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Noninvasive monitoring of airway inflammation

H. Magnussen*, F.E. Hargreave**

Airway inflammation plays an important role in diseases
such as asthma and chronic bronchitis and is considered to
be a major cause for exacerbations and persisting structural
alterations of the airways. The assessment of airway in-
flammation is important for investigating underlying mech-
anisms of airway diseases. Furthermore, measurement of
airway inflammation may reveal diseased airways not de-
tectable by symptoms, lung function or airway hyperres-
ponsiveness. Airway inflammation has been assessed in
secretions and biopsies obtained during flexible bronchos-
copy, but these methods are too invasive and not appro-
priate for monitoring airway inflammation repeatedly. In
the past few years research has therefore focused on less
invasive techniques such as the analysis of sputum and the
evaluation of markers in exhaled air.

Sputum

The cellular and noncellular composition of sputum is a
result of many biological processes occurring within the
respiratory system and the analysis of sputum composition
is therefore a valuable tool to study these processes. Spu-
tum is thought to reflect the state of the more central air-
ways, although, due to mucocilliary transport mechanisms
and cell migration it is likely that sputum also consists of
material which is derived from more peripheral areas of the
lung.

As sputum examinations can be performed repeatedly it
is also possible to investigate time courses of inflammatory
processes. Examples are the acute neutrophilic inflamma-
tion after ozone exposure or the time course of eosinophilic
inflammation after repeated low dose allergen provoca-
tions [1, 2]. In contrast to granulocytes, macrophages
have a longer life span, reside in the airways for much
longer periods of time and are able to actively migrate.
Processes like gastroesophageal reflux and left ventricular
heart failure lead to an accumulation of lipids or hae-
mosiderin within sputum macrophages, and the analysis
of these markers in sputum macrophages has recently
been suggested to be an indicator for these diseases [3, 4].

Sputum cytological examinations were already used at
the end of the 19th century, but later sputum examinations
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were mainly applied to the diagnosis of tuberculosis and to
the early detection of lung neoplasms. The first method of
sputum induction was described by BICKERMAN ef al. [5] in
1958. After inhalation of nebulized hypertonic saline they
were able to obtain sputum samples from patients that
could not produce sputum spontaneously. The use of
induced sputum for the analysis of airway inflammation
in asthma was first described in 1992 and the work of Piv
et al. [6] marked the beginning of a rapid spread of this
method. The importance of sputum inductions for cell
and molecular examination today is underlined by the for-
mation of an European Respiratory Society Task Force,
which aims at standardizing the method to further im-
prove its future use.

Exhaled air

The main task of the respiratory system is the exchange
of oxygen and carbon dioxide, but exhaled air also con-
tains a large number of other volatile substances and the
analysis of these compounds in human breath for the
diagnosis of diseases has a long tradition in medicine. In
the past few years research has mainly focused on nitric
oxide (NO). Initially known as an environmental pollutant,
NO has been identified as an important mediator with a
wide spectrum of action.

The molecule NO originates from L-arginine which is
converted to L-citrullin by NO-synthase (NOS), an enzy-
me, which exists in several isoforms. One of these isoforms
can be induced by cytokines (inducible NOS) to produce
large amounts of NO, which are very likely to be res-
ponsible for the finding that NO is elevated in exhaled air
of asthmatic patients [7, 8]. The enzyme can be inhibited
by steroids and due to this the NO concentration in
exhaled air decreases after steroid treatment, an effect that
could possibly be used to monitor the compliance of
patients. The measurement of NO in exhaled air is
actually noninvasive, while the inhalation of hypertonic
saline during sputum inductions still bares the risk of
bronchoconstriction, and NO can be analysed with fast
detectors which give immediate results. On the other
hand, NO represents only an indirect measure of airway
inflammation and requires expensive equipment. After a
lot of debate about the correct method to measure NO, it
was shown that the level of NO in exhaled air is flow
dependent, indicating that it is derived from the central
airways rather than from the alveoli [9].

The aim of the current series in the European Respi-
ratory Journal is to summarize the recent developments in
these rapidly progressing fields. It will cover both the
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methods of induced sputum examinations and the mea-
surement of markers in exhaled air, which will mainly
focus on NO. Both methods will be discussed from the
methodological point-of-view and from their usefulness in
clinical practice. This series is dedicated to the pneumol-
ogist interested in better understanding the methods used to
measure cellular processes in the airways by noninvasive
techniques.

The first paper of the series in this issue of the European
Respiratory Journal will cover the usefulness of sputum
examinations in clinical practice [10] and will be followed
by an update on sputum methodology (Number 2). Num-
bers 3 and 4 of the series will then focus on measurements
in exhaled air.
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