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Airway obstruction is one of the 
main features of bronchial asthma . 
Therefore, its accurate assessment is 
important with regard to clinical 
diagnosis and management. Some 
asthmatic children were considered 
to be in remission when clinical re
covery from asthma was apparent.! 
However, increased bronchial 
smooth muscle tone may remain 
present, which probably renders 
such children susceptible to more 
severe chronic airway obstruction 
in the fature .2 

This study was undertaken to 
observe whether the pulmonary 
function of such children differs 
from that of normal children so 
that preventive measures may be 
provided. 3 

MATERIALS AND METHODS 

Subjects 

Pulmonary function was mea
sured in 24 child ren aged 6-15 years 
who had been followed up con
tinuously in a paediatric allergy cli
nic for over one year. They also ful
filled the following criteria: I) histo
ry of bronchial asthma for over three 
years; 2) symptom-free period of 
more than two weeks and 3} not 
having received antiasthma tic treat
ment (i .e ., bronchodilator, steroids, 
hyposensitisation, etc.) during the 

SUMMARY Asthmatic children may be susceptible to more severe chronic air
way obstruction during symptom-free periods if pulmonary function impairment 
is permanent and proper management is not given. This study was undertaken to 
observe whether the pulmonary function of such children differs from that of 
normal children so that preventive measures may be takan. Using a Godart Pul
motest Spirometer, the forced vital capacity (FVC), forced expiratory volume 
(FEV) in the first second (FEV!.o) and mid-maximal expiratory flow rate 
(MME FR) were measured. Clinical evaluation was also performed at the same 

17 ± 1-week interval for a period of one year. 
~, 

Statistical analysis revealed 1) pulmonary function abnormalities in symptom
free asthmatic children, and 2) significant improvement after the administration 
of bronchodilator. Early detection of these abnormalities and the provision of a 
bronchodilator could, perhaps, prevent the further development of more severe 
chronic airway obstruction. 
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previous two weeks. 

Methods 

Complete histories, physical ex
aminations and parental consent 
were obtained for all children. They 
had been trained to perform the 
pulmonary function test in advance. 
Using a Godart Pulmotest Spiro
meter , the following pulmonary 
function parameters were initially 
measured in all children: forced 
vital capacity (FVC), forced ex
piratory volume in the first second 
(FEV 1.0) and maximal mid-expira
tory flow rate (MMEFR).4 The 
children were classified into the 
following groups (Table I): 
Group J: Patients with normal pul

monary function test. 

Group If: Patients with abnormal 

pulmonary function test, having 

at least one or more of the pul

monary function parameters that t' 

registered less than 70 per cent of 

the predicted mean value . 

Group Ifl: Patients with abnormal 

pulmonary function test who were 
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Table 1 Age distributions among the three groups-of subjects A rejection criterion of 0.01 was 
used for judging significance. The 

Age (years) pulmo-parameters for normal Thai 
Group Number (n) children using the standard spiro

Range Mean sd meter (Godart Pulmotest Spirome

I 8 8-15 10.9 2.59 ter) had not yet been established ; 


thus the mean values and normal
" 8 7-15 10.8 2.71 

ranges presented by Polgar and Pro
11/ 8 7.5-15 12.4 2.41 
madhat6 were used. 

Table 2 Mean (x) and standard deviation (sd) of pulmo-parameters of the first meas
urement (lime period 1) 

Group FVC (ml) 

Actual 1,903.02 
± 687 .99 

Predicted 2,121.00 
± 707.96 

Actual/pred icted 0.89 
±0.04 

II Actual 1,620.98 
± 531.24 

Predicted 2,329.21 
±710.88 

Actual/Predicted 0.69 
±0.05 

III Actual 1,885.12 
±462.16 

Predicted 2,601.04 
±636.36 

Actual/Predicted 0.72 

±0.02 

administered an oral bronchodilator 
on a continuous basis (treated 
group). 

Group I and II was given the oral 
bronchodilator only on an intermit
tent basis (non treated groups) and 
the pulmonary function tests were 
perfonned after discontinuation of 
the medication for a t least two 
weeks. 

The study began eight weeks 
after the selection and grouping of 
the children. The pulmonary func
tion parameters (FVC, FEV 1. 0 and 
MMEFR) were measured at the 
same time (around 9 a.m .) for all 
children (Table 2). All children 
were retested and closely followed 
up clinically every 7± 1 weeks for a 
period of one year (Table 3). All 

FEV1.0 (m!) MMEFR (I/min) 

1,752 .25 144.77 
±674.53 ±44.12 


1,799.82 140.24 

±711.90 ±40.08 


0.98 1.08 
±0.06 ±0.08 

1,422.55 111.48 
±520.12 ±31.50 
2,050.35 153.23 

±726.15 ±42.76 
0.69 0.72 

±0.02 ±0.02 

1,697.85 114.90 
±398.78 ±26.70 
2,396.44 169.08 
±541.95 ±35.12 

0.70 0.68 

±0.02 ±0.06 

values have been corrected for baro
metric pressure and temperature 
saturation (BPTS). Each series of 
measurements lasted abou t 15 min
utes. The children rested for 15 
minutes before each test. Measure
ments were taken while the patients 
were sitting. The most. uniform 
reading of the three attempts was 
accepted for each test. For the 
groups undergoing treatment, the 
first measuremen t was performed 
on the first day of the treatment 
(Table 2). 

Statistical analysis was done 
using Barlett's multiple test and 
analysis of variance (AN OVA) using 
an orthogonal factorial designS 
with patient groups and the period 
of measurement as main variables. 

RESULTS 

Differences in the age of the chil
dren could be expected to account 
for differences in height which 
would affect pulmonary function 
parameters. A base-line analysis of 
age among the three groups of sub
jects (shown in Table I) reveals no 
significant differences with regard to 
age statistics (Barlett's multiple t
test ; p > 0.30). 

Table 3 gives the results for FVC, 
FEV 1.0 and MMEFR respectively 
for the three groups. Analysis of 
variance (Tables 4-7) shows signifi
cant differences among the three 
groups, for all pulmo- parameters 
(p< O.OO I), but no significant dif
ferences with regard to time periods 
(p =0.805, 0.489 and 0.607 respec
tively). Al though the effect of the 
grou p-time interaction is con trol
led, the difference in FVC, FEV 1 . 0 

and MMEFR among groups is signi
ficant (p< O.OO I). 

Tables 7 to 9 show ANOV A data 
for FVC, FEV 1.0 and MMEFR for 
the treated and non-treated 
abnormal groups. Only the FVC 
parameter shows a significant d if
ference between the two groups 
(p = 0.009). 

DISCUSSION 

The importance of early diagno
sis of airway obstruction in asthma 
is not yet clear. So far , further in
formation is required about its na
tural history and whether it may be 
possible to use early detection and 
management to prevent the deve
lopment of more severe chronic air
way obstruction in the future , 
Several authors have studied with 
variable resultsl

,2 asthma tic children 
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Table 3 Mean (x) and standard deviation (sd) of puimo-parameter (FVC, FEV 1.0 and during symptom-free periods. Most 
MMEFR) of the three groups of asthmatic children expressed as the ratio of of the studies showed that the 
actual value to the predicted value on the basis of height majority of asthmatic children may 

show some slight abnormalities, 
particularly in their airway reFVC 
sistance, thus indicating a minimal 

Test period * and subclinical airway obstruction.Group 
234 5 6 In our study, we found abnormali

ties of pUlmonary function in 16 
out of 24 symptom-free children. Actual/Predicted 0.9245 0.9461 0.8720 0.9047 0.9249 0.8776 
This finding is in accordance with 

sd 0.724 0.0857 0.0863 0.0937 	 0 .0772 0.0824 that reported by McFadden et aF 
II who carried ou t their investigation ....' among American children. Actual/Predicted X 0.7622 0.8230 0.8034 0.8038 0.7757 0.7440 

Our study further revealed that
sd 0.1178 0.1538 0.1033 0.1024 	 0.1408 0.1520 

although asthmatic symptoms in 
III children may disappear for a period 

Actual/Predicted 0 .8171 0.8430 0.8365 0.8918 0.8520 0.8908 of time, airway obstruction may re
main. In the past, such airwaysd 0.1137 0.1089 0.1264 0.1120 0.1523 0.1333 
blockage wcis not recognised be
cause most tests for pulmonary 
functions were performed using 
conventional measurements such as 
peak flow rate and force expiratoryTest period* 

Group volume in the first second. Tables 8
234 5 6 

and 9 of our study substantiate 
this opinion. These tests primarily 

~' IActual/Predicted 1.0375 1.0811 0.9599 0.9943 0.9868 0.8943 	 reflect changes in the large airway, 8 


but they are not sensitive enough to
sd 0.0730 0.1610 0.0628 0.1044 	 0.0878 0.1164 
detect abnormalities in the small 

II 	 al9airways.8 Woolcock et and 
Actual/Predicted X 0.8114 0.8392 0.8146 0.8029 0.7819 0.7421 Heckscher et al10 have shown that 

sd 0.1254 0.1143 0.0970 0.0998 0.1287 0.1436 abnormalities of the small airways 
cause increased residual volume,

III mismatching of ventilation and per

Actual/Predicted 0.7530 0.8091 0.7908 0.8222 0.8006 0.8754 fusion, and abnormal frequency de


sd 0.1436 0.1232 0.1676 0.1465 0.1944 0.1247 pendence of dynamic compliance. 

It is these silent changes in the peri

phery of the lung that permit 

abnormalities of gas exchange and 
MMEFR 
lung mechanics to continue into the 

Test period* symptom-free period. 7 ,11,12 Unless
Group 

234 5 6 	 sophisticated measures of the dyna
mics of small airways are made, the 
finding of FEV1.0 or peak flow rate 

Actua!/Pred icted 0.9245 0.9461 0.8720 0.9047 0.9249 0.8776 may encourage a false sense of secu
sd 0.0724 0.0857 0.0863 0.0937 0.0772 0.0824 rity, i.e., that small as well as large 

airways may have returned to norII 
ma1. 9 , 13 


Actual/Predicted 0.7622 0.8230 0.8034 0.8038 0.7757 0.7440 

The residual abnormalities may

sd 0.1178 0.1538 0.1033 0.1024 	 0.1408 0.1520 cause no symptoms at rest, but be
III cause of their persistence, they may 

predispose patients to future at Actual/Pred icted 0.8171 0.8430 0.8365 0.8918 0.8520 0.8908 

tacks.I4-16 This finding leads us to
sd 0.1137 0.l089 0.1264 0.1120 	 0.15230.1333 
conclude that an oral bronchodila

*At 6-8 weeks interval. Period 1 =the day the treatment was started, eight weeks after the initial tor should be given to symptom

measurements. free patients who have an abnormal 
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Table 4 Analysis of variance for forced vital capacity (FVC) among the three groups pulmonary function test Goldstein 

Source of variation SS df MS F p-value 

Among groups 0 .365 2 0.183 13.841 0.001 
Among times 0.030 5 0 .006 0.461 0.805 
Interaction 0.076 10 0.008 0.573 0.834 

(groups vs. times) 

Residual (error) 1.662 126 0.013 

Total 2.133 143 0.Dl5 

Table 5 Analysis of variance for FEV 1.0 among the three groups 

Source of variation SS df MS F p-value 

Among groups 1.142 2 0.571 30.330 0.001 

Among times 0.072 5 0.014 0 .891 0.489 

Interaction 0.202 10 0.020 l.251 0 .266 

(groups vs. times) 

Residual (error) 2.037 126 0.016 

Total 3.453 143 0.024 

Table 6 Analysis of variance for MMEFR among the three groups 

Source of variation SS df MS F p-value 

Among groups 3.553 2 1.776 28 .524 0.001 

Among times 0.225 5 0.045 0 .723 0 .607 

Interaction 0.790 10 0.079 1.269 0 .255 

(groups vs. times) 

Residual (error) 7.847 126 0.062 

Total 12.356 143 0.086 

Table 7 Analysis of variance for FVC between the treated (Group III) and non-treat
ed (Group II) abnormal groups 

Source of variation SS df MS F p-value 

ditions such as asthma , for which 
they may give the only objective 
guide to the progress of the disease 
and the efficacy of treatment. 
These pulmonary function tests 
should be incorporated in the diag
nosis and treatment of many types 
of respiratory illnesses . Asthmatic 
children sl;ould be checked regular
ly by their physicians, and they and 
their parents should be given gui
dance on the treatment of symp
toms . They should be instnlcted 
in preventive measures and the pro
motion of health, i.e. breathing ex
ercises, chest rehabilitation, etc . 

Between groups 0.117 0.117 7.169 0.009 

Between times 0.031 5 0.006 0.374 0.865 

Interaction 0.041 5 0 .008 0.507 0.770 

(groups vs. times) 

.!'l 
Residual (error) 1.371 84 0.016 

Total 1.560 95 0.016 

et a[3 recommended the regular use 
of inhaled sympathomimetics and 
an oral theophylline preparation for 
those symptom-free patients whose 
history suggests that they are sus
ceptible to acute exacerbation. 
Such patients commonly ex
perienced an improved sense of 
well-being, increased exercise tole
rance and a decrease in the fre
quency and severity of their acute 
episodes. Significant improvement 
of pulmonary function could be de
monstrated in these patients after 
bronchodilator therapy judging by 
the improvement of the forced vital 
capacity ,I7 which probably reflect
ed the relief of peripheral airway 
obstnlction and could be detected 
in the lower range of vital capaci
ty . IS 

The pu lmonary function tests 
which have been used in this study 
may not give a complete picture of 
lung function, but they do give a 
reasonable guide to the state of air 
movement. Most pulmonary dis
eases in childhood alter this aspect 
of respiration , so in practice these 
rela tively sim pie bedside tests have 
been found to be valuable .16 This is 
particularly tnle for long-term con

Thus , early detection of airway 
obstnlction , although by simple but 
efficient pulmonary function tests, 
will no doubt provide advance 
warning which is helpful in pre
venting the development of more 
severe chronic airway obstruction 
in the future . 
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Table 8 Analysis of variance for FEV 1.0 between the treated and non-treated abnor 6. Polgar G, Promadhat V. Pulmonary func

ma~groups tion testing in children. Techniques and 
standard. Philadelphia: W.B. Saunders 
1973:255-6. 

Source of variation SS df MS F p-value 7. McFadden ER., Kiser R, DeGroot W]. 
Acute bronchial asthma: relations between 

Among grou ps 0.002 0.002 0.124 0.726 clinical and physiologic manifestations. 

Among times 0.Q18 5 0.004 0.195 0.963 New EnglJ Med 1973;288:221·5. 

Interaction 0.901 5 0.018 0.977 0.437 8. Colp CR. Interpretation of pulmonary 
function tests. (Editorials). Chest 1979; 

(groups vs. times) 76:377-8. 

Residual (error) 1.568 84 0.019 9. Woolcock AJ, Vincent N], Macklem PT. 
Frequency dependence of compliance as a 

Total 1.680 95 0.018 test for obstruction in the small airways.] 
Clin Invest 1969;48:1097·106. 

10. Heckscher T, Bass H, Oriol A, Rose B, f , 
Anthonisen NR., Bates DV. Regionallung 

Table 9 Analysis of variance for MMEFR between the treated and non-treated abnor
mal groups 

II. 

function in patients with bronchial 
asthma.] Clin Invest 1968; 47: 1063-70. 
Cade] F, Pain MCF. Pulmonary function 
during clinical remission of asthma. How 

Source of variation SS df MS F p-value reversible is asthma? Aus N]] Med 1973; 3: 
545-51. 

Among grou ps 0.029 0.029 0.482 0.489 12. Kerrebyn KF, Fioole AC, Bentveld ROW. 

Among times 0.110 5 0.022 0.363 0.873 
Lung function in asthmatic children after 
a year or more without symptoms or treat

In teraction 0.692 5 0.138 1.219 0.054 ment. Brit Med] 1978; 1:886-8. 

(groups vs. times) 

Residual (error) 5.101 84 0.061 

13. Macklem PT, Mead]. Resistance of central 
and peripheral airways measured by a re
trograde catheter. ] Appl Physiol 1967;" 

Total 5.915 95 0.062 14. 
22:395-401. 
Rees HA, Millar ]S, Donald KW. A study 
of the clinical course and arterial blood gas 
tensions of patients in status asthmaticus. 
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