with obstructive respiratory disease. J Clin Invest 39:584-591, 1960.

Snider GL. Changes in COPD occurrence. Chronic obstructive pulmonary disease: A definition and
implications of structural determinants of airflow obstruction for epidemiology. Am Rev Respir Dis
140:83-S8, 1989.

Niewoehner DE. The role of chronic bronchitis in the pathogenesis of chronic obstructive pulmonary
disease. Sem Respir Infect 3:14-26, 1988.

Mead J, Turner JM, Macklem PT, et al. Significance of the relationship between lung recoil and
maximum expiratory flow. J Appl Physiol 22:95-108, 1967.

Douglas A, Simpson D, Merchant S, et al. The measurement of endomural bronchial (or "squeeze")
pressures in bronchitis and asthma. Am Rev Respir Dis 93:693-702, 1966.

Stevens PM, Orman BF, Graves G, Jr. Contributions of lung recoil and airway resistance to forced
expiratory flow limitation. Am Rev Respir Dis 100:54-62, 1969.

Pride NB, Permutt S, Riley RL, et al. Determinants of maximal expiratory flow from the lungs. J Appl
Physiol 23:646-662, 1967.

Gross NJ. COPD: A disease of reversible air-flow obstruction. Am Rev Respir Dis 133:725-726,
1986.

Gross NJ, Skorodin MS. Role of the parasympathetic system in airway obstruction due to emphysema.
N Engl J Med 311:421-425, 1984.

Ingram RH, Jr., McFadden ER, Jr. Localization and mechanisms of airway responses. N Engl J Med
297:596-600, 1977. '

Robinson DR, Chaudhary BA, Speir WA, Jr. Expiratory flow limitation in large and small airways. Arch
Intern Med 144:1457-1460, 1984.

Higenbottam T, Payne J. Glottis narrowing in lung disease. Am Rev Respir Dis 125:746-750, 1982.

Heffner JE, Miller KS, Sahn SA. Tracheostomy in the Intensive Care Unit. Part 2: Complications.
Chest 90:430-436, 1986.

37



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Sahn SA, Lakshminarayan S, Petty TL. Weaning from mechanical ventilation. JAMA 235:2208-2212,
1976.

Wright ISE, Marini JJ, Bernard GR. In vitro versus in vivo comparison of endotracheal tube airflow
resistance. Am Rev Respir Dis 140:10-16, 1989.

West JB. Ventilation-perfusion relationships. Am Rev Respir Dis 116:919-943, 1977.
Dantzker DA. Ventilation-perfusion inequality in lung disease. C_:hest 91:749-754, 1987.

Gorini M, Spinelli A, Ginanni R, et al. Neural respiratory drive and neuromuscular coupling in patients
with chronic obstructive pulmonary disease (COPD). Chest 98:1179-1186, 1990.

Skatrud JB, Dempsey JA, Bhonsali P, et al. Determinants of chronic carbon dioxide retention and its
correc.;ion in humans. J Clin Invest 655:813-821, 1980.

Parot S, Miara B, Milic-Emili J, et al. Hypoxemia, hypercapnia, and breathing pattern in patients with
chronic obstructive pulmonary disease. Am Rev Respir Dis 126:882-886, 1982.

Cherniack RM. The oxygen consumption and efficiency of the respiratory muscles in health and
emphysema. J Clin Invest 38:494-499, 1959.

Wilson RH, Borden CW, Ebert RV, et al. A comparison of the effect of voluntary hyperventilation in
normal persons, patients with pulmonary emphysema, and patients with cardiac disease. J Lab Clin
Med 36:119-126, 1950..

Grimby G, Takishima T, Graham W, et al. Frequency dependence of flow resistance in patients with
obstructive lung disease. J Clin Invest 47:1455-1465, 1968.

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
138:355-361, 1988.

Kimball WR, Leith DE, Robins AG. Dynamic hyperinflation and ventilator dependence in chronic
obstructive pulmonary disease. Am Rev Respir Dis 126:991-995, 1982.

Rossi A, Gottfried SB, Zocchi L, et al. Measurement of static compliance of the total respiratory
system in patients with acute respiratory failure during mechanical ventilation. Am Rev Respir Dis
131:672-677, 1985.

Pepe PE, Marini JJ. Occult positive end-expiratory pressure in mechanically ventilated patients with
airflow obstruction. Am Rev Respir Dis 126:166-170, 1982.

Marini JJ. Should PEEP be used in airflow obstruction? Am Rev Respir Dis 140:1-3, 1989.

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 141:1194-1197, 1990.

Gay PC, Rodarte JR, Hubmayr RD. The effects of positive expiratory pressure on isovolume flow and

dynamic hyperinflation in patients receiving mechanical ventilation. Am Rev Respir Dis 139:621-626,
1989. .

38



72.
73.
74.
75.
76.
| 77.
78.
79.
80.
81.
82.
83.
84.

85.
86.

87.
88.

89.

Gribbin HR, Gardiner IT, Heinz GJ, lll., et al. Role of impaired inspiratory muscle function in limiting
the ventilatory response to carbon dioxide in chronic airflow obstruction. Clin Sci 647:487-495, 1983.

Bergman NA. Intrapulmonary gas trapping during mechanical ventilation at rapid frequencies.
Anesthes 37:626-633, 1972.

Garrard CS, Lane DJ. The pattern of breathing in patients with chronic airflow obstruction. Clin Sci
56:215-221, 1979.

Fleury B, Murciana D, Talamo C. Work of breathing in patients with chronic obstructive pulmonary
disease in acute respiratory failure. Am Rev Respir Dis 131:822-827, 1985.

Benson MS, Pierson DJ. Auto-PEEP during mechanical ventilation of adults. Respir Care 33:557-568,
1988. :

Rochester DF, Arora NS, Braun NMT, et al. The respiratory muscles in chronic obstructive pulmonary
disease (COPD). Bull Europ Physiopath Resp 15:951-975, 1979.

Farkas GA, Roussos C. Diaphragm in emphysematous hamsters: sarcomere adaptability. J Appl
Physiol 54:1635-1640, 1983.

Similowski T, Yan S, Gauthier AP, et al. Contractile properties of the human diaphragm during chronic
hyperinflation. N Engl J Med 325: 917-923, 1991.

Rochester DF. The diaphragm in COPD: Better than expected, but not good enough. N Engl J Med
325:961-962, 1991.

Smith J, Bellemare F. Effect of lung volume on in vivo contraction characteristics of human diaphragm.
J Appl Physiol 62:1893-1900, 1987.

Sharp JT. The respiratory muscles in chronic obstructive pulmonary -disease. Am Rev Respir Dis
134:1089-1091, 1986.

Pitcher WD, Cunningham HS. Oxygen cost of increasing tidal volume and diaphragm flattening in
obstructive pulmonary disease. J Appl Physiol 1993 (In Press).

Bellemare F, Grassino A. Force reserve of the diaphragm in patients with chronic obstructive
pulmonary disease. J Appl Physiol 55:8-15, 1983.

Roussos C, Macklem PT. The respiratory muscles. N Engl J Med 307:786-797, 1982.
Fishman AP. Vasomotor regulation of the pulmonary circulation. Ann Rev Physiol 42:211-220, 1980.

Marangoni S, Scalvini S, Schena M, et al. Right ventricular diastolic function in chronic obstructive
lung disease. Eur Respir J 5:438-443, 1992, y

Tuxen DV. Detrimental effects of positive end-expiratori/ pressure during controlled mechanical
ventilation of patients with severe airflow obstruction. Am Rev Respir Dis 140:5-9, 1989.

Brashear RE. Arrhythmias in patients with chronic obstructive pulmonary disease. Med Clin North Am
68:969-981, 1984. :

39



90.
91.
92.
93.
94.
95,
96.
97.
98.

99.

100.

101.

102.
103.

104.

105.

106.

107.

Libby DM, Briscoe WA, King TKC. Relief of hypoxia-related bronchoconstriction by breathing 30
percent oxygen. Am Rev Respir Dis 123:171-175, 1981.

Astin TW, Penman RWB. Airway obstruction due to hypoxemia in patients with chronic lung disease.
Am Rev Respir Dis 95:567-575, 1967.

Jardim J, Farkas G, Prefaut C, et al. The failing inspiratory muscles under normoxic and hypoxic
conditions. Am Rev Respir Dis 124:274-279, 1981.

Gibson GE, Pulsinelli W, Blass JP, et al. Brain dysfunction in mild to moderate hypoxia. Am J Med
70:1247-1254, 1981.

Aubier M, Murciano D, Fournier M, et al. Central respiratory drive in acute respiratory failure of
patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 122:191-199, 1980.

Altose MD, McCauley WC, Kelsen SG. Effects of hypercapnia and inspiratory flow-resistive loading
on respiratory activity in chronic airways obstruction. J Clin Invest 59:500-507, 1977.

Lourenco RV, Miranda JM. Drive and performance of the ventilatory apparatus in chronic obstructive
lung disease. N Engl J Med 279:53-59, 1968.

Campbell EJM. The management of acute respiratory failure in chronic bronchitis and emphysema.
Am Rev Respir Dis 96:626-639, 1967.

Bone RC, Pierce AK, Johnson RL. Controlled oxygen administration in acute respiratory failure in
chronic obstructive pulmonary disease. Am J Med 65:896-902, 1978.

Aubier M, Murciano D, Milic-Emili J, et al. Effects of the administration of 02 on ventilation and blood .
gases in patients with chronic obstructive pulmonary disease during acute respiratory failure. Am Rev
Respir Dis 122:747-754, 1980.

Dunn WF, Nelson SB, Hubmayr RD. Oxygen-induced hypercarbia in obstructive pulmonary disease.
Am Rev Respir Dis 144:526-530, 1991.

Lee J, Read J. Effect of oxygen breathing on distribution of pulmonary blood flow in chronic
obstructive lung disease. Am Rev Respir Dis 96:1173-1180, 1967. ‘

West JB. Causes of carbon dioxide retention in lung disease. N Engl J Med 284:1232-1236, 1971.
West JB. Assessing pulmonary gas exchange. N Engl J Med 316:1336-1338, 1987.

NOTT Group. Continuous or nocturnal oxygen therapy in hypoxemic chronic obstructive lung disease.
Ann Intern Med 93:391-398, 1980.

Cullen JH, Kaemmerlen JT. Effect of oxygen administration at low rates of flow in hypercapnic
patients. Am Rev Respir Dis 95:116-120, 1967.

Howell S, Fitzgerald RS, Roussos C. Effects of uncompensated and compensated metabolic acidosis
on canine diaphragm. J Appl Physiol 59:1376-1382, 1985.

Juan G, Calverley P, Talamo C, et al. Effect of carbon dioxide on diaphragmatic function in human
beings. N Engl J Med 310:874-879, 1984.

40



108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.

119.

120.
121.
122.
123.

124.

Aubier M, Trippenbach T, Roussos C. Respiratory muscle fatigue during cardiogenic shock. J Appl
Physiol 51:499-508, 1981.

Viires N, Sillye G, Aubier M, et al. Regional blood flow distribution in dog during induced hypotension
and low cardiac output. J Clin Invest 72:935-947, 1983.

Rochester DF. Body weight and respiratory muscle function in chronic obstructive pulmonary disease.
Am Rev Respir Dis 134:646-648, 1986.

Arora NS, Rochester DF. Respiratory muscle strength and maximal voluntary ventilation in
undernourished patients. Am Rev Respir Dis 126:5-8, 1982.

Wilson DO, Rogers RM, Sanders MH, et al. Nutritional intervention in malnourished patients with
emphysema. Am Rev Respir Dis 134:672-677, 1986.

Aubier M, Murciano D, Lecocguic Y, et al. Effect of hypophosphatemia on diaphragmatic contractility
in patients with acute respiratory failure. N Engl J Med 313:420-424, 1985.

Laaban J, Grateau G, Psychoyos |, et al. Hypophosphatemia induced by mechanical ventilation in
patients with chronic obstructive pulmonary disease. Crit Care Med 17:1115-1120, 1989.

Molloy DW, Dhingra S, Solven F, et al. Hypomagnesemia and respiratory muscle power. Am Rev
Respir Dis 129:497-498, 1984.

Aubier M, Viires N, Piquet J, et al. Effects of hypocalcemia on diaphragmatic strength generation. J
Appl Physiol 58:2054-2061, 1985. 5

Tillman CR. Hypokalemic hypoventilation complicating severe diabetic ketoacidosis. South Med J
73:231-233, 1980.

Perez RL, Francis PB. Acute respiratory failure in COPD: Today’s therapeutic approaches. J Crit
lliness 3:12-25, 1988. '

Smith CB, Golden CA, Kanner RE, et al. Association of viral and Mycoplasma pneumoniae infections
with acute respiratory illness in patients with chronic obstructive pulmonary diseases. Am Rev Respir
Dis 121:225-232, 1980.

Beaty CD, Grayston JT, Wang SP, et al. Chlamydia pneumoniae, strain TWAR, infection in patients
with chronic obstructive pulmonary disease. Am Rev Respir Dis 144:1408-1410, 1991.

Smith CB, Golden C, Klauber MR, et al. Interactions between viruses and bacteria in patients with
chronic bronchitis. J Infect Dis 134:552-561, 1976.

Schreiner A, Bjerkestrand G, Digranes A, et al. Bacteriological findings in the transtracheal aspirate
from patients with acute exacerbation on chronic bronchitis. Infection 6:54-56, 1978.

Clementsen P, Kristensen KS, Norn S. Microorganisms and exacerbation of chronic obstructive
pulmonary diseases: pathophysiological mechanisms. Allergy 47:195-202, 1992,

Cazzola M, Matera MG, Rossi F. Bronchial hyperresponsiveness and bacterial respiratory infections.
Clin Ther 137:157-171, 1991.

41



125.
126.
127.
128.
129,
| 130.
131.
132.
133,

134.

135.
136.
137.
138.
139.
140.

141.

Rodrigues J, Niederman MS, Fein AM, et al. Nonresolving pneumonia in steroid-treated patients with
obstructive lung disease. Am J Med 93:29-34, 1992,

Crean JM, Niederman MS, Fein AM. Rapidly progressive respiratory failure due to Aspergillus
pneumonia: A complication of short-term corticosteroid therapy. Crit Care Med 20:148-150, 1992.

Wiest PM, Flanigan T, Salata RA, et al. Serious infectious complications of corticosteroid therapy for
COPD. Chest 95:1180-1184, 1989.

Lippmann M, Fein A. Pulmonary embolism in the patient with chronic obstructive pulmonary disease.
Chest 79:39-42, 1981.

Fanta CH, Wright TC, McFadden ER, Jr. Differentiation of recurrent pulmonary emboli from chronic
obstructive lung disease as a cause of cor pulmonale. Chest 79:92-95, 1981.

PIOPED Investigators. Value of the ventilation/perfusion scan in acute pulmonary embolism. JAMA
263:2753-2759, 1990.

Alderson PO, Biello DR, Sachariah G, et al. Scintigraphic detection of pulmonary embolism in patients
with obstructive pulmonary disease. Radiology 138:661-666, 1981.

Hull RD, Raskob GE. Low-probability lung scan findings: A need for change. Ann Intern Med
114:142-143, 1991.

Hull RD, Raskob GE, Coates G, et al. Clinical validity of a normal perfusion lung scan in patients with
suspected pulmonary embolism. Chest 97:23-26, 1990.

Hull RD, Hirsh J, Carter CJ, et al. Pulmonary angiography, ventilation lung scanning, and venography
for clinically suspected pulmonary embolism with abnormal perfusion lung scan. Ann Intern Med
98:891-899, 1983.

Hull RD, Raskob GE, Coates G, et al. A new noninvasive management strategy for patients with
suspected pulmonary embolism. Arch Intern Med 149:2549-2555, 1989.

Stein PD, Athanasoulis C, Alavi A, et al. Complications and validity of pulmonary angiography in acute
pulmonary embolism. Circulation 85:462-468, 1992.

Goldhaber SZ. Evolving concepts in thrombolytic therapy for pulmonary embolism. Chest
101:183S-185S, 1992.

Sherry S, Bell WR, Duckert FH, et al. Thrombolytic therapy in thrombosis: A National Institutes of
Health Consensus Development Conference. Ann Intern Med 93:141-144, 1980.

Sherman S, Skoney JA, Ravikrishnan KP. Routine chest radiographs in exacerbations of chronic
obstructive pulmonary disease. Arch Intern Med 149:2493-2496, 1989.

Rosen RL, Bone RC. Treatment of acute exacerbations in chronic obstructive pulmonary disease. Med
Clin North Am 74:691-700, 1990.

Christensen EE, Dietz GW. Subpulmonic pneumothorax in patients with chronic obstructive pulmonary
disease. Radiology 121:33-37, 1976.

42



142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

163.

154,

1565.

156.

157.

158.

159.

Videm V, Pillgram-Larsen J, Ellingsen O, et al. Spontaneous pneumothorax in chronic obstructive
pulmonary disease: Complications, treatment and recurrences. Eur J Respir Dis 71:365-371, 1987.

O’Connor GT, Sparrow D, Weiss ST. The role of allergy and nonspecific airway hyper responsiveness
in the pathogenesis of chronic obstructive pulmonary disease. Am Rev Respir Dis 140:225-252, 1989.

Schwartz J. Particulate air pollution and daily mortality in Detroit. Environ Res 56:204-213, 1991.

Schwartz J, Dockery DW. Increased mortality in Philadelphia associated with daily air pollution
concentrations. Am Rev Respir Dis 145:600-604, 1992.

Degaute JP, Domenighetti G, Naeije R, et al. Oxygen delivery in acute exacerbation of chronic
obstructive pulmonary disease. Am Rev Respir Dis 124:26-30, 1981.

Mannix ET, Manfredi F, Palange P, et al. Oxygen may lower the 02 cost of ventilation in chronic
obstructive lung disease. Chest 101:910-915, 1992.

Potkin RT, Swenson ER. Resuscitation from severe acute hypercapnia. Chest 102:1742-1745, 1992.

Raemer DB, Calalang |I. Accuracy of end-tidal carbon dioxide tension analyzers. J Clin Monitor
7:195-208, 1991.

Rudolf M, Banks RA, Semple SJG. Hypercapnia during oxygen therapy in acute exacerbations of
chronic respiratory failure. Lancet 483-486, 1977.

Karpel JP, Pesin J, Greenberg D, et al. A comparison of the effects of ipratropium bromide and
metaproterenol sulfate in acute exacerbations of COPD. Chest 98:835-839, 1990.

Patrick DM, Dales RE, Stark RM, et al. Severe exacerbations of COPD and asthma. Chest
98:295-297, 1990.

Lloberes P, Ramis L, Montserrat JM, et al. Effect of three different bronchodilators during an
exacerbation of chronic obstructive pulmonary disease. Eur Respir J 1:536-539, 1988.

Gross NJ. Ipratropium bromide. N Engl J Med 319:486-494, 1988.

Fernandez A, Lazaro A, Garcia A. Bronchodilators in patients with chronic obstructive pulmonary
disease on mechanical ventilation. Am Rev Respir Dis 141:164-168, 1990.

Karpel J. Bronchodilator responses to anticholinergic and beta-adrenergic agents in acute and stable
COPD. Chest 99:871-876, 1991.

Braun SR, Levy SF, Grossman J. Comparison of ipratropium bromide and albuterol in chronic
obstructive pulmonary disease: A three-center study. Am J Med 91:28S-32S, 1991.

Shrestha M, O'Brien T, Haddox R, et al. Decreased duration of emergency department treatment of
chronic obstructive pulmonary disease exacerbations with the addition of ipratropium bromide to
B-agonist therapy. Ann Emerg Med 20:1206-1209, 1991.

Belman MJ, Soo Hoo GW, Kuei JH, et al. Efficacy of positive vs negative pressure ventilation in
unloading the respiratory muscles. Chest 98:850-856, 1990.

43



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Gross NJ, Bankwala Z. Effects of an anticholinergic bronchodilator on arterial blood gases of
hypoxemic patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 136:1091-1094,
1987.

Intermittent Positive Pressure Breathing Trial Group. Intermittent positive pressure breathing therapy
of chronic obstructive pulmonary disease. Ann Intern Med 99:612-620, 1983.

Gillett MK, Briggs BA, Snashall PD. The influence of aerosol retention and pattern of deposition on
bronchial responsiveness to atropine and methacholine in humans. Am Rev Respir Dis
140:1727-1733, 1989.

Newhouse MT, Dolovich MB. Control of asthma by aerosols. N Engl J Med 315:870-889, 1986.
Tobin MJ. Use of bronchodilator aerosols. Arch Intern Med 145:1659-1663, 1985.

Newhouse MT, Dolovich M. Aerosol therapy of reversible airflow obstruction. Chest 91:58S-64S,
1987.

Newhouse M, Dolovich M. Aerosol therapy: nebulizer vs metered dose inhaler. Chest 91:799-800,
1987.

Konig P. Spacer devices used with metered-dose inhalers. Breakthrough or gimmick? Chest
88:276-284, 1985.

Tobin MJ, Jenouri G, Danta |, et al. Response to bronchodilator drug administration by a new reservoir
aerosol delivery system and a review of other auxiliary delivery systems. Am Rev Respir Dis
126:670-675, 1982.

DeBlaquiere P, Christensen DB, Warter WB, et al. Use and misuse of metered-dose inhalers by patients
with chronic lung disease. Am Rev Respir Dis 140:910-916, 1989.

Kim CS, Eldridge MA, Sackner MA. Oropharyngeal deposition and delivery aspects of metered-dose
inhaler aerosols. Am Rev Respir Dis 135:157-164, 1987.

Cissik JH, Bode FR, Smith JA. Double-blind crossover study of five bronchodilator medications and
two delivery methods in stable asthma. Chest 90:489_-493, 1986.

Gervais A, Begin P. Bronchodilatation with a metered-dose inhaler plus an extension, using tidal
breathing vs jet nebulization. Chest 92:822-824, 1987.

Jenkins SC, Heaton RW, Fulton TJ, et al. Comparison of domiciliary nebulized salbutamol and
salbutamol from a metered-dose inhaler in stable chronic airflow limitation. Chest 91:804-807, 1987.

Mestitz H, Copland JM, McDonald CF. Comparison of outpatient nebulized vs metered dose inhaler
terbutaline in chronic airflow obstruction. Chest 96:1237-1240, 1989.

Turner JR, Corkery KJ, Eckman D, et al. Equivalence of continuous flow nebulizer and metered-dose
inhaler with reservoir bag for treatment of acute airflow obstruction. Chest 93:476-481, 1988.

Salzman GA, Steele MT, Pribble JP, et al. Aerosolized metaproterenol in the treatment of asthmatics
with severe airflow obstruction. Chest 95:1017-1020, 19889.

44



177.

178.

179.

180.

181.

182.

183,

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Bowton DL, Goldsmith WM, Haponik EF. Substitution of metered-dose inhalers for hand-held

nebulizers. Chest 101:305-308, 1992.

Jasper AC, Mohsenifar Z, Kahan S, et al. Cost-benefit comparison of aerosol bronchodilator delivery
methods in hospitalized patients. Chest 91:614-618, 1991.

Summer W, Elston R, Tharpe L, et al. Aerosol bronchodilator delivery methods. Arch Intern Med
149:618-623, 1989.

Berry RB, Shinto RA, Wong FH, et al. Nebulizer vs spacer for bronchodilator delivery in patients
hospitalized for acute exacerbations of COPD. Chest 96:1241-1246, 19889.

Maguire GP, Newman T, DeLorenzo LJ, et al. Comparison of hand-held nebulizer with a metered dose
inhaler-spacer combination in acute obstructive pulmonary disease. Chest 100:1300-1305, 1991.

Dolovich MB, Sanchis J, Rossman C, et al. Aerosol penetrance: a sensitive index of peripheral airways
obstruction. J Appl Physiol 40:468-471, 1976.

Nilsestuen J, Fink J, Witek T, Jr., et al. AARC clinical practice guidelines: Selection of aerosol delivery
device. Respir Care 37:891-897, 1992.

Moss K, McDonald A, Ferrara L, et al. Metered dose inhaler vs compressor driven nebulizer in the
delivery of metaproterenol. Chest 88:53S, 1985.

Hill NS. The use of theophylline in "irreversible" chronic obstructive pulmonary disease. Arch Intern
Med 148:2579-2584, 1988.. ,

Dull WL, Alexander MR, Sadoul P, et al. The efficacy of isoproterenol inhalation for predicting the
response to orally administered theophylline in chronic obstructive pulmonary disease. Am Rev Respir
Dis 126:656-659, 1982.

Thomas P, Pugsley JA, Stewart JH. Theophylline and salbutamol improve pulmonary function in
patients with irreversible chronic obstructive pulmonary disease. Chest 101:160-165, 1992.

Eaton ML, Green BA, Church TR, et al. Efficacy of theophylline in "irreversible" airflow obstruction.
Ann Intern Med 92:758-761, 1980. ;

Filuk RB, Easton PA, Anthonisen NR. Responses to large doses of salbutamol and theophylline in
patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 132:871-874, 1985.

Bleecker ER, Britt EJ. Acute bronchodilating effects of ipratropium bromide and theophylline in chronic
obstructive pulmonary disease. Am J Med 91:4A-24S-4A-27S, 1991.

Murciano D, Auclair M-H, Pariente R, et al. A randomized, controlled trial of theophylline in pafients
with severe chronic obstructive pulmonary disease. N Engl J Med 320:1521-1525, 1989.

Murciano D, Aubier M, Lecocguic Y, et al. Effects of theophylline on diaphragmatic strength and
fatigue in patients with chronic obstructive pulmonary disease. N Engl J Med 311:349-353, 1984.

Aubier M. Pharmacotherapy of respiratory muscles. Clinics Chest Med 9:311-324, 1988.

45



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

Aubier M, DeTroyer A, Sampson M, et al. Aminophylline improves diaphragmatic contractility. N Engl
J Med 305:249-252, 1981. ¥ :

Jones DA, Howell S, Roussos C, et al. Low-frequency fatigue in isolated skeletal muscles and the
effects of methylxanthines. Clin Sci 63:161-167, 1982.

Kolbeck RC, Speir WA. Diltiazem, verapamil, and nifedipine inhibit theophylline-enhanced
diaphragmatic contractility. Am Rev Respir Dis 139:139-145, 1989.

Matthay RA, Berger HJ, Davies R, et al. Improvement in cardiac performance by oral long-acting
theophylline in chronic obstructive pulmonary disease. Am Heart J 104:1022-1026, 1982.

Ziment |. Theophylline and mucociliary clearance. Chest 92:38S-43S, 1987.
Zarowitz BJ, Pancorbo S, Dubey J, et al. Variability in theophylline volume of distribution and
clearance in patients with acute respiratory failure requiring mechanical ventilation. Chest 93:379-385,

1988.

Emerman CL, Connors AF, Lukens TW, et al. Theophylline concentrations in patients with acute
exacerbation of COPD. Am J Emerg Med 8:289-292, 1990.

Butts JD, Secrest B, Berger R. Nonlinear theophylline pharmacokinetics. Arch Intern Med
151:2073-2077, 1991.

Schiff GD, Hegde HK, LaCloche L, et al. Inpatient theophylline toxicity: Preventable factors. Ann
Intern Med 114:748-753, 1991.

Jenne JW. Theophylline as a bronchodilator in COPD and its combination with inhaled B-adrenergic
drugs. Chest 92:7S-14S, 1987.

Rice KL, Leatherman JW, Duane PG, et al. Aminophylline for acute exacerbations of chronic
obstructive pulmonary disease. Ann Intern Med 107:305-309, 1987.

Nicotra MB, Rivera M, Awe RJ. Antibiotic therapy of acute exacerbations of chronic bronchitis. Ann

"Intern Med 97:18-21, 1982.

Anthonisen NR, Manfreda J, Warren CPW. Antibiotic therapy in exacerbations of chronic obstructive
pulmonary disease. Ann Intern Med 106:196-204, 1987.

Lode H. Respiratory tract infections: When is antibiotic therapy indicated? Clin Ther 13:149-156,
1991.

Mendella LA, Manfreda J, Warren CPW, et al. Steroid response in stable chronic obstructive
pulmonary disease. Ann Intern Med 96:17-21, 1982.

Callahan CM, Dittus RS, Katz BP. Oral corticosteroid therapy for patients with stable chronic
obstructive pulmonary disease. Ann Intern Med 114:216-223, 1991.

Stoller JK. Systemic corticosteroids in stable chronic obstructive pulmonary disease. Do they work?
Chest 91:155-156, 1987.

46



211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222,

223.

224,

225,

226.

227,

228.

229,

Albert RK, Martin TR, Lewis SW. Controlled clinical trial of methylprednisolone in patients with chronic
bronchitis and acute respiratory insufficiency. Ann Intern Med 92:753-758, 1980.

Haskell RJ, Wong BM, Hansen JE. A double-blind, randomized clinical trial of methylprednisolone in
status asthmaticus. Arch Intern Med 143:1324-1327, 1983.

May DB, Munt PW. Physiologic effects of chest percussion and postural drainage in patients with
stable chronic bronchitis. Chest 75:29-32, 1979.

Sutton PP, Parker RA, Webber BA, et al. Assessment of the forced expiration technique, postural
drainage and directed coughing in chest physiotherapy. Eur J Respir Dis 64:62-68, 1983.

Connors AF,Jr., Hammon WE, Martin RJ, et al. Chest physical therapy. Chest 78:559-564, 1980.

Klein P, Kemper M, Weissman C, et al. Attenuation of the hemodynamic responses to chest physical
therapy. Chest 93:38-42, 1988.

Graham WGB, Bradley DA. Efficacy of chest physiotherapy and intermittent positive-pressure
breathing in the resolution of pneumonia. N Engl J Med 299:624-627, 1978.

Hammon WE, Connors AF, Jr., McCaffree DR. Cardiac arrhythmias during postural drainage and chest
percussion of critically ill patients. Chest 102:1836-1841, 1992.

Marini JJ, Pierson DJ, Hudson LD. Acute lobar atelectasis: A prospective comparison of fiberoptic
bronchoscopy and respiratory therapy. Am Rev Respir Dis 119:971-978, 1979.

Petty TL. The National Mucolytic Study. Chest 97:75-83, 1990.

Parr GD, Huitson A. Oral fabrol (oral N-acetyl-cysteine) in chronic bronchitis. Br J Dis Chest
81:341-348, 1987.

Shim C, King M, Williams MH, Jr. Lack of effect of hydration on sputum production in chronic
bronchitis. Chest 92:679-682, 1987.

Yarbrough, W.C. Nutrition in the /CU, Medical Grand Rounds, UT Southwestern Medical Center, 1992.

Hunter AMB, Carey MA, Larsh HW. The nutritional status of patients with chronic obstructive
pulmonary disease. Am Rev Respir Dis 124:376-381, 1981.

Driver AG, McAlevy MT, Smith JL. Nutritional assessment of patients with chronic obstructive
pulmonary disease and acute respiratory failure. Chest 82:568-571, 1982.

Openbrier DR, Irwin MM, Rogers RM, et al. Nutritional status and lung function in patients with
emphysema and chronic bronchitis. Chest 83:17-22, 1983.

Rogers RM, Dauber JH, Sanders MH, et al. Nutrition and COPD. Chest 85:63S-66S, 1984.

Donahoe M, Rogers RM. Nutritional assessment and support in chronic obstructive pulmonary disease.
Clinics Chest Med 11:487-504, 1990.

Wilson DO, Rogers RM, Hoffman RM. Nutrition and chronic lung disease. Am Rev Respir Dis
132:1347-1365, 1985.

47



230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241,

242,

243.

244,

245,

246.

Kelly SM, Rosa A, Field S, et al. Inspiratory muscle strength and body composition in patients
receiving total parenteral nutrition therapy. Am Rev Respir Dis 130:33-37, 1984.

Bassili HR, Deitel M. Effect of nutritional support on weaning patients off mechanical ventilators.
JPEN 5:161-163, 1981.

Rose W. Total parenteral nutrition and the patient with chronic obstructive pulmonary disease. J
Intrav Nurs 15:18-23, 1992.

Dark DS, Pingleton SK, Kerby GR. Hypercapnia during weaning. Chest 88:141-143, 1985.

Covelli HD, Black JW, Olsen MS, et al. Respiratory failure precipitated by high carbohydrate loads.
Ann Intern Med 95:579-581, 1981.

Angelillo VA, Bedi S, Durfee D, et al. Effects of low and high carbohydrate feedings in ambulatory
patients with chronic obstructive pulmonary disease and chronic hypercapnia. Ann Intern Med
103:883-885, 1985.

Talpers SS, Romberger DJ, Bunce SB, et al. Nutritionally associated increased carbon dioxide
production. Chest 102:551-555, 1992. '

Harris, J.A. and Benedict, F.G. Standard basal metabolism constants for physiologists and clinicians:
A biometric study of basal metabolism in man, Philadelphia:J.B. Lippincott, 1919. pp. 223-250.

Schols AMWLJ, Fredrix EWHM, Soeters PB, et al. Resting energy expenditure in patients with chronic
obstructive pulmonary disease. Am J Clin Nutr 54:983-987, 1991.

Branson RD, Hurst JM, Warner BW, et al. Measured versus predicted energy expenditure in
mechanically ventilated patients with chronic obstructive pulmonary disease. Respir Care 32:748-752,
1987.

Liggett SB, Renfro AD. Energy expenditures of mechanically ventilated nonsurgical patients. Chest
98:682-686, 1990.

Marini JJ, Capps JS, Culver BH. The inspiratory work of breathing during assisted mechanical
ventilation. Chest 86:612-617, 1985.

Pierce, A.K. Mechanical ventilation of the critically ill patient. Conventional and new techniques,
Medical Grand Rounds, UT Southwestern Medical Center, 1991.

Pingleton SK. Mechanical ventilation and barotrauma. Pulm Perspect 8:4-6, 1991.

Kilburn KH. Shock, seizures, and coma with alkalosis during mechanical ventilation. Ann Intern Med
65:977-984, 1966.

Connors AF, McCaffree DR, Gray BA. Effect of inspiratory flow rate on gas exchange during
mechanical ventilation. Am Rev Respir Dis 124:537-543, 1981.

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
136:872-879, 1986. '

48



247.
248.
249.
250.
251.

252.

253.
254,
255.
256.
257.
258.
259.
260.
261.
262.

263.

Williams TJ, Tuxen DV, Scheinkestel CD, et al. Risk factors for morbidity in mechanically ventilated
patients with acute severe asthma. Am Rev Respir Dis 146:607-615, 1992.

Hughes JM, Saez J. Effects of nebulizer mode and position in a mechanical ventilator curcuut on dose
efficiency. Respir Care 32: 1131 1135, 1987.

Rau JJ, Harwood RJ, Groff JL. Evaluation of a reservoir device for metered-dose bronchodilator
delivery to intubated adults. Chest 102:924-930, 1992.

O’'Doherty MJ, Thomas SHL, Page CJ, et al. Delivery of a nebulized aerosol to a lung model during
mechanical ventilation. Am Rev Respir Dis 146:383-388, 1992.

Quinn WW. Effect of a new nebulizer position on aerosol delivery during mechanical ventilation: A
bench study. Respir Care 37:423-431, 1992.

Hess D, Horney D, Snyder T. Medication-delivery performance of eight small-volume, hand-held
nebulizers: Effects of diluent volume, gas flowrate, and nebulizer model. Respir Care 34:717-723,
1989.

Fuller HD, Dolovich MG, Posmituck G, et al. Pressurized aerosol versus jet aerosol delivery to
mechanically ventilated patients. Am Rev Respir Dis 141:440-444, 1990.

Gay PC, Patel HG, Nelson SB, et al. Metered dose inhalers for bronchodiiator delivery in intubated,
mechanically ventilated patients. Chest 99:66-71, 1991.

Grassino A, Macklem PT. Respiratory muscle fatigue and ventilator failure. Ann Rev Med 35:625-647,
1984.

Braun NMT, Faulkner J, Hughes RL, et al. When should respiratory muscles be exercised? Chest
84:76-84, 1983.

Kaelin RM, Assimacopoulos A, Chevrolet JC. Failure to predict six-month survival of patients with
COPD requiring mechanical ventilation by analysis of simple indices. Chest 971:978, 9293.

Morganroth ML, Grum CM. Weaning from mechanical ventilation. J Intensive Care Med 3:109-120,
1988.

Fiastro JF, Habib MP, Shon BY, et al. Comparison of standard weaning parameters and the mechanical
work of breathing in mechanically ventilated patients. Chest 94:232-238, 1988.

Gilbert R, Auchincloss JH, Jr., Peppi D, et al. The first two hours off a respirator. Chest 65:152-157,
1974.

Tobin MJ, Perez W, Guenther SM, et al. Does rib cage-abdominal paradox signify respiratory muscle
fatigue? J Appl Physiol 63:851-860, 1987.

Conti G, DeBlasi R, Pelaia P, et al. Early prediction of successful weaning during pressure support
ventilation in chronic obstructive pulmonary disease patients. Crit Care Med 20:366-371, 1992.

Yang KL, Tobin MJ. A prospective study of indexes predicting the outcome of trials of weaning from
mechanical ventilation. N Engl J Med 324:1445-1450, 1991.

49



264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.

276.

277.

278.

279.

280.

Morganroth ML, Morganroth JL, Nett LM, et al. Criteria for weaning from prolonged mechanical
ventilation. Arch Intern Med 144:1012-1016, 1984.

Smith K, Cook D, Guyatt GH, et al. Respiratory muscle training in chronic airflow limitation: A
meta-analysis. Chest 145:533-539, 1992, :

Sassoon CSH, Te TT, Mahutte CK, et al. Airway occlusion preésure. Am Rev Respir Dis
135:107-113, 1987.

Natanson C, Shelhamer JH, Parrillo JE. Intubation of the trachea in the critical care setting. JAMA
253:1160-1165, 1985.

Rashkin MC, Davis T. Acute complications of endotracheal intubation: Relationship to reintubation,
route, urgency and duration. Chest 89:165-167, 1986.

Tomlinson JR, Miller KS, Lorch DG, et al. A prospective comparison of IMV and T-piece weaning from
mechanical ventilation. Chest 96:348-352, 1989.

Downs JB, Klein EF, Jr., Desautels D, et al. Intermittent mandatory ventilation: A new approach to
weaning patients from mechanical ventilators. Chest 64:331-335, 1973.

Downs JB, Block AJ, Vennum KB. Intermittent mandatory ventilation in the treatment of patients with
chronic obstructive pulmonary disease. Anesth Analg 53:437-443, 1974.

Downs JB, Perkins HM, Modell JH. Intermittent mandatory ventilation. Arch Surg 109:519-523,
1974. '

Brochard L, Harf A, Lorino H, et al. Inspiratory pressure support prevents diaphragmatic fatigue during
weaning from mechanical ventilation. Am Rev Respir Dis 139:513-521, 1989.

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 28:1273-1281, 1983.

Banner MJ, Lampotang S, Boysen PG, et al. Flow resistance of expiratory positive-pressure valve
systems. Chest 902:212-217, 1986.

Petrof BJ, Legare M, Goldberg P, et al. Continuous positive airway pressure reduces work of breathing
and dyspnea during weaning from mechanical ventilation in severe chronic obstructive pulmonary
disease. Am Rev Respir Dis 141:281-289, 1990.

Swinamer DL, Fedoruk LM, Jones RL, et al. Energy expenditure associated with CPAP and T-piece
spontaneous ventilatory trials. Chest 96:867-872, 1989.

Maclintyre NR. Respiratory function during pressure support ventilation: Chest 89:677-683, 1986.

Banner MJ, Kirby RR, Macintyre NR. Patient and ventilator work of breathing and ventilatory muscle
loads at different levels of pressure support ventilation. Chest 100:531-533, 1991.

Annat GJ, Viale JP, Dereymez CP, et al. Oxygen cost of breathing and diaphragmatic pressure-time
index. Chest 98:411-414, 1990.

50



281,
282,
283.
284.
285.
286.
287.
288.
289..
290.
291.
282,
293.
294.
295,
296.

297,

Kimura T, Takezawa J, Nishiwaki K, et al. Determination of the optimal pressure support level
evaluated by measuring transdiaphragmatic pressure. Chest 100:112-117, 1991. ’

Hughes CW, Popovich J., Jr. Uses and abuses of pressure support ventilation. J Crit lllness 4:25-32,
1989. :

Christopher KL, Neff TA, Bowman JL, et al. Demand and continuous flow intermittent mandatory
ventilation systems. Chest 87:625-630, 1985.

Segredo V, Caldwell JE, Matthay MA, et al. Persistent paralysis in critically ill patients after long-term
administration of vecuronium. N Engl J Med 327:524-528, 1992.

Heffner JE, Miller KS, Sahn SA. Tracheostomy in the intensive care unit. Part 1: Indications,
technique, management. Chest 90:269-274, 1986.

Siafakas NM, Salesiotou V, Filaditaki V, et al. Respiratory muscle strength in hypothyroidism. Chest
102:189-194, 1992.

Cannon LA, Heiselman D, Gardner W, et al. Prophylaxis of upper gastrointestinal tract bleeding in
mechanically ventilated patients. Arch Intern Med 147:2101-2106, 1987.

Carrey Z, Gottfried SB, Levy RD. Ventilatory muscle support in respiratory failure with nasal positive
pressure ventilation. Chest 97:150-1 58, 1990.

Christensen HR, Simonsen K, Lange P, et al. PEEP-masks in patients with severe obstructive
pulmonary disease: A negative report. Eur Respir J 3:267-272, 1990.

Strumpf DA, Millman RP, Carlisie CC. Nocturnal positive-pressure ventilation via nasal mask in patients
with severe chronic obstructive pulmonary disease. Am Rev Respir Dis 144:1234-1239, 1991.

Ambrosino N, Nava S, Bertone P, et al. Physiologic evaluation of pressure support ventilation by nasal
mask in patients with stable COPD. Chest 101:385-391, 1992.

Nava S, Ambrosino N, Rubini F, et al. Effect of nasal pressure support ventilation and external PEEP -
on diaphragmatic activity in patients with severe stable COPD. Chest 103:143-150, 1993.

Bach JR, Alba AS, Saporito LR. Intermittent positive pressure ventilation via the mouth és an
alternative to tracheostomy for 257 ventilator users. Chest 103:174-182, 1993.

Bersten AD, Volt AW, Vedig AE, et al. Treatment of severe cardiogenic pulmonary edema with
continuous positive airway pressure delivered by face mask. N Engl J Med 325:1825-1830, 1991.

Foglio C, Vitacca M, Quadri A. Acute exacerbations in severe COLD patients. Treatment using
positive pressure ventilation by nasal mask. Chest 101:1533-1538, 1992.

Brochard L, Isabey D, Piquet J, et al. Reversal of acute exacerbations of chronic obstructive lung
disease by inspiratory assistance with a face mask. N Engl J Med 323:1523-1530, 1990.

Marino W. Intermittent volume cycled mechanical ventilation via nasal mask in patients with
respiratory failure due to COPD. Chest 99:681-684, 1991.

51



298.
299.
300.
301.
302,
303.
304.
3065.

306.

307.
308.

309.

31.0.
311.
312,
313.

314.

Benhamou D, Girault C, Faure C, et al. Nasal mask ventilation in acute respiratory failure. Chest
102:912-917, 1992.

Meduri GU, Conoscenti CC, Menastre P, et al. Noninvasive face mask ventilation in patients with
acute respiratory failure. Chest 95:865-870, 1989.

Meduri GU, Abou-Shala N, Fox RC, et al. Noninvasive face mask mechanical ventilation in patients
with acute hypercapnic respiratory failure. Chest 100:445-454, 1991.

Petrof BJ, Calderini E, Gottfried SB. Effect of CPAP on respiratdry effort and dyspnea during exercise
in severe COPD. J Appl Physiol 69:179-188, 1990.

Mueller RE, Petty TL, Filley GF. Ventilation and arterial blood gas changes induced by pursed lips
breathing. J Appl Physiol 28:784-789, 1970.

Thoman RL, Stoker GL, Ross JC. The efficacy of pursed-lips breathing in patients with chronic
obstructive pulmonary disease. Am Rev Respir Dis 93:100-106, 1966.

Martin TR, Lewis SW, Albert RK. The prognosis of patients with chronic obstructive pulmonary disease
after hospitalization for acute respiratory failure. Chest 82:310-314, 1982.

Vandenbergh E, van de Woestijne KP, Gyselen A. Conservative treatment of acute respiratory failure
in patients with chronic obstructive lung disease. Am Rev Respir Dis 98:60-69, 1968.

Asmundsson T, Kilburn KH. Survival of acute respiratory failure. Ann Intern Med 70:471-485, 1969.

Moser KM, Shibel EM, Beamon AJ. Acute respiratory failure in obétructive lung disease. JAMA
225:705-707, 1973.

Burk RH, George RB. Acute respiratory failure in chronic obstructive pulmonary disease. Arch Intern
Med 132:865-868, 1973.

Portier F, Defouilloy C, Muir JF, et al. Determinants of immediate survival among chronic respiratory
insufficiency patients admitted to an intensive care unit for acute respiratory failure. Chest
101:204-210, 1992.

Peariman RA. Variability in physician estimates of survival for acute respiratory failure in chronic
obstructive pulmonary disease. Chest 91:515-521, 1987.

Pesau B, Falger S, Berger E, et al. Influence of age on outcome of mechanically ventilated patients in
an intensive care unit. Crit Care Med 20:489-492, 1992,

Faber-Langendoen K. Resuscitation of patients with metastatic cancer. Arch Intern Med

151:235-239, 1991.

Wachter RM, Luce JM, Hearst N, et al. Decisions about resuscitation: Inequities among patients with
different diseases but similar prognoses. Ann Intern Med 111:525-532, 1989.

" Kettel LJ. The management of acute ventilatory failure in chronic obstructive lung disease. Med Clin

North Am 57:781-792, 1973.

52



315.

316.

317.

318.

319.

320.

321.

322.

323.

Kettel LJ, Diener CF, Morse JO, et al. Treatment of acute respiratory acidosis in chronic obstructive
lung disease. JAMA 217:1503-1508, 1971.

Warren PM, Flenley DC, Millar JS. Respiratory failure revisited: Acute exacerbations of chronic
bronchitis between 1961-1968 and 1970-1976. Lancet 1:467-471, 1980.

Jeffrey AA, Warren PM, Flenley DC. Acute hypercapnic respiratory failure in patients with chronic
obstructive lung disease: risk factors and use of guidelines for management. Thorax 47:34-40, 1992.

Papadakis MA, Browner WS. Prognosis of noncardiac medical patients receiving mechanical ventilation
in a veterans hospital. Am J Med 83:687-692, 1987.

Anthonisen NR, Wright EC, Hodgkin JE, et al. Prognosis in chronic obstructive pulmonary disease.
Am Rev Respir Dis 133:14-20, 1986.

Shachor Y, Liberman D, Tamir A, et al. Long-term survival of patients with chronic obstructive
pulmonary disease following mechanical ventilation. Israel J Med Sci 25:617-619, 1989.

Light RW, Muro JR, Sato Rl, et al. Effects of oral morphine on breathlessness and exercise tolerance
in patients with chronic obstructive pulmonary disease. Am Rev Respir Dis 139:126-133, 1989.

Woodcock AA, Gross MA, Gellert A, et al. Effects of dihydrocodeine, alcohol and caffeine on
breathlessness and exercise tolerance in patients with chronic obstructnve lung disease and normal
blood gases. N Engl J Med 305:1611-1616, 1981.

Woodcock AA, Gross ER, Geddes DM. Drug treatment of breathlessness: Contrasting effects of
diazepam and promethazine in pink puffers. Br Med J 273:343-346, 1981.

53



