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Diagnosis of Asthma and COPD

Asthma and chronic obstructive pulmonary
disease (COPD) are different chronic inflam-
matory respiratory disorders that may share a
common functional abnormality, that is, poorly
reversible airflow limitation [1-4]. According to
current guidelines, airflow limitation in asthma
is reversible or partly reversible [1], whereas air-
flow limitation in COPD is poorly reversible or
not reversible at all [2].

In the pathogenesis of both asthma and
COPD, individual genetic susceptibility and
environmental exposures are relevant for dis-
ease expression. Cigarette smoking is the major
cause of COPD [2]. The causes of asthma are
largely unknown, although atopy and allergen
exposure have major roles [1, 2]. Asthma is a
phenotypically heterogeneous disorder that,
over the years, has been divided into many dif-
ferent clinical subtypes. In particular, asthma
starting in adulthood, asthma in smokers, non-
eosinophilic asthma, and asthma in obese sub-
jects are important subtypes in the adult asthma
population that are still poorly characterized
and that may overlap with COPD [5-7].

The differential diagnosis between asthma
and COPD is quite simple when the typical
clinical and functional features of either disease
are present. It is easy to recognize asthma in a
young, atopic, nonsmoking subject with recur-
rent dyspnea, wheezing, or chest tightness and
fully reversible airflow limitation. Similarly, it is
easy to diagnose COPD in a subject older than
40, a smoker, who presents with chronic dysp-
nea, cough, sputum, and fixed airflow limitation
and no history of asthma or allergic diseases.

'The difficulty comes when trying to make a
diagnosis of asthma or COPD in a middle-aged

or elderly patient, a smoker, who may be atopic
or have a history of asthma, who complains
of chronic dyspnea but not wheezing, chronic
cough, or sputum, and who presents with poorly
reversible airflow limitation. It is also difficult
to make a diagnosis of asthma or COPD in a
middle-aged or elderly patient who has a clear
history of atopy and asthma, bronchodilator
reversibility, and recurrent wheezing, but who also
smokes and has chronic cough and sputum and
dyspnea that are not suppressed by inhaled ster-
oids. In such patients, differential diagnosis might
become important from a clinical and therapeu-
tic point of view. Inhaled glucocorticosteroids are
the first choice of regular medication in asthma
but not in COPD, whereas regular long-acting
bronchodilators are the first choice of regular
medication in COPD but not in asthma. Thus, in
patients with overlapping features, the differential
diagnosis between asthma and COPD is impor-
tant in making the decision to prescribe regular
treatment with either steroids or bronchodilators.

Asthma is a chronic inflammatory disease of the
airways clinically characterized by recurrent res-
piratory symptoms as follows: dyspnea, wheez-
ing, chest tightness, or cough associated with
reversible airflow limitation. Other important
features of asthma are an exaggerated respon-
siveness of the airways to various stimuli, and
a specific chronic inflammation of the airways
characterized by an increased number of CD4*
Th2 lymphocytes, eosinophils, and methacro-
matic cells in the airway mucosa, and increased
thickness of the reticular layer of the epithelial
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basement membrane. Familial predisposition, atopy, and
exposure to allergens and sensitizing agents are important
risk factors for asthma, even though the causes of asthma —
the factors responsible for the development of asthma rather
than its exacerbations — remain largely undetermined [1].

COPD is a syndrome characterized by poorly revers-
ible airflow limitation, usually progressive, and often asso-
ciated with chronic respiratory symptoms, such as dyspnea
and/or chronic cough and sputum [2]. COPD is associated
with chronic inflammation of the airways that is remark-
ably different from asthmatic inflammation, and that is
characterized by an increased number of CD8" Th1/Tcl
lymphocytes in the airway mucosa and neutrophils in the
lumen, with no increased thickness of the reticular layer of
the epithelial basement membrane [8-13]. Even though
genetic and familial predisposition as well as occupational
exposure are considered risk factors, cigarette smoking is by
far the most important risk factor for COPD [2].

The diagnosis of asthma or COPD is based on clinical his-
tory and lung function tests, particularly peak expiratory
flow (PEF) and spirometry, with assessment of spontane-
ous or postbronchodilator reversibility of airflow limitation.
Allergy tests are also usually performed for the diagnosis
of asthma, but not of COPD patients, to identify allergens
responsible for asthma exacerbations and to consider the
opportunity to treat the patient with immunotherapy.

Symptoms and medical history

Asthma

Most patients who are diagnosed with asthma seek medical
attention because of respiratory symptoms. A typical feature
of asthma symptoms is their variability. One or more of the
following symptoms — wheezing, chest tightness, cough, and
episodic shortness of breath — are reported by more than 90%
of patients with asthma [14]. However, the simple presence
of these symptoms is not diagnostic, because identical symp-
toms may be triggered by different stimuli in nonasthmatics,
such as in children by acute viral infections [15]. In some
asthmatics, wheezing and chest tightness are absent, and
the only symptom the patient complains of may be chronic
cough or cough after exercise [16]. This clinical entity is also
called “cough-variant asthma;” it is particularly common in
children and is often more problematic at night [17, 18].
Symptoms of asthma may be triggered or worsened by sev-
eral factors, such as exercise, exposure to allergens, viral infec-
tions, and emotions. Recurrent exacerbations of respiratory
symptoms, worsening of lung function requiring change of
treatment, unscheduled requests for medical assistance, and
sometimes hospitalization are also among the characteristic
clinical features of asthma.

TABLE 41.1 Differential diagnosis of asthma.

Localized pathology Inhaled foreign body
Endobronchial tumor

Vocal cord dysfunction

COPD

Eosinophilic bronchitis

Postinfectious airway hyperresponsiveness
Cystic fibrosis

Bronchiectasis

Left ventricular failure

Diffuse airway pathology

Other pathologies Gastroesophageal reflux
Pulmonary embolism
Pulmonary eosinophilia

Drug-induced airway hyperresponsiveness

Asthma clusters in families and its genetic determi-
nants appear to be linked to those of other allergic IgE-
mediated diseases [19-21]. Thus, a personal or family
history of asthma and/or allergic rhinitis, atopic dermatitis,
or eczema increases the likelihood of a diagnosis of asthma.

Physical activity is an important cause of symptoms
(wheezing and/or cough) for most asthma patients, particu-
larly in children, and for some it is the only cause [15, 16].
Exercise-induced asthma usually develops not during exer-
cise but 5-10min afterward, and it resolves spontaneously
within 30-45 min. Prompt relief of symptoms after the use
of inhaled beta2-agonist, or their prevention by pretreat-
ment with an inhaled beta2-agonist before exercise, sup-
ports a diagnosis of asthma. Important aspects of personal
history are exposure to agents known to worsen asthma
in the home (heating system, cooking system, house-dust
mites), workplace conditions, air-conditioning, pets, cock-
roaches, environmental tobacco smoke [22-26], or even the
general environment (e.g. diesel fumes in traffic [27]).

Since respiratory symptoms of asthma are nonspecific,
the differential diagnosis is quite extensive, and the main
goal for the physician is to consider and exclude other pos-
sible diagnoses (Table 41.1). This is even more important if
the response to a trial of therapy (i.e. bronchodilators) has
been negative.

Asthma is often classified by severity, but asthma
severity changes over time. It also depends not only on the
severity of the underlying disease but also on its respon-
siveness to treatment, which becomes the most important
criterion in treated subjects. An asthmatic patient might
be completely asymptomatic, either because he or she has
mild intermittent asthma and long periods without symp-
toms even without treatment, or because he or she has
severe asthma and is receiving full anti-asthmatic treatment,
including systemic steroids.

While respiratory symptoms suggest asthma, the sine
qua non for the objective diagnosis of asthma is the pres-
ence of reversible airflow limitation in subjects with persist-
ent airways obstruction, and/or airway hyperresponsiveness
or increased PEF variability in subjects without airways
obstruction [1].
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A clinical diagnosis of COPD should be considered in any
patient who has dyspnea, chronic cough, or sputum produc-
tion, and/or a history of exposure to risk factors for the dis-
ease [2]. Most patients who are diagnosed with COPD seek
medical attention because of respiratory symptoms, particu-
larly dyspnea [28]. Since the early stages COPD may mani-
fest as chronic cough and sputum production, they may be
present even in smokers without airflow limitation. Cough
and sputum may precede the development of airflow limita-
tion: in fact, respiratory symptoms may be an important risk
factor for the development of COPD [29, 30]. Regular pro-
duction of sputum for 3 or more months in 2 consecutive
years is defined as chronic bronchitis [31]. In some subjects,
chronic cough may be unproductive [32-35], and airflow
limitation may develop in the absence of cough. In COPD,
dyspnea is characteristically persistent, unlike in asthma
where it is variable and progressive [36]. In the early stages
of the disease, dyspnea is noted only during the patient’s
usual effort; as lung function decreases, dyspnea becomes
more serious and is present during everyday activities or at
rest. Dyspnea is not closely correlated with arterial blood
gases; for example, the typical “blue bloater” with periph-
eral edema, hypoxemia, and hypercapnia has generally less
dyspnea than the “pink puffer,” who generally does not have
these blood gas abnormalities but is much more dyspneic.
Wheezing and chest tightness are nonspecific symptoms of
COPD and may vary on different days or over the course of
a single day. Recurrent exacerbations of respiratory symp-
toms requiring change of treatment, unscheduled requests
for medical assistance, and sometimes hospitalization are
also among the characteristic clinical features of COPD.

A detailed medical history of a patient with symp-
toms suggestive of COPD should include exposure to risk
factors (e.g. smoking and occupational or environmental
exposures), family history of COPD or other chronic res-
piratory disease, pattern of symptoms, history of exacerba-
tions, presence of comorbidities, medical treatment, and the
patient’s quality of life.

Diagnosis and assessment of the severity of COPD
are mainly based on the degree of airflow limitation during
spirometric measurement. Thus, according to current guide-
lines, the sine qua non for the diagnosis of COPD is the
presence of poorly reversible airflow limitation, that is, the
presence of a postbronchodilator forced expiratory volume
in 1s/forced vital capacity ratio (FEV{/FVC) <0.70 and
FEV; <80% predicted. These values confirm the presence
of airflow limitation that is not fully reversible [2].

Airflow limitation in COPD is due to both small
airways disease (obstructive bronchiolitis) and parenchy-
mal destruction (emphysema), the relative contributions of
which vary among patients [1, 2]. In contrast, airflow limi-
tation in asthma is almost exclusively due to airways dis-
ease [10]. Imaging (see below), particularly thin-section
computed tomography (CT), has been used to quantify
emphysema by detecting areas of low attenuation. However,
airflow limitation as assessed by FEV correlates poorly with
the severity of emphysema as evaluated by CT [4], possibly
because small airways disease contributes significantly to
airflow limitation [37]. Recent progress in CT technology
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TABLE 41.2 Differential diagnosis of COPD.

Asthma
Bronchiectasis
Diffuse panbronchiolitis

Other airway inflammatory diseases

Infectious airway diseases Tuberculosis

Cardiac diseases Congestive heart failure

has made it possible to detect and quantify airway abnor-
malities [38, 39], but more work is required before the tech-
nique can be used in clinical practice.

Studies in COPD patients recruited by experienced
pulmonary specialists in hospitals [40] or by general prac-
titioners in outpatient clinics [41] report that up to 40%
of smokers/ex-smokers with chronic respiratory symptoms
and clinical findings compatible with COPD do not fit
the spirometric definition of COPD reported above. Thus,
even when there is a clear history of COPD - chronic res-
piratory symptoms, exacerbations, smoking, and age >50 —
a large proportion of such patients either have normal
spirometric values or present with reduced lung volumes
(a restrictive pattern), and thus the diagnosis of COPD
cannot be confirmed [40, 41]. Clinical features of COPD
correlate poorly with airflow limitation. Thus, although not
yet recommended by current guidelines, proper diagno-
sis and assessment of the severity of COPD require more
than a comprehensive approach that includes imaging [38, 39]
assessment of exercise tolerance [42], body mass index [42, 43],
and chronic comorbidities (e.g. chronic heart failure (CHF),
arterial hypertension, metabolic syndrome) that are often asso-
ciated with COPD [44, 45].

Because chronic respiratory symptoms (particularly
dyspnea), clinical features, and poorly reversible airflow lim-
itation may also be present in other pathological conditions,
a careful differential diagnosis between COPD and these
conditions should always be performed (Table 41.2).

Physical examination

In mild asthma, physical examination is usually normal
under stable conditions but becomes characteristically
abnormal during asthma attacks. Typical physical signs of
asthma attacks are wheezing on auscultation, cough, expira-
tory ronchi throughout the chest, and signs of acute hyper-
inflation (e.g. poor diaphragmatic excursion at percussion,
use of accessory muscles of respiration). Some patients, par-
ticularly children, may present with a predominant nonpro-
ductive cough (cough-variant asthma). In some asthmatics,
wheezing — which usually reflects airflow limitation — may
be absent or detectable only on forced expiration, even in
the presence of significant airflow limitation; this may be
due to hyperinflation or to very marked airflow limitation.
In these patients, however, the severity of asthma is mostly
indicated by other signs, such as cyanosis, drowsiness, dif-
ficulty in speaking, tachycardia, hyperinflated chest, use of
accessory muscles, and intercostal recession.

In the early stages of COPD, physical examination is

usually normal. Current smokers may have signs of active
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smoking, including an odor of smoke or nicotine staining of
fingernails. In more severe COPD, prolonged expiration and
wheezing and signs of hyperinflation (e.g. barrel chest and
poor diaphragmatic excursion at percussion, use of accessory
muscles of respiration) are usually present. Cyanosis of the
lips and nail beds and signs of cor pulmonale, such as edema
of the ankle or lower leg, are often present in patients with
reduced oxyhemoglobin percentage. Even though clubbing
of the digits may be present in patients with severe COPD
and is considered a sign of COPD, it is nonspecific; in fact,
its presence should alert the physician to the possible pres-
ence of other diseases, particularly lung cancer. Patients
with COPD often have reduced breath sounds and wheez-
ing during quiet breathing or after forced expiration.
Physical examination is usually not very useful in
making the differential diagnosis between asthma and
COPD, but it can be useful in assessing the severity of
exacerbations of both asthma and COPD [46].

Lung function tests

Spirometry

Lung function tests play a crucial role in the diagno-
sis and follow-up of asthma and COPD. Spirometric
measurements — FEV; and slow vital capacity (VC) or
FVC — are the standard means for assessing airflow limita-
tion. Spirometry is recommended at the time of diagnosis
and for the assessment of the severity of both asthma and
COPD [1, 2, 47, 48] it should be repeated to monitor the
disease and when there is a need for reassessment, such as
during exacerbations [3].

Poorly reversible airflow limitation is indicated by
the absolute reduction of postbronchodilator FEV/VC or
FEV{/FVC ratios <0.7 but it should be confirmed with
postbronchodilator FEV/VC values below the lower limit
of normal [4, 49]. Measurements of residual volume and
total lung capacity may also be useful in determining the
degree of hyperinflation and/or enlargement of airspaces
[1,2,47,48].

In asthma, airflow limitation is usually reversible,
either spontaneously or after treatment, except for moderate/
severe asthma with fixed airway obstruction [1, 3, 10]. In
COPD, airflow limitation is by definition not revers-
ible (i.e. FEV{/FVC does not reach 0.7 even after inhala-
tion of a bronchodilator or a short course of long-acting
beta2-agonist (LABA) and inhaled steroids). However, up
to one-third of COPD patients show a significant increase
in FEV; (>15%) after receiving inhaled beta-adrenergic
agonists [50-54], which simulate the reversible airflow limi-
tation observed in asthmatics.

In conclusion, while the best spirometric values are
useful to define whether airflow obstruction is reversible or
not (i.e. does not return within normal values), the degree of
reversibility after treatment does not help to make the dif-
ferential diagnosis between asthma and COPD (see below).

Peak expiratory flow

An important tool for the diagnosis and subsequent treat-
ment of asthma is the PEF meter [55]. PEF is the highest

expiratory flow obtained during a forced expiration starting
immediately after a deep inspiration from total lung capac-
ity. PEF is a simple, reproducible index and can be measured
with inexpensive and portable meters [56]. If spirometry
does not reveal airflow limitation, the home monitoring of
PEF for 2—4 weeks may help to detect an increased variabil-
ity of airway caliber, and thus help to diagnose asthma [57].
For most asthmatic patients, PEF correlates well with FEV,
[58]. Daily monitoring of PEF (at least in the morning at
awakening and in the evening hours, preferably after bron-
chodilator inhalation) [1, 3] is also useful to assess the sever-
ity of asthma and its response to treatment, and it can help
patients to detect early signs of asthma deterioration [59].
However, PEF measurements have some limitations. PEF
is effort dependent and mainly reflects the caliber of large
airways and may therefore underestimate the degree of air-
flow limitation present in peripheral airways [60]. Diurnal
variability is calculated as follows:

PEF,, — PEF, X100

PEF,_ + PEF,, /2

A diurnal variability of PEF of more than 20% is
diagnostic of asthma, and the magnitude of the variability
is broadly proportional to disease severity. PEF monitoring
may be of use not only in establishing a diagnosis of asthma
and assessing its severity, but also in uncovering an occupa-
tional cause for asthma. When used in this way, PEF should
be measured more frequently than twice daily, and special
attention should be paid to changes occurring in and out of
the workplace [55, 61-63].

Even though PEF is at least as important to progno-
sis as FEV; in moderate to severe COPD [64], PEF moni-
toring is not frequently used in COPD for various reasons.
First, PEF reflects the patency of central airways, and air-
flow limitation in COPD starts from peripheral airways.
'Thus, the PEF value may underestimate airflow limitation,
particularly if it occurs in peripheral airways. Second, by
definition, airflow limitation is poorly reversible in COPD,
and thus PEF usually does not vary significantly. Finally,
there is only limited evidence to support a role for PEF in
detecting COPD exacerbations [65, 66].

Reversibility to bronchodilators

The reversibility of airflow limitation following broncho-
dilator therapy is no longer an accepted criterion in support
of the diagnosis of asthma, or to establish the differential
diagnosis between asthma and COPD [1-3]; even though
there is a large increase in FEV1, and particularly its return
is above the lower limit of normal values, normal expiratory
flows after anti-asthma treatment strongly suggests asthma.
Subjects with moderate to severe asthma may develop
poorly reversible airflow limitation and have a response
to treatment but not a return to normal values. Similarly,
COPD patients may show a significant response to treat-
ment, even without a return to normal expiratory flows.

In subjects with airflow limitation, an improvement
in FEV; of >12-15% predicted and more than 200 ml after
administration of a bronchodilator (e.g. 200pug of inhaled
salbutamol from a metered dose inhaler) is no longer con-
sidered a pathognomonic hallmark of asthma [1], or a



criterion for differential diagnosis between asthma and
COPD (3, 67-69]. In fact, an incomplete response to a sin-
gle administration of a bronchodilator does not exclude the
possibility of reversibility to longer treatment with bron-
chodilators or steroids [70, 71]. Thus, more attention should
be paid to the response to long-term treatment.

In COPD patients, bronchodilator reversibility test-
ing should generally be performed at least once. Airflow
limitation in COPD is usually not reversible, but the one-
third of COPD patients who show a significant response to
bronchodilator agents [50, 51, 53, 54, 72] are likely to ben-
efit from treatment with glucocorticosteroids [73, 74]. The
absence of a response to a bronchodilator should never be a
reason to withhold bronchodilator therapy, as the response
to bronchodilators in COPD is mainly symptomatic rather
than functional [75-79]. Bronchodilator responsiveness is a
continuous and poorly reproducible variable; thus, classify-
ing patients as responders or nonresponders can be mislead-
ing and does not predict disease progression [68].

As recommended by recent guidelines [1], the terms
“reversibility” and “variability” should refer to changes in
symptoms accompanied by changes in airflow limitation,
which occur spontaneously or in response to treatment.
At present, however, these terms often refer only to rapid
improvements in FEV; measured within minutes after
inhalation of a rapid-acting bronchodilator, for example,
after 200—400 pg salbutamol or salbutamol and ipratropium
bromide [54, 80]. In contrast, a history of symptoms and/
or functional reversibility (spontaneous or after any kind of
treatment) is the essential component in the diagnosis of
asthma.

'The assessment of reversibility of both clinical features
and functional abnormalities may be useful in obtaining
the best level of asthma control achievable and/or the best
lung function for individual patients [81]. Achieving and
maintaining lung function at the best possible level is one
of the objectives of both asthma and COPD management
[1,81,82].

In summary, while the best spirometric values are use-
ful to define whether airflow obstruction is reversible or not
(i.e. does not return within normal values), the degree of
reversibility after treatment does not help to make the dif-
ferential diagnosis between asthma and COPD (see below).

Arterial blood gases

In severe asthma and COPD and, more importantly, during
acute exacerbations of both asthma and COPD, the meas-
urement of arterial blood gases while the patient is breath-
ing air and/or after oxygen administration is essential for
the diagnosis of chronic and/or acute respiratory failure.
This test should be performed in all patients with clinical
signs of acute or chronic respiratory and/or heart failure [2].

Allergy tests

The presence of allergic disorders in a patient’s family his-
tory should be investigated in all patients in whom symp-
toms are suggestive of asthma [83]. A history provides
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important information about the patient’s lifestyle and
occupation, both of which influence exposure to allergens
and the time and factors possibly involved in onset and in
exacerbations of asthma [84, 85]. In asthmatics, the rela-
tionship between exposure to one or more allergens and
the occurrence of asthma and/or ocular and nasal symp-
toms should be established [86]. Also, the relationship of
symptoms to the time of the year (seasonal pollen asthma)
and to the presence of pets in the home should be assessed,
together with a description of the patient’s living environ-
ment with special attention to carpets, pillows, and other
dust collectors [87]. Identifying the presence of an allergic
component in asthma adds little to the diagnosis, but it can
help in identifying potential triggers and directing allergen
immunotherapy [1].

Skin tests with all relevant allergens are present in the
geographic area in which the patient lives are the primary
diagnostic tool in determining allergic status. Deliberate
provocation of the airways with a suspected allergen or sen-
sitizing agent may also be helpful in establishing causality,
especially in the workplace [63, 88]. Measurement of specific
IgE is not usually more informative than a skin test, and
is more expensive. Measurement of total IgE in serum has
no value as a diagnostic test for atopy. The main limitation
of the allergy test is that a positive test does not necessarily
mean that the disease is allergic in nature or that it is caus-
ing asthma, as some individuals have specific IgE antibodies
without any symptoms. The cost-benefit ratio of perform-
ing inhalation tests with allergens or other sensitizing agents
should be carefully examined for each patient because of the
high cost and the potential risk involved [69].

The assessment of atopy is not useful in COPD.
Even though atopy may be a risk factor for both asthma
and COPD [89, 90], the demonstration of atopy in COPD
patients does not help in the identification of potential trig-
gers as in allergic asthma. Allergen immunotherapy has no

role in COPD.

While the diagnosis and assessment of severity of asthma
and COPD can be fully established on the basis of clini-
cal history and lung function tests (including arterial blood
gases, see below), additional tests might be helpful to better
characterize individual patients.

Reversibility to corticosteroids

In patients with airflow limitation that is not reversed by a
single dose of a short-acting bronchodilator, a 2-week treat-
ment with oral or inhaled glucocorticosteroids and bron-
chodilators might be considered. Glucocorticosteroids can
be administered orally (e.g. 40 mg daily prednisone) by aero-
sol (e.g. 2mg daily beclomethasone, or equivalent) or both
[91-93] for at least 14 days [94]. Unfortunately, patients
with COPD cannot be separated into discrete groups of
glucocorticosteroid responders and nonresponders, and

529




530

Asthma and COPD: Basic Mechanisms and Clinical Management

thus glucocorticosteroid testing is an unreliable predictor of
the benefit from inhaled glucocorticosteroids in individual
patients.

Because of their efficacy and infrequent adverse
effects, inhaled glucocorticosteroids alone or in combina-
tion with long-acting bronchodilators are increasingly used
in practice as first-choice therapy to investigate the revers-
ibility of airflow limitation [74, 95, 96].

In most patients with a clear history of asthma or
COPD, the reversibility to glucocorticosteroids confirms
the diagnosis, even if significant overlap exists [10]. Asthma
is usually responsive to bronchodilators and/or glucocortico-
steroids, whereas COPD is usually less responsive or not
responsive at all. In asthma, a combination of sputum eosi-
nophilia and increased nitric oxide (NO) levels may be useful
in predicting the response to a trial of oral steroids [97, 98],
and sputum eosinophilia may also predict the response to
steroids in COPD [99, 100]. However, some COPD patients
may show a significant improvement in function after gluco-
corticosteroid treatment [73], particularly if they present with
pathological abnormalities similar to those in asthma.

The simplest and potentially the safest way of identi-
fying these COPD patients is by an ex juvantibus treatment
trial with inhaled glucocorticosteroids [92] in combination
with long-acting bronchodilators for 6 weeks to 3 months,
using the same criteria for reversibility as in the bronchodila-
tor trial (FEV] increase of 200ml and 12%) [2, 73, 92, 101].
The response to glucocorticosteroids alone or in combina-
tion with long-acting bronchodilators should be evaluated
with respect to the postbronchodilator FEV [2, 4].

COPD patients with a response to glucocortico-
steroids present some pathological features of asthma, such
as a significantly higher number of eosinophils and higher
levels of eosinophil cationic protein in their bronchoalveo-
lar lavage fluid, and a thicker reticular basement membrane
[73,101].

All long-term studies in COPD have demonstrated
the lack of any effect of inhaled glucocorticosteroids on the
natural history of COPD, as evaluated by the decline in
FEV; [2, 102-106]. Therefore, given the documented risks
of chronic glucocorticosteroid therapy in both asthma [107]
and COPD, such as osteoporosis [102, 108], the decision to
start long-term treatment with inhaled glucocorticosteroids
must be made very carefully.

In patients with poorly reversible airflow limita-
tion due to asthma, the beneficial effects of inhaled gluco-
corticosteroids are likely to overcome the risks of negative
systemic effects [74]. However, in patients with poorly
reversible airflow limitation due to smoking, this may not be
the case, particularly considering that inhaled glucocorticos-
teroid alone may be associated with increased mortality [109],
and that inhaled glucocorticosteroid both alone and in com-
bination with a long-acting beta2-adrenergic agonist may
slightly increase the risk of pneumonia in COPD patients
[109, 110].

Exercise testing

Exercise testing is useful for assessing the degree of disabil-
ity, the role of comorbidities, prognosis for survival, presence

of exercise-induced hypoxemia, and response to treatment in
individuals with COPD. Simple walking tests are increas-
ingly used in the assessment of COPD patients [111].
Severe COPD might be better assessed by a composite
score such as BODE (body mass index, degree of airway
obstruction, severity of dyspnea, and exercise tolerance),
which has been shown to be a better predictor of subse-
quent survival and is increasingly used in clinical assessment
of patients.

Diffusion capacity

Measurement of the diffusing capacity of the lung for car-
bon monoxide (Dlco) has been recommended for distin-
guishing asthma from COPD [112]. In asthma, Dlco is
usually normal or increased [10, 113, 114]. In contrast,
Dlco is usually reduced in COPD, possibly due to emphy-
sema [10, 114, 115], but it may also be reduced in smokers
without airflow limitation [116]. Dlco is lower in COPD
patients than in asthmatics with incomplete reversible air-
flow limitation [10, 117, 118]. However, patients with
severe alpha-1 antitrypsin deficiency may present with nor-
mal Dlco, despite having a significant component of fixed
airway obstruction and prominent panacinar emphysema on
a high-resolution CT (HRCT) scan, suggesting the limita-
tions of measuring Dlco in these patients [119, 120].

Airway hyperresponsiveness

In patients who have symptoms consistent with asthma
but have normal lung function, bronchial provocation tests
(methacholine, histamine, adenosine 5’-monophosphate,
mannitol, and exercise) are helpful in measuring airway
hyperresponsiveness and thereby confirming or excluding
the diagnosis of active asthma [121, 122]. Methacholine is
mainly used to identify bronchial hyperresponsiveness and
to guide treatment. Exercise is used as a bronchial provo-
cation test because demonstrating prevention of exercise-
induced asthma is an indication for use of a drug [121].

These measurements are sensitive for a diagnosis of
asthma, but they have low specificity [123]. This means that
a negative test can be used to exclude a diagnosis of active
asthma, but a positive test does not always mean that a
patient has asthma [123]. Airway hyperresponsiveness has
been described in workers who are acutely exposed to irri-
tants [124, 125], allergic rhinitis [126-128], and other dis-
eases with airflow limitation, such as cystic fibrosis [129-131]
and COPD [132-134]. Indeed COPD, especially in current
smokers, is often accompanied by airway hyperresponsiveness
[135] that is no different from that in asthmatics with a sim-
ilar degree of airflow limitation [10, 136]. In patients with
fixed airflow limitation, a similar degree of airway hyperre-
sponsiveness was observed in those with a history of COPD
and those with a history of asthma [10]. In these patients,
hyperresponsiveness might be largely due to the airflow limi-
tation itself.

In conclusion, the measurement of airway hyper-
responsiveness may be useful to confirm asthma in subjects
with normal baseline lung function, but it is not useful in



the differential diagnosis between asthma and COPD,
particularly when patients have a similar degree of poorly
reversible airflow limitation.

While chest radiography may be useful to exclude diseases
that may mimic asthma and COPD, it is not required in the
confirmation of the diagnosis and management of asthma.
The utility of chest radiography is to exclude other condi-
tions that may imitate or complicate asthma, particularly
acute asthma. Examples include pneumonia, cardiogenic
pulmonary edema, pulmonary thromboembolism, tumors
(especially those that result in airway obstruction with
resulting peripheral atelectasis), and pneumothorax [137].

A number of novel imaging methods for assessing
airway pathology in asthmatic patients have been proposed
[39,138]. Both direct and indirect signs of airway pathology
have been described using HRCT. Direct signs are obtained
by measuring airway or bronchial wall thickness, evaluat-
ing the ratio of bronchial diameters to adjacent pulmo-
nary arteries, and identifying a lack of bronchial tapering.
Indirect signs include foci of mucoid impaction (including
the finding of a tree-in-bud configuration of small periph-
eral lung nodules indicative of bronchiolitis) and mosaic
attenuation [139]. Mosaic attenuation is the presence of
geographic zones of decreased lung density adjacent to
areas of apparent increased lung density in the absence of
architectural distortion or honeycombing. This finding may
also be seen in patients with diffuse infiltrative lung disease
or, more rarely, chronic embolic pulmonary hypertension.
In most cases, reliable identification of air trapping result-
ing in mosaic lung attenuation requires expiratory imaging.
During exhalation, areas of air trapping become accentu-
ated, simplifying the differential diagnosis. Each of these
methods has serious limitations, and in clinical practice they
have not yet proved sufficiently accurate to warrant their use
in diagnosing most cases in which extensive airway remod-
eling has occurred [140].

Airflow limitation in COPD is due to both small air-
ways disease (obstructive bronchiolitis) and parenchymal
destruction (emphysema), the relative contributions of which
vary among patients [141, 142]. Thin-section CT has been
used to quantify emphysema by detecting low-attenuation
areas, and the role of CT in diagnosing emphysema is well
established. However, airflow limitation evaluated by FEV;
does not show a good correlation with the severity of emphy-
sema as evaluated by CT [143, 144], because small airways
disease appears to contribute significantly to airflow limita-
tion [145]. Recent progress in CT technology has made it
possible to detect and quantify airway abnormalities [146].
Theoretically, thin-section CT can depict the dimensions of
airways as small as ~1 to 2mm in inner diameter, suggest-
ing that CT can be used to evaluate airway dimensions in
a variety of diseases [141, 142]. Hasegawa and colleagues
[38], who developed new software for measuring airway
dimension using curved multiplanar reconstruction, demon-
strated that airway luminal area and wall area significantly
correlated with FEV; (% predicted). The correlation coef-
ficients improved as the airways became smaller.
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TABLE 41.3 HRCT features in asthma and COPD.

Mild-to-

persistent Severe Healthy

asthma asthma COPD subjects
Bronchial wall 4F4F GF AR AR e —
thickening
Emphysema = + dedbde _
Bronchiectasis /= ++ — +/—

Scintigraphic approaches may be used to assess COPD
or emphysema and to provide functional imaging. Ultrafine
133Xe gas particles are being used for ventilation scintig-
raphy, including single photon emission CT (SPECT).
SPECT imaging has been shown to be more useful than
morphologic HRCT in the evaluation of small airways dis-
ease, including pulmonary emphysema [147]. Diffusion-
weighted, hyperpolarized *He magnetic resonance imaging
has been shown to correlate with pulmonary function tests,
particularly Dlco [148]. Also, dynamic contrast-enhanced
magnetic resonance imaging may detect abnormali-
ties of the pulmonary peripheral microvasculature [149].
These techniques might be useful in the assessment of pul-
monary emphysema.

The clinical application of HRCT is mandatory
inCOPD patients who are candidates for volume reduction
surgery and in whom the regional distribution of emphy-
sema, particularly upper lobe emphysema, is critical for
the outcome of the intervention [150-152]. HRCT fea-
tures of asthma and COPD [39, 153-156] are reported in
Table 41.3.

Laboratory examinations

Circulating eosinophils: circulating eosinophilia is a
feature of many different lung diseases. In some condi-
tions, eosinophils are increased in the blood but not in the
lung tissue; in other diseases, there may be significant eosi-
nophilia in the lung tissue but not in the peripheral blood.
In others, there may be lung eosinophilia without any radi-
ographic evidence of disease, as in asthma. Churg—Strauss
syndrome (CSS) is characterized by peripheral and pul-
monary eosinophilia with infiltrates on chest radiograph.
However, the primary features that distinguish CSS from
other pulmonary eosinophilic syndromes are the presence
of eosinophilic vasculitis in the setting of asthma and the
involvement of multiple end organs. Therefore, in these
cases it is important to establish a differential diagnosis
between these diseases, which may occur without any radio-
graphic evidence of disease. Although perceived to be quite
rare, the incidence of this disease seems to have increased
in the last few years, particularly in association with various
asthma therapies.

Clinical presentation of COPD exacerbation includes
worsening of dyspnea, increased cough and sputum, and
changes in the aspect of expectorations.
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Biomarkers of respiratory bacterial
infections

Although clinical criteria are still used to determine which
patient should be treated with antibiotics [157], these cri-
teria are neither sensitive nor specific enough to exclude
other causes of exacerbation of respiratory symptoms in
these patients. Novel biomarkers (e.g. pro-calcitonin) have
been recommended for guiding antibiotic treatment both in
exacerbations of COPD and pneumonia, but these studies
need confirmation [158-160].

Other frequent clinical conditions may mimic the
symptoms of COPD exacerbation, including congestive
heart failure, pneumonia, pneumothorax, pleural effusion
and pulmonary embolism [2]. However, COPD is often
cited among the risk factors for acute venous thrombo-
embolism and is an independent predictor of pulmonary
embolism [161]. In a small series of patients, the prevalence
of deep vein thrombosis in patients admitted with acute
exacerbation of COPD was 31% [162, 163]. Similarly, on
the basis of ventilation—perfusion lung scintigraphy, the
prevalence of pulmonary embolism in patients admitted
with acute exacerbation of COPD was as high as 20% [164].
More recently, Tillie-Leblond e al [165] explored the
prevalence of pulmonary embolism in a cohort of patients
with COPD with unexplained dyspnea and found a rate
of 25% in this population. D-dimer is a product of lysis of
stabilized fibrin-clot that is considered an indirect marker
of coagulation activation. Measurement of plasma D-dimer
has a well established diagnostic role in acute pulmonary
embolism because of its high negative predictive value
[166]. The usefulness of D-dimer testing remains contro-
versial in inpatients, in part due to a high percentage of
“positive” D-dimer values among them, which is consequent
to a broad spectrum of diseases (other than pulmonary
embolism) and procedures related to the hospitalization.
Moreover, for inpatients, a negative D-dimer reduces sus-
picion but its sensitivity is only 89%, unsatisfactory to
exclude pulmonary embolism [167]. If the helical contrast
CT angiogram is negative and ultrasound is negative, there
is still a 5% false-negative rate for inpatients [168]. There
are no convincing data regarding a negative CT alone for
inpatients. Accordingly, CT and D-dimer evidence may add
information but conventional pulmonary arteriography may
still be required to make a secure diagnosis. In its absence,
a “clinical” decision to treat (and suspend treatment, if
contraindications supervene) may be required [169].

Troponin and/or N-BNP

COPD and CHF are common conditions. The diag-
nosis of CHF can remain unsuspected in patients with
COPD, because shortness of breath is attributed to COPD.
Measurement of plasma B-type natriuretic peptide (BNP)
levels helps to uncover unsuspected CHF in patients with
COPD and clinical deterioration [170]. Amino-terminal
pro-B-type natriuretic peptides (NT-proBNP) are strong
and independent prognostic indicators, representing a par-
ticularly strong predictor of heart failure or death [171]. This

risk is independent of all other variables, including renal

function or troponin, and is proportional to the magnitude of
NT-proBNP release, with higher risk observed among those
with a more marked elevation of the marker. An elevated ini-
tial NT-proBNP concentration should prompt consideration
of an early invasive management approach. Consideration
should be given to repeating the NT-proBNP measure-
ment after 24-72h and again at 3—6 months because these
follow-up measurements provide more long-term prognostic
information than single measures at presentation. In acute
ischemic heart disease, an N'T-proBNP value >250ng/1 is
associated with an adverse prognosis. In patients with sta-
ble coronary artery disease, measurement may be performed
for prognostication purposes at 6- to 18-month intervals. In
the case of clinical suspicion of disease progression, a new
sample may be warranted.

Alpha-1 antitrypsin

Severe hereditary deficiency of alpha-1 antitrypsin is usually
associated with early-onset panacinar emphysema [172].
Thus, in patients who develop COPD before the age of 45
and/or who have a strong family history of COPD, alpha-1
antitrypsin should be measured; if the serum concentra-
tion is <15-20% of the normal value, the patient should be
considered for alpha-1 antitrypsin augmentation therapy.
Like other genetic tests, this test has no clinical value in

asthma [21].

Assessment of airway inflammation

Bronchopulmonary inflammation is markedly different in
asthma and COPD [9, 12, 173-182] (Fig. 41.1).

While airway biopsies and bronchoalveolar lavage
clearly distinguish between asthma and COPD in subjects
with overlapping features that may provide useful informa-
tion in research protocols, they are considered too invasive
for the diagnosis or staging of either asthma or COPD
[179, 183, 184]. In contrast, noninvasive markers of airway
inflammation have been increasingly used in research pro-

tocols to differentiate asthma from COPD [183, 185].

Sputum

Sputum induction has been widely used in the study of
airway inflammation in asthma and COPD because it is
a safe, reproducible, and noninvasive technique that can
be used repeatedly, even during exacerbations [186-188].
Sputum findings mainly represent the bronchial compart-
ment. Induced sputum from asthmatic patients during
stable conditions is usually characterized by a higher per-
centage of eosinophils and metachromatic cells than that
found in samples from healthy subjects [189, 190]. Sputum
neutrophilia may also be present across the range of disease
severity; its identification is important, as it is associated
with a poor response to glucocorticosteroids [191-193].

In stable conditions, ex- or current smokers with
COPD characteristically show an increased total cell number
in spontaneous or induced sputum, with a predominance of
neutrophils and a small percentage of eosinophils in some
subjects [133, 194, 195]. In some smokers with chronic
bronchitis, with or without chronic airflow limitation,
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Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

FIG. 41.1 Photomicrographs showing
bronchial biopsy specimens immunostained
with anti-EG-2 (eosinophil cationic protein)
from a patient with fixed airflow obstruction
and a history of COPD (A) and from a patient
with fixed airflow obstruction and a history

of asthma (B). The two patients had a similar
degree of fixed airflow obstruction. In (B),
there is prominent eosinophilia beneath the
destroyed epithelium that is not present in (A).
Photomicrographs showing bronchial biopsy
specimens stained with H&E from a patient
with fixed airflow obstruction and a history of
COPD (C) and from a patient with fixed airflow
obstruction and a history of asthma (D). The two
patients had a similar degree of fixed airflow
obstruction. In (D), there is a thicker reticular
layer of the epithelial basement membrane
compared with (C) (from Ref. [10]).

an excess proportion of eosinophils (>3%) in lower respi-
ratory secretions (called “eosinophilic bronchitis”) can also
occur [100, 186, 187]. A recent study has elegantly shown
that in patients with COPD the main cells in sputum are
neutrophils and macrophages, with more macrophages
and eosinophils than in a sub-phenotype of patients with
chronic bronchitis [196].

Analysis of sputum from patients with exacerbations
of asthma or COPD has provided interesting new informa-
tion. Mild exacerbations of asthma induced by tapering the
dose of inhaled steroids are associated with sputum eosi-
nophilia [197, 198]. In contrast, mild exacerbations that are
spontaneous are associated with eosinophilia in about 50%
of subjects, but the other 50% do not have sputum eosi-
nophilia [199]. In children, eosinophilic airway inflamma-
tion is associated with deteriorating asthma over time. This is
consistent with the hypothesis that airway inflammation has
an adverse effect on the prognosis of childhood asthma and
suggests a role for monitoring inflammation in asthma man-
agement [200]. Severe asthma exacerbations are associated
with more prominent sputum neutrophilia [201]. Bronchial
neutrophilia has also been observed in bronchial lavage fluid
from asthmatics during status asthmaticus [202].

Interestingly, exacerbations of chronic bronchitis or
COPD are associated with quite similar changes in spu-
tum cell count. Mild exacerbations of chronic bronchitis or
COPD are associated with eosinophilia in sputum and in
biopsy specimens [203, 204], whereas severe exacerbations
of COPD are associated with sputum neutrophilia [205].

Thus, at least in sputum, the changes in inflammatory
cells during exacerbations may be no different in asthma
and COPD. Once again, this evidence underlines the
similarities between the two diseases and the difficulty in

TABLE 41.4 History, symptoms, and results of pulmonary function tests in
the differential diagnosis between asthma and COPD.

Asthma COPD
Onset Mainly in childhood In mid to late adult life
Smoking Usually non-smokers  Almost invariably

smokers

Chronic coughand  Absent

sputum

Frequent (chronic
bronchitis)

Dyspnoea on effort  Variable and reversible Constant, poorly
to treatment reversible and

progressive
Nocturnal symptoms  Relatively common Uncommon

Normal diurnal
variability

Increased diurnal
variability

Airflow limitation

Response to Good Poor

bronchodilator

Airway In most patients, with
hyperresponsiveness  or without airflow
limitation

In most patients with
airflow limitation

making a differential diagnosis in those few cases in which
clinical findings are not definitive.

Several biochemical markers have been studied in
induced sputum from both asthma and COPD patients
[206-210] (Table 41.4). Although some markers are
markedly different in asthma and COPD, and studying
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Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

FIG. 41.2 Exhaled breath analysis: current state of standardization, research, and clinical use (from Ref. [212]).

these markers may provide useful information in research
protocols, their use in clinical practice has not been shown
to be superior to simple cell counts.

Exhaled NO

While endogenous NO may be involved in the pathophysi-
ology of asthma and COPD [211, 212] (Fig. 41.2), exhaled
NO is increased in atopic asthma [213-217] but less at lesser
extent so in nonatopic asthma [218, 219]. Furthermore,
exhaled NO is reduced by glucocorticosteroids [220] but
not by bronchodilators [221]. Conflicting results have been
obtained in COPD [222-228].

In patients with stable COPD, a partial bronchodi-
lator response to inhaled salbutamol is associated with
increased exhaled NO and sputum eosinophilia [101].
Taken together with previous findings [73], this suggests
that there is a subset of patients with COPD who share
some characteristics of asthmatic inflammation and who
may be responsive to steroids [100].

In most patients, the clinical presentation and particularly
the history provide the strongest diagnostic criteria to dis-

tinguish asthma from COPD (Table 41.5). Results of pul-

monary function tests, particularly spirometry, that show
y » P y sp Y

TABLE 41.5 Ancillary tests in the differential diagnosis between stable
asthma and COPD.
Asthma

Ancillary test COPD

Reversibility to Usually present Usually absent
bronchodilator and/or

glucocorticosteroids

Lung volumes

Residual volume, total Usually normal Usually irreversibly

lung capacity or, if increased, increased
reversible
Diffusion capacity Normal Decreased
Airway hyperresponsiveness  Increased Usually not

measurable due to
airflow limitation

Allergy tests Often positive Often negative

Imaging of the chest Usually normal Usually abnormal

Sputum Eosinophilia Neutrophilia

Exhaled NO Increased Usually normal

a nearly complete reversibility of airflow limitation may
help to confirm a diagnosis of asthma, and those that show
poorly reversible airflow limitation may help to confirm the
diagnosis of COPD (Table 41.5).

Differential diagnosis between asthma and COPD
becomes more difficult in elderly patients, in whom some



features may overlap, such as smoking and atopy, and, more
importantly, when the patient develops poorly reversible air-
flow limitation that responds only partially to treatment. In
these cases, symptoms, lung function, airway responsiveness,
imaging, and even pathological findings may overlap and
thus may not provide solid information for the differential
diagnosis. Because the differential diagnosis mainly aims to
provide better treatment, it is important in these cases to
undertake an individual approach and to perform additional
tests. Reversibility to corticosteroids alone or in combina-
tion with long-acting bronchodilators, measurements of
lung volumes and diffusion capacity, analysis of sputum and
exhaled NO, and imaging of the chest may demonstrate
whether asthma or COPD is the predominant cause of
airflow limitation (Table 41.5). In contrast, reversibility to
bronchodilator and assessment of airway hyperresponsive-
ness or skin testing may not be useful in these patients.

The coexistence of chronic rhinitis, nasal polyposis, and
sinusitis may contribute to the severity of asthma [229, 230].
There is broad evidence to show that adequate treatment
of these upper airway diseases is beneficial to asthma by
mechanisms that are not clearly understood. The “one
airway” concept developed by the WHO ARIA Group
[231] has drawn attention to the importance of treat-
ing the whole respiratory tract while managing asthma.
Gastroesophageal reflux is also occasionally associated with
asthma, both in adults and in children [232], but treatment
of reflux usually has little overall effect on mild to moderate
asthma [233]. Two recent studies [234, 235] indicate that
proton-pump inhibitors in patients with symptomatic reflux
improve asthma control in severe disease. A frequent and
quite important comorbidity of asthma in adults is COPD,
most likely due to smoking, which is quite common in asth-
matics. Smoking modifies the airway pathology of asth-
matics to a COPD-like pattern and reduces the response
to treatment [7]. Comorbidities may become important in
severe asthmatics, whereas overall they play a less important
role overall in the clinical manifestations of mild to moder-
ate asthma [236, 237].

Recent research suggests that inflammation in COPD
is not confined to the lungs, because the main risk factor,
smoking, may simultaneously cause pulmonary and sys-
temic inflammation. This may account for the observation
that patients with COPD often present with one or more
comorbid conditions. The most common comorbidities that
have been described in association with COPD are Ayper-
tension, diabetes, coronary artery disease [238, 239], chronic
heart failure [240], pulmonary infections, cancer [241], and
pulmonary vascular disease [242,243].

Comorbidities are highly likely to affect health out-
comes in COPD. Progressive respiratory failure accounts
for only about one-third of COPD-related deaths: COPD
patients are more likely to die of cardiovascular complica-
tions or cancer than of respiratory failure [242]. Therefore,
factors other than the progression of lung disease must play
a substantial role. The number of preexisting comorbidities

Diagnosis of Asthma and COPD

in patients with COPD is associated with increased in-
hospital mortality [239]. Comorbid conditions that have
been associated in particular with an increased mortality risk
in COPD patients include chronic renal failure, cor pulmo-
nale [244], and pulmonary vascular disease [245]. Underlying
heart diseases have not been consistently associated with a
higher mortality risk. However, since COPD is frequently
underreported, it is difficult to make an accurate estimate
of how comorbid conditions influence COPD mortal-
ity or, conversely, how COPD affects the outcome of other
diagnoses [242].

The complexity of chronic comorbidities applies
to acute exacerbations of asthma and COPD to a similar
extent. Acute exacerbations of respiratory symptoms may be
present in several other acute conditions that should always
be carefully considered and excluded, such as acute left ven-
tricular failure, pulmonary thromboembolism, pneumonia,
metabolic acidosis, and anemia.
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