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Treatment and management of mild asthma
Bakakos Petros
1st University Dept. of Respiratory Medicine, Athens University, Greece

Patients with mild persistent asthma constitute the largest proportion of asthmatic
patients, the percentage being almost 70%. They are usually called the silent majority because they rarely visit the family doctor and they are even more seldom seen
in hospital. Accordingly, very little attention has been paid to the morbidity associated with mild persistent asthma. Actually, most studies that claim to have included
patients with mild asthma, have studied patients with mild to moderate asthma with
an FEV1 around 70% predicted normal, rescue β2 agonist use of 2-3 puffs per day
or both (1-3).
It is quite difficult to estimate accurately patients with mild persistent asthma.
That is because improvements in FEV1 and PEF which are usually used as primary
outcomes are not the best choice, neither are symptom scores, questionnaires or quality
of life methods. Large sample sizes are required to adequately power such findings
due to the small changes likely to be seen in all the above parameters.
Τhe benefits of adding a LABA to ICS for the reduction of exacerbations was
tested in patients with mild persistent asthma ιn the OPTIMA trial. In this study, two
groups of patients were selected: group A consisted of almost 700 patients with mild
persistent asthma who had never used ICS. In this group, budesonide alone (200mg/
day) was compared to the same dose of budesonide plus formoterol or placebo for
1 year of treatment. The primary outcome was the rate of severe exacerbations. The
combination of budesonide and formoterol did not provide any additional benefit
when compared to budesonide alone (4). The authors concluded that for steroid naïve
asthmatic patients with mild persistent asthma, low-dose ICS alone are the preferred
treatment option. Group B included patients with moderate asthma using ICS at
study entry. These patients showed a significantly lower rate of exacerbations when
formoterol was added to budesonide. Accordingly, the authors concluded that LABA/
ICS combination treatment benefits moderate asthmatics who are not well controlled
on ICS alone (4).
In the START study 7000 patients with mild persistent asthma were treated with
low dose ICS or placebo for 3 years. By year 3 of the study, 50% of placebo-treated
patients required additional corticosteroid treatment which was reduced to 30%
requiring corticosteroid treatment and 6% had a severe asthma exacerbation which
©2011 by MEDIMOND s.r.l.
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was reduced to 3% in the budesonide-treated group. The changes in pre- and post
bronchodilator FEV1, while statistically significant, were small at the end of 3 years
of treatment (5).
In the IMPACT study 225 adult patients with mild persistent asthma were followed
for 1 year (6). Intermittent short-course ICS, guided by a symptom-based action plan,
alone or in addition to daily treatment with either budesonide or an anti-leukotriene
were compared. The authors concluded that these patients can be treated with intermittent courses of inhaled or oral corticosteroids together with an action plan. However,
the above conclusion was reached although the regular use of inhaled budesonide was
significantly better than the intermittent use in terms of improving the prebronchodilator
FEV1, number of symptom free days, asthma control scores, airway hyperesponsiveness, sputum eosinophils and exhaled nitric oxide. Severe asthma exacerbations did
not differ between the two groups.
Current international GINA guidelines recommend a trial of low dose ICS for all
asthmatic patients at step 2, previously defined as having mild persistent asthma and
this should last for at least 3 months to gain a therapeutic benefit (7).
In May 2007, the readers of New England Journal of Medicine were asked to select
one of the following three options in order to answer to the question: Which is the
best way to de-escalate therapy (step-down) in a patient with mild persistent asthma
who is well controlled on low to medium dose ICS?: (1) prescribe as-needed ICS/
albuterol in a single inhaler for asthma symptoms (2) discontinue ICS and substitute
by a leukotriene receptor antagonist (LTRA), or (3) prescribe once-daily ICS/LABA
combination (8). Surprisingly, an equal selection of all three options was observed
although the guidelines support that there are insufficient data to recommend intermittent or once-daily use of ICS or the use of LABAs in mild persistent asthma.
Moreover, the complete discontinuation of ICS and substitution by LTRA monotherapy
is actually the substitution of the recommended treatment with an alternate one but
not preferred. This division of doctors in their preferred choice shows in the most
elegant way the discrepancy that exists in a common situation, that is the step-down
therapy in mild asthma.
Two recent studies attempted to elucidate the proper answer to the question posed
above. The American Lung Association-Asthma Clinical Research Centers (ALA-ACRC)
conducted a large clinical trial including 500 patients with mild persistent asthma
that was well controlled on low-dose ICS. Patients were randomized to continue on
twice-daily low-dose ICS, step down to an LTRA alone (montelukast), or step-down
to a low-dose ICS/LABA combination once daily (9). Treatment failure was defined
as a >20% decrease in FEV1 and was greater in subjects who received an LTRA.
However, there was no difference in the other two arms. Thus, it was suggested that
twice-daily ICS could be stepped down to once-daily ICS/LABA effectively, halving
the dose of ICS. However, the study did not contain an arm with ICS alone once
daily, so it is uncertain whether the same effect could be achieved.
Another large randomized clinical trial included 455 patients with mild persistent
asthma well controlled on twice-daily low-dose ICS. Subjects were stepped down to
one of four treatment arms: two as needed arms thus (1) albuterol only or (2) lowdose ICS/albuterol only and two twice-daily arms thus (3) low-dose ICS twice daily
or (4) low-dose ICS/ albuterol twice daily. No differences in the primary endpoints
were observed in the three ICS arms, but the as-needed low-dose ICS/ albuterol
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arm achieved these endpoints with a fourfold lower dose of ICS (10). Thus, it was
suggested that less than daily low-dose ICS alone may be sufficient to achieve good
asthma control and reduce exacerbations in mild persistent asthma.
Is there a possibility that the regular use of ICS may prevent the decline of lung
function associated with asthma and thus alter the natural history of the disease? To
date, no randomized clinical trial has properly addressed this question. Only the CAMP
study (Children Asthma Management Program Study) has shown that in children with
mild-to moderate asthma the lack of regular treatment with ICS for four to six years
was not associated with progression of the disease (11).
The “as needed” use of ICS together with an inhaled β2 agonist is certainly an appealing approach compared to regular treatment because it involves a trivial cumulative
exposure to corticosteroids. However, it remains to be answered whether intermittent
treatment with ICS that is clinically effective suppresses the chronic airway inflammation or the airway hyperresponsiveness associated with the disease. Alternatively,
it may be offered as an intermediate step to the withdrawal of controller medication
if the disease is well controlled by regular treatment with ICS.
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Asthma in the icu
Koutsoukou Antonia
Ass. Professor of Intensive Care Medicine, ICU, 1st Department of Respiratory Medicine, Medical
School of Athens University, “Sotiria” Hospital, 152 Mesogion Ave, 11527 Athens, Greece

Summary
Acute severe asthma remains a significant clinical problem, which needs to be
identified to facilitate early and appropriate therapeutic interventions. Intensive care
treatment should include high concentration of inspired oxygen, continuous nebulization of β-agonists, intravenous corticosteroids and respiratory support. Mechanical
ventilation is indicated for asthmatic patients unresponsive to aggressive medical
treatment and those admitted at an advanced stage of the disease. Such patients
always have extreme lung hyperinflation due to airway obstruction and to loss of
lung elastic recoil. Ventilatory strategies should aim to avoid barotrauma, minimize
dynamic hyperinflation and maintain adequate oxygenation, allowing some degree of
permissive hypercapnia.

Introduction
Despite overall knowledge of the pathophysiology of asthma as well as improved
availability of pharmacologic treatment, asthma continues to pose a significant medical problem. Intensive care management of status asthmaticus has advanced in recent
years. Knowledge of the inflammatory basis of severe asthma and the pathophysiologic consequences of airway obstruction has been translated into improvements in
the medical and ventilatory approaches. Still, status asthmaticus carries a significant
risk of morbidity and mortality in the ICU (1).
Acute severe asthma and near fatal asthma represent the most severe clinical
presentations of asthma that may require immediate admission to the Intensive Care
Unit (ICU) for observation, monitoring and treatment. It has been estimated that ICU
admissions range from 2 to 20%, and about 30% of these patients require intubation
and mechanical ventilation with a mortality of 8% (1). In this respect acute severe
asthma is challenging for intensivists both with respect to early recognition and aggressive intervention.
According to Consensus guidelines, acute severe asthma is defined as a rapid
exacerbation characterized by the presence of one or more of the following features:
©2011 by MEDIMOND s.r.l.
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accessory muscles activity, a paradoxical pulse exceeding 25 mm Hg, a heart rate
greater than 100 beats/minute, a respiratory rate greater than 25-30 breaths/minute,
limited ability to speak, a peak expiratory flow or EFV1 less than 50% predicted, and
an arterial oxygen saturation less than 91-92% (2). Most severe clinical presentation
of asthma is the Near Fatal Asthma (NFA) which is acute severe asthma associated
with hypercapnia, acidosis, altered consciousness and respiratory arrest (3).
Two distinctive phenotypes of NFA have been identified: The most common phenotype, responsible for 80-85% of all fatal events, is associated with gradual deterioration over days or weeks, occurring in patients with severe and poorly controlled
asthma. It is characterized by eosinophylic inflammation and it is slow to respond. It
should be emphasized that this pattern is generally considered preventable. The second
phenotype has both rapid onset (less than two hours) and response to therapy. It is
characterized by neutrophylic inflammation and most probably there are no measures
to prevent such an attack (4,5).
Recognition of risk factors and understanding of the pathophysiology of an acute
severe asthmatic attack are of paramount importance in order to optimize the evaluation and therapy.

Pathophysiology
Dynamic hyperinflation hypoxemia and hypercapnia, are considered some of the
most relevant pathophysiological events in acute severe asthma (5).
An acute severe asthmatic attack is associated with marked alterations in respiratory
mechanics, characterized by a non-uniform reversible increase in airway resistance
that results in diminished flow rates, premature airway closure, hyperinflation of the
lungs and thorax, changes in elastic recoil, and frequency-dependent behaviour (6).
In normal lungs, lung volume returns to baseline functional residual capacity (FRC)
at end expiration. Under conditions of airway obstruction, low expiratory flow and
short expiratory time do not permit the respiratory system to reach static equilibrium
volume at the end of expiration, thus leading to air trapping and development of dynamic hyperinflation. It has been estimated that residual volume can be increased up
to 400% of normal, end-expiratory lung volume can be double the FRC, while during
most attacks breathing takes place near total lung capacity (7). Most importantly, under
these conditions, the end-expiratory alveolar pressure remains positive, a phenomenon
known as intrinsic positive end-expiratory pressure (PEEPi) or auto-PEEP (8). Hyperinflation and PEEPi play an important role in pathophysiology (9). Augmentations
in lung volume help constricted bronchi remain open. However, as the resistive work
of breathing rises, the inspiratory muscles must generate more force to offset this
increase. Moreover, as the lungs enlarge, it becomes progressively more difficult to
inflate them and the elastic work of breathing rises. In addition, in the presence of
hyperinflation and PEEPi, and despite the contraction of respiratory muscles, no air
is coming into the lungs until sufficient pressure is generated to override the elastic
recoil of the respiratory system.
Due to non uniform distribution of obstruction, there is regional maldistribution
of ventilation leading to ventilation-perfusion mismatch, hypoxemia and oxygen desaturation (10-11).
An asthmatic attack associated with changes in lung volumes can significantly
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affect cardiac performance. Lung hyperinflation may result in decreased systemic
venous return, and increased right ventricular afterload as a result of the pulmonary
hypertension. Right ventricle will be under strain which may cause shifting of the
interventricular septum towards the left ventricle, affecting its performance with consequent incomplete filling, decreased cardiac output and hypotension (12,13).
The increased resistive and elastic work of breathing, along with decreased muscle
strength and efficiency due to hyperinflation, cause high energy demands, whereas
energy supplies are decreased because of reduced blood flow and oxygenation. When
the energy supplies do not meet the energy demands, respiratory muscles become
fatigued and alveolar hypoventilation develops (14).

Clinical and management aspects
Since virtually all patients requiring hospitalization for asthma can be considered
at risk for respiratory failure, recognition of risk factors is very important for the
evaluation of these patients. A history of hospital admissions, especially if mechanical
ventilation is required, is considered the greatest predictor of death (15). Increased
use of corticosteroids or nebulized β-agonists and underlying psychosocial problems
should also be regarded significant risk factors (16).
Appearance of acute severe asthma is variable leading quite often to underestimation of the severity of illness that in turn results in greater morbidity. The immediate
assessment of patients with severe asthma should include the degree of respiratory
distress i.e. ability to speak, respiratory rate, use of accessory muscles, air entry,
the degree of hypoxia i.e. cyanosis, pulse oximetry, level of consciousness and the
cardiovascular stability i.e. arrhythmias, blood pressure (17). It should be noted however, that accessory muscles use, wheezing and tachypnea may be diminished as the
patient is exhausting (18).
Intensive care treatment of the poorly responsive patient should be based on early
recognition of deterioration. It should include oxygen administration, continuous
nebulization of β-agonists, systemic corticosteroids and respiratory support.
Ventilatory assistance can be life saving. The main goal of mechanical ventilation
is to maintain adequate gas exchange until bronchodilators and corticosteroids relieve
the airway obstruction. Both non-invasive and invasive techniques are available.
Surprisingly, only a few studies have described the use of Non-Invasive Ventilation
(NIV) in patients with acute asthma. In 1996, Meduri et al found that application of
NIV in 17 patients with status asthmaticus resulted in an immediate improvement in
physiological variables such as PaCO2 and pH (19). Few years latter Soroksky et
al found that in the group of asthmatic patients in whom bi-level positive pressure
ventilation was applied, lung function, as assessed by FEV1, was improved (20). Very
recently, Gupta et al in a prospective randomized controlled study found that application of NIV in addition to standard medical therapy was associated with a shorter
ICU stay as compared to medical therapy alone (21). Although more experience is
required before NIV becomes standard therapy, this mode of ventilation appears to
be an acceptable alternative approach for short term ventilatory support in asthmatic
patients. It may provide support while pharmacological therapy takes effect, and thus,
eliminate the complications associated with endotracheal intubation.
Intubation and mechanical ventilation should be considered for patients with pro-
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gressive deterioration despite aggressive treatment. The decision to intubate is based
on clinical judgment. However, progressive exhaustion, patient fatigue, worsening
of mental status, hemodynamic instability and coma are among the main indications
for intubation (9).
The main targets of mechanical ventilation are to avoid excessive airway pressure and minimize lung hyperinflation. Intensive care treatment should include high
concentration of inspired oxygen, continuous nebulization of b-agonists, intravenous
corticosteroids and respiratory support. In order to achieve these targets, it is often
necessary to hypoventilate the patient and tolerate hypercapnia. Hyperinflation reduction
can be achieved by reducing minute ventilation, tidal volume (VT), and respiratory
frequency, or by increasing expiratory time. In order to avoid both barotrauma and
ventilator-induced lung injury, minute volume should be kept below 10 L/min, VT at
6-10 mL/Kg BW and static end-inspirattory pressure (Pplat) lower than 30 cm H2O
(9,22). To assure that the appropriate ventilatory settings have been selected, andexpiratory and end-inspiratory occlusions should be performed for measurement of
PEEPi and Pplat respectively (23). Controlled ventilation is normally required following
intubation because of the deep sedation that is necessary to avoid patient-ventilator
asynchrony and to manage controlled hypoventilation. Low levels of external PEEP
may be useful at the resolution phase when inspiratory muscle activity resumes and
the patient triggers the ventilator. The amount of PEEP must be titrated gradually
to a level lower than PEEPi, based on patient’s comfort, under close monitoring of
airway and blood pressures (24).
The main measures to relieve bronchial obstruction remain the administration of
inhaled β-agonists and intravenous corticosteroids. However, in refractory cases, some
additional therapies might be tried. Magnesium sulfate that inhibits calcium channels
in smooth muscles and reduces acetylcholine release has been shown to have bronchodilating effects (25). Breathing of heliox, a combination of helium and oxygen, can
facilitate ventilation by reducing resistance to gas flow. According to a meta-analysis,
the beneficial effects of this therapy seem most pronounced in the severest cases and
especially during the first hour of use (2). Finally there are isolated reports on possible beneficial bronchodilating effects of inhalational anesthetics that may cause a
decrease in airway pressures and improvement in blood gases (27).

Conclusion
Acute severe asthma continues to be a significant management issue for intensivists. Understanding of the risk factors and pathophysiology will lead to increased
recognition and appropriate treatment. Intensive care treatment of the poorly responsive
asthmatic patient should include high concentrations of inspired oxygen, continuous
nebulisation of β-agonists, intravenous corticosteroids, and respiratory support. In
mechanically ventilated asthmatics, limiting airway pressure by using low minute
ventilation, low respiratory rate and low tidal volumes while permitting a moderate
degree of hypercarbia and respiratory acidosis, will lead to improved outcome.
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Which patients should be treated?
Pitsios C.
Allergy Outpatient Clinic, Social Insurance Institute, Athens, Greece

Specific immunotherapy (SIT) has been used for about a century to treat patients
with allergy. Controlled trials of SIT in patients with allergic rhinitis and asthma have
been performed and published since 1954. The safety and the long term clinical efficacy
of SIT, in the treatment of pollen and mites allergy, have been proved in both adult
and children populations. It has also been shown, since more than 30 years ago, that
in dust-mite-allergic children the clinical improvement of asthma is associated with
diminution or loss of the allergen-induced late bronchial reaction1.
Critics of immunotherapy claim that it is a potentially life-threatening treatment
used for “mild” diseases. It is true that allergic rhinitis is not associated with a risk
of death but it has a considerable affect on patient’s quality of life and is connected
with the presence of asthma; allergic rhinitis and asthma are comorbidities in about
200 million of people 2. As stated by WHO, the primary goal of the physician is to
completely cure patient’s symptoms, reserving him a quality of life, with the use of the
safest cure available 3. SIT is not risk-free but the use of standardized allergen extracts
by highly qualified allergists decreases the risk of anaphylaxis due to SIT 4.
The cornerstones of respiratory allergy’s treatment are allergen avoidance, pharmacotherapy and immunotherapy. Avoiding allergens and immunotherapy are the
only therapeutic modalities that can modify the natural course of the disease, while
pharmacotherapy provides symptomatic treatment but doesn’t have a long-term effect
after its discontinuation 3, 5. The avoidance of allergens can be extremely difficult in
the case of pollen, but can adequately be achieved with mites, molds and animals.
SIT would be the ideal therapy for all patients suffering of allergic rhinitis,
conjunctivitis and asthma, if its safety and efficacy were equally guarantied to all
candidate patients. Unfortunately SIT cannot completely relief allergic symptoms to
all patients treated, while there are certain cases in which it is contraindicated. The
efficacy of SIT depends mainly on the right choose of treated patients and on the
use of extracts with a suffiecient level of evidence 6. There are also other parameters
influencing the success of SIT, such as the compliance with the suggested protocols,
the administration of a high maintenance allergen dose and the avoidance of using
mixtures of allegen extracts.
It is clear that SIT is considered only in patients selected according to well-defined
©2011 by MEDIMOND s.r.l.

MY03R9052

215

216

XX World Congress of Asthma

clinical criteria and a specific allergy diagnosis, that are patients suffering from an
IgE-mediated allergy, with demonstrated specific IgE antibodies to the suspected allergens 3, 5. Therefore the first step is to set the proper diagnosis by performing SPT
to the airborne allergens that are relevant with patient’s environment and to confirm
the results with the detection of specific IgE in the serum (ideally by using a highly
sensitive in vitro method). However there are cases with unclear in vivo or in vitro
detection that can be alternatively be clarified with the use of nasal or bronchial
provocation tests 2. When the findings of the tests correlate to the clinical history and
the exposure to the relevant allergens, SIT can be an excellent option 5.
The severity and the duration of the allergic symptoms are considered while assessing
the need for allergen immunotherapy. The severity can be subjective and symptoms
may affect each patient’s quality of life in a different way and grade, but there are
also objective indicators of respiratory allergies, such as the time lost from work, the
visits to the emergency department or to the physician’s office and the response to
pharmacotherapy 7. SIT is suggested in patients with moderate-severe intermittent or
persistent allergic rhinitis and rhinoconjunctivitis 6 and in mild early-stage allergic
asthma, before the development of airway remodeling 6, 8, 9.
In patients who need medicines regularly it is advantageous to start SIT in the early
stages of the disease while it still remains possible to prevent its progression 3, 5. SIT
can be an option in patients who don’t respond sufficiently to medications. SIT and
immunotherapy should be integrated components in the treatment strategy for allergic
diseases 5. The effectiveness of drugs is enforced with the addition of SIT; symptoms
are improved in asthmatic patients using inhaled corticosteroids, while the rescue use
of short acting β2-agonist is decreased 10. The decreased use of drugs is an advantage
of SIT and a solution for patients experiencing side-effects from pharmacotherapy.
SIT’s efficacy is confirmed for the treatment of inhalant allergy caused by the following allergens relevant in Europe: Birch, Alder, Hazel, Olive, Ash, Grasses, Cypress,
Parietaria, Ambrosia, Dermatophagoides pteronyssinus and farinae and cat 6. AAAAI
recomends SIT for pollen, mites, animal allergens, fungi and cockroaches 7. It is up to
the allegist to decide the use of allergen preparations with little evidence of efficacy
and an individual approach for each patient is always recommended for SIT.
It is not clear whether SIT should be reserved to patient being sensitized ro one
allergen. Monosensitized patients are expected to be favoured by SIT more than polisensitized patients, but treating an asthmatic to an allergen if other concomitant allergies
are present can lead to a treatment failure 6. The use of single extracts is prefered
since the dose of a vaccine containing a single allergen (or allergens of omologous
allergenicity such as grasses and house dust mites) is high and effective. SIT vaccines containing multiple extracts can be used in polysensitized patients, when certain
regulations are followed, but their effectiveness has not been widely studied.
SIT can be continued during pregnancy if already well-tolerated. However, it is not
adviced to start SIT or to continue the building-up phase during pregnancy, because of
the risk of anaphylactic shock with consequent abortion 5. Absolute contraindications
of SIT are the existence of concurrent diseases, such as malignancies and autoimmune
diseases, since SIT may enhance a collateral immunomodulation affecting them. Although
it has been hypothesized that the course of HIV infection can also be affected by SIT,
this is not completely clear and SIT should be decided on an individual basis 7.
SIT should be considered in patients with cardiovascular problems only if they are
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not under treatment with β-blockers, since adrenaline may be needed to be administered in a case of anaphylaxis due to SIT. Practising SIT in patients with a history
of coronary heart disease is also risky since anaphylaxis may result fatal, althought
on the other hand sublingual SIT can be a safe alternative.
A clinical examination (including peak-flow, arterial pressure and heart rate) should
always precede the administration of subcutaneous SIT. The administration should be
avoided when the patient presents symptoms of acute infection, or has an indication of
depleted respiratory function (decrease of PEFR). SIT is contraindicated in asthmatics
with FEV1<70%, or if asthma is uncontrolled.
It should be emfasized that an individual approach is always necessary before, or
during SIT. A patient that fulfills all the indications for SIT but is considered unreliable
is better not to start SIT. Since patient’s compliance is indispensable for the success
of the treatment it should be clearly discussed before starting that the full treatment
period is of at least 3 years and that SIT should be administered in the prefixed appointments, keeping a maintenance time interval of 4 weeks.
The cost-effectiveness of SIT can also affect the decision on who is the patient
that should undergo SIT. The cost of SIT is different in each country but it is obvious that the initial costs of therapy during the first year of SIT are increased, but
medication use and therefore the entire therapeutical costs are dramatically decreased
after about 2 years of a successful SIT 9.
In conclusion, a patient suffering from allergic respiratory disease can be cured with
the use of a standardized high quality allergen extract, selected on the basis of clinical
history and the results of the tests. SIT should be started in compliant patients while
the symptoms are still reversible and making sure that no contraindication occurs.
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Asthma is a complex disorder characterized by airway inflammation, reversible
airflow obstruction and bronchial hyper-responsiveness to various environmental stimuli. Major role in disease’s pathogenesis has genetics and the environment. Genetic
susceptibility combined with environmental factors, such as inhalation of different
irritants-mainly cigarette smoke, may interrelate with final outcome the clinical expression of asthma. 1
The World Health Organization has estimated that there are 1.25 billion smokers
worldwide. In many developed countries, at least 1/4 adults smoke cigarettes. The
effects of smoke are multifaceted. Many studies have already showed that smoking
leads to chronic airway inflammation, resulting to bronchoconstriction and greater
decline in FEV1 compared with non smoker asthmatics. According to a recent study
by James et al2., male and female asthmatic who are current smokers have a greater
yearly decline in FEV1 compared even to non asthmatics smokers.2 Furthermore, there
is impaired quality of life in smoker asthmatics with prevalence of symptoms and
difficulties in achievement of asthma control despite adequate treatment.3,4,5 Recent
data revealed poor response to corticosteroids and increased clearance of theophyline
in patients who continued smoking in comparison to quitters’ asthmatics.6
It has become clear that cigarette smoking induces airway inflammation in non
asthmatic smokers without airflow obstruction compared with nonsmokers. Cigarette
smoke, like other inhaled oxidants, has the capacity to damage the bronchi in a number
of ways, including direct toxicity to the bronchial epithelium, oxidative damage and
recruitment of inflammatory cells, release of a number of inflammatory mediators,
increased epithelial permeability, and finally inflammation with airflow limitation.
A study by Chrysofakis et al., have reported increased T-lymphocytes, mainly CD8
cells and macrophages, higher neutrophil number and infiltration of peripheral airways
with mononuclear cells and macrophages in sputum samples of non-COPD smokers
compared with healthy individuals and a higher prevalence of CD8+ cytotoxicity in
COPD smokers. Furthermore, in the same study, perforin expression was increased
in COPD smokers and in non COPD but currently smoker patients when compared
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to healthy non smokers. 7 This is in line with our preliminary data, not yet published,
in smoking asthmatics where we have noticed increased expression in perforin and
granzymes A and B in smoker asthmatics compared with non smoker asthmatics.
Individuals inheriting susceptibility genes are at added risk from birth
of developing asthma. This may become evident when an initial sensitization and exacerbation occur and when immunity develops to aeroallergens.
Asthma may remit or progress, depending largely on the environmental exposures
and mainly in environmental tobacco smoke (ETS) which is one of the most common
indoor air pollutants8. Two general approaches has been used to associate asthma expression and inherited genes. In candidate gene approach, genes are selected because
they have been associated with asthma (or a related phenotype) or with the metabolism
of tobacco smoke, whereas, in genome-wide approach, exposure status is incorporated
into a genome-wide screen for asthma (or a related phenotype) to identify loci that
contribute to asthma risk in smoking exposed or non-exposed asthmatics 9,10. Major
asthma related genes among others are a1-antitrypsin, a2-adrenergic receptor and interleukin-10 and genes related to smoke exposure are glutathione S-transferase M1,
matrix metalloproteinases 1, 12 and microsomal epoxide hydrolase. 8, 11-14 According to
genome-wide approach a serial of replicated regions have been reported for the expression of atopy, asthma phenotype, increased serum IgE levels and serum eosinophilia.15
Furthermore, asthma progression is influenced by interpatient genetic variation. 16 In
addition, the ADAM33 gene, which was extensively studied, is involved in airway
remodeling in asthmatics with fixed airflow limitation. A recent study by Lee et al
revealed increased expression of ADAM33 mRNA in smooth muscle, fibroblasts and
myofibroblasts in asthmatic patients with fixed airflow limitation17. Genetic association studies showed a more increased risk with environmental tobacco smoke when
compared with early life exposure to farming environments and house dust endotoxin.
These associations were modified by CD14 genotype. CD14 is a receptor, involved in
the clearance of bacterial endotoxin (lipopolysaccharide (LPS)).This receptor interacts
with the Toll-like receptor (TLR)4 and MD-2 receptor complex to activate a cascade
of host immune responses. Several single nucleotide polymorphisms alter the biology
of the CD14 receptor, and this was aggravated by smoking.18, 19
The combination of inherited gene variation, increased oxidative stress and smoking
habit may further lead to oxidative DNA damage and somatic acquired mutations.
Oxidative stress is a state in which the production of reactive oxygen species (ROS)
exceeds the capacity of the antioxidant defense system in cells and tissues. 20-22 The
human DNA mismatch repair (MMR) system, corrects single-base mismatches and
small insertion / deletion loops that occur during DNA replication. Microsatellite
instability (MSI) occurs when the loops in DNA microsatellites are not corrected
because of a malfunctioning MMR system. The MMR system functions through the
interactions between several proteins, such as hMSH2, hMSH3, hMSH6, hMLH1,
hPMS2, and hMLH3.23 Microsatellites of DNA are short tandem nucleotide repeats
commonly found throughout the genome. Microsatellite DNA instability (MSI) is a
consequence of increased oxidative DNA damage and malfunctioned MMR system.
Thus, genetic instability is the result either of chromosomal – structural or numeric
alterations, or microsatellite instability due to malfunction in DNA- mismatch-repair
genes, or both. Previously data by Paraskakis et al., have reported increased microsatellite
instability in asthmatic patients when compared to healthy individuals.24 Moreover, in
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a more recent study from our department microsatellite instability was also revealed
in asthmatic and COPD patients in comparison with healthy controls.25
Summarizing, smoking may be related to different asthma phenotypes. It is well
well-known that both asthma morbidity and mortality are increased in cigarette smokers compared with never smokers. Severity of asthma is the consequence of complex
interactions between genetic epigenetic and environmental factors. Understanding
gene-environmental interaction would facilitate risk prognostication, improve preventive
strategies and develop targeted interventions in people with asthma.
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Summary
The peripheral airways, i.e. the peripheral membranous bronchioles < 2 mm in
diameter and the lung parenchyma are a difficult anatomic area to study because of its
relative inaccessibility. The distal airways hold a very important role in the physiology of the respiratory system, since they are the primary site of respiratory diseases
such as COPD and asthma. Although several tests have been proposed and used to
investigate this region of the lung, a single accepted approach to assess small airways
is still lacking. Pulmonary function testing, nitrogen breath washout, impulse oscillometry and imaging techniques in the evaluation of small airways are discussed.
Small airways are the airways with an internal diameter of 2 mm or less, that
do not contain cartilage in their walls. They include the membranous and terminal
bronchioles that are air conducting structures and respiratory bronchioles containing
alveoli in their walls. One terminal bronchiole, two to five generations of respiratory
bronchioles, alveolar ducts, alveolar sacs, and alveoli form the acinus or primary
pulmonary lobule, the basic unit of gas exchange in the lung. The term distal lung
refers to the terminal bronchioles and to the attached alveoli [1].
The large airways represent a total volume of approximately 50 ml and a total
surface of 290 cm2 whereas the small airways represent a total volume up to 4500ml
and surface up to 140 m2. Because of the exponential increase in cross-sectional
area with each generation of branches within the bronchioles, the distal airways
normally contribute only a small fraction to the total pulmonary resistance. The flow
of air in the small airways is laminar and the resistance small, in contrast to the
flow in the large airways that is turbulent and associated with increased resistance.
The peripheral airways are a difficult anatomic area to study because of its relative
inaccessibility. Although several tests have been proposed and used to investigate this
region of the lung, including complex and sometimes invasive techniques, a single
accepted approach to assess small airways is still lacking. This is especially important
since considerable small airways obstruction may be present before it is detected with
usual measures such as FEV1. The characteristics of small airways obstruction include
premature airway closure, air-trapping and regional heterogeneity.
Pulmonary function tests that focus on these characteristics of the distal lung are
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useful in detecting and quantifying small airways disease. Lung volume measures,
including forced vital capacity (FVC), residual volume (RV), total lung capacity (TLC)
and functional residual capacity, which have been used to characterize air trapping
and small airway functionality, may provide useful information. RV is elevated in the
presence of premature airway closure and air trapping. As TLC commonly is increased in obstructive disease, the RV/TLC ratio is the best measure of relative elevation
of RV. In the absence of lung volume measurements, the %predicted vital capacity
(FVC) is a spirometric indicator of air trapping that correlates reasonably well with
RV/TLC. Closing volume is another measure of premature airway closure that correlates well with RV/TLC, and that may exhibit better sensitivity. The FEF25-75 is the
spirometric value most commonly used as an indicator of small airway obstruction.
FEF25-75 reflects the average flow rate over the mid-quartile range of FVC and
excludes the initial peak in expiratory flow, thus being sensitive to the same small
airway characteristics that result in the concavity of the expiratory F-V curve. As a
measure of airflow limitation, FEF25-75 correlates highly with FEV1/FVC ratio (as
%predicted), but nonlinearly, such that FEF25-75 decreases much more steeply than
FEV1/FVC at levels of mild obstruction.
Furthermore, magnetic resonance imaging following inhalation of hyperpolarized
helium and xenon, has emerged as a test providing further insight into small airway
involvement in asthma and COPD [2]. These gas-enhanced techniques allow higher
resolution, and detect and quantify ventilation and perfusion heterogeneity, which is
mainly because of regional and dynamic patterns of airway closure. Hyperpolarized
helium has been used to assess regional airflow obstruction and ventilation defects
in asthma, as well as for the evaluation of emphysema, by providing information
at the alveolar and small airways level. However, at this time, these techniques are
only available in a few centers, are technically demanding and not established for
clinical applications.
Nitrogen washout is a technique that can distinguish between ventilation heterogeneity originating in the peripheral conducting airways as compared to the more central
conducting airways. An analysis of the washout curve generated in the single-breath
or multiple-breath tests can actually provide information regarding distal lung abnormalities. In the single-breath test, increased closing volume (CV) or closing capacity
(CC) and an increase in the phase III slope of the washout curve reflect air trapping
because of small airway closure or near closure [3]. In the multiple breath nitrogen
washout technique, small airways function is calculated from the normalized slope of
the alveolar phase II plotted against the lung turnover (cumulative expired volume/
FRV). Alterations in parameters obtained through single-breath nitrogen washout can
be correlated with poor disease control, implying that airway closure at relatively
high lung volumes under clinically stable conditions might be a risk factor for severe exacerbations in asthmatic patients [4]. Additionally, a longitudinal study proved
that small airway narrowing detected through an increase in the phase III slope of
the nitrogen washout curve contributed in predicting the development of COPD in
patients who smoke [5]. Based on this ability, nitrogen washout techniques could be
regarded as valuable methods to evaluate small airway function.
Impulse oscillometry (IOS) is another promising technique in the assessment of
small airway function in both asthma and COPD. IOS allows for the calculation of
peripheral airway resistance [6,7]. It has been shown that this test is more sensitive
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than FEV1 for measuring the physiological effects of bronchodilators in asthma and
COPD [8]. IOS has advantages such as requiring only minimal patient cooperation,
as the technique requires only tidal breathing, and limited operator training. Furthermore IOS provides information on reactance, compliance and expiratory flow
limitation through a measurement that lasts only 5 minutes. The limitations of the
technique include vocal cord adduction, possible air leak and the necessity to assess
the primary data.
Imaging is a novel area for the direct assessment of small airway involvement
in asthma and COPD that deserves further. High-resolution computed tomography
(HRCT) is a noninvasive method able to provide anatomical details of the bronchial
tree although it can only estimate wall thickness of bronchi that are up to 2 mm
in diameter. Newer techniques using spirometry–controlled multidetector CT scanners can provide a three dimensional reconstruction of the lung. Optical Coherence
Tomography, performed during bronchoscopy has a resolution of 5-10 µm and uses
the same principle as ultrasounds but with near-infrared light. A detector collects
the back-scattered reflected waves and provides results that are more sensitive than
multidetector CT scan [9]. The qualitative assessment provides information on the
alveolar or bronchial phenotype and the quantitative small airway analysis (thickness
and extension). Limitations of this method are the pixel size (0.5 mm), and the poor
reproducibility of small airway measurements as well as the relative cancer risk associated with radiation [10]. More direct measures of peripheral airway resistance,
such as the wedged bronchoscope method and volume-specific upstream resistance,
are technically difficult and not widely available.
In conclusion, the importance of the small airways in the physiology of the respiratory system is high, since although they are called the “silent zone”, they are
the primary site of respiratory diseases including COPD and asthma. New diagnostic
tests such as IOS and nitrogen washout can be used together with spirometry in the
investigation of functional abnormalities of the small airways. However, further studies
are needed to specifically validate these functional tests and to assess whether they
can be used in a daily clinical setting. A single easy test for detecting abnormalities
of the small airways is not available and further research is needed in this area.
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Asthma is a collection of different phenotypes, rather than a single disease. The
correct diagnosis of asthma is usually made easily and most patients respond to therapy.
However, approximately 5 to 10% of sufferers have refractory asthma that remains
poorly controlled despite maximal inhaled therapy. The severe asthma group accounts
for up to 40–50% of health care costs due to frequent hospital admissions, use of
emergency services and drug consumption. Effective clinical care is complicated by
heterogeneity associated with refractory asthma.
The emphasis on the asthma phenotypes is intended to highlight the heterogeneity
of the disease. These phenotypes are generally categorized under the broad umbrella of “asthma” because they meet the simple criteria for clinical diagnosis of the
disease. Studies now suggest that identification of a specific asthma phenotype can
assist in its management and can lead to increased understanding of the underlying
pathobiology that contributes to the phenotype. To date, the studies that have tackled
issues of clinical heterogeneity have been relatively small, have used research databases collected for other purposes, and have had limited ability to assign molecular
mechanisms to clinical phenotypes.
Many categories have been used to define asthma phenotypes, mostly with general or
clinical criteria. This talk will analyze the categories of clinical asthma phenotypes.
Clinical phenotypes include those defined by level of severity, the frequency of
exacerbations, the presence of chronic airflow restriction, the age of asthma onset
and the response to treatment, such as resistance to steroids.

A. Severity-defined asthma
Although international guidelines classified primarily disease severity on the basis of
lung function, symptoms, and use of medication, recent knowledge proposes that these
criteria are not adequate to predict the course of the disease, control of the disease,
or the response to treatment. For these reasons, guidelines have started to focus on
monitoring and treatment by level of control. International Networks have suggested
that specific features such as less atopy, lower lung function, female sex and a history
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of pneumonia might exist in severe asthma but not milder asthma. Many genetic and
lung-specific biomarkers have also been proposed to distinguish mild asthma from
severe asthma, but few have been proven by multiple studies.

B. Exacerbation-prone asthma
Some patients with asthma seem predisposed to frequent exacerbations, which can
be very severe. These patients might have relatively normal lung function, low lung
function, or show great fluctuation of lung function between exacerbations. Since
exacerbation-prone asthma is a hallmark of severe disease and poor outcomes, determination of immunopathological factors that distinguish this phenotype is important.

C. Asthma defined by chronic airflow restriction
Some patients with asthma present with marked airflow restriction but have only
moderately symptomatic or exacerbation-prone disease. Studies suggest that allergic
features of asthma are more likely to be associated with exacerbation-prone or difficult to control asthma, than with the phenotype associated with persistent severe
airflow restriction. Genetic studies have identified single nucleotide polymorphisms
in ADAM33, IL4, IL4R, and TGFβ1 that are associated with lower than normal lung
function.

D. Treatment-resistant asthma
This phenotype of asthma was believed to be due to a defect in the patient’s
response to corticosteroids that restricts the anti-inflammatory effects of this class of
drugs. However, studies have now shown that there are many different reasons for
steroid resistance, such as abnormalities in histone deacetylation pathways, overexpression of the alternative, non-functional glucocorticoid receptor β, or transcription-factor
interference with corticosteroid binding to the functional glucocorticoid receptor α.
Other patients probably do not respond either because they do not have inflammation
or they have a different type of inflammation (e.g. neutrophills).

E. Asthma defined by age at onset
The age at which a patient develops asthma also differentiates phenotypes. Generally, early-onset asthma seems to be a more homogeneous disease than late-onset
asthma, which is contributed to by a mix of allergic, infectious, and other factors. For
example, in a recent study by Moore and colleagues patients with early onset atopic
disease had normal lung function and little difficulty attaining asthma control, while
patients with an older age of onset had poorly reversible severe airflow obstruction,
obesity, and a tendency to have systemic hypertension.

Cluster analysis: A NEW APPROACH TO PHENOTYPE ASTHMA
Cluster analysis organize information about variables so that heterogeneous groups
of subjects can be classified into relatively homogeneous ‘‘clusters’’. Previous stu-
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dies using cluster analysis of over 270 patients with severe asthma identified four
distinct phenotypes: 1. Patients with well-controlled symptoms and minimal airway
inflammation; 2. A group with early-onset atopic asthma with severe symptoms, persistent airway inflammation, and markedly variable airflow obstruction; 3. A group of
mainly females who have late-onset asthma with symptoms but minimal eosinophilic
inflammation, many of whom are obese; 4. A group with male predominance who
have late-onset asthma characterized by persistent eosinophilic inflammation in the
absence of symptoms.
More recently Haldar et al identified two clusters specific to refractory asthma,
the early-onset symptom predominant and the late-onset inflammation predominant.
Both clusters had marked discordance between symptom expression and eosinophilic
inflammation. Inflammation-guided management leaded to a reduction in exacerbation
frequency in the inflammation predominant cluster and a dose reduction of inhaled
corticosteroid in the symptom-predominant cluster.
In conclusion, a precise definition of asthma phenotypes is compulsory because
they are likely to be associated with different genotypes, responses to treatment, and
prognoses.
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Introduction
Asthma is a multifactorial airway disease that arises from a genetic background
and environmental factors. The rapid rise in asthma over the past decades has been
attributed to numerous factors, including increased awareness of the disease, altered
lifestyle and activity patterns, and changes in environmental exposures.

Incidence and prevalence
Asthma is one of the most common chronic diseases, with an estimated 300 million individuals affected worldwide. Its prevalence is increasing, especially among
children. Incidence ranges from 1,1 [1] to 6,4 [2] cases per 1000 person-years. The
improvement of the diagnostic procedures may explain part of this increase, though
wheezing symptoms are consistently increased [3]. Recent data indicate that the increase of the symptoms of asthma seems to have reached a plateau in many countries
especially in the westernized ones [4, 5]. The reasons for this geographical variations
in the increasing trend of asthma have not been completely understood. According
to the Phase Three of the International Study of Asthma and Allergies in Childhood
(ISAAC) [3]: the prevalence of wheeze in the past 12 months (current wheeze) ranged from 0.8% in Tibet (China) to 32.6% in Wellington (New Zealand) in the 13–14
year olds, and from 2.4% in Jodhpur (India) to 37.6% in Costa Rica in the 6–7 year
olds.

Risk factors
Factors that influence the risk of asthma can be divided into host and environmental factors [6].

Host factors
Atopy: an epidemiological study in schoolchildren living in Palermo, Italy, has
©2011 by MEDIMOND s.r.l.
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reported that atopy (in particular, sensitization to indoor and perennial allergens)
is strongly associated with higher eNO levels and such association is enhanced by
asthma [7].
Gender: sex affects the development of asthma in a time-dependent manner; male
sex is a risk factor for asthma in children [5], while during the adulthood the prevalence of asthma is larger in women than in men.
Body Mass Index (BMI): several studies remark the correlation between BMI
and asthma; obesity and overweight have been associated with an increased risk of
asthma in children [8].
Socio-ecomomic status: many studies suggest that lower socio-economic status is
associated with several indices of asthma morbidity [8].

Enviromental factors
It is widely accepted that gene-environment interactions are responsible for the
development of asthma. But since the prevalence of asthma has doubled in the last
ten years and population genetic variability doesn’t change with such rapidity, several
studies demonstrated that environmental factors play a key role in the increase of
asthma. Indeed, as shown by the Italian SIDRIA study, migrant children have a lower
prevalence of asthma symptoms than children born in Italy. Prevalence increased with
the number of years of living in Italy, suggesting that exposure to environmental factors may play an important role in the development of asthma in childhood [9].
Tobacco smoke: both active and passive smoke influence symptoms of asthma.
There is abundant evidence suggesting that environmental tobacco smoke (ETS)
exposure plays a causal role in the development of childhood asthma. Pre- and postnatal exposures to environmental tobacco smoke, especially from maternal smoking,
have been consistently associated with respiratory symptoms of wheezing; infants of
smoking mothers are 4 times more likely to develop wheezing illness during first
years of life [10]. Moreover, exposure to environmental tobacco smoke consistently
worsens asthma symptoms and is a risk factor for severe asthma [11]. Mallol et al
[12] reported a 16.2% prevalence of tobacco smoking among adolescents. Persistent
smokers had a significantly higher prevalence of asthma-like symptoms ever and in
the last 12 months than nonsmokers. Over 27% of asthma symptoms in adolescents
were attributable to active tobacco consumption. Asthma and active cigarette smoking
interact to cause more severe symptoms, more frequent exacerbations and hospital
admissions, accelerated decline in lung function, and impaired short-term therapeutic
response to corticosteroids [13].
Outdoor air pollution: several studies suggest positive associations among urban
air pollution with respiratory infections, allergic sensitization, symptoms of asthma,
and physician-diagnosed asthma. Nitrogen dioxide (NO2) and particulate matter (PM)
are considered as indicators of traffic air pollution. PM2.5 levels were associated with
a significant increase in incidence of asthma, prevalence of asthma, and prevalence of
asthma symptoms. Findings were similar for NO2 and soot [14]. The Italian SIDRIA
study has shown that children living in zones with intense traffic are at higher risk
for respiratory effects [15].
Indoor air pollution: Europeans regularly spend 8-16 hours a day in dwellings,
depending on local culture and climate. This makes indoor air quality in homes of
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paramount importanxe for respiratory health [16]. Birth-cohort studies have shown
that sensitization to house dust mite allergens, cat and dog dander and aspergillus
mold are independent risk factor for asthma-like symptoms in children up to 3 years
of age. This relationship depends on the allergen, the dose, the time of exposure, the
child’s age and genetics as well [16]. The Italian SIDRIA study reported that respiratory disorders such as wheeze and asthma can often be explained by exposure to
home mould/dampness, especially early in life [17]. A systematic review by McGwin
et al. remarks a significant positive association between formaldehyde exposure and
childhood asthma [18].
Pet exposure: the SIDRIA study has shown that cat, but not dog, exposure in the
first year of life is an independent risk factor for current wheezing, current asthma
and current rhinoconjunctivitis at the age of 7 [19].

Burden of asthma and international initiatives
Even if asthma is a well known condition, there is an evidence for suboptimal control
of disease also in western countries, despite the availability of effective therapies. For
this reason international guidelines remarks the importance of an approach based on
asthma control, rather than asthma severity. In order to give priority to the prevention
and control of chronic diseases, the Global Alliance against Chronic Respiratory Diseases (GARD) was found. GARD is a voluntary alliance of WHO with organizations,
institutions and agencies working towards a common vision to improve global lung
health according to local needs. GARD is developed in a stepwise approach using
the following three planning steps: estimate population need and advocate action;
formulate and adopt policy; and identify policy implementation steps [20].
With the projected increase in the proportion of the world’s population living in
urban areas from 45% to 59% in 2025, a marked increase in the number of asthmatics worldwide is expected over the next two decades (400 to 450 million persons)
[21].

Health care cost
In the European Lung White Book issued by European Respiratory Society in
2003, the total cost of care for asthma associated with asthma were estimated to be
17.7 billion euros. Hospitalization and medications were found to be the most important driver of direct costs. Regarding the indirect costs it was estimated that 38% of
children and 16% of adults had lost school/work days in the past year.
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Introduction
According to the US Department of Commerce report [1] the average age of the
world’s population is increasing at an unprecedented rate. The number of people
worldwide 65 and older is estimated at 506 million as of midyear 2008; by 2040,
that number will hit 1.3 billion; thus, in just over 30 years, the proportion of older
people will double from 7% to 14% of the total world population [1]. Although the
highest proportions of older persons are found in the more developed regions, this
age group is growing more rapidly in the less developed regions. As a consequence,
the older population will be increasingly concentrated in the less-developed regions.
As people live longer, the quality of such longer life becomes a central issue for both
personal and social well-being. Chronic non-communicable disease are now the major
cause of death among older people in both developed and developing countries and
they already account for more than 87% of the burden for the 60 years or older population [1]. According to World Health Organization (WHO) [2], about 300 millions
people worldwide suffer from asthma (prevalence varies highly from 1 to 18%) and
it causes a mortality of 250,000 cases every year. The ERS-ELF (European Respiratory Society-European Lung Foundation) White Book reports that there are over 100
million patients suffered from asthma in Europe with a prevalence rate ranging from
1% (in Russia) to 10% (in the UK) [3].

Burden of asthma in the elderly
According to a recent review, deaths resulting from asthma occur mostly among
the elderly patients. It has been observed that death rate associated with bronchial
asthma in a group of patients aged 55–59 is 2.8 per 100,000 people, whereas in
patients aged 60–64 it is 4.2 [4].
In Australia, between 2002 and 2006, the age-specific mortality rates for deaths
due to asthma in people aged 65 years or older were 7.3 (95% confidence interval
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(CI) 6.6–8.0) deaths per 100,000 population for men, and 9.96 (95% CI 9.3–10.7)
for women [5].
Many people get their first attack of asthma when they are very young and it
goes away gradually as they grow up, but it may come back later in life when they
become old; asthma is usually considered as a childhood disease, but it often occurs
as a new condition in older adults.
Available data about older asthmatic patients derived from a limited number of
studies. In 301 centenarians living in Poland, asthma diagnosis was reported as 3.3%
(2.7% females and 7.0% males). The mean age at diagnosis was 89.6 ±10.7 years.
There were no reported cases of childhood-onset asthma among centenarians (maybe
due to possible low reliability of self-reported life-long medical history) [6]. Recent
reviews reported that the prevalence of asthma is estimated to be between 4% and
17% in elderly people [7,8].
Viegi et al. in the Po Delta Valley Study showed a high prevalence of respiratory
symptoms, in particular in the elderly (>65 yrs): 64.2% in non smokers, 70.1% in exsmokers and 80% in smokers. In detail, in the smokers, the most frequent symptoms
were dyspnoea (63%), phlegm (40%) and wheeze (30%); in the ex-smokers, the most
frequent diagnoses were pleuritis (31%), chronic bronchitis (17%) and asthma (10%).
Moreover, subjects with respiratory symptoms/diseases showed a worse respiratory
function compared to subjects without respiratory symptoms/diseases [9].
However, these numbers are most likely underestimated. Despite the high prevalence
rate shown in the elderly, Braman et al. pointed out that asthma is under-diagnosed
and under-treated in older adults. The symptoms, including wheezing, shortness of
breath and chest tightness, are nonspecific in this age group. The asthmatic-symptoms
of older patients may be underrated and other diseases, such as chronic obstructive
pulmonary disease (COPD), congestive heart failure, and angina, may have similar
presentations [10]. Indeed, the revisited Dutch Hypothesis sustains that various forms
of airway obstruction such as asthma and chronic bronchitis should not be considered
as separate diseases but rather as different expressions of a single diseases entity, a
chronic non specific lung disease. The hypothesis also sustains that both endogenous
and exogenous factors play a role in the pathogenesis of this disease entity. Moreover, both diseases involve genetic predisposition related to altered immune or atopic
responses to irritants and pollutants resulting in inflammation and bronchial hyperresponsiveness [11].

Risk factors
Risk factors for developing chronic respiratory diseases may be divided into two
categories: exogenous (tobacco smoking, air pollution, work exposure, etc.) and
endogenous (age, sex, genetic factors, etc.). Such factors, separately or in synergy,
determine the probability for the individual to develop the disease.
In the Sa.R.A. Study (respiratory health in the elderly) higher risks to develop
asthma in males (odds ratio (OR) 1.38, 95% CI 1.07-1.77), in smokers (OR 2.50,
95% CI 1.01-6.18) and in subjects with depression (OR 2.74, 95% CI 1.30-5.76)
were shown [12]. In a recent Swedish study, asthma in the elderly (73-82 yrs) was
associated with elevated body mass index (OR 1.79, 1.20-2.67) [13].
There is scientific evidence that, due to comorbidity including cardiovascular

Athens, Greece, 3-6 November, 2010

237

diseases, chronic bronchitis, emphysema and asthma, the elderly suffer from reduced
ability to breathe, and are greatly affected by the increased impairment that can result
from exposure to air pollutants.
As regard the effects of outdoor air pollution, a recent study performed in Canada
showed an association between outdoor air pollution levels and emergency department
(ED) visits for asthma. In particular, an increase in the inter-quartile range of the
5-day average for nitrogen dioxide (NO2) levels was associated with a 20% increase
in the number of ED visits, whilst an increase in the inter-quartile range of the same
day average for particulate matter with aerodynamic diameter < 2.5 µm (PM2.5) levels
was associated with a 12% increase in the number of ED visits, among subjects over
75 years [14]. A similar study was conducted in 15 major hospitals of Hong Kong,
finding a relative risk for asthma hospitalization of about 1.02 for every 10 μg/m3
increase in NO2, ozone and PM2.5, in subjects over 65 years [15].
A 2-year follow-up study in elderly people living in an asylum of Seoul showed
that for every 10 µg/m3 increase in particulate matter with aerodynamic diameter <
10 µm (PM10) and PM2.5 levels, there was an estimated peak expiratory flow rate
change of -0.39 l/min (95% CI, -0.63, -0.14) and -0.54 l/min (95% CI, -0.89, -0.19),
respectively [16].
The elderly are also more exposed to indoor air pollutants due to reduced outdoor
activities. There is consistent evidence that the exposure to indoor pollutants increases
the risk of COPD, acute respiratory symptoms, atopic sensitization, bronchial hyperresponsiveness and irritation phenomena.
In the elderly, Jaakkola found strong evidence of a causal relation between environmental tobacco smoke exposure and asthma (range in ORs 1.45–1.47 for exposed
versus unexposed subjects) [17]; similar results were found by Mishra in sample of
about 39,000 Indian elderly persons (OR 1.10, 95% CI 1.00-1.22) [18].
Indoor air pollution from biomass (wood/coal) use for either cooking or heating is
an important risk factor for respiratory health, especially among the poorest and most
vulnerable populations living in developing countries, where the production of PM
and carbon monoxide (a proxy for PM2.5) from biomass combustion is dramatically
high [19]. In India, elderly people living in households using a mix of biomass and
cleaner fuels, coal/coke/lignite or charcoal exhibited a significantly higher risk of
suffering from asthma than those living in households using cleaner fuels. The risk
increased in older people compared to subjects aged 60–64 yrs [20].
A study performed in New York City public housing, showed that apartments with
high levels of cockroach allergens had 1.7 times greater odds of having an asthmatic
resident (95% CI, 1.2-2.3). In senior citizen buildings, apartments with high levels
of mouse allergens had 6.6 times greater odds of having an asthmatic resident (95%
CI, 1.4-31.7), controlling for smoking and other potential confounders [21].
Interestingly, also war-related trauma seems associated with increased asthma risk
in elderly civilians. A 13 years follow-up among older Kuwaitis showed a physiciandiagnosed asthma of 6.6% in men and 9.7% in women. Those reporting highest stress
exposure were more than twice as likely to report asthma (hazard ratio 2.3, 95% CI
1.3-3.9) compared to civilians reporting no stressors [22].

238

XX World Congress of Asthma

Conclusions
Many studies highlighted the high burden of asthma in the elderly, but this disease
is under-diagnosed and under-treated. In the elderly the asthma symptoms, like wheeze,
chest tightness and shortness of breath, are aspecific and under-estimated because they
can be attributed to other diseases like COPD, angina pectoris and heart trouble. In the
elderly the burden of respiratory diseases would depend on higher intensity and longer
duration of exposure to environmental risk factors. Indeed, the elderly are at higher risk
for respiratory diseases also after controlling for lifetime active smoking and occupation
[23]. Nevertheless, there has been very little original research in the field of asthma
in the elderly published in the last few years; diagnosis and treatment of asthma in
the elderly requires that the individual patient and his or her specific triggers and the
likely pathophysiology be understood. Understanding the mechanisms of inflammation
in this population is the key to improve therapeutic interventions [24].
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Introduction: Epinephrine is underused in anaphylaxis, due to fear to its adverse
effects. Our aim was to evaluate the indications, doses, route of administration and
the side effects related to its use in anaphylaxis.
Material and Methods: Retrospective study of Pediatric Emergency Unit charts
between 01/01/2004 and 12/31/2009 diagnosed as urticaria, unspecified allergy, angioedema or anaphylactic shock according to ICD-9 (International Diseases Classification) including those where epinephrine was administered. Assessments: number
of patients, doses, route of administration, side effects and diagnosis.
Results: We reviewed 2.478 charts. Number of patients: 32. Median age (8 month,
13 years): 6 year. Number of doses: 41 doses. Number of doses per patient: 26 patients received a single dose; 5 needed 2 doses; one needed 3 subcutaneous doses
and an epinephrine infusion. Routes of administration: 21 intramuscular doses; 14
subcutaneous doses and 4 endovenous doses. In one patient the route of administration was not recorded (2 doses). Adverse effects: one patient presented palpitations
after an intramuscular dose. Another patient developed ventricular extrasystoles during
an endovenous effusion and symptoms reverted withdrawing the drug. Both patients
presented anaphylaxis. All but one patient received appropriate doses according to
their weight. Thirty patients presented anaphylaxis symptoms and 4 presented just
skin lesions. Figure 1: Indications; Figure 2: Doses/patient; Figure 3: Route of administration.
Conclusions: In our patients, epinephrine has been safe to treat anaphylaxis. Side
effects have been unfrequent, using appropriate doses and route of administration. The
most severe adverse effects have been related to the endovenous route.
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Pneumomediastinum, subcutaneous emphysema,
pneumoperitoneum and epidural pneumatosis Unusual
complication of acute asthma
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A 29-years old woman with history of asthma since childhood. She had several episodes of acute asthma during pregnancy. She was admitted to the hospital four weeks after
delivery with shortness of breath, cough, severe chest pain, uncomfortable sensation around
the neck. Clinical examination revealed crepitus over the chest and around the neck. Subcutaneous emphysema was obvious around the neck. Radiological investigations revealed
air bubbles in the mediastinum, spinal canal, subcutaneous and intra-abdominal cavity.
She was treated conservatively and she made complete recovery.

Background
A 29-years old woman, non-smoker and has asthma since childhood. She worked
as a nurse. Her asthma was controlled and she was using occasional shorting acting
inhaled bronchodilator . She has used acupuncture in the past as an alternative therapy and she was convinced that helped significantly to control her asthma. During
pregnancy she had several acute asthmatic attacks.

General examination and investigations
Patient was admitted to hospital four weeks after normal vaginal delivery with the
history of sudden severe chest pain, shortness of breath, cough and uncomfortable
sensation around her neck and left loin pain. There was no history of any trauma.On
examination she was found to have tachycardia with pulse rate of 110 BPM, Blood
pressure was 140/80 and a febrile. Oxygen saturation at room air (SpO2) was 93%.
She looked relatively comfortable.
There was crepitus over upper chest and around the neck. The rest of examination
was unremarkable. Acute coronary syndrome and pulmonary embolism excluded as
she she had normal cardiac enzyme and normal D-Dimer.
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Fig. 1

Chest X-ray (Fig 1) showed a thin layer of air (arrow) around the Neck, medial
side of mediastinum and parallel to the cardiac edge at the left side. CT neck (Fig
2), abdomen (Fig 3) and CT Chest(Fig 4) With 3D view (Visual bronchoscopy)
showed normal airway and no evidence of pneumothorax, but it revealed air bubbles
in mediastinum, spinal canal and intra abdominal cavity. There was also extensive
subcutaneous emphysema around the neck.
Discussion: At the time of admission there was several differential diagnosis.
Acute coronary syndrome was excluded as she had normal ECG and Troponin I. As
she was post partum, she was considered to be high risk of pulmonary embolism but
that was excluded as well.
Acute chest pain is reported to be present in 85% of 42 reported cases (1) of pneumomediastinum and subcutaneous emphysema as a complication of acute asthmatic
attack and chronic cough , this may happen separately or simultaneously 1,2,3 , 4,
These complications may happen during labour as well 5.
Acute asthma attack is the most precipitating factor in children and teenagers
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especially attacks which is associated with severe cough. The presence of pneumomediastinum and subcutaneous emphysema with the acute asthma is a rare and
unusual complication.
The ondition will be more unusual when associated with other presentations like
the presence of air in the spinal canal, epidural pneumatosis 2, 6 .
Recent article in CHEST shows 42 reported cases in English literature when intrapinal air, penumorrachis, epidural pneumatosis and pneumomediastinum used as
search terms(2).
The diagnosis of this unusual complication of asthma in acute phase depends
upon the severity of cough and other unusual clinical findings like chest pain and
subcutaneous emphysema. The diagnosis is largely clinical but CT-Thorax is vital
tool especially in unusual presentations, as air in the spinal canal, mediastinum and
peritoneum (7). The link between acupuncture and traumatic pneumothorax is well
reported and there are many reported cases. We did not feel there was any link of
acupuncture in our case as she had acupuncture in distant past.

Conclusion:
We presented a case of an acute asthma attack with unusual clinical signs and
symptoms which referred to hospital to exclude acute coronary syndrome and pulmonary embolism.The presence of severe cough, acute chest pain, dyspnoea and subcutaneous emphysema pointed to unusual complications of acute asthma. Radiological
investigations confirmed the presence of pneumomediastinum, pneumoperitoneum,
subcutaneous emphysema and epidural pneumatosis. She was treated conservatively
and both her health condition and radiological findings improved. Repeat CT Thorax
after 7 day showed dramatic resolution (Fig 5).
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Correlation between respiratory problems and passive
smoking in childhood
Kyriakopoulou Charalambia, Polydorou Andreas, Sismanoglou Nafsika,
Daliani Stamatina
Meligalas Health Center, Messinia, Greece

Summary
Background: Passive smoking in children is a major public health problem.Aims:
to study the frequency of passive smoking among children and it’s relation with the
respiratory problems they face.Methods: Our study involves 250 children aged between 1 month and 14 years.Results: Among the 500 parents of the studied children,
376(75,2%) were smokers , with a percentage of 45% for the cases of both parents
being smokers. We found that 230 (61%) of them smoked inside the house, while
146 (39%) outdoors. Interestingly the children exposed to indoor smoking products
display an increased incidence of respiratory problems .In the 230 smoking families,
17,8% of the children (n=41) suffered from asthma .The percentage is reduced to
14% (n=21) when smoking outside the house, and even further to 9,6% (n=12) in
smoking free families.Conclusions: Tobacco smoke exposure during childhood represents an important risk factor for development, exacerbation and increased morbidity
of respiratory diseases.
Key words: resiratory problems, passive smoking, children.

Introduction
Passive smoking is a major public health problem. Passive smoking is defined as
the involuntary exposure of non smokers to combustion products of tobacco usually in a closed environment. During smoking the mainstream is exhaled from the
airways and mouth of the smoker and contains toxins and carcinogens in the form
of gas particles. Sidestream is defined as the gas that is released from the burning
tip of a cigarette and is the most important ingredient of the smoke existing in the
environment. Sidestream smoke contains a variety of toxins, many of which with
carcinogenic qualities, such as carbon monoxide, ammonia, formaldehyde, acrolein,
N nitrosamines. Sidesteram smoke contains 2-3 times more deleterious chemical
substances due to the lack of being
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filtered and because it remains in cold environment for longer time. Exposure of
children to these substances constitutes a major risk factor for the development, exacerbation and increased severity of respiratory problems1 According to data from the
Hellenic Anticancer Society, Greece stands among the first in tobacco consumption
in the European Union, since 85% of men and 75% of women aged between 1824 declare smokers .Our purpose in this study is to study the frequency of passive
smoking in children and relate it to the respiratory problems they face.

Material- method
Our study involves 250 children aged between 1 month and 14 years, who were
admitted to the pediatric department of our health center during 2009 for several reasons,
and is based on history taking from the parents. The parameters that were recorded are:
a) sex and age of the parent, b) number of smoking parents, c) number of cigarettes
consumed per day, d) whether smoking was indoor or outdoor, e) age of their children,
f) respiratory problems of the children involved and which exactly these were (asthma,
bronchitis, bronchiolitis, chronic cough, allergic rhinitis, acute otitis media).

Results
Among the 500 parents of the 250 studied children, 376 (75,2%) were smokers
(Image 1), with a percentage of 45%(n=169) for the cases of both parents being
smokers (Image 2). Among the 207 cases of one- smoking parent, in 89% (n=185)
the smoker was the father (Image 3).Concerning the place in which they smoke, we
found that 230 (61%) of them smoked inside the house, while 146 (39%) outdoors
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(Image 4), proportion that included mainly the parents of small infants and preschool
children. The majority of them were women, namely 87%(n=128) (Image 5), who even
when they smoked inside the house they used half-measures such as smoking in the
balcony or under the cooker hood. Interestingly, we detected a relation between passive
smoking of children and their respiratory problems (asthma, bronchitis, bronchiolitis,
chronic cough, allergic rhinitis, acute otitis media).In the 230 indoor smoking parents,
41 (17,8%) report that their children suffer from respiratory problems, whereas in the
146 outdoor smoking cases the percentage drops to 14% (n=21), while in the nonsmoking families the frequency of respiratory disorders in children is reduced further
to 9,6% (n=12) (Image 6).We observed that exposure of children to tobacco smoke
correlates with increased incidence of asthma symptoms and the relative risk when
one parent is a smoker is 1,37 2 . Additionally, the frequency of asthma attacks, of
visits to Emergency Department, hospital admissions and intubation due to respiratory
distress, is increased. Maternal smoking raises the possibility of wheezing incidents
by 1,31 3 .The risk of bronchiolitis, pneumonia (both viral and microbial) is doubled,
while lung function testing indices are affected, as a 4% reduction of mid and endexpiratory flow corresponds to 40% increase of the risk for poor lung function. 4
The effect of toxic ingredients on the respiratory system takes place though many
mechanisms:
a) they cause an increase of the inflammatory cells. More specifically they enhance
the number and activity of macrophages, neutrophils, eosinophils and the chemotaxis
of mononuclear cells and neutrophils,
b) they cause neurogenic inflammation. High levels of nicotine induce irritating
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cough by releasing substance P and neurokine A, which increase the vascular permeability, the hyperexcretion of mucus and bronchospasm,
c) they affect the respiratory epithelium as the epithelial cells release a variety of
mediators when exposed to tobacco smoke, such as interleukine 1,3,6,8 and
d) increase cytokines and chemokines,
e) alter the balance between oxidative stress and antioxidant activity,
f) give rise to leukotrienes5.

Discussion
According to data from World Health Organization, half of children’s population
around the world are exposed to tobacco smoke in their homes.9 It is our duty to
protect our children from passive smoking and in general it is unforgivable for us or
our guests to smoke in the presence of a child or in a place where a child lives.10 We
should get interested in the legal frame concerning professional care givers for children
and the social structures where our children spend time in (schools, hospitals, etc)
and demand for the low to be implemented. Both the state and the medical society
should inform and exert pressure on the public in order to quit smoking. Informative
brochures, talks, videos concerning the harmful effects of smoking as well as the
function of special stop-smoking outpatients’ departments should help smokers lose
their deleterious habit, helping the reduction of smoke- related diseases8.
References
1) Cook DG, Strachan DP. Health effects of passive smoking.3. Parental smoking and prevalence
of respiratory symptoms and asthma in school age children. Thorax 1997; 52:1081-94.
2) LeSon S, Gerswhiwk ME. Risk factor for intubation of adult asthmatic patient. J Asthma
1995; 32:97-104
3) Strchan DP, Cook DG. Health effects of passive smoking.6.Parental smoking and childhood asthma: longitudinal and case control studies. Thorax 1998; 53:204-12.
4) Moshammer H, Hoek G, Luttmann-Gimbson H, Nueberger MA, Antova T, Gehring U, et
al. Parental smoking and lung funtionin children: an intrnational study. Am J Respir Crit
Care Med 2006; 173:1255-63.
5) Xepapadaki P, Manios Y, Liarigkovinos T, Grammatikaki E, Douladiris N, Kortsalioudaki
C et al. Assosiation of passive exposure of pregnant wommen to environmental tobacco
smoke with asthma symtoms in children. Pediatr allergy Immunol 2009 ; 20:423-9
6) Enviromental tobacco smoke exposure among urban children.Craig. Pediatrics. 2000
Oct;106(4):E47.
7) Do parents of urban children with persistent asthma ban smoking in their homes and
cars? Halterman JS, Fagnano M, Conn KM, Szilagyi PG. Ambul Pediatr. 2006 MarApr;6(2):115-9.
8) Mannino DM, Homa DM, Redd SC. Involuntary smoking and asthma severity in children: data from the Third National Health and Nutrition Examination Survey. Chest 2002;
122:409-15.

ScienceMED, vol. 2, 3.2011, 255-263, Bologna

The characteristics of 3 patients with Churg-Strauss
syndrome
Nakajima H. (1),(2) , Sawaguchi H. (1) , Tamura T. (1) , Nakajima S. (1) , Tohda Y. (2)
Department of Respiratory Medicine and Allergy, Nara Hospital, Kinki University School of
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Department of Respiratory Medicine and Allergology, Kinki University School of Medicine,
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Summary
Purpose: To clarify the characteristics of 3 patients with Churg-Strauss syndrome
(CSS) admitted to Nara Hospital Kinki University within the past 10 years.
Results: The patients were 2 men and 1 woman with a mean age of 54.7 ± 20.2
years. The numbers of patients with and without each symptom were as follows:
worsening of asthma before onset of CSS, 1:2; lung opacity, 2:1; skin lesion, 3:0;
neurological symptoms, 2:1; peripheral blood eosinophilia, 3:0; and increased serum
levels of total IgE, 2:1. Skin biopsies showed intravascular infiltration of eosinophilic granules with abscess-like cell infiltration in patient 1, vasculitis with eosinophil
infiltration in patient 2, and eosinophil infiltration only in patient 3. Patient 1 showed
increased serum levels of myeloperoxidase antineutrophil cytoplasmic antibody, and
patient 2 showed increased serum levels of proteinase 3 antineutrophil cytoplasmic
antibody. One patient was treated with glucocorticoid monotherapy, and 2 patients
required immunosuppressant agents in addition to a glucocorticoid.
Conclusion: Our patients with CSS showed various symptoms. Therefore, careful
observation is required to diagnose CSS.

Introduction
Churg-Strauss syndrome (CSS) is generally considered to be present if a patient
has 4 of the following 6 criteria(1): asthma, eosinophilia (> 10%), mononeuropathy or
polyneuropathy, pulmonary infiltrates, paranasal sinus abnormality, and extravascular
eosinophils on biopsy.
The purpose of this study was to clarify the characteristics of 3 patients with
CSS admitted to the Nara Hospital Kinki University School of Medicine in the last
10 years.
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Fig. 1
a. A high-resolution CT scan of the chest on January 7, 2000, shows multiple nodules in the right lung
field (S1, S2, and S6) and segmental bronchiectasis in both lung fields. After treatment with prednisolone
and azathioprine (May 9, 2000), these nodules disappeared.
b. Biopsy of skin over the left lateral malleollus after 3 weeks of treatment with prednisolone shows perivascular infiltration of inflammatory cells and intravascular infiltration of eosinophilic granules in the dermis.

Case Reports
Case 1
A 58-year-old man had been well until November 1999, when persistent cough
and shortness of breath developed. He first came to our hospital on January 7, 2000,
and was treated for bronchial asthma with oral theophylline (400 mg/day), inhaled
corticosteroids (beclomethasone dipropionate inhaler; 1200 µg/day, followed by fluticasone, 800 µg/day), intermittent administration of methylprednisolone sodium succinate
administered by intravenous drip infusion, and oral prednisolone (30 mg/day for 3
days). Because the symptoms repeatedly improved and worsened, pranlukast was added
on February 18, 2000. Although symptoms of asthma improved, numbness and pain
developed in the upper and lower limbs after 20 days of treatment with pranlukast.
The patient’s weight had decreased 5 kg in 1 month. He became unable to walk and
was admitted to our hospital on March 24, 2000. Examination on admission showed
redness and swelling over both lateral malleoli.
Laboratory studies showed marked peripheral blood eosinophilia (57%, 8094/
µl); elevated levels of myeloperoxidase antineutrophil cytoplasmic antibody with a
perinuclear staining pattern (MPO-ANCA or P-ANCA), by means of enzyme-linked
immunosorbent assay (ELISA) (>100 U/ml), and of total IgE (631 U/ml); and normal
serum levels of creatinine. High-resolution computed tomography of the chest on
January 7, 2000, showed multiple nodules in the right lung field (S1, S2, and S6) and
segmental bronchiectasis in both lung fields. After treatment with prednisolone and
azathioprine, these nodules disappeared (Fig. 1a). A biopsy of the skin over the left
lateral malleollus after 3 weeks of treatment with prednisolone showed perivascular
infiltration of inflammatory cells and intravascular infiltration of eosinophilic granules
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Fig. 2: Clinical course of case 1
abbreviations; BDI: beclomethasone dipropionate inhaler

in the dermis (Fig. 1b). Although extravascular eosinophils were absent in the lesion
because prednisolone had been administered for 3 weeks, these results suggest the
presence of vasculitis in the skin. CSS was diagnosed on the basis of marked peripheral blood eosinophilia, pulmonary infiltrates, extravascular eosinophils on skin
biopsy, asthma, and mononeuropathy.
Although eosinophilia and MPO-ANCA had markedly decreased after 60 mg/
day of oral prednisolone was administered, numbness and pain of the lower limbs
showed no improvement. Therefore, azathioprine (50 mg/day) was administered with
prednisolone (50 mg/day). After these treatments, MPO-ANCA became undetectable
in the serum, and the symptoms improved gradually. As prednisolone and azathioprine were being tapered in August 2004, symptoms recurred in the lower limbs, and
MPO-ANCA was detected; therefore, the prednisolone dosage was increased again
and then carefully tapered (Fig. 2).

Case 2
A 33-year-old man was admitted to our hospital on October 17, 2008, because
of high fever, weight gain, edema of the lower limbs, peripheral blood eosinophilia,
and small ground glass opacity in the left lung on CT scan.
The patient had out grown childhood asthma and had had atopic dermatitis since
childhood. He had been treated for depression for the past 3 years. Laboratory studies on admission showed marked eosinophilia in the peripheral blood (32%, 8352/
µl) and increased levels of proteinase 3 ANCAs with a cytoplasmic staining pattern
(PR3-ANCAs or C-ANCAs) by means of ELISA (322.0 U/ml), normal serum creatinine, and no proteinuria or hematuria. A CT scan of the chest on admission (Fig. 3a)
showed ground glass opacity in S8 of the left lung. Transbronchial lung biopsy was
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Fig. 3
a. Chest CT scan on admission shows ground glass opacity in S8 of the left lung.
b. Skin biopsy from the lower limb of patient 2 shows marked eosinophil infiltration in the dermis but no
granuloma.
abbreviations; GGO: ground glass opacity

not performed because no lesion was visualized on radiography. However, biopsy of
the skin of the lower limb showed marked eosinophil infiltration in the dermis but
no granuloma (Fig. 3b).
CSS was diagnosed because of marked peripheral blood eosinophilia, pulmonary
infiltrates, extravascular eosinophils on skin biopsy, and a history of childhood asthma. Although levels of PR3-ANCA were increased, Wegener’s granulomatosis was
ruled out because of the absence of nasal or oral inflammation, a renal disorder, and
granulomatous inflammation(2).
Although eosinophilia and the high fever had markedly decreased soon after 0.5
mg/kg/day of oral prednisolone was administered, levels of PR3-ANCA remained high.
Therefore, 3 mg/kg/day of ciclosporin were added to prednisolone, and the level of
PR3-ANCAs gradually decreased (Fig. 4).

Case 3
A 73-year-old woman was admitted to our hospital on March 19, 2009, because
of anemia, numbness of both feet fingers and of the fingers of the left hand, edema
and purpura of both feet, and high fever. She became unable to walk. Since the age
of 65 years she had been successfully treated for bronchial asthma with a high dose
of inhaled corticosteroids (salmeterol/fluticasone combination, 1000 µg/day). The
symptoms continued for 4 weeks, and the numbers of eosinophils in the peripheral
blood gradually increased.
Laboratory studies showed marked eosinophilia in the peripheral blood (31%,
2654/µl), IgE elevation (833 U/ml), anemia, hematuria, proteinuria, and normal serum
levels of creatinine, but ANCAs were not present. Skin biopsies from 2 lesions with
purpura showed eosinophil infiltration but no vasculitis or granulomatous. CSS was
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Fig. 4: Clinical course of case 2

Table 1 Comparison of the 3 cases
abbreviations; LTRA; leukotriene receptor antagonist, mPSL; methylprednisolone sodium succinate, PSL;
prednisolone, GGO: ground glass opacity
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diagnosed because of marked peripheral eosinophilia, extravascular eosinophils on skin
biopsy, asthma, and polyneuropathy. All symptoms improved after treatment with an
oral glucocorticoid (prednisolone, 40 mg; 1.0 mg/kg/day), which was then tapered.
Characteristics common to all 3 cases (Table 1) were marked peripheral blood
eosinophilia, eosinophil infiltration on skin biopsies, and the presence or history of
bronchial asthma. However, asthma worsened during the onset of vasculitis in only
1 patient (patient 1). No cardiovascular disorder was found in any patient, despite
patient 2 claiming palpitations (results of ultrasound cardiography were normal). Each
patient showed various symptoms, such as weight gain and anemia, in addition to the 6
diagnostic criteria for CSS. The effects of glucocorticoid monotherapy on neurological
symptoms varied; patient 1 required long-term treatment with azathioprine, whereas
patient 3 was treated successfully with only glucocorticoid monotherapy.

Discussion
The mean annual incidence of CSS in England is 2.4 cases per 1 million inhabitants.
The estimated prevalence of CSS in Norway is 1.3 cases per 100,000 inhabitants.
A recent German population-based epidemiological study of nearly 5 million people
found an incidence of 1 case per year per million persons(3). In Japan, approximately
100 cases of CSS are diagnosed each year(4).
The most common presenting manifestation of CSS is asthma, although airway
symptoms may develop after the onset of systemic vasculitis in as many as 2% of
patients (3). Neurological involvement is the second most common manifestation and
occurs in approximately 78% of patients(3). Mononeuritis multiplex most commonly
involves the peroneal nerve but may involve the ulnar, radial, internal popliteal nerves, and, occasionally, the cranial nerves. Isolated weakness, such as foot drop, is
a common symptom. Of our 3 patients, 2 showed neurological involvement, and 1
patient required an immunosuppressive agent, in addition to glucocorticoid therapy,
to treat this symptom.
Dermatological manifestations develop in approximately half of patients with CSS.
These include palpable purpura, skin nodules, urticarial rashes, and livedo. Such
lesions are usually on the limb surfaces but can affect any part of the body(3). Other
manifestations of CSS include cardiovascular symptoms, gastrointestinal symptoms,
renal symptoms, weight loss of greater than 10%, and fever (3).
We wondered whether leukotriene modifiers had contributed to the development
of CSS in patient 1. This patient might have had the formes frustes(4) of CSS, or
the onset of CSS by natural course not because of pranlukast or intermittent use of
a glucocorticoid.
Several studies have concerned the efficacy of ciclosporin for treating CSS (6,7) .
The use of cytotoxic agents and ciclosporin in the treatment of autoimmune disease
was reviewed following a Clinical Staff Conference held in 1997 at the United States
National Institutes of Health(3). This conference concluded that glucocorticoid monotherapy had been the classic regimen for treating CSS and that current data were
insufficient to issue specific recommendations. The decision to use cytotoxic therapy
should be made on a case-by-case basis depending on disease severity (e.g., cardiac
involvement or severe polyneuropathy), response (resistance) to glucocorticoid monotherapy, and potential drug toxicity. Patient 1 received azathioprine in addition to a
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glucocorticoid for the treatment of neurological symptoms. Patient 2 required treatment
with an immunosuppressive agent, such as ciclosporin, because levels of PR3-ANCA
remained elevated even after glucocorticoid monotherapy. We added ciclosporin for
patient 2 because vasculitis and neurological disorders develop more often in patients
with high levels of ANCA than in ANCA-negative patients. We chose ciclosporin for
this patient because he was worried that azathioprine would cause azoospermia.
The rate of positivity for ANCAs might depend on the method of testing. Wiik(8)
has reported that 25% to 35% of their patients with CSS were positive for C-ANCA
and that 25% to 50% were positive for P-ANCA on indirect immunofluorescence
(IIF) testing. Guillevin et al.(9) have reported that 33.3% of their patients with CSS
were positive for C-ANCA on IIF and that 8.3% were positive on ELISA. C-ANCAs
are characteristically found in the sera of patients with ANCAs directed against PR3
(PR3-ANCAs)(10-13); further testing with antigen-specific enzyme immunoassay (EIA)
should, therefore, be performed routinely. That MPO-ANCAs can sometimes give rise
to a similar C-ANCA staining pattern makes testing with anti-PR3 EIA as well as
with anti-MPO EIA relevant(14). A C-ANCA staining pattern may also be seen when
ANCAs are directed against bactericidal/permeability-increasing protein (15). When IIF
shows P-ANCA or C-ANCA are present in sera, EIA should be performed for MPOANCAs or PR3-ANCAs to confirm their specificity(8). We examined the presence of
P-ANCAs and C-ANCAs with ELISA so that the molecular target for P-ANCA was
MPO-ANCA and that for C-ANCA was PR3-ANCA.
On the other hand, questions have been raised about the clinical value of examining
ANCAs in CSS. Eustace et al. (16) have shown that among 85 patients with CSS tested
for ANCAs, 44 patients (52%) were negative; 23 patients were P-ANCA–positive and
12 patients were C-ANCA–positive on IFF testing. In most P-ANCA–positive patients
the antibody was directed against myeloperoxidase (MPO-ANCA).
In patients with some form of primary small-vessel vasculitis (e.g., most patients
with microscopic polyangitis and rapidly progressive glomerulonephritis, some patients
with CSS, and a few with Wegener’s granulomatosis), P-ANCA reactivity is exhibited.
In such patients, MPO is the usual target antigen of these ANCAs(17,18). Combined with
a positive P-ANCA, the presence of high levels of MPO-ANCAs on EIA strongly suggests a primary small-vessel vasculitis(17,19). Similar findings may be seen in patients with
drug-induced vasculitis or lupus syndromes, but in such cases, a host of antigens (e.g.,
elastase, azurocidin, cathepsin G, lactoferrin) are commonly targeted as well(20-22).
A statistical analysis by Guillevin et al. of the clinical and biological manifestations
of ANCA-positive CSS found that only purpura and asthma were significantly and
positively correlated with ANCA (p<0.001) (9).

Conclusions
Our patients with CSS showed various symptoms other than the 6 standard diagnostic criteria. Therefore, careful observation is needed to diagnose CSS. Glucocorticoid
monotherapy was effective for treating eosinophilia in all 3 cases; however, additional
immunosuppressive agents were necessary to treat neurological involvement in case
1 and to decrease high levels of PR3-ANCA in case 2.
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