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Pulmonary function in infants with cystic fibrosis:
the effect of antibiotic treatment
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Abstract
Since 1982 all infants born within the East
Anglian Regional Health Authority have
been screened for cystic fibrosis. Between
April 1985 and April 1992 infants identi-
fied in this way have been entered into a
randomised prospective controlled trial of
antibiotic prophylaxis. Approximately
half the infants received continuous oral
flucloxacillin and the remainder received
antibiotics when clinically indicated.
Infants underwent tests of respiratory
function at 3-4 months and at 1 year of
age. Measurements of thoracic gas
volume and airway conductance were
made with an infant whole body plethys-
mograph, and maximum expiratory flow
by the 'squeeze' technique. A total of
73 tests was performed of 42 infants. To
facilitate comparisons, measurements
were expressed as scores. The mean
values of the scores for the two groups
of infants fell within normal limits. There
was no difference between the treatment
groups at either age. A reduction in air-
ways conductance was observed between
the two tests.
(Arch Dis Child 1994; 71: 133-137)
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Pulmonary disease continues to be a major
cause of morbidity in infants and children with
cystic fibrosis and it has long been recognised
that changes in lung function can be detected
even when there is no clinical evidence of res-
piratory disease.1 The processes contributing
to lung damage have been widely studied
and have been the subject of an extensive
review.2 Although our understanding of
pulmonary pathophysiology in cystic fibrosis
has expanded, the study of function remains
important as little is known about the inter-
actions of growth, infections, and treatment
with the disease processes.
The advent of neonatal screening for cystic

fibrosis provides an opportunity for early
therapeutic interventions, with the aim of
modifying the natural course of the disease.
This is of particular relevance in infancy and
early childhood when the growth and develop-
ment of the lung are rapid and any damage
might therefore be expected to be detrimental.
In a summary of reports of the early respiratory
course in infants diagnosed conventionally and
by newborn screening,3 it was clear that
many screened infants had substantial respira-
tory symptoms and the challenge is now to
introduce effective treatment as soon as the
diagnosis is confirmed.

Between April 1985 and April 1992 infants
born within the East Anglian Regional Health
Authority who were found to have cystic
fibrosis on neonatal screening were enrolled
into a randomised prospective controlled trial
of antibiotic prophylaxis. About half of the
infants received continuous flucloxacillin
and the remainder received antibiotics when
clinically indicated. Information about anthro-
pometric, dietary, clinical, and microbiological
progress of the first 42 infants to reach the age
of 2 years has been published.4

This paper describes pulmonary function in
this screened population and represents the
largest study of lung mechanics in infants
with cystic fibrosis to date. The aims of the
study were: (a) to ascertain if there were any
differences in lung function between those
infants treated with continuous antibiotics and
those treated episodically; (b) to describe the
pattern of lung function in infants in the early0
stages of disease at a time when many were
asymptomatic; and (c) to provide baseline
measurements on a large group of infants
as the first stage to long term follow up of
pulmonary function.

Subjects and methods
SUBJECTS
All infants born within the East Anglian
Regional Health Authority since 1982 have
been screened for cystic fibrosis by blood
immunoreactive trypsin assay on heel prick
blood samples obtained at 6-9 days of age for
the Guthrie test.5 In those with increased blood
immunoreactive trypsin the test is repeated and,
if still positive, diagnosis is confirmed by sweat
testing. After confirmation ofdiagnosis and with
parental agreement, infants born between April
1985 and April 1992 were enrolled into a
prospective trial of antibiotic treatment and
were randomly assigned to one oftwo treatment
groups. One group (group E) received episodic
antibiotics as clinically indicated and the other
(group P) received continuous prophylactic oral
flucloxacillin 250 mg daily in divided doses. All
infants received chest physiotherapy from
the time of diagnosis, and pancreatic enzyme,
vitamin, and mineral supplements as clinically
indicated.4
The trial was designed to examine many

aspects of the growth and clinical progress
of the children, including rate of infection,
number and duration of hospital admissions,
pancreatic function, radiology, and metabolic
function. Clinical information was collected
at regular routine clinic visits, at the time
of hospital admissions, and by the nurse

133

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.71.2.133 on 1 A

ugust 1994. D
ow

nloaded from
 

http://adc.bmj.com/


Beardsmore, Thompson, Williams, McArdle, Gregoty, Weaver, Simpson

Table 1 Details of infants

Characteristic Group E (n=22) Group P (n=20)

Boys/girls 11/11 12/8
Mean (SD) (range) birth weight (g) 3240 (420) (2440-4030) 3250 (470) (2560-4200)
Mean (SD) (range) gestational age

(weeks) 39 3 (1 6) (34-41) 39-7 (1-4) (37-42)
No with meconium ileus 6 2

No of infants (test 1) 18 19
Mean (SD) age at test 1 (weeks) 17-8 (6-45) 14-9 (4 80)
Mean (SD) length at test 1 (cm) 60-8 (3 69) 59 8 (4-17)

No of infant (test 2) 17 18
Mean (SD) age at test 2 (weeks) 48-1 (4 3) 51-1 (4 6)
Mean (SD) length at test 2 (cm) 73-0 (3 4) 74-1 (2 8)

coordinator on domiciliary visits. This paper

concentrates only on measures of respiratory
function. Forty two infants underwent respira-
tory function tests, 20 of whom received
flucloxacillin and 22 episodic antibiotics.
Table 1 summarises the clinical details.
We aimed to studyeach infant twice, once

shortly after confirmation of diagnosis and
again at approximately 1 year of age. For a

variety of family, medical, and social reasons

six infants (two from group P and four from
group E) did not have an early test. Five
infants did not have a late test (one from group

P and four from group E).

RESPIRATORY FUNCTION TESTS
On arrival in the laboratory the infant was

weighed, given chloral hydrate (100 mg/kg
body weight), and allowed to settle. A routine
questionnaire was completed and the tests
were explained in detail to the parents, who
were encouraged to be present during testing.
Once the infant was asleep, measurements of
maximum flow at functional residual capacity
(Vma.FRC) were made using the 'squeeze' tech-
nique.6 In brief, the infant was snugly wrapped
in an inflatable plastic jacket extending from
shoulders to thighs, with his or her arms at his
or her sides. A facemask and pneumotacho-
graph were placed around the nose and mouth
and made airtight with sterile putty. The
flow signal from the pneumotachograph was

integrated electronically to allow a display of
flow volume loops on an oscilloscope. The
jacket was connected by a three way tap to a

pressure reservoir, and at the end of tidal
inspiration the tap was opened, leading to
rapid inflation of the jacket. The pressure
thereby applied to the infant's chest and
abdomen produced a partial maximum expira-
tory flow volume manoeuvre. The recorded
signals of flow, volume, and jacket pressure
were stored on a personal computer for later
analysis. Approximately 12 measurements of
Vm FRc were made on each occasion while
varying the pressure within the jacket from
25 to 55 cm H20.

After measurements of VmBXFRC the jacket
was loosened around the infant and measure-

ments of thoracic gas volume (TGV) and air-
ways resistance (Raw) were made. The infant
continued to sleep lying within the whole body
plethysmograph, breathing through a facemask
and pneumotachograph. This was connected
to a pair of pneumatically operated valves so

that the operator could switch the infant from

breathing room air within the plethysmograph
to heated, humidified air from a rebreathing
bag (essential for measurements of Raw), or
by closing the two valves the airway could
be occluded for a brief period during the
measurement of TGV.7 The signals of respira-
tory flow and volume, together with pressure
signals from the plethysmograph and face-
mask, were recorded on computer and
analysed some time after completion of the
tests. On completion of the measurements the
infant was lifted from the plethysmograph, his
or her length was measured, and the infant was
allowed home.

ANALYSIS OF RESULTS
Values of VmaxFRC, TGV, and Raw were calcu-
lated by computer after completion of the tests.
In the early part of the study an Apple IIe
computer was used with programs supplied by
the department of paediatrics, Royal
Postgraduate Medical School, Hammersmith
Hospital, or developed in-house. Later
measurements were made with a Compaq 286
computer using RASP programs (Physio Logic
Ltd). VmaxFRC was taken as the flow rate
achieved during the forced expiration, at a
volume equivalent to the resting end expiratory
level. The final value used was the highest
value obtained from a technically satisfactory
manoeuvre.8
Wherever possible measurements of TGV

were the mean values taken from at least
five separate periods of airway occlusion calcu-
lated according to standardised techniques.7
Measurements of Raw were taken over the
initial two thirds of inspiratory flow, and in
most instances were the mean of at least
10 breaths taken from two or three separate,
technically satisfactory recordings of Raw. The
reciprocal of Raw, airway conductance (Gaw),
was used for statistical analysis. Specific
conductance (sGaw) was calculated for each
infant by dividing Gaw by TGV.
Each measurement for each infant (VmaXFRC,

TGV, Gaw, and sGaw) was then expressed as
a score to facilitate analysis. A predicted value
for each measurement could be made for
each infant on the basis of body length, and
the score was the number of standard errors
of prediction by which the measured value
differed from the prediction.9 The predicted
values were based on normal, healthy infants.
Thus when the score was close to zero the
measured value was close to that predicted on
the basis of length. Scores between -2 and
+ 2 would be considered to fall within normal
limits, whereas more extreme scores would
indicate that the measured value differed
significantly from the predicted value.

STATISTICAL METHODS
The primary comparison of the treatment
groups and the analysis of other factors that
might affect lung function are based on a
multivariate test that uses all four treatment
scales simultaneously. Where this test was
significant we investigated the four component
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Table 2 Number of missing values and mean scores on each scale at each visitfor the two
treatment groups. Differences in means and 95% confidence intervals (CI)

Episodic treatment Continuous treatment
(n=22) (n=20)

No No Difference in means
missing Mean missing Mean (95% CI)

First visit
TGV 5 0-98 4 0 05 093 (-0 09 to 195)
Gaw 8 0 00 6 1-16 -0-16 (-3-17 to 0 85)
sGaw 8 -1-07 6 0-24 -1-31 (-3-32 to 0-70)
V==FRC 4 -0-75 2 -0-69 -0-06 (-0-68 to 0 56)

Second visit
TGV 4 0 09 2 -0-22 0-31 (-1-06 to 1-68)
Gaw 5 -1-13 4 -1-79 0-66 (-1-71 to 3 03)
sGaw 5 -4 97 4 -1-94 -3 03 (-10-32 to 3 03)
Vm.FRC 4 -0-85 1 -0-61 -0-24 (-1-33 to 0 85)

scores using univariate tests. In most statistical
packages multivariate tests require complete
sets of data on all individuals. As we had
missing data on many of our children we
adopted an approach based on the EM
algorithm'0 that enables us to use all of
the data that were collected." The resulting
multivariate comparisons were made using
a likelihood ratio test. The main aim of the
study was to compare treatment groups, but
as a secondary analysis we investigated the
effects of upper respiratory tract infection
(URTI), genotype, meconium ileus, and
parental smoking on pulmonary function.

Results
Results are available from 42 infants, ofwhom
20 received continuous flucloxacillin after the
confirmation of the diagnosis of cystic fibrosis.
The remainder received episodic antibiotics as
clinically indicated. The two groups did not
differ significantly on the basis of birth weight,
gestational age, or sex distribution.
Where possible, each infant was studied twice

within the first year of life, once at about 16
weeks and again at about 50 weeks, although
some children missed one of the visits (table 1).
For technical reasons no reliable plethysmo-
graphic data were obtained on three occasions
and on an additional four occasions measure-
ments of airway resistance proved unsatisfac-
tory. Of the possible 42x2x4=336
measurements, 59 (18%) are missing and
21 children had a complete set of all eight
measurements.
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Table 2 shows the average scores for each of
the eight measurements for each group,
together with the 95% confidence intervals for
the differences in the means. Individual scores
and changes between visits are shown (figs 1
and 2). None of the measurements shows a
significant difference between the treatment
groups. A single multivariate test for any
difference between treatment groups based on
the eight measurements was non-significant
(p=06).
We used the same multivariate approach to

examine the effect of other factors measured
on these children. In the following analyses the
two treatment groups have been combined and
tests of interaction between the effects and
antibiotic treatment were all non-significant.

EFFECT OF VISIT
The profile of scores on the four scales of
measurement is significantly different at the
second visit compared with the first
(p=0009). The largest differences are in Gaw
and sGaw and the scores indicate a worsening
between the two visits. An attempt to relate the
changes between visits to the age or length of
the infants showed that adding either variable
would produce only a small improvement in
the fit of the model.

EFFECT OF URTI
A current URTI did not relate significantly to
the profile of scores (pJ=0 3 1). If the definition
is expanded to include all children with a
current or recent URTI, however, the effect is
of borderline significance (p=0 07), with the
largest effect being a decrease of 1-25 in the
Gaw score, which is just significant if tested
alone (p=005).

EFFECT OF GENOTYPE
Information on genotype was available for 40
of the 42 infants. Twenty seven were homo-
zygous for the delta F508 deletion and 13 were
heterozygous. The proportion of homozygotic
infants did not vary significantly between the
two treatment groups. Combining the two
treatment groups and comparing homozygotic

sGaw 2

VmaxFRC 1 VmaxFRC 2
Figure 1 Changes in the pattern ofpulmonary function scores: infants treated with continuous antibiotics.
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Figure 2 Changes in the pattern ofpulmonary function scores: infants treated with episodic antibiotics.

VmaxFRC 2

infants with those who were heterozygotic,
however, showed a borderline significant
difference in the multivariate test (p=0O08).
The homozygotic infants had slightly higher
TGV and Gaw scores.

EFFECT OF MECONIUM ILEUS
Eight of the infants were born with meconium
ileus. These children had a significantly differ-
ent profile of scores (p=002), typified by
lower Gaw scores and higher TGV scores.

EFFECT OF PARENTAL SMOKING
Twelve infants lived in homes where at least
one adult smoked. This did not have a signifi-
cant effect on the profile of scores, however
(p=0 52).

Discussion
We have measured pulmonary function in
a group of 42 infants with cystic fibrosis diag-
nosed after neonatal screening. Measurements
of lung mechanics showed that although the
mean values for pulmonary function scores
were within normal limits during the first year
of life, some infants showed abnormalities in
one or more tests. The spread of values in
the two groups exceeded that of the normal
population from which the scores were
derived9 for each of the measurements made.
There was no difference in lung mechanics
between the two groups (P and E) at either age
studied, however. These measurements
formed only a part of the assessment of the two
groups, and interim reports of overall findings
have been published elsewhere.4 12 These
showed that at the age of 12 months the groups
had similar chest radiographic scores, and no
differences in the clinical signs of respiratory
infection. Group P had fewer isolates of
Staphylococcus aureus and coughed less. In
addition, group P infants had fewer and
shorter hospital admissions than their group E
counterparts. Thus although the use of contin-
uous prophylactic antibiotic treatment over the
first year of life is not justifiable on the basis of
early pulmonary function tests, other findings
support this treatment.

Long term follow up of all the children
in this study is being undertaken, including
pulmonary function testing at the age of 5 or 6
years to determine whether or not differences
in lung mechanics emerge in later childhood.
Studies with older patients have indicated that
continuous antibiotics reduce the number of
exacerbations in cystic fibrosis, and that lung
function (assessed by spirometry) remains
stable in most.13
Many of the children in this study had

normal measurements, as observed in other
groups of infants with cystic fibrosis.'1'6 In
unscreened infants pulmonary function may
vary according to the mode of presentation.'6
The early respiratory course of infants with
cystic fibrosis is important as it represents a
significant source of morbidity, and lung
damage occurring in the first year may be
particularly important given the rapid rate of
growth and development at this stage.
Although it is gratifying to note that the mean
values of pulmonary function scores were
within normal limits during the first year, some
infants showed considerable changes (figs 1
and 2), and 20 of the 42 infants were admitted
to hospital during the first year of life with
respiratory disease. The patients in our study
were not compared directly with an
unscreened group of cystic fibrosis patients,
but other studies have indicated improved sur-
vival in screened populations,17 and fewer,
shorter, hospital admissions in the early
months. 18

This study found that infants with meco-
nium ileus had worse airway conductance than
those without, and in several patients the
measurement of conductance was below the
normal range. This contrasts with the findings
of Tepper et al where pulmonary function was
normal in infants with meconium ileus unless
they were also failing to thrive.16 The study of
Tepper et al was based on measurements of
FRC and VmaXFRc and did not include
measurements of conductance; it is therefore
not strictly comparable with ours. Meconium
ileus is associated with significant mortality
and morbidity,'9 but in patients old enough to
perform conventional spirometric measure-
ments there was no difference between those
born with and without meconium ileus.20
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The genotype of patients with cystic fibrosis
has been found by some workers to be related
to pulmonary function, with patients who are
homozygous for the delta F508 mutation
having poorer lung function than hetero-
zygotes.21 This finding is not universal,22 and
out study did not find significant differences
related to genotype.
We did not find a relation between parental

smoking and pulmonary function in this group
of 42 infants, even though respiratory illnesses
are more common in the first year of life in
children from smoking households.2324 The
study was not designed to investigate the effect
of parental smoking (which was recorded only
at the time of entry to the trial) and the lack of
effect may be the result of small sample size
(type II error).

In conclusion, this study has shown that
there is no difference in pulmonary function
tests over the first year of life in infants with
cystic fibrosis who receive continuous or
episodic antibiotics. Continuous treatment
with oral flucloxacillin, however, is associated
with fewer hospital admissions, lower rates of
S aureus isolation, and less clinical morbidity
than episodic antibiotic treatment.4 Routine
treatment for newly diagnosed infants with
cystic fibrosis in our areas now includes
continuous oral flucloxacillin.
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