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Lung function after acute bronchiolitis
R L HENRY, A D MILNER, G M STOKES, I G C HODGES, AND R C GROGGINS

Department ofChild Health, University ofNottingham, University Hospital, Nottingham

SUMMARY We performed 211 lung function measurements on 93 children in the first year after they
had been admitted with acute bronchiolitis. During the convalescent phase of the illness, 77% of the
infants were hyperinflated with a thoracic gas volume greater than 40 ml/kg and 3 months later
43 % were hyperinflated. Twelve months after the initial illness, 17% still had lung function abnor-
malities and most of these children have had lower respiratory tract symptoms. For the group as a

whole about 60 % have had at least one episode of wheezing. Specific conductances were significantly
lower in children from atopic families, indicating worse lung function, but the significance of this
finding is unclear.

The medical consequences of bronchiolitis extend
beyond the acute viral illness. It is well known that
bronchiolitis is associated with wheezing in sub-
sequent months, although the exact relationship
between bronchiolitis and asthma remains unclear.'-4
Evidence is also accumulating that it sows the seeds
for chronic obstructive lung disease in adult life.4 6
Furthermore asymptomatic children may have
abnormalities in lung function many years after a
single attack,7 leaving the possibility that clinical
illness will develop subsequently.

In view of the potential long-term effects of
bronchiolitis, it is important to obtain prospective
information on symptoms and lung function after
the initial episode. A preliminary report on a small
cohort of infants admitted to hospital with severe
bronchiolitis showed marked disturbances in pul-
monary function in the first year after the acute
illness.8 These findings conflict with those of
Phelan et al.9 who reported normal lung function
within 3 months of an attack. One explanation for
this dichotomy is that the children in our initial
study were a selected group who were particularly
ill and in whom data in the acute phase had indicated
gross lung function abnormalities.10 The Australian
infants were chosen on the basis that their disease
was mild or moderate.9

In this report we have set out to study lung
function in a less selected group in an attempt to
elucidate prognostic features, including history of
atopy and severity of illness, and to delineate the
frequency of physiological sequelae. Our aim was
also to collect data on a larger cohort which would
form the basis for a long-term prospective study.

Patients and methods

The 93 children studied in this project were admitted
to hospital during an epidemic of infection due to
respiratory syncytial virus (RSV). All had a clinical
diagnosis ofbronchiolitis with tachypnoes, dyspnoea,
hyperinflation, and widespread crepitations. In
addition, viral studies were positive for RSV in
48 infants and there were single isolates of adenovirus
type 1 and adenovirus type 6.
The first 22 children studied, who were the basis

of our first report,8 had severe disease requiring
nasogastric feeding but subsequently we had no
deliberate selection bias, apart from requiring
admission to hospital. However, if we were not
certain that a child had bronchiolitis that child was
not tested. It is likely that milder cases of acute viral
bronchiolitis are under-represented in the cohort.
The mean age on admission was 116 (range

25-388) days and there were 52 boys and 41 girls.
Nineteen of the children had a first-degree relative
with asthma and 34 a first-degree relative with
asthma, eczema, or hay fever. If information on
second-degree relatives is included, these numbers
are increased to 36 and 56. These figures are com-
parable with unselected children.2
Lung function tests were performed at con-

valescence (before discharge from hospital), at a
mean time of 3-5 months after admission (range
2.3-5.4), and 12 6 months after admission (range
11-0-15-2). The number of studies performed at
each period was 53, 83, and 75 respectively. Forty of
the 93 children had lung function tests on all three
occasions.
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We measured thoracic gas volume (TGV), the
amount of gas in the lungs at the end of a normal
expiration, and airways resistance (RAW), using
techniques described in detail previously.811-13
The total body plethysmograph had a 260 litre
capacity, was of Perspex construction, with a
servocontrolled heating system maintaining the
facemask, shutter system, and rebreathing bag
at 360C.
Each child, after sedation with 80-100 mg/kg

chloral hydrate, was nursed supine and a mask
applied to the face. A bias flow of air, 5 litres/minute,
passed through the wall of the plethysmograph to
the facemask via a wide bore tube and expiratory
gases passed out via a similar tube. Signals were
relayed to the axes of a cathode ray storage oscillo-
scope, readings were obtained and calculations made
by standard techniques."-'3 Multiple breaths were
sampled in each case. Specific conductances (sGAw)
were calculated using the formula sGAw= 1 /(TGV
X RAW).
At the one year follow-up visit, we obtained

histories regarding the nature, frequency, and
duration of lower respiratory tract illnesses after the
bronchiolitis.

Statistics used were unpaired t test and x2 analysis.
The local ethics committee approved the study,

and all children were tested after informed parental
consent had been obtained.

Results

Table 1 shows the lung function results for the total
number of children tested on each occasion, and for
those tested all three times. Available data on normal
children indicate that a TGV greater than 40 ml/kg is
abnormal at all weights.'21415 Table 2 gives the
number of children with TGVs greater than 40
ml/kg.

In addition to the abnormalities in lung function,
lower respiratory tract symptoms were common.
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Table 2 Children with thoracic gas volume greater
than 40 ml/kg after acute viral bronchiolitis

No tested With TG V >40 ml/kg

No %

Convalescent period 53 41 77
3 months after bronchiolitis 83 36 43
1 year after bronchiolitis 75 13 17

One year after the attack of bronchiolitis, 49 ofthe 75
children tested at this time had each suffered at least
one episode of wheezing. The clinical progress of the
18 children who did not have lung function tests
one year after admission was similar to that of their
colleagues. Four were lost to follow-up but 6 of the
remaining 14 experienced attacks ofwheezing.
We compared lung function abnormalities with

frequency of subsequent lower respiratory tract
symptoms. Eleven of the 13 children, each with a

TGV greater than 40 ml/kg one year after the initial
illness wheezed, compared with 38 of the 62 whose
TGV was less than 40 ml/kg. Although this difference
is not statistically significant using x2 analysis, we
believe it likely that there is a true correlation between
marked hyperinflation on lung function and lower
respiratory tract symptoms.
No relationship was found between hyperinflation

and prematurity, age on admission, severity as

judged by the need for nasogastric feeding or oxygen,
or family history of atopy. However, as shown
(Table 3) specific conductances were lower (worse
lung function) in children from families with atopic
disease. Wheezing was also more common in the
children with a family history of atopy, although the
trends did not reach statistical significance.
The 48 infants from whom RSV was isolated had

similar thoracic gas volumes, airways resistances, and
specific conductances to the 45 children in whom
RSV infection was unproved. These results, together
with the clinical findings, age of the children, and
seasonal pattern ofadmission to hospital suggest that

Table 1 Lungfunction results showing means and standard deviationsfor the total number ofchildren tested
on each occasion, andfor those tested on all three occasions

Thoracic gas volume RAW SGAW
(cmH2o/l per second) (cmH2o/l per second)

ml/kg % expectedfor weightl4

Convalescent period
Totalnumberoneachoccasion 53.5 (+18.4) 167.1 (+56-3) 24.8 (+11-5) 0-19+0-09
Tested on all 3 occasions 55-3 (+19*6) 172-7 (±59-7) 24.1 (+10.9) 0-19±0-10

Three months after acute illness
Total number on each occasion 39-6 (+9.2) 136-8 (+30-5) 13-7 (+5*8) 0-28+0-12
Tested on all 3 occasions 39-7 (+10*1) 136-7 (±32-5) 14-5 (16.5) 0-28+0-14

One year after illness
Totalnumberoneachoccasion 32.8 (18.8) 117.4 (+30.3) 13.7 (+8.0) 0-29+0-16
Tested on all 3 occasions 34-5 (±9-6) 122-9 (432-6) 10.0 (+6.8) 0-37+0-17
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Table 3 Specific conductances in children with and without afamily history ofatopic disease

3 months after acute illness One year after acute illness

Number Mean ± 1 SD Number Mean ± 1 SD
(cmH2o/l per second) (cmH2o/lper second)

Asthma in 1st-degree relative 19 0-23±0-11 18 0-22±0-10
Notpresent 63 0-29±0-12 57 0-31±0-17

P=0.05 P<0-05
Atopy in 1st-degree relative 31 0-24+0-10 29 0-27+0-15
Not present 51 0-30±0-13 46 0-30+0-16

P<0-05 P>O05
Asthma in 1st- or 2nd-degree relative 34 0-23±0-10 32 0.23 +0- 13
Not present 48 0-31+0-13 43 0-33±0-16

P<0.01 P<0-01
Atopy in 1st- or 2nd-degree relative 51 0-26±0-11 47 0-27±-0-16
Notpresent 31 0-31±0-14 28 0.32±0-15

P<0-05 P>0.05

the children represented a fairly homogeneous group
that had been the victim of a virus infection.

Discussion

Disturbances in lung function were large just before
discharge from hospital with acute viral bronchiolitis.
Three months later we found reductions in both TGV
and RAW accompanied by a rise in sGAw indicating
improved lung function. One year after the initial
insult to the lungs, there was further reduction in
TGV for the group as a whole, but 17% of the
children still had a TGV greater than 40 ml/kg,
suggesting that in these cases at least, bronchiolitis
was not an acute self-limiting illness. The abnor-
malities were less frequent than in our initial study,8
in which all the infants had severe bronchiolitis,
findings which are consistent with the hypothesis that
disturbances of lung function are more common in
those with worse disease initially. However, we have
no other data to support this.
The only published data on airways resistances in

normal infants which used a heated shutter system16
gave values of 16.9 cmH2o/l per second. The first
impression of our results (Table 1) is that the RAW at
3 and 12 months was normal. However, our measure-
ments of RAW are obtained from the initial part of
inspiration,8 when flow is essentially laminar, rather
than at two-thirds ofmaximal inspiratory flow, which
in these children is under turbulent conditions, and
will produce much higher values. In the absence of
appropriate normal data it is difficult to say if the
mean airways resistances are increased outside the
convalescent period, although we suspect that they
are.
About two-thirds of the group experienced

episodes of wheezing, with a non-significant trend
that symptoms were associated with a family history
of atopy. However, lung function was worse in
children who came from atopic families. Since the

study design did not include a control group, we
cannot make precise comments about the possible
interrelationships between atopy, bronchiolitis, and
postbronchiolitis wheezing. However, it does show
that one year after bronchiolitis, an appreciable
number of children remain grossly hyperinflated as
judged by lung function tests, and that most such
children are symptomatic. We are following up
these children to establish whether the airways
obstruction is reversible, whether permanent lung
damage has been caused by the virus, or whether, as
we suspect, there is a combination of the two.

We thank the parents for cooperation and Professor
D Hull, Dr P Barbor, DrD Johnston, and DrN Rutter
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