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Usefulness of monitoring lung function in asthma

P L P Brand, R J Roorda

There is no firm evidence from randomised controlled trials
that routine monitoring of lung function improves asthma
control in children. Guidelines for management of asthma
consistently recommend routine home monitoring of peak
expiratory flow (PEF) in each patient. However, changes in
PEF poorly reflect changes in asthma activity, PEF diaries
are kept very unreliably, and self management
programmes including PEF monitoring are no more
effective than programmes solely based on education and
symptom monitoring. PEF diaries may still be useful in
isolated cases of diagnostic uncertainty, in the identification
of exacerbating factors, and in the rare case of children
perceiving airways obstruction poorly and exacerbating
frequently and severely. If a reliable assessment of airways
obstruction in asthma is needed, forced expiratory flow-
volume curves are the preferred method. Monitoring of
hyperresponsiveness and nitric oxide cannot be
recommended for routine use at present. Clinical
judgement and expiratory flow-volume loops remain the
cornerstone of monitoring asthma in secondary care.

he most characteristic lung function
Tabnormality in children with asthma is

airways obstruction. Guidelines for the
management of asthma in school age children
and adolescents stress the importance of objec-
tive assessment of “lung function” (more speci-
fically, airways obstruction), both in the initial
assessment and in individual patient follow up.' *
The rationale for this recommendation comes
from two consistent research findings, namely
that many patients (including children) with
asthma are poor perceivers of (changes in)
airway calibre, and that airways obstruction in
childhood is a poor prognostic factor for the
outcome of asthma into adulthood.

WHY MONITOR LUNG FUNCTION

Poor perception of airway calibre in
asthma

Considerable airways obstruction may be present
in asymptomatic patients with asthma.’ Children
with long-standing airways obstruction are less
likely to report dyspnoea than children with
acute onset of airways obstruction.* Such poor
perceivers are more likely to present with
hypoxia during an acute exacerbation,” predis-
posing to severe or life threatening attacks. Thus,
evidence supports the hypothesis that poor
perception of airways obstruction is a clinically
relevant problem in children with asthma.
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Reduced lung function as a prognostic
factor of outcome

A recent retrospective study of 13 482 children
with asthma showed that children with signifi-
cant airways obstruction (defined as a forced
expiratory volume in one second (FEV;) <60% of
predicted) were twice as likely to develop an
asthmatic attack in the subsequent year than
children with more or less normal lung function
(FEV, >80% of predicted).® A large body of
evidence shows that airways obstruction in
children with asthma is associated with ongoing
respiratory morbidity and a reduced FEV, in
adulthood, both in general population based
cohorts of children with mild disease,” ®* and in
hospital based cohorts of patients with more
severe asthma.” ' Thus, airways obstruction in
children with asthma has both short term and
long term prognostic significance.

MONITORING LUNG FUNCTION IN
ASTHMA: CIRCUMSTANTIAL AND DIRECT
EVIDENCE

The rationale for the recommendation to monitor
lung function (airways obstruction) routinely in
childhood asthma is apparently based on firm
evidence: poor perception of airway calibre and
reduced lung function are both associated with
poor outcomes in asthmatic children, and both
prognostic factors can only be identified by
assessing lung function. This evidence, however,
is circumstantial, and it only supports measuring
lung function in the initial assessment, not
routine monitoring of lung function in the follow
up of outpatients. The best way to obtain direct
evidence on the usefulness of monitoring lung
function in childhood asthma is to perform a
randomised controlled trial in which monitoring
of symptoms only is compared to monitoring of
symptoms plus lung function, and in which
control of asthma is the primary outcome
parameter (fig 1). Such a randomised controlled
trial showing the usefulness of routine monitor-
ing of lung function in children with asthma has
not been published to date. Hence, so far the
guidelines’ recommendation to monitor lung
function routinely in asthmatic children is not
substantiated by direct evidence from rando-
mised trials (class I evidence in the terminology
of evidence based medicine). In the remainder of
this review, we will discuss the available evi-
dence on the usefulness of monitoring lung
function in asthma in a narrative fashion. We

Abbreviations: AH, airways hyperresponsiveness; FEV,
forced expiratory volume; MEF, mean expiratory flow;
PEF, peak expiratory flow
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Symptoms only

Symptoms plus lung function
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Randomisation Assessment of control

Figure 1 Design of the clinical trial needed to test the hypothesis that
monitoring of lung function in childhood asthma is useful. Such studies
are rare in children, and no such studies have been published showing
usefulness of routine lung function monitoring.

wish to stress that the practice points drawn from this
evidence are largely based on class II (non-randomised trials)
and III evidence (anecdotal findings and expert opinion), and
on our own clinical experience, and are open for debate.

PEAK EXPIRATORY FLOW

Peak expiratory flow (PEF) is the most commonly used
method to monitor lung function in asthma, because it can
be measured easily by simple, cheap, portable devices. It is,
therefore, very popular in primary care. It is commonly
applied as a quick screening method of assessing lung
function in the clinic or at the bedside, but is most frequently
used as a tool for home monitoring of changes in lung
function.

Isolated PEF measurements in the clinic or at the
bedside

PEF can be measured quickly and repeatably under super-
vision in the office or at the bedside on the ward." It should
be noted, however, that PEF is primarily a measure of large
airways calibre, while the obstruction in asthma is most
pronounced in small airways. A normal PEF does not rule out
significant airways obstruction (fig 2)."”” > The other draw-
back of isolated PEF measurements is that the variation of
PEF values between healthy children is large.'* Comparison
to reference values is, therefore, unlikely to be helpful;
comparison to previous measurements in the same patient
may be useful, but it should be stressed that isolated PEF
measurements in the clinic are at best a very rough screening
method for airways obstruction in asthma. If a reliable and
accurate assessment of airways obstruction is needed,
parameters such as FEV, and the mean expiratory flow
between 25% and 75% of expired vital capacity (MEF,s_75)
should be preferred.”” " Eyeballing a complete expiratory
flow-volume curve (fig 2) will provide similar information."

Home monitoring of PEF

Repeated measurements at home allow assessment of diurnal
and day-to-day variation of airway calibre, which is one of
the cardinal features of asthma.' * Studies showing improved
outcomes of asthma when patients completed a self manage-
ment programme including home monitoring of PEF have
been viewed as supporting the usefulness of home PEF
monitoring.'*" However, the interventions in these studies
included not only home PEF monitoring, but also compre-
hensive patient education. There is accumulating evidence
that patient education is one of the key factors determining
good asthma control.” In fact, a randomised controlled trial
showed that education alone was associated with a sig-
nificant reduction in emergency room visits in the subse-
quent year,”’ comparable to that observed in studies using
more comprehensive self management plans including home
PEF monitoring." " This suggests that it is the education
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Figure 2 Flow-volume curve of a child with asthma, showing the
characteristic concave expiratory pattern with markedly reduced mid-
expiratory flow rates. The reference values for peak expiratory flow
(PEF), mid-expiratory flows at 25%, 50%, and 75% (MEF,5_75) of forced
vital capacity (FVC), and the FVC itself are represented by squares, and
are connected by a dashed line representing a hypothetical “normal”
expiratory flow-volume curve. The FEV; can not be read directly from a
flow-volume curve because there is no time axis, but the spirometer
software will provide it. In this case, the FEV; was 71% of the predicted
value. Note that despite considerable airways obstruction, PEF is normal.

rather than the PEF monitoring that determines the success
of asthma self management plans. In direct comparisons of
symptom based and PEF based self management plans of
adult asthmatics, both approaches have been found to be
comparable in terms of asthma control.** ** In a report on a
similar study in children it was stated that children using a
PEF meter had better asthma control after three months of
follow up than children who did not use a PEF meter.** This
difference, however, was not statistically significant
(p = 0.07) and was not maintained during further follow
up (fig 3).

The unreliability of PEF diaries is probably one of the main
reasons why PEF monitoring does not contribute as much to
the success of asthma self management as one would assume
intuitively.” Recently, we showed that up to 50% of entries in
PEF diaries of affluent white asthmatic children whom we
considered to be “model patients” were either invented or
falsified.”® In clinical practice, therefore, patients are unlikely
to use their PEF meters routinely on a daily basis,”” and will
probably not provide reliable and meaningful PEF diaries.

Thus, there is good evidence (class I to II) that the
guidelines’ recommendation of routine home monitoring of
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Figure 3 Asthma severity scores in three groups of asthmatic children,
one monitoring symptoms only (dashed line), one monitoring peak
expiratory flow (PEF) at home on a daily basis (thin solid line), and one
monitoring PEF at home only when symptomatic for one year. Although
there was a trend towards a difference in asthma severity between
symptom only monitoring and PEF monitoring after three months

(p = 0.07) tKis difference disappeared during further follow up (after
Yoos et al*).

PEF in each patient with asthma is nof justified. Does this
mean that we should abandon home PEF monitoring
altogether? We don’t think so. Both clinical experience and
published anecdotal evidence suggest a role for targeted,
short term PEF monitoring in the diagnosis of asthma,* **
and in identifying triggers of asthma.” In our practice, we
only use home PEF monitoring in rare cases of diagnostic
uncertainty and unstable asthma when exacerbating factors
remain unclear. Such diagnostic PEF monitoring is always
applied for a short term period, and only after careful
instruction by the asthma nurse who demonstrates and
checks PEF technique, and who stresses that the diary
should only contain truly blown and carefully recorded
values.

In our practice of hundreds of asthmatic children, we only
have one patient on long term home PEF monitoring. This is
a patient with poor perception of airways obstruction who
exacerbates frequently and rather severely. This child appears
to benefit from home PEF monitoring in that, during an
exacerbation, she now tends to present at an earlier stage.

In primary care, when lung function apparatus for
obtaining expiratory flow-volume loops is not available,
repeated isolated PEF measurements in the same patient
may be used to screen for airways obstruction. As outlined
above, this provides only a rough estimate, which should be
interpreted with caution.

FEV, AND FLOW-VOLUME CURVES

The FEV, is considered to be the “gold standard” of
measuring airways obstruction, because its measurement
has been well standardised,” the measurement can be
performed repeatably, and reliable reference values are
available (FEV, is usually expressed as a percentage of the
“predicted” reference values: FEV,%pred). These attributes
make the FEV; very popular as an outcome parameter in
clinical studies, and practitioners feel confident in interpret-
ing FEV, values as an assessment of the degree of airways
obstruction in clinical practice. However, the FEV; only
reflects limited information on the complex process of forced
expiration through obstructed airways.”’ Experienced clin-
icians will prefer to “eyeball” a flow-volume curve in their
assessment of the severity of airways obstruction in asthma
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(fig 2). A detailed description of this process, along with
numerous practical examples, has been published pre-
viously.” In our practice, we both eyeball the flow-volume
curve and record numerical values for FEV,%pred (which
may be normal despite a concave pattern in the flow-volume
curve).

There is no evidence from randomised controlled trials
(fig 1) that monitoring FEV, in childhood asthma helps in
improving asthma control. In contrast to PEF, there is also no
evidence that it is not. Abundant published anecdotal
evidence underscores the usefulness of measuring FEV; or
obtaining flow-volume curves in the initial diagnostic work-
up of asthma, in particular when it is repeated after
administration of a bronchodilator.” ** ** In our experience,
explanation of the results of flow-volume curves before and
after bronchodilator to patients and parents has considerable
educational value, both during the initial work-up and
during long term follow up. This is one of the reasons why
children with chronic persistent asthma under our care will
perform flow-volume curves before and after bronchodilator
at least once vyearly. Computer incentives in modern
spirometry software allow reproducible flow-volume curves
to be obtained in the majority of children from the age of 4
onwards.** *

AIRWAYS HYPERRESPONSIVENESS

Airways hyperresponsiveness (AH), the exaggerated constric-
tion of airways in response to exogenous stimuli, is one of the
hallmarks of asthma. It can be measured in the laboratory
cither by direct (such as histamine or methacholine, which
cause airway smooth muscle contraction directly) or indirect
stimuli (such as exercise or adenosine, which cause
bronchoconstriction via inflammatory or neuronal path-
ways). The latter are more specific for asthma than the
former.”* The response is usually measured by repeated FEV,
measurements, and expressed as the dose (PD,y) or
concentration (PCyg) of the stimulus required to decrease
FEV, by 20%.

Although there is considerable overlap in AH between
healthy and asthmatic children,”” measurement of AH can
be quite helpful in the initial diagnostic work-up of children
with asthma, in particular in secondary care.”** Indirect
evidence to support a role for monitoring of AH in asthma
comes from two observations. Firstly, during treatment with
inhaled corticosteroids, symptoms and airways obstruction
usually resolve completely within weeks, while improve-
ments in AH continue for many months.*® Secondly, the
degree of AH correlates strongly with inflammatory cell
counts in bronchoalveolar lavage fluid, suggesting that
AH can be viewed as an indrect measure of airways
inflammation.”

A randomised controlled trial (fig 1) in 75 adult asthmatics
showed that patients in whom the degree of AH was used to
guide anti-inflammatory treatment had fewer exacerbations
and a more pronounced improvement of inflammatory
changes in bronchial biopsy specimens than patients in
whom the dose of (inhaled) corticosteroids was only guided
by symptoms and FEV,.* This strongly suggests that
monitoring AH in the long term management of asthma in
adults is useful. Whether this also applies to children is
currently under investigation in a multicentre trial in the
Netherlands. Drawbacks of repeated AH measurements are
that they are quite a burden to patients (a methacholine
challenge takes approximately 45-60 minutes to perform and
may cause temporary discomfort to the child) and to human
resources in the lung function laboratory (an exercise test
requires the presence of up to two technicians for
30-60 minutes).
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OTHER MEASUREMENTS OF LUNG FUNCTION:
VITAL CAPACITY, RESIDUAL VOLUME, INTERRUPTER
RESISTANCE, AND NITRIC OXIDE

A detailed description of the various other techniques to
assess pulmonary function is beyond the scope of this paper.
No studies have formally examined the usefulness of any of
these techniques in the long term management of asthma.

Vital capacity and residual volume

Studies have shown that many asthmatics have increased
residual volumes and air trapping with normal FEV, values.*!
Although this suggests ongoing disease even in the absence
of manifest airways obstruction, it has never been established
that treating these abnormalities with aggressive anti-
inflammatory therapy is clinically useful. Hence, it appears
that monitoring static lung volumes such as vital capacity
and residual volume is not needed. We tend to measure
residual volumes by helium dilution and body plethysmo-
graphy only in severe asthmatics, and no more often than
biannually.

Interrupter resistance

Over the past few vyears, a novel technique to assess
respiratory resistance (an indirect measure of airways
obstruction) in preschool children with a simple portable
interrupter device has become available.*> Reference values
from the UK and the Netherlands have recently been
published.” ** The technique appears to be reproducible,
and results are sensitive to change induced by treatment.* It
appears promising, therefore, as a method to assess airways
obstruction in preschool children. Its usefulness as a tool to
monitor asthma in these young children has not been shown
in studies or in clinical practice to date.

Nitric oxide

Perhaps one of the most promising developments is
measurement of nitric oxide in exhaled air (eNO), because
this appears to reflect lower airways inflammation.”” The
technique is now well standardised for use in school aged
children,* and reference values for healthy children are
available.*” **

Values of eNO in untreated asthmatics are much higher
than those of healthy children. Because of these highly
significant differences and because the association between
eNO values and direct assessments of airways inflammation
in adults, it has been claimed that monitoring of eNO in
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Figure 4 Nitric oxide levels in exhaled air (eNO) in asthmatic children,
treated for one year with a constant dose of fluticasone (thin line, open
squares) or a stepdown schedule with a high starting dose tapering off to
CﬂOW maintenance dose (thick line, solid circles). Run-in: six week period
during which all patients inhaled 200 pg/day fluticasone by dry powder
inhaler. No ICS: wash-out period of 2-4 weeks during which no inhaled
corticosteroids were used. The results show no effect of the dose of
fluticasone on eNO levels. After Visser et al.*
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PRACTICE POINTS

Peak expiratory flow

e Isolated measurements of PEF provide an insensitive
and, therefore, not very useful assessment of airway
obstruction

® There is good evidence that routine home monitoring of
peak flow in each asthmatic child is not justified and
not useful

® Home peck flow monitoring may be useful in rare
isolated cases of diagnostic uncertainty (is this
asthma?) or when exacerbating factors remain
unclear, and in poor perceivers with severe or frequent
exacerbations

® Only apply home PEF monitoring after careful instruc-
tion by an asthma nurse, stressing the importance of
honest and careful diary keeping

FEV,

e lsolated measurements of FEV; provide a well
standardised and sensitive assessment of airways
obstruction and response to bronchodilators

® Monitoring FEV; repeatably during scheduled follow

up visits has educational value

Airways hyperresponsiveness

® Evidence suggests that monitoring airways hyper-
responsiveness in asthma is useful, but the burden of
repeated testing limits its applicability in practice

Vital capacity, residual volume, interrupter
resistance, and exhaled nitric oxide

o There is insufficient evidence to recommend monitoring
in clinical practice

asthma is useful (“inflammometry”’).” Until now, no direct
evidence to substantiate this claim (fig 1) is available,
however.

During treatment with inhaled corticosteroids, eNO values
return to normal rapidly. In almost all studies, eNO values of
asthmatics treated with inhaled corticosteroids are indis-
tinguishable from those of healthy subjects.*> Although there
is some evidence that in adults the response of eNO to
inhaled corticosteroids may be dose dependent,* this does
not appear to be the case in children (fig 4).° Therefore,
monitoring of eNO in childhood asthma cannot yet be
recommended for clinical practice.

CONCLUSIONS

Although consistently recommended in asthma guidelines
and widely used in practice, we feel that home peak flow
monitoring is not needed or justified in the management of
the large majority of children with asthma. Changes in peak
flow are a poor indicator of changes in disease activity, diaries
are not kept reliably, and peak flow based self management
plans are not superior to self management plans based on
education and symptoms. At present, the best way to assess
and follow airways obstruction in asthmatic children is by
eyeballing flow-volume loops and measuring FEV, in the
lung function laboratory. Although monitoring of airways
hyperresponsiveness and nitric oxide look promising in
clinical studies, these measurements cannot be recom-
mended for use in clinical practice at present. Future studies
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are needed to evaluate whether home monitoring of FEV,
and PEF by electronic devices, which do not require fraud
prone diary keeping, contribute to obtaining optimal control.
Until then, clinical judgement, common sense, and flow-
volume loops remain the most important tools in monitoring
asthma.

ACKNOWLEDGEMENTS

The authors wish to thank professor Johan de Jongste for allowing us
to use his scheme (fig 1) in this paper.

Authors’ dffiliations
P L P Brand, R J Roorda, Department of Paediatrics, Isala klinieken,
Zwolle, Netherlands

REFERENCES

1 NAEPP Expert Panel. Guidelines for the diagnosis and management of
asthma—update on selected topics 2002. National Institutes of Health. NIH
publication no. 02-5075. Bethesda: National Institutes of Health, 2002.

2 The British Thoracic Society, The National Asthma Campaign, The Royal
College of Physisicians of London in association with the General Practitioner
in Asﬁma Group, The British Association of Accident and Emergency
Medicine, The British Paediatric Respiratory Society, The Royal College of
Paediatrics and Child Health. The British guidelines on asthma management:
1995 review and position statement. Thorax 1997;52(suppl 1):52-21.

3 Clough JB, Holgate ST. Episodes of respiratory morbidity in children with
cougi and wheeze. Am J Respir Crit Care Med 1994;150:48-53.

4 Rietveld S, Everaerd W. Perceptions of asthma by adolescents at home. Chest
2000;117:434-9.

5 Male 1, Richter H, Seddon P. Children’s perception of breathlessness in acute
asthma. Arch Dis Child 2000,83:325-9.

6 Fuhlbrigge AL, Kitch BT, Paltiel AD, et al. FEV; is associated with risk of
asthma attacks in a pediatric population. J Allergy Clin Immunol
2001;107:61-7.

7 Rasmussen F, Taylor DR, Flannery EM, et al. Risk factors for hospital
admission for asthma from childhood to young adulthood: a longitudinal
population study. J Allergy Clin Immunol 2002;110:220-7.

8 Jenkins MA, Hopper JL, Bowes G, et al. Factors in childhood as predictors of
asthma in adult 'ﬁfe. BMJ 1994;309:90-3.

9 Grol MH, Gerritsen J, Postma DS. Asthma: from childhood to adulthood.
Allergy 1996,51:855-69.

10 Roorda RJ, Gerritsen J, van Aalderen WMC, et al. Follow-up of asthma from
childhood to adulthood: influence of potential childhood risk factors on the
outcome of pulmonary function and bronchial responsiveness in adulthood.
J Allergy Clin Immunol 1994,93:575-84.

11 Cannon PFG, Belcher J, Pantin CFA, et al. The effect of patient technique and
training on the accuracy of self-recorded peak expiratory flow. Eur Respir J
1999;14:28-31.

12 Goldberg S, Springer C, Avital A, et al. Can peak expiratory flow
measurements estimate small airway function in asthmatic children? Chest
2001,120:482-8.

13 Eid N, Yandell B, Howell L, et al. Can peok expiratory flow predict airflow
obstruction in children with asthma? Pediatrics 2000;105:354-8.

14 Taylor MRH. Asthma: audit of peak flow rate guidelines for admission and
discharge. Arch Dis Child 1994;70:432-4.

15 Brand PLP. Practical inferpretation of lung function fests in asthma. In:

David TJ, ed. Recent Advances in Paediatrics 18. Edinburgh: Churchill
Livingstone, 2000:77-109.

16 Cowie RL, Revitt SG, Underwood MF, et al. The effect of a peak-flow based
action plan in the prevention of exacerbations of asthma. Chest
1997,112:1534-8.

17 Greineder DK, Loane KC, Parks P. A randomized controlled frial of a pediatric
asthma outreach program. J Allergy Clin Immunol 1999,;103:436-40.

18 Wesseldine LJ, McCarthy P, Silverman M. Structured discharge procedure for
children admitted to hospital with acute asthma: a randomised controlled trial
of nursing practice. Arch Dis Child 1999;80:110-14.

19 Madge P, McColl J, Paton J. Impact of a nurse-led home management training
programme in children admitted to hospital with acute asthma: a randomised
controlled study. Thorax 1997,52:223-8.

20 Kamps AWA, Brand PLP. Education, self-management and home peak flow

monitoring in childhood asthma. Paediatr Respir Rev 2001;2:165-9.

Ronchetti R, Indinnimeo L, Bonci E, et al. Asthma self-management

programmes in a population of ltalian schoolchildren: a multicentric study. Eur

Respir J 1997;10:1248-53.

2

22

23

24

25
26
27
28

29
30
31
32
33
34

35

36

37

38

39

40

41

42
43

44

45

46

47

48

49

50

1025

Grampian Asthma Study of Integrated Care (GRASSIC). Effectiveness of
routine self monitoring of peak flow in patients with asthma. BMJ
1994,308:564~7.

Turner MO, Taylor D, Bennett R, et al. A randomized trial comparing peak
expiratory flow and symptom self-management plans for patients with asthma
attending a primary care clinic. Am J Respir Crit Care Med 1998;157:540-6.
Yoos HL, Kitzman H, McMullen A, et al. Symptom monitoring in childhood
asthma: a randomized clinical trial comparing peak expiratory flow rate with
symptom monitoring. Ann Allergy Asthma Immunol 2002;88:283-91.

Sly PD, Flack F. Is home monitoring of lung function worthwhile for children
with asthma? Thorax 2001;56:164-5.

Kamps AWA, Roorda RJ, Brand PLP. Peak flow diaries in childhood asthma
are unreliable. Thorax 2001;56:180-2.

Wensley DC, Silverman M. The qua|ity of home spirometry in school children
with asthma. Thorax 2001;56:183-5.

Brooke A. Measuring chronic illness at home and at school. In: Silverman M,
O'Callaghan CL, eds. Practical paediatric respiratory medicine. London:
Arnold, 2001:53-60.

Rosenthal M. Differential diagnosis of asthma. Pediatr Respir Rev
2002;3:148-53.

American Thoracic Society. Standardization of spirometry—1994 update.
Am J Respir Crit Care Med 1995;152:1107-36.

Zach MS. The physiology of forced expiration. Pediatr Respir Rev
2000;1:36-9.

Balfour-Lynn IM. Difficult asthma: beyond the guidelines. Arch Dis Child
1999,80:201-6.

Linna O. Spirometry, bronchodilator test or symptom scoring for the
assessment of childhood asthma. Acta Paediatr 1996;85:554-9.

Vilozni D, Barker M, Jellouscher H, et al. An interactive computer-animated
system (SpiroGame) facilitates spirometry in preschool children. Am J Respir
Crit Care Med 2002;164:2200-5.

Crenesse D, Berlioz M, Bourrier T, et al. Spirometry in children aged 3 to 5
years: reliability of forced expiratory maneuvers. Pediatr Pulmonol
2001;32:56-61.

Wilson N, Silverman M. Bronchial responsiveness and its measurement. In:
Silverman M, ed. Childhood asthma and other wheezing disorders. London:
Chapmn & Hall, 1995:141-74.

Pattemore PK, Asher M, Harrison A, et al. The interrelationship among
bronchial hyperresponsiveness, the diagnosis of asthma, and asthma
symptoms. Am Rev Respir Dis 1990,142:549-54.

van Essen-Zandvliet EEM, Hughes MD, Waalkens HJ, et al. Effects of

22 months of treatment with inhaled corticosteroids and/or $2-agonists on
|ung function, airway responsiveness, and symptoms in children with asthma.
Am Rev Respir Dis 1992;146:547-54.

Ferguson AC, Whitelaw M, Brown H. Correlation of bronchial eosinophil and
mast cell activation with bronchial hyperresponsiveness in children with
asthma. J Allergy Clin Immunol 1992;90:609-13.

Sont JK, Willems LN, Bel EH, et al. Clinical control and histopathologic
outcome of asthma when using airway hyperresponsiveness as an additional
guide to long-term treatment. The AMPUL study group. Am J Respir Crit Care
Med 1999;159:1043-51.

Cooper DM, Cutz E, Levison H. Occult pulmonary abnormdlities in
asymptomatic asthmatic children. Chest 1977,71:361-5.

McKenzie SA, Bridge PD, Pao CS. Lung function tests for pre-school children.
Paediatr Respir Rev 2001;2:37-45.

McKenzie SA, Chan E, Dundas |, et al. Airway resistance measured by the
interrupter technique: normative data for 2-10 year olds of three ethnicities.
Arch Dis Child 2002;87:248-51.

Merkus PJFM, Mijnsbergen JY, Hop WCJ, et al. Interrupter resistance in
preschool children. Measurement characteristics and reFerence values.

Am J Respir Crit Care Med 2001;163:1350-5.

Kharitonov S, Barnes PJ. Exhaled markers of pulmonary disease (state of the
art). Am J Respir Crit Care Med 2001;163:1693-722.

American Thoracic Society. Recommendations for standardized procedures
for the online and offline measurement of exhaled lower respiratory nitric
oxide and nasal nitric oxide in adults and children—1999. Am J Respir Crit
Care Med 1999;160:2104-17.

Franklin PJ, Taplin R, Stick SM. A community study of exhaled nitric oxide in
healthy children. Am J Respir Crit Care Med 1999;159:69-73.

J8bsis Q, Schellekens SL, Kroesbergen A, et al. Off-line sampling of exhaled
air for nitric oxide measurement in children: methodological aspects. Eur
Respir J 2001;17:898-903.

Jones SL, Herbison P, Cowan JO, et al. Exhaled NO and assessment of anti-
inflammatory effects of inhaled steroid: dose-response study. Eur Respir J
2002;20:601-8.

Visser MJ, Postma DS, Arends LR, et al. One-year treatment with different
dosing schedules of fluticasone propionate in childhood asthma. Effects on
hyperresponsiveness, lung function, and height. Am J Respir Crit Care Med
2001,134:2073-7.

www.archdischild.com


http://adc.bmj.com

