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ABSTRACT

The aim of this study was to detect the best test lung function to identify abnormalities in asthmatic children while
asymptomatic. We studied 200 asthmatic children. Patients were evaluated by questionnaire to evaluate the presence of
symptoms and drug consumption in the previous 3 months. Allergological evaluation by skin-prick tests and seric-specific IgE
determination for relevant local inhalant allergens was made. Lung function was studied evaluating expiratory flows and
measuring lung volumes by nitrogen washout technique. One hundred twenty-seven of 200 (63%) children showed functional
abnormalities: 21 (10.5%) children had flow reductions, 56 (28%) children had volume modifications, and 50 (25%) children
had either flow and lung volume alterations, respectively. We observed increased total lung capacity (TLC), residual volume
(RV), and ratio RV/TLC values more often in patients with mild and moderate persistent asthma than in patients with
intermittent asthma. No significant difference was detected considering expiratory flows. Measurements of lung volumes are
an important tool to evaluate “air trapping” in asthmatic patients and this could be related to disease severity. According to
the literature, our data suggest that an increase of RV, functional residual capacity RV/TLC could be the only functional airway
dysfunction present in asthmatic children during asymptomatic period.

(Allergy Asthma Proc 27:359–364, 2006; doi: 10.2500/aap.2006.27.2922)

Respiratory function tests are an important tool in
the diagnosis and management of asthmatic chil-

dren.1 In adolescent asthmatic patients2 and even in
young children3,4 spirometry results are usually a pri-
mary outcome measurement. The forced expiratory
volume in 1 second (FEV1) is linearly related to the
severity of airway obstruction, and a positive acute
FEV1 response to bronchodilator of �12% helps to
confirm the diagnosis of asthma.5 In asthmatic patients
without evident clinical signs, forced expiratory flows
at small lung volumes (forced expiratory flow at 25–
75% [FEF25–75]) may provide evidence of persisting
obstruction6,7 and bronchial hyperresponsiveness.8

However, parameters such as mid-expiratory flow at
25 at 50% of vital capacity (MEF25 and MEF50) show a
great variability between measurements.9 Further-
more, the effort’s independence of these parameters
has been questioned.10 Measurement of lung volumes
is important to detect dysventilatory syndromes and

may provide confirmatory data as well as additional
data to spirometry.5,11–13

The aim of this study was to evaluate lung function
performances such as static lung volumes: residual
volume (RV) functional residual capacity (FRC), and
told lung capacity (TLC) or forced expiratory flows
(FEV1, MEF50, MEF25, and MEF25–75) in asymptomatic
asthmatic children.

PATIENTS AND METHODS
Two hundred asthmatic children, as defined by the

American Thoracic Society (ATS),14 (140 boys and 60
girls) aged (mean � SD) 9.3 � 3.5 years, were recruited
for the study. All children were regularly followed at
the outpatient Pneumology Clinic of the Department of
Pediatrics of the University of Chieti. They were re-
cruited according to their characteristics corresponding
to the inclusion criteria. Only children in good clinical
control (no clinical evidence of exacerbation of asthma
symptoms) as suggested by clinical history in the 3
months preceding the study were admitted. All chil-
dren were investigated by International Study of
Asthma and Allergies in Children questionnaire15 with
additional questions concerning nocturnal symptoms,
exercise-inducted asthma, and pharmacologic treat-
ments in last 3 months.
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Clinical and Pharmacologic Assessment
The clinical assessment was done according to

Global Initiative on Asthma (GINA) guidelines: inter-
mittent episodic asthma (asthma level 1 [AL1]), mild
persistent asthma (AL2), moderate persistent asthma
(AL3), and severe persistent asthma (AL4).16 Pharma-
cologic therapy performed 3 months before the study
was scored according to the class of therapy (from 0 to
9) in the following way: antihistamines or cromones �
1; long-acting �2-agonists or montelukast � 2, inhaled
corticosteroids � 3.

Functional Evaluation
Respiratory function was studied by expiratory flow

measurement (FEV1, MEF25–75, MEF25, and MEF50), us-
ing FEV/volume curves, and by static lung volume
measurement (RV, FRC, and TLC) using the nitrogen
washout method.17 For the study, a pneumotacograph
with an open circuit N2 washout method (VMAX22L
SensorMedics, Viasys Healthcare, Yorba Linda, CA)
was used. Expiratory flow values were calculated as a
percentage of the theoretic values for height.18

FEV1 and peak expiratory flow (PEF) �85% of pre-
dicted, MEF25–75, MEF25, and MEF50 �70% of predicted
were considered as pathological. Lung volume values
were calculated as a percentage of the predicted values
for height, according to Zapletal.19 TLC, FRC, and RV
were considered pathological if �80% and �120%, and
ratio RV/TLC was considered abnormal if �30%.

Tidal volume and inspiratory capacity (IC) had been
measured during a normal respiratory cycle. Forced
vital capacity (FVC) was calculated by a forced expira-
tory capacity maneuvers, and expiratory reserve vol-
ume (ERV) was calculated as difference between FVC
and IC (ERV � FVC � IC). FRC has been measured
with open circuit N2 washout technique, with the pa-
tient breathing at tidal volume in 100% O2 air, at FRC
level, as described by Morris.20 The RV was calculated
as FRC � ERV, and TLC was calculated as VC � RV.
The reliability of the tests was assessed according to
recommendations of ATS and European Respiratory
Society Statement.21

Statistical Analysis
Data were expressed as means � SD, and a value of

p � 0.05 was considered as significant. The percentage
of patients with alterations of expiratory flows and
lung volumes was calculated. Student’s t-test was used
to compare the means of the functional variables mea-
sured, between the group of patients with intermittent
episodic asthma and groups with persistent asthma
(mild, moderate, or severe).

Ethical Approval
The study was approved by the local Hospital Ethi-

cal Committee and written informed consents were

obtained by children’s parents or guardians. The study
did not receive any funding by Companies. The study
was performed with internal University funding.

RESULTS
The mean duration of asthma was 4.4 � 3.4 years.

The mean asymptomatic period was 9.6 � 1.3 months.
All the patients showed one or more positive responses
to local relevant allergens with a good concordance
between skin-prick test and radioallergosorbent test
results. Eighty-one children were monosensitized (46
children were monosensitized to mites and 35 children
were monosensitized to pollens), 119 children were
polisensitized for two or more respiratory allergens
tested (grass, parietaria, ragweed, mites, dog and cat
danders, and molds). Among our asthmatic children,
160 patients were found to have intermittent asthma
(AL1), 34 patients had mild persistent asthma (AL2),
and 6 patients had moderate persistent asthma (AL3).
No child with severe persistent asthma (AL4) was
found. The mean asthma level score was 1.2 � 0.4. All
patients were treated with pharmacologic therapy ac-
cording to GINA guidelines. The mean pharmacologic
score was 2.1 � 1.8.

As a whole population, our asthmatic children had
mean normal values of expiratory flows: FEV1 � 100 �
14%, PEF � 93 � 24%, and MEF25–75 � 90 � 24%; and
lung volumes: TLC � 100 � 18%, FRC � 108 � 35%,
RV � 116 � 63%, and RV/TLC � 25 � 9. However, in
the evaluation of individual patients, normal flows and
volumes were found in only 73 children (36.5%). On
the contrary, different patterns of functional alterations
were observed in the remaining 127 (63%) patients. In
particular, different patterns were found: (i) obstruc-
tive disease (21 children, 10.5%) with flow reduction
and normal volumes, (ii) hyperinflated pattern (42 chil-
dren, 21%) with RV and FRC increased and normal
flows, (iii) mixed obstructive and hyperinflated disease
(32 children, 16%) with flow reductions and RV and
FRC increased, (iv) restrictive pattern (14 children, 7%)
with volume reductions with normal flows, and, fi-
nally, (v) a mixed obstructive/restrictive pattern (18
children, 9%) with flow and volume reductions. Twen-
ty-one patients presented significantly increased alter-
ations of TLC, RV, and ratio RV/TLC in the mild and
moderate patient groups. In comparison to results of
patients in the intermittent group, this just failed to be
significant for TLC (p � 0.05), but significant for RV
(p � 0.02) and for ratio RV/TLC (p � 0.04). However,
no significant difference was detected for expiratory
flows between the three groups (Table 1). No signifi-
cant difference was observed with regard to compari-
son with the AL3 group, probably because of the pau-
city of the subject number present in the group.

The sensitivity of spirometric tests (number of sub-
jects with pathological test) in detecting functional
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abnormalities in our population of asymptomatic
asthmatic patients showed the following results for
expiratory flows: FEV1, 19% (pathological values in
38/200; Fig. 1); MEF25, 26% (pathological values in
53/200); MEF25–75, 20% (pathological values in 40/200;
Fig. 2).

The analysis of lung volume abnormalities showed
TLC alterations in 68 patients (34%; decrease in 33 and
increase in 35) and FRC modifications in 87 patients
(43%; (decrease in 33 and increase in 54; Fig. 3). The
Motley index (ratio, RV/TLC), hyperinflation sign,
was pathological in 83 cases (41%).

DISCUSSION
In asthmatic children, significant abnormality in lung

function may be present without any clinical symp-

toms of the disease and this has been suggested to be
followed by lung hyperinflation.1 Spirometry with de-
termination of expiratory flows is the most used tech-
nique to assess respiratory function in children.1–4,22

FEV1 is linearly related to the severity of airways ob-
struction,5 and it is less susceptible to errors and vari-
ability than MEF50 and MEF25.9 Measurement of abso-
lute lung volumes is one of the pulmonary function
tests that may provide confirmatory data to forced
expiratory spirometry.5 It has been reported that RV is
the most sensitive parameter to depict persistent air-
flow obstruction in asymptomatic children and the
relation of RV to TLC often is increased in asthmatic
patients in remission.23,24 Our data are in agreement
with these studies concerning the utility of lung vol-
ume assessment, especially RV and Motley index (RV/

Figure 1. FEV1 values expressed as percentage of predicted in 200 asthmatic children (38 patients below 85%).

Table 1 Respiratory function tests divided according to GINA classification of asthma in 200 asthmatic
children

Asthma Level AL1 AL2 AL3 p Value
(AL1 vs AL2)

No. of subjects 160 34 6
FEV1 100.4 � 14.6% 102.8 � 15.7% 88.4 � 14.3% NS
PEF 95.4 � 25.6% 88.5 � 19.3% 78.6 � 17.4% NS
MEF25–75 91 � 23.6% 93.8 � 27.6% 68.2 � 28.6% NS
TLC 99.2 � 16.4% 105.7 � 23% 107.6 � 19.4% 0.05
FRC 105.6 � 32% 116.4 � 42.6% 101.4 � 13.46% NS
RV 110 � 54.2% 136 � 88.7% 140.2 � 75.6% 0.02
RV/TLC (%) 24.1 � 9.2 27.8 � 10.4 29.2 � 2.19 0.04

Values are expressed as mean � SD (percentage of predicted value).
AL1 � intermittant asthma; AL2 � mild asthma; AL3 � moderate asthma.
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TLC), to detect “air-trapping” in asthma.19–21,25 Addi-
tional studies would be of interest to evaluate in the
follow-up the significance of the RV abnormalities in
term of relapse or loss of lung function.

In our study, flow reductions have been detected in
71 (35.5%) patients, and increased lung volumes have
been observed in 74 (37%) children, in 42 of whom
hyperventilation was the unique lung function abnor-
mally. This finding confirms and further expands the
concept that lung volume measurement is more sensi-
tive than expiratory flow evaluation in asymptomatic

asthmatic patients. Particularly, increased RV and RV/
TLC ratio allow the identification of a latent bronchial
obstruction, even in the presence of normal spirometry
values.24 These modifications are a sensitive index of
“air trapping,” consequent to lung inflammation26,27

and effectively are predictive for a positive response to
methacholine in asthmatic patients with normal spi-
rometry results.28 Furthermore, in children with stable
asthma, an increase in RV was found to be significantly
correlated with urinary leukotriene E4 levels29 and
with presence of atopy.30 On the contrary, the decrease

Figure 2. MEF Values expressed as percentage of predicted in 200 asthmatic children (40 patients below 70%).

Figure 3. FRC values expressed as percentage of predicted in 200 asthmatic children (54 patients over 120% and 33 patients below 80%).
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of RV was found to be associated with allergen avoid-
ance and with reduction in sputum eosinophil lev-
els.26,27

Major increases in RV and FRC generally are found
in children with severe asthma.31 In agreement with
this, we also found greater values of TLC, RV, and
RV/TLC in patients with moderate than in patients
with mild and intermittent asthma. The obstruction
of small airways and the loss of elastic recoil, result-
ing in premature closure of the airway, may be the
main causes of increases in FRC and RV11 and these
phenomena obviously are related to increasing
asthma severity and distal lung dysfunction.32 The
distal airway involvement in asthma also may ex-
plain the observation that an RV decrease, after
bronchodilation test, has higher positive predictive
value than an FEV1 increase, for an early diagnosis of
asthma33,34 and very likely also for its persistence.35

In our study population there also is a little number
of children with pure restrictive (7%) or mixed ob-
structive-restrictive (9%) functional patterns. This
may be the result of an anatomic or constitutional
lung conformation,36 which may be concomitantly
present with asthma or a reduction in the lung de-
velopment consequent to a chronic hypoventilation.
Thus, lung volume evaluation may be useful to de-
tect true restrictive lung disorders because a “restric-
tive impairment” can be diagnosed with spirometry
in asthmatic patients as a consequence of a reduced
forced ERV, i.e., the ERV measured from the FVC
maneuvers and preceding tidal breath.37

In conclusion, our data confirm and further extend
the concept that an increase in RV and RV/TLC ratio
can be the only functional alteration during the interval
phase of the disease and may be an index of incomplete
control. Hyperinflation seems to cause minimal overt
clinical symptoms33 but may be responsible for loss of
elastic recoil. If this results in greater risk of asthma
relapse after remission needs to be evaluated in long-
term longitudinal studies.
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